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Abstract

A significant increase of energy demands all over the world and production decline from available oil and gas reservoirs
have led the industry to invest in major offshore petroleum resources. However, drilling operations in offshore environ-
ments are usually restricted by environmental constraints. Therefore, recent studies are devoted to the development of
environmentally compatible fluids with adequate technical properties. Glycerine is a non-toxic, lubricating, colorless,
odorless substance with a higher density than water. Due to the properties of glycerine, it can be used as the base of drill-
ing fluid to formulate synthetic-based fluids. This research aimed to review the studies on the applications of glycerine
in the composition of drilling fluid. Based on the results, glycerine-based fluids can be considered as an environmentally
compatible fluid with sufficient technical properties to replace other drilling fluids. However, there is a lack of experi-
mental studies on the glycerine fluid properties for a reliable decision. For the application of glycerine fluids, an eco-
nomic feasibility study is mandatory for both pure and crude glycerine. Also, the thermal stability of glycerine fluids is

an important aspect, which should be covered in future research studies.
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1. Introduction

Drilling fluids are used in the construction of oil and
gas wells to control subsurface formation pressure, pro-
vide wellbore stability, clean the hole from drilled rock
cuttings, cool the bit, transform fluid hydraulic power to
the bit, and lubricate the drill string. Based on the type of
continuous phase, drilling fluids are usually classified as
water-based fluids (WBF), oil-based fluids (OBF), syn-
thetic-based fluids (SBF) and pneumatic drilling fluid
systems (Caenn & Chillingar, 1996; Choupani et al.,
2022; Khodja et al., 2010).

A major challenge in the drilling industry is to design
an optimal drilling fluid composition to meet the geo-
logical and technical requirements (Bloemendal, 1978).
The design of drilling fluid composition is based on the
standard screening and testing procedures, where many
factors such as formation rock type, bottom-hole pres-
sure and temperature, well path trajectory, economic
limits and environmental constraints are considered. Op-
timization of drilling fluid composition is a significant
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task in the well planning phase, as many drilling prob-
lems, such as stuck pipe, wellbore instability, lost circu-
lation, formation damage, decreased rate of penetration
and clay swelling are directly or indirectly related to the
composition and properties of the drilling fluid (Jiao &
Sharma, 1994; Sharma & Wunderlich, 1987).

WBFs are the mostly used fluid in the industry, as
they are cheaper, non-toxic and non-harming to the envi-
ronment (Choupani et al., 2022). However, the applica-
tion of WBFs is limited at high-pressure, high-tempera-
ture (HPHT) conditions, in shale formations with swella-
ble clay content and in wells with complex trajectories,
where extreme lubricating ability of fluids are required
(Gandelman et al., 2007; Lijuan et al., 2020; Martins
et al., 2007). At HPHT conditions, WBFs are instable
and may have insufficient technical properties for a suc-
cessful drilling operation. In shale formations or any
other formation with high clay content, clay swells in
contact with water. This leads to further instability prob-
lems at the wellbore wall. In directional and horizontal
wells, where a complex geometry is expected, fluids
with high lubrication ability is required, where WBFs
may not be the most promising choice. In these cases,
one may suggest the application of OBFs, which are
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thermally stable, inherently lubricant and inhibitive of
clay swelling. However, due to the presence of dispersed
oils, aromatics, alkyl phenols, normal-olefins, and heavy
metals, OBFs are toxic and may cause significant ad-
verse effects on the environment, which restrict their ap-
plications (Amanullah et al., 2016; Li et al., 2016;
Yang et al., 2017).

In this regard, the industry requires the development
of environmentally compatible fluids with technical ad-
vantageous of OBFs to meet the higher technical re-
quirements of drilling in hostile environments (Fried-
heim et al., 2001; Rae & Di Lullo, 2001). SBFs have
been developed as a response to the industry’s demand
and to combine the benefits of OBFs and WBFs (Daya
et al., 2016; Young et al., 2012). SBFs are prepared
based on vegetable oils, ester-based oils, synthetic paraf-
fins, polyalpha-hydrocarbons, isomerized olefins, and
linear alpha olefins. However, these fluids are usually
costly compared to WBFs and OBFs. Therefore, their
application may be significantly dependent on the results
of economic feasibility studies (Benjumea et al., 2008;
Burrows et al., 2001; Lin, 1997; Marbun, Hutapea, et
al., 2013; Mueller et al., 1990; Setyawan et al., 2011;
Sulaimon et al., 2017).

Attempts have been made to develop drilling fluids
based on other economically feasible materials that have
promising technological characteristics (Ahmed et al.,
2021; Chai et al., 2015; Medhi et al., 2019; Sharma et
al., 2012; Vryzas & Kelessidis, 2017).

One of the materials that has been considered for use
in recent years as the basis of a drilling fluid is glycerine.
Glycerine is a non-toxic, lubricating, odorless, colorless
and environmentally safe substance with a higher den-
sity than water (Mahrova et al., 2015; Ondul & Dizge,
2014; Singhabhandhu & Tezuka, 2010).

In this paper, a summary of the latest studies on drill-
ing fluid compositions with glycerine content are pre-
sented to reveal the possible strengths and weaknesses
of these compositions in the drilling process. The litera-
ture review is divided into two parts. In the first section,
the application of glycerine as the drilling fluid additive
is investigated. Then, in the second section, glycerine-
based drilling fluids (GBFs) are reviewed, where glycer-
ine is applied as the continuous phase of the drilling
fluid.

2. Glycerine

Glycerine (1,2,3-propantriol) is an odorless, color-
less, sweet-tasting viscous liquid, which can be obtained
from natural and petrochemical raw materials. The name
“glycerol” is derived from the Greek word sweet. The
expressions glycerine, glycerin, and glycerol are used
interchangeably in the literature. In fact, glycerine or
glycerin is a commercial solution of glycerol and water
with glycerol as the main component. The purity of
crude glycerol is between 70-80%, reaching to 95.5-

99% for commercial sale (Garcia et al., 2008; Meher et
al., 2006; Pagliaro & Rossi, 2008).

Glycerol is a by-product of the vegetable oil (triglyc-
eride) process for biodiesel production (see Figure 1).
After transesterification, glycerol is separated due to the
density difference (Soomro et al., 2020). Table 1 pre-
sents the physicochemical properties of glycerol at 20°C,
which is known as a standard reference temperature in
scientific studies to ensure the consistency and compara-
bility of data (Pagliaro & Rossi, 2008).
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Figure 1: Transesterification of triglycerides with methanol
for biodiesel production (Mota et al., 2017).

Glycerine has been found to have several applications
in the oil and gas industry, including but not limited to
the dehydration of carbon dioxide, production of meth-
ane and hydrogen with steam gasification of glycerine,
hydraulic fracturing, well cementing operations, com-
pletion fluid applications, and enhanced oil recovery
(EOR) applications. EOR methods are usually applied to
provide additional energy for more petroleum produc-
tion, when primary and secondary methods fall short.
(Ahmad et al., 2021; AITammar et al., 2020; Curbelo
et al., 2018; Ferreira et al., 2018; Roman Suero et al.,
2015; Toczek et al., 2023; Wallace et al., 2010; Wu et
al., 2008).

Table 1: Physico-chemical properties of glycerol at 20°C
(Pagliaro & Rossi, 2008).

Chemical formula C,H,(OH),
Density 1.261 g/em?
Molecular mass 92.09382 g/mol
Surface tension 64.00 mN/m
Viscosity 1.5 Pas
Flashpoint 160°C

Melting point 18.2°C

Boiling point 290°C

Food energy 4.32 keal/g

3. Application of Glycerine in Drilling
Fluid

A survey on glycerine applications in drilling fluids
reveals that glycerine has been used in experimental and
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Figure 2: Effect of glycerine addition on cutting lifting
capacity (Philip et al., 1998).
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cutting transport of water and water/glycerine drilling
fluids. In their experimental research, the authors tried to
investigate the effects of cutting size, flow rate, nozzle
size and fluid viscosity on the cutting transport. Glycer-
ine was used to develop fluids with different viscosities
and finally investigate the effect of viscosity on the cut-
ting transport process. Since the viscosities of water and
glycerine are different, changing the water/glycerin ratio
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Figure 3: The effect of glycerine as an additive on the drilling fluid properties (1) lubrication properties (2) API fluid loss (3)
mud cake thickness (4) pH according to Marbun et al. (2013).
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in the mixture results in viscosity changes of the mix-
ture. Furthermore, viscosity is a critical parameter af-
fecting cutting transport efficiency. In the study by
Cheatham et al., it is mentioned that glycerin was mixed
with water to modify the viscosity for some tests. How-
ever, the study did not specifically investigate how the
viscosity was altered as a result of the glycerin addition
(Cheatham Jr & Yarbrough, 1964).

In the paper of Chenevert, it was stated that the use of
glycerine as a drilling fluid additive in WBFs prevents
the swelling of shale formations. The author noted that
the drilling fluid with glycerine is environmentally
friendly (Chenevert, 1989).

In 1998, Philip et al. applied the theory of Taylor’s
vortices to investigate the efficiency of cutting transport
in the annular space. In their experiments, they used wa-
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Figure 4: Dynamic filtration volume of WBF (Red) and WBF
with glycerine (Blue) (Malgaresi et al., 2018).

ter, polymer and glycerine to develop different drilling
fluid compositions. The results of experiments on glyc-
erine-water solutions confirmed their more efficient cut-
ting transport in comparison with water and polymer
fluids. Figure 2 presents the fraction of lifted cuttings
versus rotational speeds, where vortices were formed,
for water and glycerine-water fluids. As can be seen, an
increase in glycerine volumetric concentration leads to a
more efficient cutting transport (Philip et al., 1998).

In an experimental study by Marbun et al. (2013),
glycerine was added in different concentrations from 0
to 15%, to the drilling fluid and the main properties of
WBFs were investigated. The results showed that glyc-
erine could significantly improve lubricating properties,
however, the use of this substance reduced the pH of
drilling fluid which is undesirable and subsequently may
lead to the poor rheological performance of the fluid.
The detailed results about the glycerine effect on drilling
fluid properties can be seen in Figure 3 (Nickdel Tey-
moori & Ghasem Alaskari, 2007).

In 2018, Malgaresi et al. proposed a new composition
of drilling fluid by replacing 50% of the water in the
WBF with raw glycerine. In the conclusions, the authors
claimed that the new GBF had advantages over the cus-
tomary WBM, such as less filtration volume (see Figure
4) (Malgaresi et al., 2018).

Ribeiro Filho et al. (2020) described glycerine as a
suitable additive in the compositions of WBFs due to its
non-toxicity and solubility in water. In the experimental
tests, the performance of a common drilling fluid com-
position applied in Brazilian oilfield was compared with
WBFs having a glycerine additive (see Table 2). The
effect of glycerine on drilling fluid properties is shown in

Table 2: Composition of proposed drilling fluids according to Ribeiro Filho et al. (2020)

. . Adding glycerine to base fluid

Substances Function Base fluid
5% | 10% | 15% 20 %

Water, v/v% Continuous phase 49 44 39 34 29
Bi-distilled glycerine, v/v% Continuous phase 0 5 10 15 20
Saturated sodium chloride brine, v/v% Continuous phase 40 40 40 40 40
Sodium bicarbonate, g/L Hardness removal 0.57 0.57 0.57 0.57 0.57
Polydimethylsiloxane, g/L Defoamer 0.57 0.57 0.57 0.57 0.57
Xanthan gum, g/L Viscosifier 2.28 1.43 1.43 143 | 1.43;1.71
Polyanionic cellulose - low Viscosity,g/L. | Filtration control agent 5.70 5.70 5.70 5.70 5.70
Hydroxypropyl starch, g/L Filtration control agent 11.41 11.41 | 1141 | 11.41 11.41
Magnesium oxide, g/L Alkaline agent 1.42 1.42 1.42 1.42 1.42
Potassium chloride, g/L Shale inhibitor 42.80 42.80 | 42.80 | 42.80 42.80
Polyamine, g/L Swelling agent 17.12 1712 | 17.12 | 17.12 17.12
Glutaraldehyde, g/L Biocide 0.85 0.85 0.85 0.85 0.85
Calcium carbonate, g/L Weighting / bridging agent 114.12 114.12 | 99.86 | 85.59 71.32
Polyol ester oil, g/L Bit balling preventer 0.85 0.85 0.85 0.85 0.85
Polyethylene glycol oleate, g/L Lubricant 14.26 14.26 | 14.26 | 14.26 14.26
Sodium silicate, g/L Corrosion inhibitor 2.28 2.28 2.28 2.28 2.28
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Table 3: Comparison of target values and values obtained from experiments according to Ribeiro Filho et al. (2020)
Properties Reference Base Adding glycerine to base fluid
values* Fluid | 5% | 10% | 15% | 20% + 1.43 g/l XG | 20% + 1.71 g/l XG
Plastic Viscosity cP 15-40 26 21 26 27 29 34
Yield Point 1b/100ft> 15-40 29 17 26 27 28 33
Gel Strength (10s) 1b/100ft? 7-15 6 2 4 4 5 6
Gel Strength (10min) 1b/100ft? 8-25 7 5 6 7
L3, rpm 7-10 6 3 5 4 4 6
Fluid Density, ppg 9.8-10.2 9.8 9.9 10 | 10.2 10.1 10.1

* According to fluid used in operation

Table 4: Summary of studies on glycerine as an additive.

Authors Year |Studied parameters Results
Cheatham 1964 | - Cutting transport was investigated. Glycerine used as an additive to modify
et al. [43] - Water and water/glycerine mixture used as drilling the viscosity.
fluids in the experiments.
- Effect of cutting size, flow rate, jet size, and fluid
viscosity was investigated.
Chenevert 1989 | - Glycerine as a clay swelling inhibitor was Glycerine could improve inhibition properties
[44] investigated. of the drilling fluid.
Drilling fluid with glycerine is
environmentally friendly.
Limitation: The cost of glycerine may limit
its application.
Philipetal. | 1998 |- Investigation of Taylor’s vortices effect on cutting Cutting transport efficiency increased
[45] transport efficiency. with an increase in viscosity.
- 33% glycerine in water and 67% glycerine in water
fluids with Newtonian rheological behaviour was
developed.
Marbun et al. | 2013 | - Effect of glycerol on drilling fluid properties was Glycerine addition resulted in:
[47] investigated. - improvement of lubricity and filtration
- Studied parameters: lubricity, plastic viscosity, yield properties
point, gel strength, density, filtration, and acidity. - reduction of PV and YP
- pH reduction.
Malgaresi 2018 |- A new drilling fluid was developed by replacing Glycerine addition resulted in:
et al. [49] half of the water with glycerine. - Less filtrate volume.
- Core floods were performed to test the new drilling - Less time for the filter-cake buildup.
fluid.
Ribeiro et al. | 2020 |- The performance of a common drilling fluid Glycerine addition resulted in the
[50] composition was compared with WBFs having improvement of plastic viscosity, yield point,
glycerine additive. and gel strength
Zhao etal. 2022 |- Different type of lubricants for environmentally Glycerol and polyglycerol are not only
[51] friendly WBF. effective in the lubrication properties of WBF,
but also lead to the improvement of wellbore
stability.
Celino et al. |2022 |- Introduction of a new formula for the inverse In a variety of tested pressure and temperature

[52]

emulsion of glycerine in olefin.

- The rheological properties of new mud formulation
such as PV, YP, and thixotropy was investigated.

- Experimental tests were performed in a variety
of pressure and temperature conditions.

conditions, glycerine preserves the common
NaCl rheological properties.
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Table 3. Based on the results, the authors claimed that in
most properties, the performance of new formulations,
were better than conventional drilling fluid.

In 2022, Zhao et al. published a review paper on vari-
ous types of environmentally friendly lubricants. In their
paper, it is mentioned that glycerol and polyglycerol as
additives to the drilling fluid composition are effective in
the improvement of WBF lubrication properties and the
wellbore wall stability (Zhao et al., 2022).

Celino et al. (2022) proposed a new formula for the
inverse emulsion of glycerine in olefin. They investigat-
ed the rheological properties, i.e. plastic viscosity, yield
stress, and thixotropy of their olefin-based fluids at dif-
ferent temperatures and pressures. The results showed
that fluids with a crude glycerine additive had satisfac-
tory rheological properties at different temperatures and
NaCl concentrations.

Table 4 summarizes the main studies on the drilling
fluids with a glycerine additive.

3.2. Application of Glycerol as the Base of Drilling
Fluid

The earliest application of glycerine as the fluid base
in drilling fluid dates back to 1951, where Williams and
his co-worker studied the cutting transport ability of dif-
ferent drilling fluids. Conducting both laboratory and
field tests, the authors tried to establish the minimum
flow rate of water and glycerine drilling fluids for an ef-
ficient cutting transport. In laboratory tests, glass balls
and metal discs were used as drilling cuttings. The re-
sults showed that in the case of glycerine drilling fluids,
cutting behaviour was independent of its dimension,
while for WBFs, a behaviour similar to leaf falling was
reported (Williams & Bruce, 1951).

In 1992, Oakley et al. referring to the possible envi-
ronmental threats of OBFs in the drilling operations,
proposed a GBF as a candidate replacement with no ad-
verse effect on the environment. The authors also showed
that the inhibitive characteristics of GBFs for drilling
clay-rich formations is comparable to OBFs and tradi-
tional inhibitive KCI fluids (Oakley et al., 1992).

Ismail et al. (2001) investigated the effects of flow
rate, annular fluid velocity, fluid viscosity and cuttings
geometry on the cutting transport ability of drilling fluid
in directional wells. The authors suggested the use of
glycerine instead of actual drilling fluid since the viscos-
ity of glycerine solutions could be easily adjusted during
experiments. Although this research is not exactly about
the GBFs, however, the results can be used as a guidance
for further studies. For example, the results showed that
an increase in the plastic viscosity of GBF from 25 to
138 cp, leads to less efficient cutting transport. The labo-
ratory rig, used in the study, is presented in Figure 5.

In the research of Waldmann et al. (2005) a GBF
with Newtonian rheological behaviour was developed to
study the fluid filtration properties, i.e. filtrate volume

Cuttings

| Casing || Drill Pipe ‘ Angle Detector

Pump

—

Fluid Flow Direetion

Figure 5: Laboratory rig used for the investigation of cutting
transport OF GBF (Ismail et al., 2001).

and invasion depth. The fluid was composed of 80%
glycerine and 20% water. In the conclusions, the authors
emphasize the significant role of mud cake permeability
in filtrate invasion control. This research is not exactly
about GBFs. The authors used glycerine to ensure a
Newtonian rheological behaviour. Despite the fact that
only Newtonian fluids were investigated in this research,
there are other rheological models such as Herschel-
Bulkley, Bingham, Hahn-Eyring, and Vom-Berg that
could be fitted to the experimental results (WiSniowski
et al., 2022).

In 2013, Marbun et al. stated that glycerine could be
used as an SBM with certain additives. In their experi-
mental study, they used additives such as an emulsifier
(primary and secondary), filtration control additive, vis-
cosifying agent, KCl, and lime for the formulation of
GBF. Table 5 presents the composition of developed
GBFs in the study (Marbun, Aristya, et al., 2013).

The authors showed that due to the high solubility of
glycerol in water, the viscosity of the GBF is low and a
viscosifying agent is required. On the other hand, the

Table 5: Composition of GBF according to Marbun,
Aristya, et al. (2013).

Mud Components Glycerol
Base Fluid (ml) 273
Primary Emulsifier (ml) 3
Secondary Emulsifier (ml) 2
Duratone (ppb) 4

Lime (ppb) 5

KCI (ppb) 17
Water (ml) 70
Geltone (ppb) 6
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experimental results indicated low gel strength, which
may lead to a low suspension capacity of the cuttings in
the system. In this type of drilling fluid, hot rolling leads
to a decrease in viscosity, while according to the studies
of Marbun et al., this factor improves the gel strength
and suspension properties of a mud system. Table 6
summarizes the rheological measurements on the GBF
before and after hot rolling. Marbun et al. (2013) also

Table 6: Rheological properties of GBF before and
after hot rolling (Marbun, Aristya, et al., 2013).

Glycerol

Parameters

BHR AHR
Viscometer dial reading at 600 rpm 42 25
Viscometer dial reading at 300 rpm 24 20
Viscometer dial reading at 200 rpm 16 17
Viscometer dial reading at 100 rpm 9 10
Viscometer dial reading at 6 rpm 2 5
Viscometer dial reading at 3 rpm 2
10 sec, 1b/100sqft 2
10 min, 1b/100sqft 4 11
PV, cp 18 5
YP, 1b/100 sqft 6 15

and a glass sphere as a lost circulation material (LCM).
They proposed a methodology for the determination of
mud cake properties (porosity and permeability) in static
filtration tests to evaluate the effects of fluid composi-
tion, LCM type, LCM size and concentration on the fil-
tration properties of the drilling fluids. The compositions
of GBFs are presented in Table 8.

Table 9 shows the filtration volume of GBFs in the
static filtration tests. As can be seen, in the case of glass
spheres, the filtration volume is almost the same. The
authors related this result with fluidity of the glycerine,
where glycerine dragged the spheres together with the
filtrate. The results also show that fluids with CaCO, had
lower filtration volume, as CaCO, particles are usually
uneven, leading to the creation of blockages between the
edges and faces, creating greater resistance to flow (Ali
et al., 2022; Soares et al., 2020).

Duarte et al. (2021) experimentally investigated the
solubility of gas in GBFs. The authors highlighted that
gas solubility in synthetic and oil-based fluids is a major
problem in well control, where kick detection becomes a
challenge. Their experimental study included the inves-
tigation of rheological and PVT properties to analyze
methane saturation pressure, density variation (see Fig-
ure 7) and the fluid formation volume factor at different

Table 7: Composition of GBF according to Pacheco et al. (2019).

1 2 RE 4 5 6 7 8 9 10*
Glycerine (mL) 0 200 200 240 280 320 360 380 400 400
Deionized Water (mL) 400 200 200 160 120 80 40 20 0 0
Glycerine/water Ratio 0:100 |50:50 |50:50 |60:40 |70:30 |80:20 |90:10 |95:05 100:0 100:0

2 Fluids prepared with crude glycerine

investigated the effect of glycerol as an additive to
WBFs. The results of their research were presented in
the previous section.

In 2019, Pacheco et al. investigated operational prob-
lems in the drilling of salt layers. The authors stated that
salt dissolution may severely alter drilling fluid proper-
ties, which in turn leads to costly operational challenges.
Therefore, in their study, the kinetics of NaCl dissolu-
tion in drilling fluids containing crude and pure glycer-
ine were investigated. The compositions of the investi-
gated drilling fluids are presented in Table 7 (Pacheco
et al., 2019).

The authors performed dissolution kinetic tests to
study the effect of glycerine on the NaCl solubility. The
results showed that in fluids with pure glycerine, a faster
reduction of the NaCl mean diameter was observed,
which indicates a faster salt dissolution. However, in the
case of crude glycerine, the dissolution was slower due
to the presence of impurities (see Figure 6) (Pacheco et
al., 2019).

Soares et al. (2020) developed two types of drilling
fluids: WBFs and GBFs with calcium carbonate (CaCO,)
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Figure 6: Comparison of mean diameter for fluids
formulated with pure and crude glycerine (Pacheco et al.,
2019).
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Table 8: Formulation of GBFs (Soares et al., 2020).
LCM Additive
Fluid Glycerine: Water (L)
Type Size (nm) Amount (g)
Fluid 1 0.475: 0.025 Glass spheres 15<Dp<75 145.83
Fluid 2 0.475: 0.025 Glass spheres 180 < Dp <300 145.83
Fluid 3 0.475: 0.025 CaCoO, 0<Dp<53 137.25
Fluid 4 0.475: 0.025 CaCoO, 0<Dp <106 137.25
Fluid 5 0.475: 0.025 CaCo, 0<Dp<150 137.25
Table 9: Static filtration data for GBFs formulation (a)
of Table 7 (Soares et al., 2020). 0,04
Fluid Filtrate volume | Pressure (psi) | Time (min)
Fluid 1 113.50 +0.09 500 00:06 I I O T . .
Fluid 2 124.70 £ 0.07 500 00:06 =
Fluid 3 86.71 £ 0.08 500 00:20
Fluid4 | 69.91+0.09 500 00:20 o
1] 10 20 30 40 50 60
Fluid 5 84.44 £ 0.08 500 00:20
Pressure [WFPa]
1260 040/60 Glycerine/ Brine 025 (b)
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1220 0,22
= . n,21
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g " Figure 8: Moles of methane in the mixture with crude
= - glycerine at 20°C: (a) 10% of methane, (b) 50% of methane
1160 ® e (Duarte et al., 2021).
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140 tion: 55:45 glycerine water ratio, 0.5% nanosilica, 0.4%
¢ xanthan gum and 0.9% Na-CMC.
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Figure 7: Density vs. temperature for three different GBFs
at1atm (Duarte et al., 2021).

temperatures. They used crude glycerine, 50% glycerine
— 50% brine and 40% glycerine — 60% brine as drilling
fluid samples.

Figure 8 shows the moles of methane in the methane-
crude glycerine mixture at room temperature. As can be
seen, the solubility of the methane in glycerine is mini-
mal and almost is the same at different pressures. With
respect to well challenges, especially in slime deep
holes, this result is promising (Duarte et al., 2021).

In the paper of Lyu et al. (2021) the inhibitive charac-
teristic of GBFs with a mix of nano-silica, organic soil,
KCl, polymer and surfactant was experimentally stud-
ied. Based on the results, the following composition of
drilling fluid had the best performance in shale inhibi-

Issoufou et al. (2021) conducted an experimental
study on the estimation of the cuttings settling speed in
different drilling fluids. They used water and glycerine
with different weight percentages as drilling fluid. Based
on the results, the authors developed a new relation for
cutting settling velocity prediction for solid-liquid and
solid-liquid-gas flows. In their research, glycerine was
used with water to develop a drilling fluid with Newto-
nian rheological behaviour.

In 2023, Rasool et al. (Rasool, Ahmad, Siddiqui, et
al., 2023) introduced the new environmentally friendly
calcium chloride and glycerine based drilling fluid with
a ratio of 1:4. In their studies, the rheological properties
and shale swelling inhibition of drilling fluids were in-
vestigated. The results showed that the developed drill-
ing fluid compositions provided satisfactory gel strength.
Also, in other papers they showed that these types of
drilling fluids exhibit good inhibition performance in
shale formations (Rasool & Ahmad, 2023; Rasool, Ah-
mad, Ayoub, et al., 2023).
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Table 10: summarizes the findings of the main studies on GBFs.
Authors Year |Studied parameters Results
Williams 1951 | Water and glycerine were used as a drilling fluid, glass | For GBFs, the cutting transport efficiency was
et al. [53] balls and metal discs were used as drilling cutting. independent of cutting dimensions.
Cutting transport efficiency of drilling fluids were
investigated in laboratory and in field.
Oakley et al. | 1992 | Environmental issues of the drilling fluids were GBF was more environmentally friendly than
[54] investigated. OBFs.
Clay swelling inhibition properties of GBFs is
comparable to OBFs and KCI1 fluids.
Ismail et al. | 2001 |Glycerine with plastic viscosity of 25 and 138 An increase in the viscosity results in a

[55]

centipoise was used as drilling fluid.

The effect fluid flow parameters and viscosity, fluid
velocity in the annulus, and the geometry of the drilling
cuttings at different angles of the well was investigated.

decrease of the cutting carrying capacity due
to more laminated fluid flow regime in
directional wells.

Waldmann
etal. [56]

2005

The amount of filtrate volume and invasion depth of
filtrate into the formation were investigated.
Laboratory tests included standard and single-phase
radial filtration.

Tested fluid was 80% glycerine (20% water), as a
Newtonian fluid.

Filter cake permeability is the most important
parameter that controls the invasion of the
filtrate.

Marbun et al. | 2013 | Comparison of glycerol with other oil-containing muds | Viscosity of crude glycerine and refined
[47] such as seraline and biodiesel as a drilling fluid base. glycerine is higher than biodiesel and palm oil.
Parameters studied: plastic viscosity, yield point, gel Low gel strength.
strength, and lubrication properties. Decrease of viscosity with an increase
in temperature.
Pacheco 2019 | Investigation of oil-based drilling fluid problems in salt | Obtaining the mass transfer coefficients of
et al. [57] layers. salt in glycerine.
Kinetics of dissolution of NaCl in drilling fluid
containing glycerine.
Soares et al. | 2020 | Investigation of the drilling fluid filtration in two types | Mud containing XG and LCMs compared to
[58] of water-based and GBFs. CMC and LCM leads to a filter cake with a
Effect of LCM (glass spheres and CaCO3 in different | lower thickness, permeability and amount
size) and viscosifiers (CMC and XG) on amount of of filtrate
mud filtrate was investigated. the glycerine base fluid with blocking agents
exhibit Newtonian behaviour.
Poor performance of the glycerine base mud
with a large volume of filtrate.
Duarte et al. {2021 | Study of glycerol-based muds from the perspective of | Less methane solubility in glycerine in
[60] well control. comparison with other SBDF.
Better kick detection in glycine-based mud
and improvement in well control.
Lyu et al. 2021 | Application of Nano-silica as inhibitor of shale The addition of 0.5% nanosilica increases 37%
[61] swelling agent in GBDF. of shale inhibition in this mud system type.
Issoufou 2021 | The estimation of the settling speed of drilling cuttings | The collision of the bubble with the drilling
et al. [62] when system contains rising gas bubble cutting reduces the slipping velocity

air as gas, aluminium discs as drilling cutting, and
water and glycerine with different weight percentages
as drilling fluid were used.

(settlement) by 50-20%.

In fluids with high viscosity, the effect of
viscosity and density is more dominant than
the gas-drilling cutting collision effect.

Rasool et al.
[63-65]

2023

The new environmentally friendly calcium chloride
based drilling fluid and glycerine with a ratio of 1:4
was introduced.

The rheological properties and inhibition of shale were
investigated.

Their results showed that the developed mud
provided good gel strength. Also, this type of
mud exhibited good inhibition performance in
shale formations.
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4. Summary and Conclusion

Technical performance and environmental compati-
bility are two main considerations in the design of drill-
ing fluid composition. In several circumstances such as
HPHT condition, salt drilling, directional wells, shale
formations, the OBFs may be a better choice. However,
due to the adverse effect of oils on the environment, their
application is limited. In this regard, GBFs, as non-toxic
fluids with less environmental impacts are proposed as a
possible substitution. This research was aimed to review
the main studies, conducted on the applications of glyc-
erine in the composition of drilling fluid. The main con-
clusions can be listed as follows:

Glycerine in drilling fluids can improve the inhibitive
properties of the fluids in shales. However, the mecha-
nisms of inhibition are not clearly known.

In comparison with WBFs, GBFs improved the lu-
bricity, which makes their application possible in highly
deviated wellbores, where high torque and drag are ex-
pected.

In filtration tests of GBFs, less filtrate volume is re-
ported. Yet, the high-strength mud cake is not desirable
as it can significantly decrease the quality of primary ce-
menting.

An efficient cutting transport is reported in GBFs.
However, this result should be evaluated more deeply,
especially in the case of directional and horizontal drill-
ings, where cutting beds are formed at the lower section
of the borehole.

Glycerine is soluble in water and therefore their mix-
ture may not be viscous enough for cutting transport and
suspension. In this case, a viscosifying agent is required
to modify the rheological properties of GBFs.

In salt drilling, the application of the GBF may be
limited due to salt solubility in glycerine.

As can be seen, GBFs have adequate technical prop-
erties to replace the OBFs. However, the experimental
studies carried up to now, are not sufficient for a reliable
decision. There are other main aspects of the GBF ap-
plication, which are not covered in previous studies in
detail. For example, the economic feasibility study is
mandatory for both pure and crude glycerine. Thermal
stability of GBF is another important aspect, which is
not fully covered in previous studies.
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SAZETAK

Pregled isplaka na bazi glicerola i upotrebe glicerina kao ispla¢noga aditiva

Znatno povecanje potraznje za energijom u cijelome svijetu i pad proizvodnje iz dostupnih lezi$ta nafte i plina doveli su
do povecanja ulaganja naftne industrije u odobalna istrazivanja. Medutim, aktivnosti bu$enja u odobalju obi¢no su ogra-
nicene ekoloskim ogranic¢enjima. Stoga su novija istrazivanja posvecena razvoju ekoloski prihvatljivih fluida s odgovara-
ju¢im tehnickim svojstvima. Glicerin je netoksi¢na, podmazujuca tvar bez boje i mirisa, vece gustoée od vode. Zbog
svojih svojstava glicerin se moze koristiti kao baza sintetickih isplaka. Cilj je ovoga istrazivanja pregled provedenih istra-
Zivanja o primjeni glicerina u sastavu isplaka. Na temelju rezultata istrazivanja moze se zakljuditi da se tekucine na bazi
glicerina mogu smatrati ekoloski prihvatljivim tekuc¢inama s dovoljnim tehnic¢kim svojstvima da zamijene druge fluide
koji se koriste kao isplake prilikom busenja. Medutim, za donosenje pouzdane odluke o primjeni glicerina u isplakama
jo$ uvijek nema dovoljno eksperimentalno dobivenih podataka. Za primjenu glicerinskih tekudina (i za ¢isti i za sirovi
glicerin) potrebno je provesti studiju ekonomske izvedivosti. Takoder, buduc¢im istrazivanjima potrebno je obuhvatiti i
ispitivanje toplinske stabilnosti glicerinskih tekucina.
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