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 Mining and geological conditions for the development of new fields are becoming more difficult every year. 
Accordingly, the requirements for ensuring the environmental and technological safety of the drilling process are
becoming more and more important. To ensure such a process, it is necessary to use correctly selected drilling fluids 
with proper characteristics: rheological parameters sufficient for effective cleaning of the well bottom, density sufficient
to create back pressure, fluid loss to ensure a high-quality filter cake. Modern environmental requirements dictate the 
abandonment of hydrocarbon-based solutions. But when using water-based solutions, there are no suitable solutions, 
especially with their high density, since the use of barite can lead to a decrease in reservoir productivity. In this regard,
the analysis of the problem and the search for options for creating water-based drilling fluids, weighted without the 
addition of barite, having the properties of maintaining the stability of the wellbore, ensuring safe drilling and opening
productive formations without damaging the reservoir characteristics, was carried out. 
Such a solution was found in changing the base of the drilling fluid - highly mineralized fluids or solutions based on 
saturated brines. Brines must be created on the basis of inorganic salts that have good solubility, for example, chlorides, 
bromides. Due to the content of salts, the fluids have an inhibitory effect, and depending on the volume of dissolution,
the density of the drilling fluids can be controlled. 
The scientific works of foreign and domestic scientists analyzed in the article have been published over the past five years, which
indicates the relevance of this development. The selected compositions are presented and theoretically investigated, which were 
also tested in the field conditions.
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 Горно-геологические условия разработки новых месторождений с каждым годом становятся сложнее. Соответственно 
все более важными становятся требования по обеспечению экологической и технологической безопасности процесса
бурения. Для обеспечения такого процесса необходимо использовать правильно подобранные буровые растворы с
надлежащими характеристиками: реологические параметры, достаточные для эффективной очистки забоя скважины,
плотность, достаточную для создания противодавления, водоотдачу для обеспечения качественной фильтрационной
корки. Современные экологические требования предписывают отказ от растворов на углеводородной основе. Но при 
использовании растворов на водной основе нет подходящих решений, особенно при их высокой плотности, так как
применение барита может привести к снижению продуктивности пластов. В связи с этим осуществлен анализ
проблемы и поиск вариантов для создания буровых растворов на водной основе, утяжеленных без добавления
барита, обладающих свойствами сохранять стабильность ствола скважины, обеспечивать безопасное бурение и
вскрывать продуктивные пласты без нанесения ущерба коллекторским характеристикам.  
Такое решение было найдено в изменении базы бурового раствора – высокоминерализованные растворы или 
растворы на основе насыщенных рассолов. Рассолы необходимо создавать на основе неорганических солей, которые
обладают хорошей растворимостью, например хлориды, бромиды. Благодаря содержанию солей растворы обладают
ингибирующей способностью, а в зависимости от объема растворения можно управлять плотностью буровых
растворов.  
Научные работы иностранных и отечественных ученых, проанализированные в статье, опубликованы в течение 
последних пяти лет, что говорит об актуальности данной разработки. Представлены и теоретически исследованы
избранные составы, которые также были опробованы в промысловых условиях.
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Introduction 
 

Creating a drilling fluid for pay drilling or working on an 
existing well requires a deep understanding of the reservoir 
specifics. Damage mechanisms during pay drilling include fine 
solids flow, clay swelling, drill-in fluid (DIF) incompatibility 
with the formation fluid, and the use of formation damaging 
reagents that can reduce the average formation permeability, 
resulting in lower production rates [1]. 

A suitable drilling fluid must not chemically react with 
the rock and formation fluid being drilled and must be non-
invasive to maintain the original rock condition. To create 
such a solution, it is necessary to correctly select the type of 
cake-forming particles, particle size distribution and 
concentration, based on the reservoir rock morphology [2]. 
When properly selected, a dense, thin filter cake is quickly 
formed, preventing the penetration of filtrate and small 
drilling particles into the formation, minimizing the formation 
damage and the possibility of differential pipe sticking [3]. 

Onset of the development of deposits in abnormal 
geological conditions was a matter of time. However, there 
were no suitable drilling fluids in the industry. The use of 
barite as the main weighting agent in drilling fluids has led to 
a lack of alternatives in the market. These two factors have 
caused a number of emergencies and complications at 
opening the deep-lying oil and gas reservoirs [4].  

The current situation formed the goal of this work - to 
study the compositions of weighted barite-free drilling fluids.  
 

Justification of the Need to Study 
and Use Weighted Barite-Free Drilling Fluids 

 
Drilling fluids are required to drill oil and gas wells. Such 

drilling fluids perform a number of tasks: they are pumped 
through drill pipes so that the fluids come out, lifting all the 
cuttings; in case of stopping drilling, the fluids keep the 
cuttings in suspension, lubricate and cool the bit, protect oil 
and gas formations from clogging, but one of their most 
important roles is the replacement of cuttings to prevent the 
fluid intrusion and wellbore integrity damage [3, 5]. At first, 
ordinary water could act as a drilling fluid, such fluids were 
later called self-mixing. However, the easily recoverable oil 
fund has depleted, and for the extraction of hydrocarbons it is 
necessary to develop deposits that lie much deeper. Such 
deposits are mainly composed of low-rate and low-
permeability reservoirs in abnormal operating conditions. 
Since the entire drilling process is characterized by high 
pressure, temperature, salinity [6], the modern oil extraction 
projects cannot do without the use of new technologies - both 
at drilling and developing an oil and gas reservoir [7].  

Overpressure prediction is very important for well 
planning and safe drilling [8, 9]. However, accurate and 
reliable prediction requires an understanding of such 
overpressure origin and distribution. 

Overpressure (abnormally high formation pressure) poses a 
serious geological hazard and a drilling issue. The petrophysical 
properties of sediments are influenced by various mechanisms 
generating the abnormally high pressure. There are two 
different mechanisms for generating overpressure, specifically: 
rock compaction and fluid expansion, each of which has 
different petrophysical features and, therefore, different 
forecasting techniques [6, 10, 11].  

Improved knowledge of the overpressure mechanisms and 
pore pressure distribution in the formation provides the 
critical support information for the hydrocarbon exploration 
and production team. This information not only has a direct 
impact on the drilling cost and safety, but also provides 
insight into the key data for producing the drilling fluid [12]. 

When selecting and producing a drilling fluid composition 
for drilling in abnormally high formation pressure (AHFP) 
areas, it is necessary to take into account a number of factors 
to prevent gas-water-oil shows (GOWSs) and maintain 

rheological characteristics at high temperatures [13]. 
Currently, a technology gap has emerged, presenting a 
challenge for the development of high-density water-based 
drilling fluid systems for high pressure and high temperature 
(HPHT) wells. The gap arose is caused by impossibility to 
generate a suitable rheology due to the deposition of 
weighting agents, changes in performance due to temperature 
rise down the wellbore, high concentration of solids to 
produce weighted drilling fluids, decreased polymer 
efficiency due to lack of free water, poor filter cake quality, 
leading to sticking and deterioration of reservoir properties 
[3, 14, 15]. Working in a narrow window between pore 
pressure and fracture initiation pressure adds complexity to 
drilling fluids maintenance, where a small change in 
bottomhole pressure can lead to a significant increase in non-
productive time (NPT) due to the time spent on resolving 
possible losses and fluid manifestations [16, 17]. 

As a result of understanding the mechanism of wellbore 
destruction in clayey areas, the practice of using fluids spiked 
with salts, which began to call inhibitory, has appeared [18, 
19]. However, even calcium, sodium, and potassium cations 
entering the shales from the fluid have a different effect due 
to the different diameters of hydrated ions [20–22]. 

Clay is not the only cause of wellbore wall instability, but 
salt deposits also create difficulties. Practice has shown that 
the solution is the same approach as used with clay - it is 
necessary to saturate the fluid with salt. But this only works 
in the case of low seams, because at thicknesses of more than 
a kilometer, heterogeneity can often be recorded when 
aggressive formations, providing the wellbore instability, are 
found due to their tendency to flow under pressure. In this 
case, a system with the addition of three salts at once, for 
example, sodium, potassium and magnesium chlorides, is used. 
It is necessary to add protective reagents: carboxymethyl 
cellulose (CMC), starch - to monitor water loss, structural and 
mechanical properties of the fluid, because when drilling 
deep formations, weighted fluids should be used, and 
kinesthetic stability is significant for them [3, 15, 23].  

In addition to wellbore instability, the use of a water-
based fluid when drilling in productive zones leads to 
clogging. It may happen due to several reasons [15]. Firstly, 
this is a water-loss, water penetration adversely affects the 
reservoir permeability, because when water is mixed with 
formation fluids, an emulsion preventing the further flow of 
fluids is formed. Secondly, the fluid particles can penetrate 
and clog the pores, and the size of these particles is an 
important factor in determining the penetration depth. To 
prevent clogging, a high-quality filter cake, which would 
restrain the penetration of liquid and solid phases into the 
formation, is required. However, it is especially difficult to 
create such a cake when using weighted drilling fluids. 

Hydrocarbon-based fluids are widely used since they have 
clear advantages over water-based drilling fluids. Advantages 
include stability in water-sensitive formations where a water-
based fluid (WBF) would result in a narrowing of the 
wellbore. Wellbore stability is achieved with oil-based fluids 
by limiting the natural tendency of clays to absorb water from 
water-based drilling fluids [24]. When using oil-based drilling 
fluids, water emulsified in the oil phase can be used with 
increased salinity, thereby decreasing the flowing water from 
the formation due to osmotic forces. This additionally 
stabilizes and strengthens the well [25, 26].  

Oil-based drilling fluid (OBF) compared to WBF has 
other advantages, in particular, it provides better 
lubrication, and it has also been established that the use of 
oil-based drilling fluids can lead to a significant increase in 
drilling rate. Such advantages are important, especially in 
deep-seated deposits, requiring large investments. All this 
dictates the need to drill as many wells as possible from one 
point, which implies large horizontal deviations of wells 
using directional drilling methods in order to exploit 
difficult-to-reach hydrocarbon deposits or find suitable 
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places for water injection. This fluid has long been the main 
fluid for opening and drilling productive formations, due to 
the above properties and a hydrocarbon base that does not 
conflict with formation fluids [24, 25, 27]. 

However, the use of this fluid has some drawbacks. The 
very first drawback is their high cost. Second, they include 
the toxicity of some aromatic compounds, chemical 
reagents and the diesel base itself [2, 28, 29]. 

OBF also differs from the water-based fluids in its 
compressibility, which leads to a strong dependence of the 
fluid density on temperature and pressure [30]. As a result, 
depending on the content of solid and liquid phases, the 
OBF density can change at drilling, and if this is not taken 
into account, the consequences can be catastrophic [17, 31].  

In the industry, for a long time, the solution was to use 
oil-based drilling fluids, and barite was used as a weighted 
agent, which, to ensure high hydrostatic pressures, was set 
to the required density [18]. 

The main advantage of barite is the density that can be 
created by adding it to the fluid. Due to the lack of analogues, 
it is used, despite all the shortcomings, and they can cause 
serious problems. To begin with, it should be noted that this 
fluid is insoluble in water, as a result of which maintaining 
the barite particles in suspension is a difficult task. The more 
the fluid is in a static state, the more barite is deposited, and 
if the drill stem is down the hole, the deposited barite will 
certainly cause sticking. If an extra-weighted drilling fluid is 
required, more barite should be added to it, which increases 
the solid phase load. In such cases the cake may be thick and 
loose, which can lead to the drill stem sticking. When drilling 
horizontal well sections, all sludge will accumulate on this 
cake, and a plug will form, which will take time to eliminate. 
If there was no sticking, then the accumulation of barite and 
sludge down the hole will become a problem for the start of 
circulation, it will be necessary to set a high pressure, which 
the pump and the formation may not withstand, and this is in 
its turn will lead to an accident and stop drilling or a 
complication that requires elimination [32]. To solve the 
problem, it is necessary to create such a rheology, which 
usually leads to a high equivalent circulation density (ECD), 
the addition of a large amount of expensive stabilizers, 
structure-forming agents [33, 34]. If the formation fluids 
penetrate into the solution, a rapid deterioration of its 
structural and mechanical properties will occur, which will 
again lead to the solid phase precipitation [16].  

Barite is insoluble not only in water, but also in acids, 
such as: perchloric, formic, citric and acetic. It is known that 
the filter cake must be formed at drilling, but after that it 
must be cleaned in order to restore the reservoir permeability. 
In the case of using barite, the cake will necessarily contain its 
particles, and part of it will penetrate into the pores, and it 

will be impossible to remove it using acid treatment. Thus, 
even before the production onset, the reservoir properties will 
become worse, and it will be necessary to intensify the flow 
or artificially form the new pores. All that negatively affects 
the final oil recovery and the economic feasibility of this 
project development. Barite also reduces the benefits of 
projects due to its high price [28, 35, 36].  
 

Study of Barite-Free Drilling Fluid  
Compositions and Properties 

 
The current situation with difficult drilling conditions, 

when a high density of drilling fluid is required, and barite is an 
unprofitable option, led to the search and study of new 
weighting agents. Hematite, manganese tetroxide were used as 
an alternative to barite, but they also created a high solid phase 
load in the fluid, without imparting the density that barite 
could achieve. Therefore, the studies have been continued, and 
another way to eliminate barite or at least reduce its content in 
the fluid, specifically, to produce a drilling fluid based on 
saturated brine, was found [56]. Chinese institutions and 
companies, e.g., one of the largest global companies 
SaudiAramco, and such service companies as Halliburton, 
BakerHuges, Schlumberge, pay great attention to this study.  

Special attention should be paid to works in which new 
compositions of such fluids and their use in practice are 
provided. One of these works is a study [28] focused on 
drilling and development of an ultra-deep reservoir under the 
Tian Mountain in China. At the deposit, 70 wells were 
successfully drilled using OBFs, since the use of WBFs was 
impossible due to long non-working hours as a result of 
accidents. However, the problem was the adverse 
environmental impact due to exposure to toxic sludge and 
chemicals contained in the drilling fluid [28]. Since, when 
using WBF, one of the sources of problems was the salt and 
gypsum formations, which contaminated the fluid, that, in 
turn, led to a change in rheology and brine development, so it 
was decided to replace the water base with zinc bromide 
saturated brine. This salt is freely soluble in water, but it was 
chosen due to its density of 4.219 g/cm3, which allows setting 
the fluid density to 2.3 g/cm3 without a weighting agent. 

A number of experiments have been performed, and 
their results presented. The first is the ageing test. For this, 
the fluid was exposed to a temperature of 160 °C for 16 h. 
The results showed that the composition has a good 
rheology under high pressure and temperature conditions 
(High temperature high pressure - HTHP). At 25 °C, the 
fluid density is 2.34 g/cm3, plastic viscosity - 92 mPa•s, 
and yield point (YP) - 17 Pa. After 16 hours processing at 
160 °C, density increased by 0.2 units, which indicates the 
complete dissolution of fluid salt, plastic viscosity increased  

Table 1 
Rheological characteristics of the fluid after experiment 

Fluid 
Conditions ρ, g/cm3 μ, mPa·s PV, mPa•s YP, in Pa GEL, Pa/Pa pH HTHP, mL/mm

25°C 2.34 109 92 17 5/5 – –
160 °C · 16 h 2.36 126.5 104 22.5 5/6.5 8 7/2

 
Table 2 

Rheological characteristics of the fluid after ageing 
Parameter Fresh mud Fluid as rolled Fluid at Day 3
600 v/w 83 90 107 
300 v/w 51 56 67 
200 v/w 38 42 51 
100 v/w 23 25 33 
6 v/w 3 4 6 
3 v/w 2 3 5 
10 s 2 2 4 

10 mins 2 2 4 
PV 32 34 40 
YP 19 22 27 

HP/HT Filtration Test at 350 F, ceramic disc (10 micron)
Instant filtering – – 0 

Water loss – – 2.2 
Filter cake thickness – – 1.5875
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                             a                                                              b 
 

Fig. 1. Sludge when passing through:  
a – gypsum rock (6,675 m); b – salt formation (7,600 m) 

 
up to 104 mPa•s, and YP increased up to 22.5 Pa, which is 
a good result [28]. For clarity, we present the results for a 
fluid of the following composition: saturated brine +1 % 
K2CO3 + 0.5 % ND-259 + 1.4 % ND-288 + 1 % ND-253 + 
0.2 % NaOH + 1 % ND-258 + 1.5 % HM. Thickener:  
ND-259. Water-loss control: ND-258. Lubricant: ND-253. 
Inhibitor: HM. Weighting agent: ND-288. 

This drilling fluid composition was successfully applied in 
the KS 8-5 well. In practice, the inhibition of salt formations 
by fluid was assessed (Table 1). 

From the photographs of sludge (Fig. 1) taken by an 
engineer on the drill stem, it can be seen that the sludge 
have a normal shape, and the traces of bit cutters are 
preserved on it. In addition to that, the average increase in 
the diameter of salt formation wellbore is 4.24 %, and in 
formations above the salt is almost 1 %. All this confirms 
that the fluid is able to inhibit salt rock at high temperature, 
pressure and salinity [28]. As a result, the following 
conclusions about the developed fluid were made:  

• high pressure salt formations are drilled smoothly 
to maintain the wellbore stability, as well as the correct 
wellbore diameter;  

• the drilling fluid effectively solved the problem of pipe 
sticking in salt formations and wellbore instability, while 
avoiding the pipe sticking or other incidents caused by 
drilling fluid, which leads to safe drilling operations; 

• when using a water-based fluid, the drilling team 
encountered the pipe sticking on six wells and 4 times with 
GOWSs. When using OBF, only one sticking and 3 times 
with GOWSs were recorded. The brine-based fluid solved 
the problem of non-production time and increased the ROP, 
thus increasing the drilling efficiency;  

• the fluid can be recovered and reused in other wells, 
thereby reducing the cost of drilling. This fluid composition 
has brought potential technical and economic benefits to the 
drilling industry by providing strong technical support for 
the efficient development of ultra-deep oil deposits in 
western China. 

The next work of interest is the study of brines of two 
salts: CaBr2 and CaCl2 [2]. The choice of calcium salts is 
justified by the fact that, for example, sodium salts, 
chlorides, bromides cannot provide a density higher than 
1.2 g/cm3, a fluid of potassium formate does not exceed a 
density of 1.3 to 1.4 g/cm3, For this reason they add 
cesium formate, which is very expensive and not 
economically suitable.  

Structure-forming agents and water-loss control agents 
can be considered the two most important components in 
drilling fluids. As a rule, these are polysaccharides and 
their derivatives, soluble in water [37]. 

Chemicals to develop the fluid structure, such as xanthan 
gum, scleroglucan and diutan, can thicken a variety of 
monovalent and divalent brines. Such fluids exhibit excellent 
thixotropic properties, which is directly related to the 
suspension properties of drilling fluids. This is very beneficial 
because it helps the fluids to perform one of the main tasks - 
to carry solids and drill sludge more efficiently to the surface; 
and when drilling is stopped, it prevents solids and sludge 
against depositing on the well bottom [38]. In order to 
minimize fluid loss at drilling, other biopolymers, such as 

starch, are also often added to provide fluid filtration control. 
However, due to the chemical nature of these biopolymers, 
they are not suitable for temperatures above 300 °F. Several 
synthetic polymers were designed for high temperature 
water-based drilling fluids HP/HT [2]. 

The choice of polymers was guided by several conditions. 
First of all, polymers should be able to thicken the brine and 
impart thixotropic properties to it for effective bottom-hole 
cleaning and sludge removal [39, 40]. Second condition is a 
decrease in water loss to preserve the reservoir properties. 
Third, polymers must be thermally stable and maintain 
rheological characteristics for at least three days [38, 41]. 

Before experiment, CaBr2 brine was treated with a 
small amount of lime and filtered, and CaCl2 brine was 
only filtered before use. The freshly prepared fluid sample 
was autoclaved at 150 °F for 16 hours and then aged at an 
elevated temperature. Depending on the ageing conditions, 
the drilling fluid sample was statically held at 450 °F for 
16 hours or at 400 °F for three days [2, 38]. 

Fann 35 and 77 were used to measure viscosity under 
different conditions. Maximum values: temperature – 
400 °F, pressure - 10,000 psi [2]. Filtration tests were 
performed at 350 °F and 500 psi for 30 minutes, and the 
results were multiplied by 2 to determine the total water 
loss of the mud. Reservoir impacts were measured using 
a Chandler Model 6100 on sandstone.  

The samples were hot rolled at 150 °F for 16 hours prior 
to viscosity measurements. Synthetic polymer-based drilling 
fluid has rheological properties, which are very similar to 
those of biopolymer fluid. Both fluid samples exhibit excellent 
thixotropic properties at a low-shear-rate (0.17 s– 1) viscosity 
ranged 3.000 to 5.000 avg and a high-shear-rate (1.021 s– 1) 
viscosity of about 45 avg [2]. High viscosity at low shear rate 
is a direct indication that sludge and other solids will be 
efficiently carried to the surface, preventing solids against 
settling when drilling stops Low viscosity at high shear rate is 
desirable to reduce pump pressure and minimize the 
possibility of rock burst [38]. After measuring the viscosity, 
the samples underwent the reheat test. They were held at 
300 °F (biopolymer sample) and 450 °F (synthetic polymer 
sample) for 16 hours. Before static ageing, both fluid samples 
are white and homogeneous. After ageing, biopolymer sample 
turned dark brown with significant sediment. In the second 
sample, only a slight discoloration was observed [42]. 
Moreover, the sample still looked homogeneous with no 
obvious separation or sedimentation. The viscosity of 
synthetic polymer drilling fluid was re-measured and a slight 
increase compared to the pre-ageing sample was found [2]. 
Then, the aged sample underwent the filtration test on 
a 10 μm disc at 350 °F with a pressure drop of 500 psi. Fluid 
loss at HT/HP was only 5.4 mL after 30 minutes. 

The above results demonstrate the exceptional thermal 
stability of HT polymer compared to standard biopolymers. 
A drilling fluid prepared from HT polymer is stable at 450 °F 
for at least 16 hours, which increases the temperature limit 
for drilling fluids by at least 150 °F. Moreover, HT polymer 
provides excellent fluid filtration control even after exposure 
to extremely high temperatures [2, 38]. 

To assess the thermal stability of synthetic polymer fluid 
over a long period of time, another drilling fluid sample was 
prepared. After hot rolling at 150 °F for 16 hours, the 
sample was kept at 400 °F for three days (Fig. 2, 3). No solid 
phase separation or sedimentation was observed after static 
ageing. As with the sample held at 450 °F for 16 hours, the 
sample viscosity increased slightly after ageing, indicating 
excellent thermal stability. The rheology remained stable, 
which indicates the preservation of thixotropic properties of 
the fluid. The sample also maintained good water loss, just 
2.2 mL after 30 minutes. The results are shown in Table 2 [2]. 

 Since the drilling fluid particulates are soluble in 
acid and can be removed by acidizing, the potential 
formation damage by the polymer becomes significant. It 
has been shown that branched polymers generally provide less 
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                                   a                                               b 
 

Fig. 2. Post-ageing fluids: a – biopolymer at 300 °F, 
 16 hours; b – HT-polymer at 450 °F, 16 hours 

 

 
                                                a                    b 
 

Fig. 3. Fluid: a – initial; b – after three days of ageing 
 

 
 

Fig. 4. Reasons for stability violation in the bore hole walls 
 

 
 

Fig. 5. Filtrate volumes 
 
formation damage than linear polymers. It is expected that 
polymer particles will accumulate on the formation surface 
instead of invading the pores. In this case, the polymer 
particles after acidizing can be easily lifted from the surface, 
and the damage will be minimal [2]. 

According to the all above, the researchers managed to 
develop a high density drilling fluid composition with 
excellent rheological characteristics and thermal stability, 
as well as absolute reservoir safety. 

Potential formation damage is one of the most important 
criteria when choosing a drilling fluid and is largely associated 
with the penetration of particulates or polymers [4, 15]. 

The "Study and development of a new brine-based 
drilling fluid for drilling salt and anhydrite formations" 
research was presented in 2019 at the International 
Conference on oil and gas engineering and is dedicated to 
the issue of formation development in the Missan deposit 

located under the salt and anhydrite formations of high 
thickness. An anhydrite layer with a thickness of 800 m is 
a trap in the deposit. However, due to that, there is a 
threat of reservoir instability associated with the salt 
ability to flow under conditions of overlying pressure and 
due to horizontal stress, as well as its dissolution with 
WBF, which will inevitably lead to a number of accidents 
at drilling (Fig. 4) [21].  

Drilling experience at Missan Oilfield shows that salt an 
anhydrite formations dissolve easily, which promotes plastic 
flow and recrystallization of salts, leading to sticking of the 
drill stem, casing damage and drilling fluid deterioration 
[21]. Soft mudstone often loses its support due to possible 
dissolution and formation collapse. Therefore, it is a 
significant threat to drilling. This is why the decision was 
made to develop a new brine-based drilling fluid ensuring 
the safe and cost-effective drilling. 

The researchers have identified the following criteria for 
a new drilling fluid system [21, 43]: 

– firstly, its components must effectively restrain the 
dissolution of salt rock for the sake of wellbore stability; 

– secondly, polymers must be salt-resistant to effectively 
preserve the drilling fluid properties; 

– thirdly, a high density of the drilling fluid should be 
provided to balance the creep of the salt-anhydrite 
formations in order to avoid drilling accidents such as 
wellbore collapse, inflow of formation fluids and drill 
pipe sticking. 

Experiments have been developed to investigate the 
rheology and filtration of brine solutions with various 
additives before and after the ageing procedure to identify 
suitable chemicals. The fluid ageing was carried out for 
16 h at 100 °C. This ageing is required to determine the 
drilling fluid stability and adaptability.  

A mixture of salts can be used to increase the system 
properties, such as inhibition, density, saturation. Typically, 
three monovalent cationic salts are used for fluid preparation: 
sodium chloride (NaCl), potassium chloride (KCl) and sodium 
formate (HCOONa), which are cost effective in terms of 
density adjustment [19, 21]. Formula for a brine-based fluid 
with a fixed salinity: fresh water + 25wt.% NaCl + 5wt.% 
KCl + 8wt.% HCOONa, through which a saturated brine can 
be obtained. In this system, NaCl is used as the base salt of 
the complex brine system and makes the system in a partially 
saturated state; KCl is required to increase inhibition against 
the salt and anhydrite formation; HCOONa may not only 
increase the density, but also enhance the ability to inhibit 
the system [43]. 

Undoubtedly, the created solution with the maximum 
allowable salinity provides key advantages: on the one 
hand, the system will have an extremely low solubility in 
relation to external salts due to the saturated state; on the 
other hand, the solids concentration required to increase 
the weight to a high density can be reduced, which will 
contribute to the stability of the wellbore. Experimental 
samples were developed with the addition of three 
common types of stabilizers - polyacrylamides (PHPA, PLH 
and PLUS), cellulose (PAC and CMC) and biopolymers 
(VIS, XC, XAN and MC-VIS) - to assess their efficacy in 
 the brine-based fluids in order to select the appropriate 
stabilizer [22]. Composition of the brine-based drilling 
fluid: fresh water + 0.6 % viscosifier + (25 % NaCl + 
5 % KCl + 8 % HCOONa).  

It is clear that biopolymers exhibit better rheology than 
other types of thickeners collected herein. For polyacrylamide 
and cellulose types, both apparent viscosity (AV) and plastic 
viscosity (PV) show a large difference before and after ageing, 
indicating a poorer rheological stability in a brine-based 
system. Comparing the rheological characteristics of samples 
with biopolymers, VIS can be chosen as the main structure-
forming component of the developed brine-based drilling 
system. Moreover, it is environmentally friendly due to its 
potential for degradation [21, 43]. 
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Fig. 6. Influence of fluid density on parameters: PV – plastic viscosity, GEL – static gel 
 strength, F – filtration, YP – yield point 

 

 
 

Fig. 7. Corrosion rate at different fluid densities 
 
Next, we'll look at the three main types of water-loss 

control chemicals: cellulose, starch, and sulfates. 
Composition of the tested drilling fluid is unchanged. It 
was decided to add 2 % reagent to reduce filtration. 

In contrast to structure-forming agents, all filtration 
reducing reagents provided the good rheological characteristics. 
It can be assumed that this was due to the correct choice of 
polymer for thickening. However, it is wrong to choose such a 
reagent based on rheology; it is necessary to consider the 
filtrate volume. The results are shown in Fig. 5 [21]. 

Cellulose-based reagents produce the largest filtrate 
volume, which means the worst filtration reduction. In 
contrast, sulfates show the consistently lower filtrate 
volumes - less than 20 mL. It should be noted that the 
potential environmental risk associated with the sulfate 
treatment of fluids may, to a certain extent, limit their use 
[21, 44]. With regard to starch reagents, there is a great deal 
of variability in the values, where S-FLO, the modified starch, 
better copes with water-loss control, the volume is 10 mL.  

To summarize, the basic formula for brine-based drilling 
fluid is: fresh water  0.6wt. % VIS + 2wt. % S-FLOr + 
(25wt. % NaCl + 5wt. % KCl + 8wt. % HCOONa). The 
designed brine-based drilling fluid will not only be resistant 
to salt contamination, but by its nature will be inactive to 
salt and anhydrite formations [21]. 

Experiments in the development of mineralized fluids are 
also available in domestic practice. At the Volga-Uralsk deposit, 
the formations are composed of mudstones, which leads to the 
wellbore wall instability, making it difficult to conduct 
geophysical works. Well construction can only be completed by 
re-drilling weighted areas. Finding a solution to the problem is 
devoted to study by V. Zhivaeva, O. Nozhkina and 
V. Kapitonov [45]. They identified reasons for the current 
situation: insufficient density and low inhibiting ability of the 
fluids used. These problems are inherent in all horizontal wells 
in the Syngoi and Bazhenov formations of Western Siberia. 

When drilling well sections with a zenith angle greater 
than 60°, there is a non-admission of casing strings due to 
wellbore narrowing. The main prevention method was to 
increase the concentration of inhibiting reagents. But that is 
not a solution, since the total solids content increases. For 
weighting purposes, the concentration of calcium carbonate is 
made above 300 kg/m3, which adversely affects the 
rheological characteristics of the fluid (increased rheology 
leads to increased hydrodynamic loads on the wellbore walls 
during circulation, and this contributes to the cavings and 
fracturing) [45]. 

For the construction of extended horizontal sections in 
such conditions, it is necessary to use drilling fluids with a 

density of 1.4 to 1.5 g/cm3, but creation of such a density 
with classical weighting agents leads to negative consequences: 
increased rheology, cake thickness, and impossibility of 
controlling the fluid properties at low shear rates. The 
aforementioned cause difficulties during RIH/POOH, high 
pressure on the pumps when flushing the well, and the 
occurrence of critical moments of the drill stem rotation [36]. 
The authors propose a drilling fluid system, the density of 
which is set by inorganic salts, specifically, calcium chloride 
and nitrate. Such fluids are not a momentary solution to 
problems; it is necessary to find the optimal ratio of salt 
concentrations for a synergistic effect, study the hazard posed 
by the corrosive activity of divalent metal brines, and select 
polymers for highly mineralized fluids [45].  

Based on previous studies, it was revealed that starch 
reagents and cellulose ethers are widely used as polymers. 
These biopolymers have a number of disadvantages, firstly, 
they can create a high rheology, which is not suitable for the 
drilling regime used, and secondly, their temperature range 
imposes limitations on applicability [19, 22, 38].  

The authors decided to try a new polymer designed 
specifically for use in highly mineralized fluids - CEP-S, 
polyvinyl alcohol derivative with thermal stability up to 100 °C 
[22]. The task was to develop a drilling fluid composition with 
minimum rheological and filtration characteristics at the 
highest possible density. For testing purposes, the fluid samples 
were prepared on a mixture of calcium chlorides and nitrates 
with the following densities: 1.35; 1.45; 1.56 g/cm3. These 
fluids were divided into groups depending on the prevalence of 
inorganic salt and reagents controlling the water loss: CEP-S 
and Natrosol (hydroxyl ethyl cellulose) [45]. 

Analyzing the test result graphs (Fig. 4), it should be 
noted right away that CEP-S in samples with higher density 
and concentration provides less liquid phase filtration than 
fluids using hydroxyl ethyl cellulose (HEC) as a stabilizer 
[46]. At the same time, HEC-based fluids have high values of 
plastic viscosity and yield point. Thus, CEP-S stabilized fluids 
correspond to the optimal values of rheological 
characteristics, specifically: plastic viscosity does not 
exceed 35 cP and yield point is less than 26 lb/100 ft2. 
Filtration rate was 4 cm3/30 min, and under high pressure 
and temperature conditions it did not exceed 8 cm3/30 min. 
Since the fluid is developed for drilling long horizontal 
sections, thixotropic properties are very important, and 
fluids with CEP-S have the best structural and mechanical 
properties - this is 7/8 lb/100 ft2 (10 s/10 min) [45].  

For the developed compositions of drilling fluids with 
various densities, created by changing the ratio of chloride to 
calcium nitrate concentrations, the studies on their corrosivity 
were carried out in accordance with GOST. The studies were 
carried out both under surface and wellbore conditions with 
heating up to 90 °C. To determine the most suitable salt ratio, 
the studies were carried out without the addition of corrosion 
inhibitors. It is commonly known that corrosion depends on 
the fluid pH. If the environment is acidic, corrosive activity 
increases. The preferred corrosion value is less than 0.12 mm 
per year, which can only be achieved at pH 7 to 8.5 [12, 14]. 
The study results are presented by the authors in the form of 
a diagram shown in Fig. 7 [45]. 

According to data in Fig. 7, corrosion rate of fluids 
with a predominant content of calcium nitrate salts in the 
mixture does not change during ageing under surface and 
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wellbore conditions, which indicates a low corrosivity of the 
studied sample. For fluid containing more calcium chloride, 
the situation is different: at room temperature, the corrosion 
rate is 0.003 mm per year and does not change with 
increasing density, but the same fluids at high temperatures 
take on values that increase significantly. Despite this, even 
the highest value, 0.051 mm per year, is within acceptable 
limits. Thus, corrosion rate can be controlled by adjusting 
the calcium nitrate content as well as by adding a small 
amount of alkali. The most significant finding is the evidence 
that there is no significant relationship between corrosion rate 
and temperature. According to the study result, these fluids 
have properties suitable for practical use [45].  

According to the studies carried out, the authors 
identified the optimal compositions of drilling fluids that 
should be tested in practice, and in case of positive data, 
they can be used in other deposits with similar mining and 
geological conditions. For the first practical experiments, we 
may recommend a composition with a predominant content 
of calcium nitrate and CEPS-S biopolymer, since this fluid 
has suitable rheological characteristics at optimal 
pseudoplastic flow [47]. This fluid contains a minimum 
amount of solid phase, is resistant to the colloidal phase and 

characterized by minimal filtration, which has a positive 
effect on the properties of productive formations. In 
addition to all the advantages, the fluid is reusable and easy 
to prepare [45].  
 

Conclusions 
 

1. The transition to the development of deposits in 
abnormal operating conditions entails to use the weighted 
drilling fluids, where the main weighting agent is barite. 

2. Usually, productive formations are opened with 
hydrocarbon-based fluids, their use in abnormal operating 
conditions is a less profitable option due to its high cost 
and environment impact. The use of water-based fluid 
with barite is an even bigger problem. 

3. In the market, there are no technological solutions 
for safe drilling with weighted barite-free water-based 
drilling fluid.  

4. The issue of barite replacement is relevant all over the 
world, since its use is technologically impracticable. 

5. Currently, there is a large number of studies devoted 
to the creation of drilling fluids weighted with inorganic 
and organic salts.  
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