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A B S T R A C T  

 

The article discusses researches performed in the Well Drilling Department of the St. Petersburg Mining 

University. The directions of development of the department are shown. Special attention in this article 

is paid to research in the field of developing drilling fluids for drilling wells in various mining and 
geological conditions. It is shown that the gas-liquid mixtures studied by the department will be effective 

for under balanced drilling under conditions of abnormally low reservoir pressures when using a binary 

mixture of sodium lauryl sulfate 0.5% + linear sodium alkyl benzene sulfate 0.5% as a surfactant and 
polyacrylamide FP complex 107 (0.05%) as a forming and stabilizing additive  +  carboxymethyl starch 

BUR-2 (1%). Studies in the field of development of inhibitory fluids have shown that an increase in the 

concentration of polar compounds in the drilling fluid compared to their concentration in the rock Cp> 
Cn by 0.25 mol/L makes it possible to increase the stability of the rocks around the wellbore compared 

to the initial conditions. Studies of lubricating additives showed that introducing 1.5–2.0% of FRW 

additive reduces the friction coefficient of the metal– metal pair in a clay solution by 70–75% and in an 
aqueous solution up to 65%. The findings suggest that drilling fluids developed at the Well Drilling 

Department of the St. Petersburg Mining University have a high potential for their application in oil and 

gas fields in order to improve the efficiency of drilling and completion of wells. It is also noted that the 
scientific and technical potential of the department allows for input control of reagents in drilling fluids, 

as well as the development and research of various compositions not only for drilling and completion of 
wells, but also for development and repair, which are applicable in real field conditions. 

doi: 10.5829/ije.2020.33.04a.22 
 

NOMENCLATURE 

𝑄𝐿 Flow rate of liquid (m3/s) 𝐷𝑠 Dispersion coefficient 

𝑄𝑔 Flow rate of gas (m3/s) 𝐷 Molecular diffusion coefficient 

𝑄𝑔𝑚 
Gas flow rate providing the required downhole pressure 

considering the differential pressure (m3/s) 
Gel Gel strength (Pa) 

𝑄𝑔𝑏 Gas flow rate ensuring mud removal (m3/s) E Expansion rate 

𝑆𝐴𝑂 Area of the annular space in the open hole (m2) 𝐾𝑟 Rupture coefficient 

𝑔 Avitational acceleration (m/s2) 𝑆𝑓 Foam stability (s/sm3) 

𝑑𝑚 Average diameter of mud particle (m) 𝑅𝑤(50%) 50% water release rate (sm3/s) 

𝑃𝑅 Reservoir pressure (Pa) Greek Symbols 

𝑃а𝑡𝑚 Atmospheric pressure (Pa) 𝛥𝑃 Allowable differential pressure (Pa) 

𝑃𝐹 Hydrostatic pressure of the foam mud (Pa) 𝜌𝑚 Mud density (kg/m3) 

𝑃𝑟 Rock pressure (Pa) 𝜌𝑠𝑡𝑝 
Gas density at standard pressure and 

temperature (kg/m3) 

Cs Concentrations of polar compounds in the solution (mol/l) 𝜌𝐿 Density of liquid (kg/m3) 

Cr Concentrations of polar compounds in the rock (mol/l) 𝛽 
Estimated gas content to provide the 

necessary "downhole" pressure 

𝑘′ Dielectric constant of the pore fluid (F/m) 𝜂600 Viscosity at a speed of 600 rpm (mPa·s) 

*Corresponding Author Email: turitsyna_maria@mail.ru (M. V. Nutskova) 

 

 



M. V. Dvoynikov et al. / IJE TRANSACTIONS A: Basics  Vol. 33, No. 4, (April 2020)   702-711                                         703 

 

𝑇 Absolute temperature (K) 𝜏100 Shear stress at a speed of 100 rpm (mPa·s) 

𝐶𝑐 Concentration of ions (mol/l) 𝜏600 Shear stress at a speed of 600 rpm (mPa·s) 

𝐾 Coefficient of permeability of the rock 𝜗 Thickness of the double diffuse layer 

𝑀𝜈 Coefficient of change in the volume of the rock 𝜈 Valence of the ions of the pore fluid  

∅ Porosity of the rock 𝛷 Water potential of the rock in Pa 

𝐾𝑤 Volumetric modulus of elasticity of water 𝜃𝑤 Volumetric water content 

𝐾𝑟 Volumetric modulus of elasticity of the rock αt 
Coefficient of the filtration of the solution 

through the membrane 

𝐺𝑟 Shear modulus (Pa) Subscripts 

С Concentration of pore fluid in the solution (mol/l) PVP Polyvinylpyrrolidone 

𝑞 Density of the water flow PHPA Partially-hydrolyzed polyacrylamide 

𝑡 Time (s) PAC LV + HV 
Polyanionic cellulose low viscosity + high 

viscosity 

 
1. INTRODUCTION 
 
The construction of wells is a complex multi-criteria 

process. The quality of the process is paramount since the 

fulfilment of the purpose of construction is dependent on 

it. The set of measures for well drilling should ensure that 

risks are minimized at all stages of the drilling process as 

well as during subsequent well operation. 

It is possible to provide an integrated approach for the 

construction of wells by combining research from experts 

in various fields, including but not limited to, the field of 

drilling fluids, cement slurries, directional drilling, 

equipment and tool development. The Mining University 

is a platform that provides such cooperation. The 

scientific potential of the employees and the laboratory 

and instrument base of the well drilling department 

currently provide not only training for the exploration 

and oil and gas industries but also conducts scientific 

research in the field of developing drilling fluids, drilling 

and completion techniques and technologies in complex 

mining and geological fields conditions within the 

framework of state tasks and research and development 

work for oil and gas companies of the Russian 

Federation. 

The Scientific School of the Well Drilling 

Department of the St. Petersburg Mining University is 

developing technologies [1–4] and technical tools for 

drilling wells and their development [5, 6] in difficult 

conditions. Research has been focused on the 

development of drilling fluid compositons [7–18] and 

well cementing [19–26] in various geological conditions; 

development of technological solutions for drilling 

directional, multilateral wells with extended reach [27–

32], development of technology and techniques for 

drilling in ice and drilling into the relict Lake Vostok in 

the Antarctica [33–39]. 

When drilling wells a significant proportion of the 

complications can be prevented by using drilling fluid 

systems that ensure maximum preservation of the 

nominal diameter of the wellbore due to various 

mechanisms of interaction between drilling fluids, 

formation fluids and rocks. For example, when drilling 

wells under conditions of abnormally low reservoir 

pressures with low permeability, various researchers 

propose the use of low-density solutions, for example, 

aerated liquids [40–45], aphron-based solutions [46, 47] 

and oil-based solutions [48, 49], as well as the technology 

of drilling under balanced wells [44, 45, 50]. In addition, 

when drilling into formations with low permeability like 

shale the drilling process is prone to problems. Such 

formations must be drilled using special inhibitors [51–

54]. This will increase stability and maintain the nominal 

diameter of the wellbore and reduce pay zone 

contamination. Currently, more and more horizontal 

wells are being drilled.  In addition to the previous points, 

much attention is also paid to improving the lubricating 

properties of the drilling fluid which can be achieved 

through the use of oil-based fluids [48, 55] or through the 

introduction of special additives [56]. 

According to the results of the survey in the field of 

well completion it is clear that the development of 

drilling fluid compositions for drilling into the pay zones 

is an urgent task for specific geological conditions. The 

paper shows the research of the well drilling department 

aimed at developing aerated fluids, inhibited drilling 

fluids and solutions with improved lubricating properties 

for deviated and horizontal wells as well. 

When drilling wells, a significant proportion of 

problems can be prevented using drilling mud systems 

that ensure maximum preservation of the nominal 

diameter of the well bore by means of providing various 

interaction mechanisms of drilling fluids, formation 

fluids and rocks. 

 

 

2. RESEARCH METHODOLOGY 
 

Methods for solving problems in scientific research 

involve a complex of theoretical, experimental and 

analytical work using standard and developed research 

methods. 

Measurement of technological parameters of drilling 

liquids was carried out using standard instruments: 

density (ρ, kg/m3) – mud balance TrueWate; fluid loss – 
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filter press; rheological properties (gel strength (Gel, 

Pa), viscosity (𝜂, mPa·s) and shear stress (τ, mPa·s) –

rotational viscometers Fann 35SA and Rheotest RN 4.1; 

expansion rate (E), rupture coefficient (𝐾𝑟), foam 

stability (𝑆𝑓 , s/sm3), 50% water release rate (𝑅𝑤(50%), 

sm3/s)– measured glass cylinder; surface tension 

coefficient - tensiometer. EasyDrop drop shape analysis 

system; friction coefficient - Fann EP / Lubricity Tester. 

a device for determining the coefficient of clay cake 

КТК-2; acidity of the medium - pH meter Crison GLP 

21; conditional viscosity - Marsh funnel; inhibitory 

ability - PNP-1 device. The preparation of solutions was 

carried out in a mixer at a speed of 2000-3000 rpm. 

For the use of gas-liquid mixtures in practice a 

methodology was developed for calculating the flow of 

liquid and gas to ensure under balanced drilling. 

Hydraulic calculations of well cleaning with foam 

muds are complicated by the compressibility of the gas 

phase. Safety regulations in the oil and gas industry allow 

drilling operations with differential pressure regulation in 

the well-reservoir system, provided that, the allowable 

differential pressure (𝛥𝑃) on the borehole walls during 

drilling does not exceed 10–15% of effective skeletal 

stresses [57]. 

The flow rate of liquid (𝑄𝐿) and gas (𝑄𝑔) was 

calculated based on the following conditions [58]: 

𝑄𝑔𝑚≤𝑄𝑔𝑏, (1) 

where 𝑄𝑔𝑚  is the gas flow rate providing the required 

downhole pressure considering the differential pressure 

and 𝑄𝑔𝑏  is the gas flow rate ensuring mud removal [58]: 

𝑄𝑔𝑚 = 1,3 ∙ 𝑆𝐴𝑂 ∙ 𝐴 ∙ 𝐵, (2) 

where [59]: 

𝐴 = √
𝑔⋅𝑑𝑚⋅𝜌𝑚⋅𝑃𝑅

𝜌𝑠𝑡𝑝⋅𝑃а𝑡𝑚
, (3) 

𝐵 = √(
0,011⋅𝑆2

𝐴𝑂.⋅𝑑𝑚⋅𝜌𝑅⋅𝑔

𝑄𝐿
2⋅𝜌𝐿+0,008⋅𝑆2

𝐴𝑂.⋅𝑑𝑚⋅𝜌𝑚⋅𝑔
− 0,008), (4) 

where 𝑆𝐴𝑂  is the area of the annular space in the open hole 

in m2; 𝑔 – gravitational acceleration in m/s2; 𝑑𝑚 – 

average diameter of mud particle in m; 𝜌𝑚 – mud density 

in kg/m3; 𝑃𝑅  – reservoir pressure; 𝜌𝑠𝑡𝑝 – gas density at 

standard pressure and temperature in kg/m3; 𝑃а𝑡𝑚 – 

atmospheric pressure in Pa; 𝜌𝐿 – density of liquid in 

kg/m3. 

Gas flow rate ensuring mud removal is obtained as 

[58]: 

𝑄𝑔𝑏 =
𝛽⋅𝑄𝐿

1−𝛽
, (5) 

where 𝛽 is the estimated gas content to provide the 

necessary "downhole" pressure: 

𝛽 = 1 −
𝑃𝑅−0 5⋅𝛥𝑃

𝑃𝐹
, (6) 

where 𝑃𝐹  is the hydrostatic pressure of the foam mud in 

Pa. 

Allowable differential pressure is calculated as [57]: 

𝛥𝑃 = 0 1 ⋅ (𝑃𝑟 − 𝑃𝑅), (7) 

where 𝑃𝑟  is rock pressure in Pa; 

An algorithm for hydrodynamic calculation of foam 

well cleaning is proposed, in which the initial conditional 

value of fluid flow 𝑄𝐿  is set, and the optimal value of 

𝑄𝐿  is selected by increasing it by 𝛥𝑄𝐿   until the condition 

𝑄𝑔𝑚 =  𝑄𝑔𝑏  is met. The developed method incorporates 

other various inert gases used for the foam mud aeration, 

and it is not only for air, as suggested in the methods that 

existed previously [59, 60]. 

According to the Le Chatelier principleو water will 

move from areas with high activity to areas with low 

activity in order to minimize imbalance, i.e. the flow will 

be observed from the region with lower salinity to the 

region of higher salinity. The penetration of water into 

the pore space of shale affects the thickness of the double 

diffuse layer according to the theory of Gouy Chatelier 

[61]: 

𝜗 ∝ √
𝑘′𝑇

𝐶𝑐𝜈2, (8) 

where 𝑘 ′ is dielectric constant of the pore fluid in F/m, 𝑇 

–the absolute temperature in K, 𝐶𝑐 – concentration of ions 

in mol/l, 𝜈 – valence of the ions of the pore fluid.  

If the thickness of the double dielectric layer varies to a 

large extent, the volume of bound water in a clay rock 

changes, which in turn affects its physical and 

mechanical properties. 

The main effect of dissolved ions is their effect on the 

osmotic pressure. Certain values of the osmotic pressure 

are achieved by changing the concentration of ions, 

according to the expression [61]: 

𝜕𝛷

𝜕𝑡
= 𝐶𝑐[∇(𝐾 ∙ ∇𝛷)], (9) 

where 𝛷 – water potential of the rock in Pa, 𝑡 – time in s, 

𝐾 – coefficient of permeability of the rock. 

𝐶𝑐 =
𝜕𝛷

𝜕𝜃𝑤
=

1

(𝑀𝜈+∅
𝐾𝑤

⁄ )
, (10) 

𝑀𝜈 =
1

(𝐾𝑟 + 4
3⁄ 𝐺𝑟)

, (11) 

where 𝜃𝑤 – volumetric water content, 𝑀𝜈 – coefficient of 

change in the volume of the rock, ∅ – porosity of the rock, 

𝐾𝑤  – volumetric modulus of elasticity of water, 𝐾𝑟  – 

volumetric modulus of elasticity of the rock, 𝐺𝑟  – shear 

modulus in Pa. 

The influence of osmotic pressure on the flow of the 

pore fluid is taken into account by including in the 

expression the spatial gradient of the water potential of 

the rock as the driving force of the flow of the pore fluid. 
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The interaction between the drilling fluid and the pore 

fluid, including material transfer, dispersion and 

diffusion can be described by the following equation 

[61]: 

𝜕∅С

𝜕𝑡
= −∇(𝐶𝑞 − 𝜃𝑤𝐷𝑠∇𝐶 − 𝜃𝑤𝐷∇C)(1 − αt), (12) 

where С – concentration of pore fluid in the solution in 

mol/l,  𝑞 –density of the water flow, 𝐷𝑠 –dispersion 

coefficient, 𝐷 –molecular diffusion coefficient, αt –

coefficient of the filtration of the solution through the 

membrane. 

The interaction of the drilling fluid and shale has a 

significant effect on the stability of the wellbore and leads 

to a change in pore pressure and stress-strain state of the 

rock around the well as a result of the redistribution of 

polar compounds due to the difference in their 

concentration in the drilling fluid and the rock [61]. 

 
 
3. EXPERIMENTAL 
 
3. 1. Foam M ud              According to the requirements 

for cleaning agents, they must be chemically inert to the 

rocks being drilled and reservoir fluids in order to prevent 

the destruction of the walls of the wellbore, 

contamination of productive formations. An example of 

such a composition is a foam mud, which facilitates 

underbalanced drilling into the reservoir and thus 

preserves the natural permeability of the bottom zone. 

At the Well Drilling Department the foaming ability 

of surfactants was studied and the dependences (Figure 

1) of the multiplicity of the concentration of the 

component in the range from 0.05 to 0.2% were 

determined. The graphs show the experimental data and 

the trend lines constructed from them (approximation and 

smoothing R2–R-squared value). In the given interval the 

dependence of the multiplicity on the surfactant  

 

 

 
Figure 1. The dependence between the foaming ability of 

solutions and surfactant concentration. 

concentration is traced as linear. For the binary 

composition of surfactants (in a total concentration of 

0.1%) the resulting multiplicity is significantly higher 

than the sum of the multiplicities of the individual 

components (concentrations of 0.05%). 

Further experimental studies were carried out with 

gas-liquid mixtures based on: sodium lauryl sulfate 

0.05% + linear sodium alkyl benzene sulfate 0.05%, 

glycerol 1%, caustic soda 0.5%, fused potassium acetate 

0.05%, organosilicon liquid gas condensate liquid-11 

0.5%. The composition (sodium carboxy methyl 

cellulose, carboxymethyl starch-BUR-2, K.K. Robus. 

polyacrylamide Praestol, polyacrylamide FP-107) and 

the concentration (from 0.1 to 2%) of stabilizing and 

structure-forming components was varied. Tables 1 and 

2 show the properties of 10 formulations that showed the 

best results. 

The experimental data and the results of their 

processing prove that the flow of the studied gas-liquid  

 

 
TABLE 1. Properties of gas-liquid mixtures obtained in 

laboratory conditions 

№ ρ, kg/m3 E 𝑲𝒓 𝜷 𝑺𝒇, s/sm3 
𝑹𝒘(𝟓𝟎%),  

sm3/s 

1 276 6.37 0.74 0.73 8.14 0.12 

2 252 7.03 0.76 0.75 8.66 0.12 

3 192 9.60 0.66 0.81 4.42 0.23 

4 250 7.17 0.79 0.76 11.14 0.09 

5 207 8.87 0.75 0.80 10.12 0.10 

6 194 9.43 0.69 0.81 5.14 0.19 

7 196 9.43 0.64 0.81 5.14 0.19 

8 237 7.60 0.80 0.77 15.86 0.06 

9 202 9.10 0.76 0.80 8.50 0.12 

10 226 8.05 0.85 0.78 7.20 0.14 

 
 

TABLE 2. Rheological properties of gas-liquid mixtures 

№ 
𝜼𝟏𝟎𝟎, 

mPa·S 

𝜼𝟔𝟎𝟎, 

mPa·S 
𝝉𝟏𝟎𝟎, Pa 𝝉𝟔𝟎𝟎, Pa Gel, Pa 

1 123.10 56.58 12.86 34.12 22.95 

2 134.70 53.96 14.11 32.54 62.55 

3 72.59 32.65 7.48 19.69 74.25 

4 165.20 68.51 17.33 41.35 74.25 

5 148.60 53.94 15.54 32.56 91.35 

6 151.90 52.10 15.92 31.44 83.70 

7 113.90 42.62 11.84 25.62 56.25 

8 251.40 90.06 26.45 54.41 26.10 

9 197.90 69.18 20.77 41.78 29.70 

10 250.40 90.13 26.39 54.44 59.85 
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mixtures in the range of shear rates from 100 to 600 s-1 

can be described by the Ostwald-de Waale rheological 

equation with a degree of certainty of σ = 0.96 ... 1.00. 

 
3. 2. Inhibiting Drilling Muds        One of the 

mechanisms of interaction of the drilling mud and 

borehole walls is the inhibition of chemically active 

rocks, especially folded plastic and cracked clays [14, 

16–18]. In plastic clay intervals, conditions leading to 

pack off may arise, especially if the drilling technology, 

including drilling mud, does not comply with the mining 

and geological conditions. Strong packing in soft shale is 

due to two factors: pressure drop, which, according to 

Garnier and Van Lingen, increases due to hydration 

forces acting in compacted shale, and very high adhesion 

forces resulting from the plastic deformation of shale 

forming tight contact with bit surfaces [62, 63]. The 

forces of attraction acting at very small distances begin 

to manifest themselves as solids entering the tight 

contact. In addition, soft clays (or shale, which get soften 

when they come in contact with water-based drilling 

fluids) are characterized by small internal adhesion 

forces, and sticking depends on the difference between 

adhesive and cohesive forces. To prevent pack offs, 

reagents (detergents), which form a thin film on the 

surface of metals and reduce the forces of surface tension 

at the interface of the metal- drilled rock are designed to 

be utilized. On the basis of theoretical and experimental 

studies conducted at the Well Drilling Department, it can 

be concluded that to drill in clay deposits biopolymer-

based drilling muds with small additions of surfactants, 

such as sulfanol can be put to use [14, 16, 17]. 

The degree of the wellbore stability is influenced by 

such factors as the ratio between the angle of inclination 

of the well and the angle of bedding, as well as the 

difference in strength properties along the bedding 

surface and along the normal to it [62–65]. Partial wall 

collapse is encountered in vertical wells drilled in 

argillaceous rocks with a large angle of incidence or in 

inclined wells that intersect the planes of shale beddings 

at small angles. The planes of bedding represent the 

weakening surface, along which the rock is destroyed 

under the action of the tangential stresses on them. The 

anisotropy of the properties can be neglected if the clay 

is in the early stage of lithogenesis and has a texture with 

a dimly pronounced bedding [64, 65]. In other cases, 

neglecting the anisotropy of the properties can lead to 

incorrect data when modeling the stability of the 

wellbore. The interaction of the drilling fluid and shale 

rock has a significant effect on the stability of the 

wellbore and leads to changes in pore pressure and the 

stress-strain state of the rock around the well, as a result 

of the redistribution of polar compounds due to the 

difference in their concentration in the drilling fluid and 

rock. 

Figures 2 and 3 present the results of a calculation 

aimed at determining the effect of the interaction of 

drilling mud and rock, as a result of the difference in the 

concentration of polar reagents, on the stability of the 

rocks around the wellbore. 

The graphs show that if the initial concentrations of 

polar compounds in the solution (Cs) and in the rock (Cr) 

are not balanced, then with an increase in the interaction 

time between them, the pore pressure changes and as a 

result, the stability of the rocks composing the borehole 

walls decreases. 

To further study the inhibition mechanism, studies 

were conducted to determine the stability of shale. 

Selection of reagents was carried out based on the 

analysis of the work of researchers and the experience of 

commercial use of inhibitors of clay swelling rocks. 

The combinations were selected on the basis of their 

assumption that compounds with different molecular 

 

 

 
Figure 2. Graphs of pore pressure distribution in the rock 

around the wellbore over time: a) is on the contour of the 

well; b) is at a distance of 1.5r from the well axis; c) is at a 

distance of 2r from the axis of the well, where r is the radius 

of the well in m. 
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Figure 3. Graphs of the distribution of the concentration of 

dissolved ions in the rock around the wellbore over time: a) 

is on the contour of the well; b) is at a distance of 1.5r from 

the well axis; c) is at a distance of 2r from the axis of the 

well, where r is the radius of the well in m. 

 

 

weights can form a structure with more dense packing in 

water. High-molecular compounds like 

polyvinylpyrrolidone (PVP), triethanolamine, Barazan, 

PHPA, PAC LV + HV in combination with polar 

reagents such as NaCl, KCl, NaHCOO were used as 

reagents capable of forming interstitial solutions. The 

choice of polar compounds was made on the assumption 

that the filling of various types of water cavities with ions 

would affect the inhibition efficiency. 

In Figure 4 samples of clay rocks (obtained from 

bentonite clay powder by pressing under a load of 6 MPa 

and then dring to the required moisture indices) in 

aqueous solutions are presented. 

Based on the results of the experiments presented in 

Figure 4, it can be concluded that the range of overlap of 

various types of water cavities does not have a significant 

effect on maintaining the stability of the sample.  

 
Figure 4. Samples of clay rocks in aqueous solutions of 

inhibitors 

a: 5% HCOONa + 5% PVP; 

b: 5% HCOONa + 5% triethanolamine; 

c: 5% HCOONa + 0.5% Barazan; 

d: 5% HCOONa + 0.5% PHPA; 

e: 5% HCOONa + 1% PAC LV + HV; 

f: 3% NaCl + 2% KCl + 5% PVP; 

g: 3% NaCl + 2% KCl + 5% triethanolamine; 

h: 3% NaCl + 2% KCl + 0.5% Barazan; 

i: 3% NaCl + 2% KCl + 0.5% PHPA; 

j: 3% NaCl + 2% KCl + 1% PAC LV + HV; 

120 hours after the beginning of the experiment. 

 
 
3. 3. Fluids for Drilling of Inclined and Horizontal 
Wells         The problem of wellbore stability is 

particularly acute when drilling inclined and horizontal 
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wells. Practice shows that for a number of fields, when 

the angle of well inclination is at certain value, which 

may be different for different rocks, problems arise 

during drilling, hole caving [66]. When drilling a well in 

a rock mass, there is a redistribution of stresses associated 

with a decrease in pressure in the well in the surrounding 

areas. At the same time, shear stresses appear, which are 

responsible for the destruction [27]. 

During the simulation of the stress state of rocks 

around the well, critical points were determined. For 

small angles of well inclination, they are in the plane 

formed by its axis and vertical. With an increase in the 

angle of well inclination, the maximum tangential 

stresses increase and the points of the maxima shift in 

both directions around the circumference at a certain 

angle. It should be noted that with an increase in the angle 

of well inclination, not only the magnitude of the 

maximum of tangential stresses does increase, but also 

the size of the region in which high stresses act. This, of 

course, increases the likelihood of destruction. Based on 

the calculations, it can be concluded that the most 

dangerous from the point of view of the loss of stability 

of wells are the slopes within the range 40°–60° 

depending on the adhesion modulus and the angle of 

internal friction of the rock [7, 11–13]. 

In addition, when drilling directional and horizontal 

wells, the issue of improving the tribotechnical 

characteristics of the drilling fluid is very essential. One 

of the tools that promote problem-free drilling in 

directional and horizontal sections is the use of drilling 

fluid systems with minimal friction coefficients [67].  

It is advisable to use hydrocarbon-based drilling 

fluids, as well as water-based ones with special lubricant 

additives. When drilling wells, in almost all cases, the 

intensity of rubbing of the casing strings depends on the 

application force and friction forces of the connecting 

locks of drill pipes to their inner surface, therefore, it is 

most expedient to use techniques based on the friction 

pair of the metal-to-metal or metal-to-rock to assess the 

lubricity of the additives [66–68]. In conjunction with the 

Perm National Research Polytechnic University, a study 

of lubricant additives in drilling fluids was conducted. 

Studies were conducted with Lubristeel, FRW A, FRW 

B, FRW reagents, Lubrital, PolyMudLiquid, ASP 820. 

FRW, FRW A and FRW B copyrighted by the Perm 

National Research Polytechnic University. 

Figure 5 presents the results of a lubricity study based 

on the determination of the friction coefficient of a metal-

metal pair in a liquid medium, which characterizes the 

rotation of the drill string in a cased section of the 

wellbore, and a metal-clay crust, which characterizes the 

sticking of the drill string to clay crust on the borehole 

wall. 

Based on well drilling practices, the most rational is 

the use of such additives, which make it possible to 

maintain the value of the friction coefficient of the metal-

metal pair in the range of up to 0.18-0.20 in drilling fluids 

[74]. It can be seen that the lubricity of the FRW reagent 

in various modifications is in the same range as currently 

used additives. The behavior of clay solutions with 

additives of 0.1% PolyMudLiquid and ASP 820 is 

characterized by a higher value of the friction coefficient 

of the “metal-metal” pair due to the higher viscosity of 

the resulting composition, since these additives are 

complex and affect not only the lubricity, but also the 

viscosity of the solution. 

According to the results of the research, the 

coefficient of friction of the peel of the treated mud varies 

from 0.1 to 0.06, while the relative decrease in the 

coefficient of friction reaches 37%. When the 

concentration of the lubricant is increased by more than 

2%, the decrease in the coefficient of friction of the peel 

slows down, which is characterized by a decrease in the 

angle of inclination of the curve.  

 

 

4. RESULTS AND DISCUSSION 
 

Studies conducted at the well drilling department 

have shown that it is advisable to use binary surfactant 

mixtures to obtain foam muds, which makes it possible 

to obtain compositions with specified technological 

characteristics due to their synergistic effect. Foam muds 

are colloidal systems (the dispersion medium of which is 

a liquid, the dispersed phase is gas), in which thickening 

of the dispersion medium by means of introduction of 

clay or polymers results in providing stability. When 

drilling into productive horizons, the use of clays is 

limited in order to conserve reservoir properties, 

therefore, to increase the stability of the compositions, it 

is advisable to use polymer reagents [9, 10]. The 

composition which includes polyacrylamide FP 107 

 

 

 
Figure 5. Coefficient of friction of solutions with lubricating 

additives 
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(0.05%) + carboxymethyl starch-BUR-2 (1%) as a 

structure-forming and stabilizing additive, is most 

expedient technologically and economically (does not 

lose technological parameters during subsequent 

circulation cycles). 

Analysis of the graphs (Figures 2 and 3) shows that 

decrease in the concentration of polar compounds in the 

drilling fluid compared to their concentration in the rock 

Cs>Cr by 0.25 mol/l (see Figures 1 and 2) contributes to 

a significant increase in pore pressure around the 

wellbore due to the transfer of unbound water into the 

space rock and leaching of dissolved ions from it. Ion 

transport in turn reduces the concentration of polar 

compounds in the rock around the wellbore. As a result 

of the described processes, there is a redistribution of 

stresses in the rock around the wellbore and a decrease in 

their stability compared to the initial conditions. 

Increasing the concentration of polar compounds in 

the drilling fluid in comparison with their concentration 

in the rock Cs> Cr by 0.25 mol/l (see Figures 1 and 2), 

can significantly reduce the pore pressure around the 

wellbore due to the transfer of free water molecules from 

rock formation into the drilling mud. As a result, the 

stability of the rocks around the wellbore is increased in 

comparison with the initial conditions. 

The results of study of the stability of shale (Figure 4) 

showed that treatment of water-based drilling fluids with 

reagents with different molecular weights helps to reduce 

the activity of the dispersion medium of the solution, 

restrain the growth of pore pressure in the rocks making 

up the borehole walls, and thereby increases the stability 

of the wellbore when drilling in clay rocks.  

Further studies are aimed at selecting the optimal 

concentrations of compounds and combinations of 

reagents that will ensure complete preservation of the 

sample with long-term interaction of the dispersion phase 

of the solution with rocks [23]. 

Based on the analysis of the obtained data, studies of 

the lubricity of the additive, the lubricating additive FRW 

in various modifications, showed comparable results to 

the results obtained using reagents currently used: the 

reduction of the friction coefficient of the metal-metal 

pair in the clay fluid was 70–75%, and in the water-based 

up to 65%. Problems are not encountered in the course of 

preparation of the fluid, no foaming is observed, the 

reagents practically do not change the pH of the solution, 

the introduction of a lubricating additive practically does 

not cause changes in the rheological properties of the 

mud. According to a study of the reduction of friction 

coefficient in different environments, the optimal 

concentration of the lubricant additive FRW was 

approximately 1.5–2%. Thus, FRW additives in various 

modifications can be successfully used as lubricants, 

however, more detailed study of them in the composition 

of drilling fluids, as well as research in field conditions is 

necessary [15]. 

5. CONCLUSION 
 
Drilling fluids developed and being developed at the 

Well Drilling Department of the St. Petersburg Mining 

University have a high potential for their application in 

oil and gas fields in order to improve the efficiency of 

drilling and completion of wells. Further research is 

aimed at developing not only new compositions of fluids, 

but also technologies for their use in specific mining and 

geological conditions. Also, the scientific and technical 

potential of the department allows for input control of 

reagents in drilling fluids, as well as the development and 

research of various compositions not only for drilling and 

completion of wells, but also for development and repair, 

which are applicable in real field conditions. 
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Persian Abstract 
 

 چکیده

اند. توجه خاص این های توسعه گروه بیان شدهدر این مقاله تحقیقات انجام شده توسط گروه حفاری چاه دانشگاه معدن سنت پترزبورگ مورد بحث قرار گرفته است. جهت

مایع بررسی شده در  -ت که، ترکیبات مخلوط گازشناسی است. نشان داده شده اسمقاله به تحقیقات در زمینه توسعه سیاالت حفاری مناسب برای شرایط مختلف معدنی و زمین 

ی سولفات سدیم نیم درصد به عنوان مواد فعال بنزن خط لیآلکنیم درصد و  میسد لیسولفات الرگروه حفاری برای مخازن تحت فشار پایین مفید هستند. در این ترکیبات از 

نوان پایدارکننده استفاده شده است. تحقیقات در زمینه سیاالت بازدارنده نشان داد که افزایش غلظت  به ع  CMC-BUR مر یپلدرصد( و  05/0) دیآملیاکری پلسورفاکتانت و از 

 های گردد. تحقیقات افزودنی ها در اطراف دیواره چاه می ها در سنگ، منجر به افزایش پایداری الیه مول بر لیتر در مقایسه با غلظت آن   25/0ترکیبات قطبی در سیال حفاری به میزان  

درصد در  65درصد در سیال رسی و تا  75تا  70فلز به میزان -باعث کاهش ضریب اصطکاک بین فلز FRWدرصد از افزودنی  2تا  5/1کننده نشان داد که اضافه کردن روان

ین نفت و گاز برای بهبود عملکرد حفاری و تکمیل چاه  یافته در گروه حفاری پتانسیل باالیی برای کاربرد در میاددهند که سیاالت حفاری توسعهنتایج نشان می گردد.آب می

ها در سیاالت حفاری و همچنین توسعه و بررسی ترکیبات مختلف نه تنها برای حفاری و  دارند. همچنین اشاره شده است که پتانسیل علمی و فنی گروه امکان بررسی افزودنی

 اربرد امکان پذیر است، را دارد.تکمیل چاه بلکه برای تعمیر چاه که در شرایط واقعی میدان ک
 

 

 

 


