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SUMMARY 

It has been established that the main cause of damage to casing strings in the fields of the 

Dnieper-Donets Rift is the presence of potassium-magnesium salts in the sections of wells, 

which are prone to plastic flow. Measures have been developed to improve the reliability of 

well casing in these conditions, which provide for the selection of the optimal density of the 

drilling fluid, control of the dynamics of the flow of salts and minimization of the cavity size 

before lowering the casing, the choice of the method for casing the well, creating conditions 

for increasing the resistance of the casing to external load, etc. 
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Introduction 

The problem of preventing and eliminating complications during well casing, in the section of which 

there are flowing potassium-magnesium salts, has existed for a long time and not only in Ukraine. For 

the first time, geological exploration drilling enterprises in the Yaroslav, Lysohora, Mashivka, Eastern-

Poltava areas encountered this problem within the Dnieper-Donets Rift. 

Despite the significant achievements and developments of specialists and scientists, cases of 

deformation of casing strings during drilling and operation of wells in flow salts still occur in our time. 

This is due to the fact that the mechanism of the manifestation of the fluidity of rocks in the intervals of 

occurrence of potassium-magnesium salts is not fully understood. In different regions of the Dnieper-

Donets Rift, various methods are used to prevent complications during well casing. This is due to the 

different nature of the manifestation of the fluidity of the salts, which depends on the physicomechanical 

and lithological-chemical properties of rocks containing potassium-magnesium salts.  

 

Method and Theory 

After rocks subject to plastic flow are drilled in, the natural balance in the mountain range is disturbed. 

The lack of balance between the hydrostatic pressure in the well and the lateral pressure of the rock can 

lead to various complications with the drilling tool, and after fixing the interval of occurrence of 

potassium-magnesium salts with casing pipes it can lead to their bending and crushing. 

One of the reasons for the loss of wellbore stability is changes in the stress-strain state of the rock mass 

(Fedoryshyn et al., 2019). Depending on the physical and mechanical properties, conditions and depths 

of occurrence, the rock can be in a stress, stress-strain and strain state. If the rock is in a stress-strain 

state, then the loss of stability is possible only through its destruction on the walls of the wellbore. If the 

deformation of the rock has passed into a strain state, then to keep it from further leakage into the 

wellbore, it is necessary to maintain the appropriate hydrostatic pressure in the well by choosing the 

optimal density of the drilling fluid. Insufficient drilling fluid density provokes a gradual transition of 

the rock into a strain state and narrowing of the wellbore. 

It is necessary to have reliable data on the physical and mechanical properties of rocks prone to plastic 

fluidity, the conditions of their occurrence and a reliable method for calculating the density of the drilling 

fluid, at which equilibrium would occur in the system: rock mass of plastic rock – hydrostatic pressure 

of drilling fluid. 

Drilling fluids should also be salt-saturated, because when potassium-magnesium salts in particular 

bischofites, which have a very high degree of solubility are drilled in by fresh or insufficiently saturated 

solutions, dissolution chambers will expand and large asymmetric caverns will form. It should be noted 

that it is impossible to completely avoid cavities in bischofite when using water-based drilling fluids 

even if they are completely saturated with MgCl2 under atmospheric conditions. The presence of a large 

cavity in the well, which, during cementing, is only partially filled with cement slurry, creates conditions 

for possible bending of the casing and further to its collapse (Femiak et al., 2019). 

Studies (Shihmamedov, 1991) have shown that the configuration of caverns in the interval of salt 

occurrence has a significant effect on the possible collapse of the casing. Comparison of the profile 

logging records inside the collapsed casing strings with the caliper logs of the wellbores showed that 

casing collapse occurs in the upper part of the cavity, and with a large cavity length – in the interval of 

its configuration change. The cement slurry that is pumped into the well during cementing, due to its 

higher density, displaces the drilling fluid left on the walls of the well and the water released as a result 

of sedimentation into the upper part of the cavity (Figure 1). After completion of cementing, the salt 

mass enters this part of the cavity and creates a load on the casing, which is not protected by a cement 

sheath. 

Wellbore profile logging in the fields of the Dnieper-Donets Rift showed that complications were less 

common in those wells where, immediately before running the casing strings, the size of caverns was 

minimal. Therefore, it is assumed, after the drilling in of the interval of fluid potassium-magnesium salts, 

to carry out controlled regulation of the wellbore diameter, approaching it to the nominal one. 
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Figure 1 Cavern filling scheme during well cementing (а) and after (b). 1 – drilling fluid; 2 – water;  

3 – cement slurry; 4 –cement stone; 5 – potassium-magnesium salts. 

 

During the hardening period of the cement slurry, due to its low sedimentation stability, the cement 

particles settle, and the hydrostatic pressure will be created only by the height of the water column filling 

the intergranular space in the cement stone. As a result of a significant disturbance of the pressure balance 

in the "flow rocks - wellbore" system due to a decrease in hydrostatic back pressure on the flow rock 

mass, a powerful release of the accumulated potential energy of the formation takes place. This creates 

unfavorable conditions for maintaining the integrity of the well casing. 

In this regard, a well casing method is proposed that does not provide for cementing the interval of 

occurrence of potassium-magnesium salts (Figure 2). A casing (in this case, a liner) is lowered into a 

well drilled in deposits of potassium-magnesium salts and a cement slurry is pumped into the annulus 

to the bottom of the interval of occurrence of flow rocks. In this case, the interval of the annular space 

above the bottom of the salts will remain filled with the drilling fluid at which the drilling of this interval 

was carried out. 

With the further flow of potassium-magnesium salts, they will gradually fill the cavity with the 

displacement of the drilling fluid. At the same time, the pressure in the annular space of the well will 

smoothly balance, which will create conditions for uniform coverage of the casing with salts and reduce 

the risk of damage to the well casing.  

The bending resistance of the casing depends on its rigidity. The rigidity of the unloaded (compressed) 

column is significantly less than the rigidity of the column in the strain state. When the pipe is bent, one 

of its surfaces is in a strain state, and the other in a compressed state. The most vulnerable in relation to 

possible collapsing is the compressed side of the pipe in the plane of the bend. Therefore, of all possible 

variants of dislocation of the bent part of the string in the well, the most dangerous is the case when the 

vector of motion of the flow rock front passes in the plane of the bend from the side of the compressed 

part of the string. 
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Figure 2 The recommended scheme of well construction/ 1 – string fixing mechanism; 2 – drilling fluid; 

3 – potassium-magnesium salts; 4 – cement slurry. 

 

It is possible to increase the resistance of the casing to bending by creating a pretension of the casing, 

for which the lower end of the casing must be securely fastened, and the upper end, after creating 

additional tension, must be fixed. The string tension must be maintained for the entire life of the well.  

 

Recommendations 

Based on the above, to prevent damage to the casing of wells in the intervals of occurrence of potassium-

magnesium salts in the wells of the Dnieper-Donets Rift, such measures are proposed: 

1. In order to study the physicomechanical and lithological properties of flow salts, it is advisable to 

drill them with continuous core sampling.           

2.  The drilling of potassium-magnesium salts is carried out with low-clay mineralized solution with full 

saturation of NaCl or bischofite solution with reduced filtration rates. 

3. 50 ÷ 70 m before drilling the intervals of flow salts it is necessary to weight the drilling fluid to a 

density at which equilibrium is possible in the system "flow rocks - wellbore":  

-  when using mineralized drilling fluid saturated with NaCl, according to the formula 

Hg

т
пр
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2 
 ,          (1)  

where ρр is the recommended density of drilling fluid, kg/m3; ρп is weighted average density of rocks 

overlying the top of flowing rocks, kg/m3; σт is salt yield strength, Pа; Н is depth of the top of the 

interval of flowing rocks, m; g is gravity acceleration, m/s2 ; 

- when using bischofite solution according to the formula   
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4. Before running the casing, using geophysical methods (caliper logging, profile logging), at regular 

intervals, measure the shape of the cross-section of the wellbore and control the dynamics of the salt 

flow (favorable conditions occur when there is a tendency to decrease the size of the cavity in the 

direction to the nominal diameter of the well). 

5. After reaching the size of the cavity close to the nominal diameter of the well, fix this position by 

increasing the density of the drilling fluid slightly higher than that calculated by formulas (1) and (2) in 

the absence of the danger of hydraulic fracturing of rocks below and above the salt interval. 

6. Perform well casing, which does not provide for cementing the interval of occurrence of potassium-

magnesium salts (according to the well design diagram in Figure 2). 

7. In order to prevent bending of the casing against the interval of occurrence of salts, the upper part of 

the liner is securely fixed in the casing shoe of the previous string with a special device and the string 

tension is created.   

8. Calculation of casing strings for external overpressure in the intervals of occurrence of potassium-magnesium salts 

should be carried out taking into account the rock pressure (Kovbasiuk et al., 2020). 

9. When drilling the next interval of the well, control the state of the casing string, which overlaps the 

flowing salts, using geophysical methods and when identifying signs of changes in its spatial location 

and geometric dimensions, take appropriate technical and technological measures. 

 

Conclusions 

When constructing wells in the fields of the Dnieper-Donets Rift, the greatest problems arise when 

drilling the intervals of occurrence of potassium-magnesium salts, which are prone to active plastic 

fluidity. To prevent damage to the casing strings in these rocks, based on the study of the state of the 

salts in the well conditions, the specifics of the hardening of the cement slurry, the resistance of the 

string to the external load, recommendations have been developed to improve the reliability of well 

casing in these conditions.  
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