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SUMMARY 

It has been established that the main influence on the preservation of the hydrodynamic 
properties of the productive formation in the fields of the Carpathian region is provided by 
drilling fluids that are used for such a technological operation. A formulation of a clay-free 
drilling fluid that does not contain a solid phase, has a low filtration rate, high inhibitory 
properties and a low pH has been developed and proposed. The structure-forming agent and 
the universal regulator of rheological and filtration properties are starch reagents that are 
subject to cleavage from the action of microflora or degradation initiators. 
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Introduction 
 
Part of the oil and gas fields of the Carpathian region contain productive horizons composed of 
sandstones and siltstones with low permeability and low formation pressures. The main problem of 
the drilling-in of such horizons is the maximum preservation of the primary hydrodynamic 
characteristics of the reservoir and, in the future, long-term efficient operation of the well. The biggest 
problem in such geological conditions is the high percentage of clay minerals in the source clays of 
the reservoirs, which are intensively hydrating and swelling from contact with the drilling fluid 
filtrate, the use of drilling fluids with a high solids content. To reduce the volume of the filtrate, 
reagents based on acrylic polymers or water-soluble cellulose ethers are often used, which have high 
thermal stability for drilling wells with a depth of up to 5000-6000 m and more. These reagents are 
effective, but under conditions of low-permeability horizons, they worsen the hydrodynamic 
properties of reservoirs due to the formation of an impermeable film of adsorbed polymer on the walls 
of pores and cracks. 
 
Method and Theory 
 
In the Carpathian oil and gas region, reservoirs of oil and gas fields are mainly of porous-fractured 
type, and clay material is predominantly of porous-basal montmorillonite type, the exchange capacity 
of which reaches 50 meq/100 g. The drilling-in of productive horizons is carried out by creating 
overburden on the reservoir, which creates an increase in filtration, penetration of the filtrate into the 
pore structure of the reservoirs, waterlogging of parent clays, which leads to a decrease in reservoir 
properties of rocks and well productivity. A polymer film of cellulose and acrylic reagents 
additionally pollutes the reservoir and complete neutralization of its effect by known methods of 
action on the reservoir such as acid treatment or oxidation will not not give an effective result 
(Maievskyi et al., 2002). One of the ways to reduce the contamination of productive horizons is to use 
clay-free drilling fluids based on starch gelling agents and stabilizers of filtration and rheological 
properties. The choice of this type of chemical reagents is associated with a number of advantages: 
high resistance to polyvalent salts; ability to be destroyed in reservoir conditions from the action of 
the microflora of the environment or the initiator of destruction; high temperature resistance; ability to 
liquefy in a salt-saturated environment; significantly lower cost compared to biopolymer reagents. In 
addition, starch reagents can be produced in Ukraine from domestic raw materials, which significantly 
reduces the price of drilling fluid and affects the cost of drilling operations (Grei et al., 1985). 
 
Therefore, in search of ways to improve the quality of the drilling-in of productive horizons, it was 
proposed to conduct a series of experimental studies related to the development of a clay-free 
inhibiting drilling fluid formulation and to replace expensive imported xanthan gum gelling agents 
with available domestic chemical reagents, creating a solution with a simultaneous increase in its 
inhibitory properties and a decrease in filtration and alkaline properties . To establish a rational 
formulation, a combination of such basic chemical reagents was used: Extruding Starch Reagents 
(ESR) or Сarboxymethyl Starch Reagent (CSR) as a filtration reducer for water-based drilling fluids; 
potassium chloride (KCl) as inhibitor of swelling of clay minerals; potassium hydroxide (KOH) as 
regulator of the pH index of drilling fluids (Beizyk, 2020). The first stage of experimental research 
was the determination of such an ES concentration that provides the necessary parameters of the 
drilling fluid, the second stage was the determination of the effective concentration of technical 
potassium chloride, and the third stage was the determination of the effective concentration of 
potassium hydroxide. The intervals for changing the concentrations of chemical reagents vary within 
the limits: ESR (CSR) – 5-20 %; КСl – 0-20 %; КОН – 0-0,6 %. Figure 1 shows changes in the 
parameters of an aqueous suspension of starch reagents depending on their concentration. 
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Figure 1 The effect of ESR concentration on the main parameters of starch suspension: 
1 – density; 2 – relative viscosity; 3 – filtration 
 
As can be seen from the research results shown in Fig. 1, the parameters of the suspension change, 
and when the ESR concentration in the suspension reaches 20%, the filtration and gel strength are 
equal to zero, the relative viscosity increases to 28 sec, and the density to 1040 kg/m3. That is, at such 
a concentration of an aqueous suspension of ESR, the process of gelatinization of starch molecules is 
completely completed. Potassium hydroxide in this case will become an additional accelerator of this 
process and its concentration is 0.2-0.5%. To determine the initial concentration of starch slurry for 
the preparation of a clay-free starch-potassium drilling fluid, the subsequent series of laboratory 
studies is devoted to establishing a rational content of potassium chloride. For this, samples of a starch 
suspension with a concentration of 5, 8 and 20% were prepared, 3% potassium chloride and 1.5% 
calcium chloride were added to each of them and homegenized until the reagents were completely 
dissolved. After that, the change in the gel strength GS1 of each sample was evaluated, and the 
measurement results are given in Table 1. 
 
Table 1 The results of measurements of the gel strength of ESR solutions of various concentrations 
after treatment with potassium chloride and calcium chloride 

№ 
of 

experiment 

ESR concentration, 
% 

Potassium chloride 
concentration, % 

Calcium chloride 
concentration, % 

Gel strength GS1, 
dPa 

1 5 3 0 0 
2 5 0 1,5 0 
3 8 3 0 3 
4 8 0 1,5 2 
5 20 3 0 6 
6 20 0 1,5 3 

 
As can be seen from the results in Table 1 in experiments 1 and 2, gel strength is zero, which indicates 
the absence of the structure of the drilling fluid, which confirms the absence of the influence of 
calcium ions on structure formation. In the third and fourth experiments, the value of GS1 was 
insignificant, that is, it had a similar result as in experiments 1 and 2. In the fifth and sixth 
experiments, the value of GS1 was significantly higher than those obtained in previous experiments, 
which confirms the formation of structural properties due to the starch gelatinization process. 
Experimental studies have confirmed that a 20% concentration of an aqueous suspension of starch 
reagents will be rational, so we take it as a basis for further research, the essence of which is to 



Monitoring’2022   

 

 

XVI International Scientific Conference “Monitoring of Geological Processes 
and Ecological Condition of the Environment” 
15–18 November 2022, Kyiv, Ukraine 

 

determine the rational concentration of technical potassium chloride, which was successively 
increased from 2 to 12%. The methodology for conducting these studies is divided into the following 
stages: at the first stage, treatment of samples of a 20% aqueous solution of ESR with potassium 
chloride, the concentration of which varies from 2 to 12%; at the second stage, dilution of the 
resulting mixture of ESR and potassium chloride with water in a ratio of their volumes of 1:1 and 
measurement of the parameters of the resulting solutions. Fig. 2 shows the results of laboratory 
studies to establish the rational content of potassium chloride. 
 

 
 

Figure 2 Effect of potassium chloride concentration on key parameters of clay-free potassium starch 
drilling mud: 1 – density;  2 – relative viscosity; 3 – filtration; 4 – GS 

 
 
As can be seen from the graphical dependencies shown in Fig. 2, the gel strength begins to increase 
only after the concentration of potassium chloride in the solution reaches more than 2%, which 
indicates the beginning of the formation of the drilling mud structure, which is formed due to the 
interaction of potassium ions with the surface forces of the ESR resulting from its gelatinization. 
Under the influence of these factors, a spatial lattice is formed between starch macromolecules, which 
contributes to an increase in the gel strength of the solution. The relative viscosity increases slightly, 
and the change in the parameter is observed after an increase in the concentration of potassium ions 
by more than 2%. The density of the drilling fluid increases from 1035 to 1160 kg/m3 with an increase 
in the concentration of potassium chloride, which can serve as one of the ways to weight the clay-free 
starch-potassium mud. The mud filtration increased from 2 to 4 cm3/30 min. Therefore, on the basis of 
laboratory studies and additional literature data, a clay-free starch-potassium drilling fluid is 
recommended for high-quality opening of productive horizons with low reservoir pressure and low 
permeability with the following formulation and main parameters: ESR (CSR) - 9-11%; KCl – 4-7%; 
water is the rest. Solution parameters: density – 1070-1120 kg/m3; conditional viscosity – 27-28 s; 
filtration – 2.0-2.5 cm3/30 min.; GS1\10 – 7-12/10-15 dPa; pH – 7-7.5 (Orynchak, Beizyk, 2009). 
 
The study of the effect of the proposed solution on the restoration of the primary permeability of the 
cores was carried out on the УІПК-1М unit according to the standard method on the core material of 
the productive horizons from the wells of the North-Dolyna field at a pressure drop of 4 MPa.  
The clogging properties of the mud were evaluated by the coefficient of permeability recovery, which 
characterizes the ratio of the natural permeability of the sample to the permeability of the sample after 
the action of the drilling fluid. Table 2 shows the results of studying the effect of clay-free starch-
potassium drilling fluid on the restoration of core permeability. The research results shown in Table 2 
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confirm the effectiveness of using the recommended starch-potassium solution, as evidenced by the 
permeability recovery coefficient, which increases from 0.954 to 0.981. 
 
Table 2 The effect of clay-free starch-potassium drilling fluid on restoring the permeability of cores 

The length of the core 
sample, cm 

Permeability of samples, d 
Permeability 

recovery factor before the action of the 
solution 

after the action of the 
solution 

2,35 8,67.10-3 8,24.10-3 0,954 
2,48 7,93.10-3 7,70.10-3 0,971 
3,18 9,22.10-3 8,897.10-3 0,965 
2,98 11,26.10-3 11,04.10-3 0,981 

 
Recommendations 
 
Based on the foregoing, in order to improve the quality of the drilling-in of productive horizons with 
low reservoir pressures, it is proposed to observe the following rules: 

1. To form the structure of the solution, use concentrated aqueous solutions of starch reagents, 
which will help reduce the intensity of pollution of the reservoirs by the clay phase. 

2. Maintain a low filtration rate to reduce the amount of dispersion medium that enters the 
productive horizon and leads to hydration and swelling of the parent clays. 

3. Maintain the pH value within the range of 7.0-7.5 to reduce the intensity of swelling of 
parent clays. 

4. To control the filtration properties, use starch-based reagents that are decomposed in 
reservoir conditions from the action of microflora or degradation initiators. 

5. To ensure high inhibitory properties, the concentration of potassium chloride should be 
maintained within 4-7%. 

 
Conclusions 

 
The recommendations devoted to the preparation of calyless amylaceous-potassium drilling mud were 
developed and transferred to industry for the implementation. Industrial testing of carboxylic 
amylaceous reagent conducted during drilling of wells, has proved its efficiency in the regulation of 
drilling mud parameters. 
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