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Abstract

A comparison of the properties of the studied drilling fluids shows that when drilling and
developing productive formations, it is convenient to use hydrocarbon-based solutions.
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Introduction. Highly stable and efficient operation of downhole tools can only be achieved
through constant and regular cleaning of the well bottom. One of the main technological functions
of drilling fluid is the removal of rock debris from the bottom of the well and its column, formed
during rotary drilling. The fluid circulating in the well is supplied to the bottom of the well under high
pressure. He washes the well, takes out the stones buried at the bottom and brings them to the surface.

Purpose of the work. The literature (bacapeirun, Bymnukos, bymaros, Ilpocenkos, 2001;
bynaroB, ABetucoB, 1993-1996; Bbynaros, [lemuxoB, Makapenko, 1998; Bbymaros, IIpocenkos,
[Mlamanos, 2003; Kamuuun, JleBurkuii, Hukutun, 1998; Pazanos, 2005) describes the purpose
and functions of drilling fluid for cleaning wells, but little information is given about hydrocarbon-
based fluids. This study compares that hydrocarbon-based fluids meet the necessary technological
requirements when drilling a productive formation and, as a result, provide a high economic effect
when developing a well.

Objectives of the work. The main purpose of using drilling fluid was to clean up thoroughly
eroded bedrock and cool the drilling tool. With the development of drilling operations and the
acquisition of practical experience, the functions of the drilling fluid and its service in drilling
operations have expanded.

When drilling a well, the drilling fluid creates an environment that determines the operating
conditions of the drilling tool and affects the rocks at the walls and bottom of the well. From this point
of view, the drilling fluid affects the drilling of rock, the stability of the well walls, the nature and
intensity of physical and chemical exchange processes with the rock, and the saturation of formation
fluids in the drilled part of the well. The direction of fluid flow can change under the influence of
hydrodynamic phenomena occurring during flow along the wellbore.

The composition of the fluid (liquid or gaseous) injected into the wellbore varies due to the presence
of crushed rocks at the bottom of the well and interaction with fluids flowing from the wellbore. The
drilling fluid is exposed to physical effects of chemically active substances, high temperatures and
pressures that vary along the length of the wellbore. Regardless of the initial composition, the well
fluid turns into a multicomponent composite solution.
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Main section. Changes in the material composition and state of the solution in the well should
not impair its technological properties. Technological properties of drilling fluid are defined as the
following characteristics of its impact:

— it should facilitate drilling of rocks;

— help clean the bottom and column of the well;

— should not negatively affect the stability of the well walls;

— should help reduce the amount of resistance that occurs during rotation of the drilling tool or
during axial displacement;

— should not negatively affect reservoir properties and development of the productive formation.

Based on the above, drilling rigs must perform the following functions:

— promote the speed and quality of rock drilling or, at least, not cause a significant reduction in it;

— they must have sufficient kinematic and cumulative stability during circulation through the
well string, that is, their composition and load-bearing capacity (with respect to drilling fluid particles)
should not change significantly under the influence of added substances;

— in the open parts of the well it is necessary to maintain and even increase the stability of the
rocks forming the walls of the well;

— the creation of hydrodynamic equilibrium between the mixture formed in the well string and
the stratified liquid during circulation and in a static state should facilitate the penetration and mixing
of one medium into another, as well as prevent deterioration of the characteristics of the reservoir and
stones in the well.

A number of additional requirements are imposed on the fluid circulating in the well: the cost of
its preparation must be within economically justified limits, it must not have an aggressive (corrosive)
effect on drilling tools and equipment, must not contain harmful substances, and must not pose a
health hazard or the occurrence of a fire during geophysical testing of a well.

There is no drilling solution that suits all requirements equally. The requirements themselves
are heterogeneous and depend on geological conditions. Therefore, a way to better adapt the drilling
solution to specific conditions has been proposed. This has led to the introduction and processing of
many different solvents, as well as the development of sophisticated technologies for controlling their
properties.

In practice, the drilling fluids used are liquid or gaseous dispersants. Solutions are polidisperse
because the particles of the dispersed phase usually have different sizes. Drilling fluids can be classified
and classified according to various criteria: composition of the dispersed solution, composition of the
components of the dispersed phase, quantity, purpose, etc. Unfortunately, at present there is no single,
generally accepted and scientifically based classification. Therefore, it is best to study drilling fluids
by systematizing them according to the composition of the dispersed solution:

Group 1 — water-based media (recycled water, real solutions, natural solutions, clay drilling
muds, clay-free solutions, salt gels and hydrogels, biopolymer solutions).

Group 2 — hydrocarbon-based solutions (petroleum-based solutions, bitumen solutions).

Group 3 — solutions based on emulsions (emulsion solutions, reverse emulsion solutions).

Group 4 — solutions based on carbonated liquids.

Group 5 — gaseous solutions (air, inert gas, natural gas, exhaust gases of internal combustion
engines, smoke, foam).

According to the order of sale, drilling fluids are arranged in the following order: treated water,
natural clay fluids, prepared and processed drilling fluids, hydrocarbon-based solutions, emulsion-
based solutions, carbonated solutions, gaseous media, salt gels and hydrogels, biopolymer solutions.
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The correct performance of drilling operations largely depends on the correct choice of the
composition and properties of the drilling fluid and its compliance with the specific conditions of
well construction.

Clay drilling fluids are widely used in drilling wells. They are a watery mixture of clay particles. A
water-dispersed medium forms a dispersed phase of clay particles. The peculiarity of the clay solution
is associated with the peculiarities of the interaction of some clays with water, as a result of which
they are dispersed (dispersion), they are separated into individual particles. The intensity and degree
of dispersion of clays in water depends on their composition and crystalline structure. According to
their chemical composition, clays belong to aluminosilicates. Clay as a natural material is a mixture
of aluminosilicates of various structures, with aluminosilicates of any composition predominating.
Kaolin and halloysite clays dissolve in harsher water and are used only for preparing high-density
drilling fluids. Tar minerals form a large group that plays an intermediate role in the genesis of clay
materials and kaolinite with the formation of various rocks. In these clay solutions, a strong bond
is formed between the layers. The highly colloidal nature of some species is due to the disordered
alternation of layers. Palygorskite is distinguished by its fibrous structure and the deepening of the
main adsorption sites into intracrystalline channels. This determines its ability to swell and disperse
equally in fresh and salt water. Palygorskite suspensions are predominantly salt-tolerant.

Clay minerals have many defects in their crystal structure. In its internal structure, triaxial
aluminum is often replaced by dissolved iron, magnesium and calcium. This leads to the formation
of an excess negative charge on the iron particle. When mudstones form under marine sedimentary
conditions, the charge of the particles is compensated by easily mobile cations such as potassium,
sodium, calcium and magnesium. Therefore, clays are neutral in natural phenomena.

But clay, when mixed with water, breaks down into small particles. Matches the structure of the
crystal window. The cations carried by the particles dissolve and the particles in the water become
negatively charged. The accumulation of charge on particles is facilitated by the hydration of the outer
layers of the crystalline window. As a result, H* cations go into solution and mechanical destruction
of the crystalline window of clay minerals occurs.

The intensity of migration of cations into the solution depends on the geometric properties of
the crystal window, the initial potential of the particle and the charge of the cation. Sodium cations
leave clay particles more easily than calcium and magnesium cations. Clay is defined by its ability to
exchange reactions. Exchange capacity is defined as the amount of sodium cations absorbed per 100
g of anhydrous clay.

Exchange capacities for the main clay minerals have the following values (mol/kg):
montmorillonite 0.8-1.5; hydromics 0.1-0.4; palygorskite (attapulgite) 0.2-0.3; kaolinite 0.03-0.15.

According to their ability to substitute, cations are arranged in the following order: sodium,
potassium, calcium, magnesium. Some clays have the ability to fix certain cations in the crystal lattice
(for example, illites with a potassium cation).

Under the influence of electrostatic forces in an aqueous environment, part of the iron ions
dissolved from the particles is again adsorbed on the clay particle and forms an ionic layer (Gu layer).
The uncompensated excess charge of the particle is in dynamic equilibrium with the electrostatic
field, completely saturating it and holding separately dispersed cations and dipole water molecules,
forming a hydration layer (Helmholtz layer).

Thus, after mixing clay with water, each frozen clay particle appears as an independent system:
inside it there is an electrically charged clay particle, on its surface there is a double layer of ions
(adsorbed cations and a protective shell). Such a system is usually called a model.

The solvation shell is the outer protective «coating» of a particle that prevents it from combining
with other particles. However, since the particle has a lamellar shape, the solvation shell is unevenly
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distributed around it and forms the thinnest layer at the edges of the particle. In a calm environment,
dirt particles collide with each other, and their accumulation occurs at the edges not protected by the
solvation crust. As a result, the entire volume of the clay solution acquires a cellular structure, turning
into a gel. When the circulation of the solution is resumed, the structure formed during the period of
inactivity is destroyed and the gel turns into a solution.

Thixotropic is the ability of an aqueous solution to form a gel at rest and resume its movement
when circulation is resumed. In the absence of circulation (when circulation is stopped), the thixotropic
of the drilling fluid allows particles of significant size to remain suspended.

The formation of aggregates of clay particles in a colloidal mixture is called coagulation.
Various factors contribute to an increase in mixing: an increase in the concentration of electrolytes
in a dispersed medium, an increase in the volume of the solid phase, an increase in temperature, etc.
Depending on the composition and properties of the initial mixture, the number of mixing processes
can lead to its setting or liquefaction. There is a mixture of lyophilic and lyophobic. Freezing a
lyophile is accompanied by the appearance of a new structure in the solution and is a reverse process.

Lyophobic mixing - destruction of the system - is accompanied by the loss of clay particles,
their accumulation in the form of sediments and leads to complete phase separation. The most
common cause of lyophobic precipitation of clay drilling fluids during drilling operations is the
leaching of reactive substances from the rock or drilling fluids. For lyophobic coagulation to occur,
the concentration of the coagulant in the solution must exceed a certain threshold, known as the
coagulation threshold, usually expressed in millimoles per liter. The ability of clay mortar to resist
compaction and compaction determines its stability. The stability of the solution is ensured not
only by the solvation shells surrounding the clay particles, but also by a phenomenon called the
«electrostatic barrier», which arises as a result of the combined action of molecular attractive forces
and electrostatic repulsion forces.

The stability of the clay solution can be increased by adding some chemicals to it — protective
colloids. The key task when processing the melt is to regulate the aggregative and kinetic stability of
the mixture under changing environmental conditions. This helps expand the range of applications for
clay drilling fluid. Its widespread use is due, first of all, to the availability of the main raw materials
(clay and water) for preparation. This is also due to an advantageous combination of very useful
properties for drilling (crust formation on the walls of wells, ticotropism, ease of control of some
technological features).

Low-clay drilling fluids. They are characterized by a low solids content. To prepare 1m’® of
such a solution, 50-80 kg of high-quality clay is used. This allows you to maintain the density of
the solution at the level of 1050-1080 kg/m?. Low-density clay solution has sufficient fluidity. The
combination of these properties makes it ideal for drilling into the upper layers of weathered and
durable rocks.

Salt drilling fluids. Drilling fluids of this type are prepared on a water basis from salt-resistant
clay —z palygorskite (attapulgite) and with the addition of a sufficient amount of sodium chloride
NaCl. Due to the peculiarities of the crystalline structure (chain), palygorskite provides a fairly
stable drilling fluid in environments with high salt content. For 1m* of solution, 320-330 kg of salt
is consumed to prepare a saturated drilling mud. The density of the saturated salt solution is at least
1300 kg/m>. This solution is used when drilling through thick layers of salt rocks.

Inhibited drilling fluids. Inhibited fluids are drilling fluids that can prevent swelling of drilled
rocks, as well as peptization of bits and over-enrichment of the solution with solid phase.

The resulting solution is prepared as follows: water-soluble calcium salts or calcium hydroxide
(lime) are added to a clay solution prepared with special stabilizing reagents. Excess calcium ions in
the aquatic environment prevents the absorption of dirt particles.
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Another type of inhibitory solution — recently, solutions of potassium and ammonia (potassium
chloride KS1 and potassium hydroxide KOH, which contain additives in potassium solutions) have
become increasingly popular. Potassium solutions have a beneficial effect on the stability of well
walls. It is described in (Kanunun, Jleunkuit, Hukurus, 1998) that the penetration of potassium ions
into flat clay packets leads to an increase in impact forces and a decrease in the intensity of hydration
processes with clay.

Lead-free solid phase condensed drilling fluid. A special feature of the preparation of this
aqueous solution is the chemical removal of magnesium ions from the dissolved phase solution by
reaction with alkali NaOH or Ca(OH),. The concentration of magnesium ions in the initial solution
must be at least 10-15 g/I. As a result of a chemical reaction in the brine, microscopic particles of
magnesium hydroxide Mg(OH,) are formed. After a chemical reaction, it becomes a sediment-resistant
solution with thixotropic properties. adjusted by adding reagents. Depending on the properties of the
starting substance (supplier of magnesium ions) O.K. Angelopoulos suggests distinguishing between
a hydrogel (the starting material MgSO, is water-soluble) and a salt gel (the starting material MgSO,
is insoluble in water). The solution retains its structural and mechanical properties regardless of
mineralization. Because there are no fine clay particles here. It is necessary to ensure high stability of
the well walls in cases where it is difficult to control and regulate mineralization during circulation
through the well.

Biopolymer drilling fluids. This group includes drilling fluids prepared on the basis of a complex
chemical structure (dextrin, XS, XPS, etc.), obtained by the action of certain strains of bacteria on
biopolymers — polysaccharides. Biopolymers are used in a number of countries to stabilize water-
based solutions. At the same time, the use of aqueous solutions of biopolymers as drilling fluids has
shown great advantages compared to clay solutions.

The properties of biopolymer fluids are as easy to control as the properties of the best bentonite
clay-based drilling fluids. Solutions of biopolymers have properties, in particular, some of them have
a flocculating effect on drilled parts. Thus, they prevent freezing and enrichment of the solution. The
tested biopolymer solutions were stable in sea and salt water. During testing, the biopolymer solution
maintained heat resistance up to 150°C.

Natural drilling fluids. In situations where geological and stratigraphic conditions do not require
a high-quality solution, you can use an aqueous mixture formed in a well by dispersing drilled rocks
in water. This type of drilling fluid is usually called natural. This solution is usually a multicomponent
polydisperse solution. The most common natural solutions are made from honey. Their quality and
properties depend on the mineralogical composition and nature of the drilled clays, the drilling method
and the type of drilling tool. The quality of the natural solution can be improved by increasing the
dispersion of clay particles using mechanical equipment, chemical reagents and high-quality manure.

The main advantage of natural drilling fluids is the significantly lower need for imported materials
for their preparation and processing and, as a result, a reduction in production costs. There are also no
conditions that negatively affect the productivity of drilling operations (accumulation of abrasive and
solid particles, etc.). They are mainly used for drilling the top of the well.

Hydrocarbon-based drilling fluids. This type of drilling fluid is a multicomponent colloidal
chemical solution, the dispersing agent is oil or liquid petroleum products (usually diesel fuel), and
the dispersed phase is combined petroleum products (oxidized bitumen, asphalt) or specially prepared
hydrophobic clay. If ordinary bitumen in diesel fuel is mixed at the molecular level, then highly
oxidized bitumen allows you to obtain colloidal particles when preparing the solution. Hydrophobized
bentonite can be liquefied in both oil and water.
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The initial density of oil-based solutions is 890-980 kg/m?. Although oil-based drilling fluids
are impermeable and flow at high pressure in very limited quantities, hydrocarbons do not adversely
affect reservoir properties.

Hydrocarbon-based fluids are used to improve the efficiency of drilling formations and maintain
high oil recovery, as well as to drill plastic, clay, shale and thick melting salt formations in difficult
conditions. These solutions have lubricating properties. When used, the formation of the drill string
and damage to the drill pipes are reduced.

When drilling only productive formations (about 10% of the wellbore length), these drilling
fluids are used for a short time and in small quantities compared to other parts. Then there is a big gain
in the quality and timing of well development. Relying on these conveniences, it is possible to prevent
the high cost of their preparation, fire hazard and negative impact on human health. It also makes it
worth the hassle of disconnecting from tools and equipment.

Emulsion drilling fluids. This drilling fluid is called «oil in water». In such a solution, the
particles take the form of very thin threads, evenly distributed in water, with a diameter of about
one millimeter. Stability is increased by preparing oil or petroleum product (usually diesel fuel) by
adding up to 40% of a balanced clay solution and an additional special substance - an emulsifier. The
stability of the emulsion is increased due to the presence of 20-30% highly dispersed clays. In the
filter section, such a solution leaves very little liquid phase, and only water remains in the filter.

Emulsion solutions are suitable for drilling clay formations and salt formations. It has good
lubricating properties and prevents the tool from getting stuck in the hole.

If the liquid phase of a drilling fluid is defined as a water-in-oil emulsion, the fluid is called an
inverse emulsion. This solution is prepared on the basis of specially prepared (hydrophobic) clays,
liquefied in an oil medium. Emulsion drilling fluids typically consist of 60-70% oil or petroleum
products and 20-40% water. Also, the water content in the reverse emulsion can be 80% or more

To stabilize the emulsion, special emulsifiers (esters, fatty acids, amines, etc.) are added. A recipe
has been developed for highly concentrated solutions of inverse emulsions in the form of an emulsion.
Inverse emulsion solution is used for opening and developing productive formations, as well as for
drilling clayey salt formations.

Process water. This drilling fluid is the most accessible and cheapest solution. Due to its low
viscosity, it removes well bottomholes well, has a high cleaning speed and is slightly cooler than
other liquids. However, as a drilling fluid, this solution also has a number of disadvantages: it does
not form a reinforcing layer on the well wall, is not ticotropic, has high permeability through the well
walls, causes swelling of clay rocks and dissolution of salts, and this worsens the permeability of the
formation.

These negative properties have significantly reduced the possibilities of using industrial water
as a drilling fluid. Currently, this solution is used at a depth of about 1500-2000m under appropriate
geological and lithological conditions. In some cases, NaCl, CaCl,, ZnCl, are added to reduce the
solvent effect and increase the hydrostatic pressure of the drilling fluid.

CONCLUSIONS

It has been experimentally proven that petroleum-based silicate drilling fluid has high value
in terms of wellbore stability and economics. Hydrocarbon-based drilling fluids are very beneficial
when drilling formations with poor reservoir characteristics. These solutions not only provide the
required shear and shear levels, but also prevent these parameters from increasing when the drilling
fluid is enriched with excavated rocks. This eliminates the increase in the structural and rheological
properties of solutions, which cannot be tested in this process. During the drilling process, this makes
it possible to increase the stability of the solution structure by saving reagents.
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