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Abstract.Current research on the stability of well walls when drilling in 
fractured rocks and also when drilling inclined sections of the well profile 
are based on the assessment of the effect of drilling fluid filtrate. The 
novelty of this work lies in studying the complex effect of a water-
swellable polymer on the stability of well wall, on the one hand, and on the 
controlled loss of circulation on the other. For preparing rock samples, a 
method was used based on standard laboratory equipment fordrilling fluid 
properties. The well wall stability tests are performedon a direct shear 
apparatus.The WSP composition based on alcohol, ether, and surfactant 
(Polyecanol Flora) showed its efficiency by increasing the stability 
coefficient with the engagement of less and more internal friction 
angle.PHPA-based viscoelastic composition showed the best result by 
increasing the stability coefficient in the hazardous areas by 50-60%. 

1 Introduction 

When drilling bores, especially prospecting wells, one of the most frequent types of 
complications is loss of circulation of drilling fluid, and often a catastrophic loss of 
circulation with the intensity of more than hundreds of cubic meters of fluid per hour[1]. 
The second most frequent type of complications is the problem of wellbore wall stability 
when drilling intervals with a developed rock-fracture zone[2, 3]. As a drilling fluid, the 
authors [4, 5] consider a variety of both water-based and water-free fluids. As a rule, in 
such works [6, 7], the effect of drilling fluid components with binding capacity is evaluated. 
Authors [8, 9] consider water-swellable polymers primarily as water-reducing additives. 
They investigate properties of solid elastic additives to increase stability and stop loss of 
drilling mud. Musaab I. Magzouba, Saeed Salehi, Ibnelwaleed A. Hussein, Mustafa 
S.Nasser, and others [10-11] did not investigate the properties of water-swellable polymers 
to change the stability of the wellbore after filtration into a fractured interval. 

One way of addressing these problems is the creation of insulating compositions based 
on water-swellable polymers. Water-swellable polymer (WSP) mixtures have a number of 
advantages over grouting mixtures based on cement with binding component: high degree 
of filtration into the formation; chemical resistance to aggressive fluids; the speed of 
operation; high degree of swelling in the first 10-15 hours. 
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The work aims to increase the efficiency of drilling directional wells in the intervals of 
weak and fractured rocks by using drilling fluids with a water-swellable polymer additive in 
overburden conditions. 

2 Methodology 

Research objectives include:  
- Creation of a model of permeable rocks with a certain moisture content; 
- Study of a rock sample on a direct shear apparatus after filtration of drilling mud 

through it; 
- Comparative assessment of the effect of different compositions of drilling fluids 

on the stability of the borehole walls; 
- Conclusion on the admissibility and effectiveness of the use of water-swellable 

polymers to increase the stability of well walls. 
Testing of compositions went on permeable rocks with humidity of 18% - 20%. In the 

work, 2 models of rock were used: 
- The first model was created to analyze the ability of drilling fluid to change the 

internal friction angle to conclude on the ability to increase the sloped area of the wellbore 
stability. The first model was made from the medium sand (0.25 mm – 0.5 mm); 

- The second model was created to analyze the ability of the viscoelastic 
composition to change the internal friction angle and rock binding to conclude that the 
stability of the rock-fractured wellbore zone stability increases. The second model was 
made from the mixture of hard grained sandy rocks (1mm – 2 mm) and small gravel 
fractions (2mm – 4 mm) in the ratio of 1 to 1. 

Then the rock model No. 1 was put in the filter press and through it, the drilling fluid is 
filtered for half an hour at apressure drop of 0.7 MPa. The model of the rock formation No. 
2 was also put into the filter press, where t the visco-elastic composition of WSP is filtered 
through if for one hour at a pressure drop of 1 MPa.  

The following structures of drilling fluid were used: 
1st structure: water + chalk (CaCO3) 50 μm (water 1 kg, chalk 0.15 kg; total volume 1 

liter) 
2nd structure: water + liquid glass 5% (water 1 kg, liquid glass 0.05 kg; total volume 1 

liter) 
3rd structure: water + liquid rubber 5% (water 1 kg, liquid rubber 0.05 kg; total volume 

1 liter) 
4th structure: water + chalk (CaCO3) + Comet-Meteor (KM-PVR) 3% (water 1 kg, 

chalk 0.15 kg, Comet-Meteor (KM-PVR) 0.03 kg; total volume 1 liter) 
5th structure: water + xanthan gum 5% (water 1 kg, xanthan gum 0.05 kg; total volume 

1 liter) 
The used structures of a water-swellable polymers composition: 
1st structure: water + WSP 5% (water 1 kg, WSP 0.05 kg; total volume 1 liter) 
2nd structure: Polyakonol-Flora + WSP 5% (Polyakonol-Flora 1 kg, WSP 0.05 kg; total 

volume 1 liter) 
3rd structure: water + PHPA 5% (water 1 kg, PHPA 0.05 kg; total volume 1 liter) 

3 Results and discussion 

Before feeding viscoelastic compositions to the bottom, it is necessary to lift the device to a 
distance of 0.3 – 0.5 meter from the bottom. After delivering the compositionto the bottom, 
it is necessary to wait 4-5 hours for the WSP to open enough to bind the rocks. One of the 
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distance of 0.3 – 0.5 meter from the bottom. After delivering the compositionto the bottom, 
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advantages of using WSP is its versatility regardless of the fracture type (horizontal or 
vertical). Activation of the composition takes 45-50 minutes from the moment the WSP 
enters the water. The composition is easy to drill, i.e., after 4-6 hours from the moment the 
composition is fed to the bottom, the drilling continues without the necessity of the AT 
changing. 

Table 1. The results of drilling fluids filtration testing. 

Sample A control 
sample of the 

rock 
(moisture 

18%-20%) 

Water + 
CaCo3 
(50μm) 

Water + 5% 
liquid glass 

Water + 5% 
liquid rubber 

Water + 
CaCo3 

(50μm) + 
KM-PVR 

3% 

Water + 
xanthan 
gum 5% 

C*, kPa 27.43 15.9 14.47 24.19 14.01 31 
ρ*, 

degree 
27.57 30.22 32.93 27.45 33.58 39.7 

Zenith 
angle θ 

n* n* n* n* n* n* 

15 ° 4.104 4.669 5.314 4.08 5.48 7.328 
30 ° 1.993 2.253 2.548 1.982 2.624 3.461 
45 ° 1.33 1.494 1.679 1.322 1.726 2.245 
60 ° 1.035 1.158 1.294 1.03 1.329 1.707 
75 ° 0.90 1.003 1.117 0.896 1.146 1.459 
90 ° 0.86 0.957 1.064 0.856 1.092 1.386 

Table 2.The results of viscoelastic compositions filtration testing. 

Sample A control 
sample of the 
rock (moisture 

18%-20%) 

Water + WSP 
5% 

Polyakonol-
Flora + WSP 

5% 

Water + 5% 
WSP (12-hour 

settling in 
desiccator) 

Water + 
PHPA 5% 

C*, kPa 4 11 3 14 3 
ρ*, 

degree 
27 26 30 31 38 

Zenith 
angle θ 

n* n* n* n* n* 

15 ° 4.031 3.794 4.62 4.847 6.756 
30 ° 1.959 1.849 2.231 2.335 3.203 
45 ° 1.308 1.238 1.48 1.545 2.086 
60 ° 1.019 0.967 1.147 1.196 1.591 
75 ° 0.887 0.842 0.994 1.035 1.364 
90 ° 0.847 0.806 0.949 0.987 1.296 

*С – Soil adhesion (KPa), p - angle of shearing resistance (o), n - well wall stability coefficient. 
 

The zenith angle (θ) is the angle between the borehole axis or tangent to it and the 
vertical. Soil adhesion (C) is a value that determines the strength of the structural bonds of 
the rock through stress. The angle of shearing resistance (p) is the proportionality factor 
between normal and shear stresses. The well wall stability coefficient (n) is the 
proportionality coefficient between the ultimate strength of the rock and the maximum 
shear stress in the borehole wall. 

The first application the composition had at the Sibay pyrite poly-metallic ore deposit. 
The drilling was held on the open-pit side, which was developed by anexplosive method. 
The projected depth of the core-drilling is 600 meters, the diameter is NQ. From a depth of 
155 meters, according to a well drilling program, a zone of intensely fractured rock with the 
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developed areas of horizontal and vertical fractures is spread. Thus, when drillingthe 155 m 
- 305 m interval (multiclastic tuff withpredominantly basalt composition, medium to 
intensely (up to 1 meter) fractured), drilling was stoppeddue to permanent collapse of the 
borehole wall and catastrophic loss of circulation. Given the current problems, the drilling 
contractor decided to use viscoelastic compositions. To do this, the viscoelastic 
WSPcomposition in the concentration of 5% was injected through the drill rod strung 
without core recovery tube, and then injected with water and left under the static level of 
drilling fluidpressure. Then, after 6 hours, the composition was drilled and the core was 
taken from the demountable core recovery tube. 

 

 
Fig. 1. A core of unstable fractured rocks from the Sibay deposit. 

4 Conclusion 

While investigating drilling fluids, the best results in the stabilization of well walls were 
shown by the drilling fluid based on water and xanthan gum. Xanthan gum increases both 
rock engagement and the angle of internal friction, which positively affects the stability of 
the borehole wall. 

Water-based WSP composition with a short opening time increases rock engagement 
but lowers the angle of internal friction. With a 12-hour exposure of the composition, both 
the engagement and the angle of internal friction angle increase, what enables to make a 
statement about an increase in the stability coefficient. 

The WSP composition based on alcohol, ether, and surfactants (Polyecanol Flora) has 
shown its efficiency by increasing the stability coefficient with less engagement and an 
increase in the angle of internal friction. 

The visco-elastic composition based on PHPA showed the best result by increasing the 
stability coefficient in hazardous areas by 50-60%; however, PHPA is a water-soluble 
compound and with a strong water- contact compound will dissolve the strength 
characteristics of the wellbore walls, increasing the likelihood of wellbore wall collapse. 
This composition is recommended for use with subsequent conversion to waterless drilling 
fluids.  
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