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SUMMARY 

The problem of the influence of different chemical agents on the results of electrical, radioactive and 
acoustic methods and the inconsistency of their results with the actual parameters of the reservoir rocks 
in the Paleogene and Neogene deposits of the gas and gas condensate deposits of the Krukenitsky 
depression of the Precarpathian Trough are considered. 

The diffusion potentials dependence on the concentration of chemical reagents with contacting solutions 
have been established. The factors that lead to the improvement of the breakdown of thin-bedded 
Paleogene and Neogene geological sections of gas and gas condensate fields within the Krukenitsky 
depression are established. 
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Introduction 
The problems that exist with the isolation of reservoir rocks in geological cross section with a thin-
walled structure for the production of geo-technological results and the results of geophysical well 
explorations (GWE), are due to the ambiguities that apply, and belong to those existing in geophysical 
fields. However, the registered parameters of electrical, radioactivity and acoustic methods of real 
values in reservoir rocks is a common characteristic for the Paleogene and Neogene deposits of gas 
and gas condensate deposits of the Krukenitsky reserve (Venger et al., 2017). According to the 
geological structure of the area, the Paleogene and Neogene sedimentary reservoirs are related to 
quartz and feldspar sandstones, siltstones, clay shales, limestones and dolomites, with clay, carbonate, 
halite or mixed cement. 
 
During the interpretation of the geophysical results in the geological cross sections, wells which fulfill 
the physical and petrophysical parameters of the rocks, and are required by reservoir values, both in 
the attracted official part of the formation and in their pristine question. Thus, increasing the 
information quality and reliability of complex geophysical studies of oil and gas wells depends on the 
influence rating of the formation features in the penetration zone, its structure and parameters, which 
significantly affect the efficiency of geophysical studies (Fedoriv et al., 2019).  
 
Method and/or Theory 
 
The following flushing fluids are used in the process of drilling at hydrocarbon fields within the 
Krukenitsky depression of the Precarpathian trough: 1) ordinary clay solution without additives of oil 
and petroleum products; 2) direct emulsions (DE); 3) oil-emulsion solutions. 

 
The quality of the opening of the productive reservoirs, as well as the effectiveness of the geological 
section destruction depends on the stability of the flushing fluid and its drainage capacity. For this 
purpose, the clay solution is stabilized by chemical reagents. In the process of exploratory drilling, the 
following chemical agents are used to obtain the optimum drilling mud properties: Carbon Reagent 
(CR), Hydrolyzed Polycrylonitrile (Hypane), Condensed Sulfite-Alcohol Bard (CSAB), Low-
Tethered Carbide brands of sodium carboxymethylcellulose (SCC) and others. All of the above 
chemicals have a significant effect on the electrical parameters of productive reservoir rocks and on 
their filtration and reservoir properties. The results of studies on the core material show that drilling 
fluids with the addition of chromium are capable of oxidation. This reduces the electrical potential of 
the clays and increases the electrical resistivity of the drilling fluid filtrate. Also, adding chromium to 
the drilling mud causes a decrease in the adsorption-diffusion property of the rocks and leads to a 
decrease in the pH of the washing liquids. At the same time, drilling fluids with the addition of CSAB 
and SCC enhance the adsorption-diffusion properties of the clay rocks. Laboratory studies of the 
influence of CSAB and SCC on the magnitude of the diffusion potential have shown that its most 
negative values correspond to drilling fluids in which the chemical reagents increase the concentration 
of the flushing fluid equivalent to the NaCl salt solution. Fig. 1 shows the graphs of the change in the 
diffusion potential (Ud) from the concentration of SCC and CSAB chemicals in one of the contacting 
solutions. 
 
From the graphs below it can be seen that the increase in the concentration of SCC in the washing 
liquid solution leads to the same change in the diffusion potential, which is due to the increase in the 
salt solution concentration (NaCl). In this way the value of Ud changes from positive values to 
negative values (Fig. 1a). Solutions of CSAB at contacts with NaCl solutions cause only positive 
values of diffusion potentials (Fig. 1b). Similar data of potential changes were obtained in the study of 
solutions with the addition of gipan from which it is visible that the latter leads to a significant 
increase in the diffusion coefficient, and as a consequence to the change of the diffusion potential.  
 
Additions of chemicals to poorly mineralized solutions lead to a decrease in their electrical resistivity 
(р), while at the same time, additives of chemicals to highly mineralized solutions practically do not 
change the value of Gy. The values of the diffusion potential (Kd) change from negative values in 
NaCl and SCC-600 solutions to positive values in CSAB and hypon solutions (Hrytsyshyn, 2012). 
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The result analysis of industrial-geophysical studies of the oil and gas well fields in the Carpathian 
region showed that the PS curves in reservoirs are ambiguously displayed and have different 
morphological characteristics. In most cases, due to the thin-layered structure of the geological 
section, the amplitude of the PS anomalies decreases, and sometimes the anomaly value changes to 
the opposite. When we establish the relationship of diffusion potentials with electrical resistance and 
the total concentration of salts and chemicals in the leachate filtrate, we discovered that as the electric 
resistance ratio of reservoir water to the electrical resistance of the leachate filtrate, the values of the 
diffusion potentials shift towards positive values. Increasing the concentration of salts in the model of 
the leachate filtrate leads to a change in the diffusion-adsorption potential from positive values to 
negative values. 

 
a)                                                      b) 

Figure 1 Dependence of diffusion potentials on the concentration of chemicals in one of the 
contacting solutions: a) - for SCC solutions; b) - for solutions of CSAB; curve code - mineralization of 

NaCl solutions without chemical reagents (Fedoryshyn et al., 2014) 
 

The effect analysis of chemical agents on the side logging (SL) readings showed that the presence of 
the latter in the leachate filtrate does not affect the interpretation results interpretation of the method 
data. While the morphology of the induction log curves largely reflects the shape of the SL curve, 
their results are closely related to the concentration of salts in the solution and the percentage of 
chemical additives. Thus, increasing the concentration of salts in the flushing fluid reduces the 
informative qualities of the induction logging method. This is especially important with large ratio 
values of the specific resistance of the rock to the specific resistance of the drilling fluid (r./f) For 
small values of r./f, repeated measurements in contrast to layers of high electrical resistance differ 
slightly in the readings. 
 
The results of the interpretation of the induction log data show that the presence of a highly 
conductive flushing fluid (Ρf <0.1 Ohm m) in the well reduces the efficiency of using this method in 
high-ohm geological sections. In the rocks with such porosity, the filtrate penetration into the 
reservoir was reduced and a small permeation zone was observed. The penetration of mud filtrate with 
the addition of chemical reagents in highly porous reservoir rocks also does not significantly change 
the value of spontaneous polarization (PS) potentials. The electrical resistivity  magnitude of the rocks 
determined by the results of the studies by the standard potential and the gradient of probes opposite 
such layers with different saturation will be determined by the nature of their saturating fluid and its 
mineralization. The effect of chemical reagents on changing the saturation parameter also differs at 
different concentrations of such chemical reagents as chromium, CSAB and SCC. The concentration 
of the SCC chemical reagent in the washing fluid most strongly increases the saturation parameter, 
chromium increases the least. In our opinion, the increase of the saturation parameter during the 
treatment of the rock with chemical reagents can be explained by two reasons:  

a) due to the interaction of chemical reagents with the mineral composition of the rock 
(hydrophobization of pore channels); 

b) by increasing the tortuosity of the pore channels due to the deposition of solid, non-
conducting sediment. 
 
To measure the binding strength of the investigated parameters and evaluate the obtained functional 
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dependence, we used the determination index R2, which is calculated by the formula: 

     (1) 

where: σ2
y/x is the scattering of the observed Рп values around the regression curve; σ2

y is the 
dispersion of Pn. According to the results of calculations σ2

y/x =555410,6 ; σ2
y=1296437 ; R2=0,57. 

The confidence interval of the tested core sample by the parameter Кп is (12,4 ± 1,3)%. Figure 2 
presents graphs of the relative resistance to effective pressure and temperature. 
The analysis of the obtained data showed that the rocks are collectors according to the nature of the 
change of the parameter Рr depending on the temperature are divided into two groups. A distinctive 
feature of the first group is that with increasing temperature from 20С to 110С there is a slight 
increase in the value of Рr. The maximum increase in Рr values does not exceed 20. The rocks of this 
group have a low content of insoluble residue, high values of the porosity coefficient (14-20 ) and 
permeability. Accordingly, according to the A. Khanin classification, these rocks can be attributed to 
the III class of collectors. For rocks of the second group, the value of Рr after a gradual increase in 
temperatures in the range of 20-50С dramatically increases the gradient of growth  Рr, with a further 
increase in temperature increases by 40-50 . From the rocks of the first group, they differ in the 
magnitude of the porosity, permeability, and the amount of insoluble residue, which respectively 
fluctuate within, respectively: 7-12 , 0,1-0,0001 μm2, 8-12 . According to A. Khanin 
classification, these rocks-collectors can be attributed to IV-V-th classes. The cement in them is 
quartz, kaolinite with impurities of hydraulic mica.  

 
Figure 2 Dependence of relative electrical resistance on effective pressure (a) and temperature (b). 

 
The increase in the electrical resistivity of rocks while increasing the mineralization of the fluids that 
saturate them can be explained by the part transition of the ions contained in the solution into a double 
electric layer. Due to the increased viscosity and different electrostatic attraction forces in the double 
electric layer, ions reduce their mobility. At the same time, the decrease in the electrical resistivity of 
the rocks during saturation with low mineralization water can be explained by the influence of surface 
conductivity, which in turn is explained by the partial hydrolysis of individual minerals. Hydrolysis 
products dissociate, forming ions, which give the rock additional electrical conductivity. 
 
The main factors that reduce the informative nature of acoustic methods (AL) include the litho-
stratigraphic feature of rock structure, their saturation and fracture. The results of the study of thin-
layer sections by acoustic methods are significantly influenced by the unequal volume and interlayer 
clay of the reservoir rocks and their gas saturation. According to the studies, it is found that the fine 
rhythmic structure of the litho-stratigraphic section and various litho-petrophysical features of rocks 
complicate the interpretation results of acoustic methods. From the above it is seen that for the 
porosity estimation of rocks from complex geological sections using the Willy-Gregory formula and 
the two-dimensional dependence of the type T=f(Kr), it is not always possible to obtain reliable 
information about the boundaries of the layers, their structure and type of porosity. Graphical 
constructions, made on the basis of theoretical calculations, showed significant differences in the 
classification of porosity curves, despite the same initial data. The shape of the curves was determined 
from the assumptions that the change in the value of the ultrasonic longitudinal wave travel through 

y

xy
R

2

/
2

2 1







  

 
 Geoinformatics 2020 

11-14 May 2020, Kiev, Ukraine 

the rock, depending on the change in porosity obeys a linear law, and at a porosity equal to 55%, the 
propagation velocity of waves in the rock (V) is equal to the velocity of the same wave in water (V = 
Vw). The void space increase of the rock on the speed of ultrasonic oscillations will be affected by the 
presence of fluid and at a porosity factor value greater than 35% of the ultrasonic wave propagation 
will be close to the value of the oscillation path in water. In most cases, in real-world conditions, the 
propagation speed of ultrasonic waves obeys a different distribution law, and depends on the grain 
distribution density of the matrix and the elastic properties of the rock. Analyzing the magnitude 
determining speed ratio propagation results of ultrasonic vibrations perpendicular (V) and parallel 
(V|)) layer for different rocks (acoustic anisotropy), we found that in sandstones and siltstones with 
layers of clays the ratio V/V increases by reducing the speed of ultrasonic oscillations measured 
perpendicular to the layering. In the case of a thin-layer structure, the ratio V||/V is 1.53-1.57 (Izotova 
et al., 1975). In the case where the section is represented by rocks with a homogeneous structure, the 
ratio V||/V is independent of porosity and varies within 1.1-1.25. Taking into account the absorption 
properties of complex-built rocks that fill a thin-layer geologic section allows us to determine a 
number of factors for their dismemberment, namely: the increase in the porosity of the reservoir 
rocks, the amplitude and duration of ultrasonic vibrations. The amplitude of the longitudinal 
ultrasonic wave that is perpendicular to the rock formation is several times smaller than the amplitude 
of the same wave that runs parallel to the rock formation. Based on the above, we can assume that 
along with the different absorption capacity of individual lithotypes that fill the geological section, the 
shape of the AL curve is also affected by the measurement technology, registration speed and the 
presence of fractured rocks. 
 
Conclusions 
 
Conclusion. Summarizing and analyzing the results of laboratory and field geophysical studies of the 
impact of wells and technological factors on the results of electrical and acoustic methods, we can 
draw the following conclusions: 

-additives of chemical reagents, in particular condensed sulfite-alcohol bard (CSAB), carbon 
nitrile (hypon), significantly affect not only the physical characteristics of drilling fluids, but also the 
petrophysical parameters of rocks, which in turn reduces the informativeness of geophysical methods; 

-leads to blockage of layers and reduction of the coefficient of gas output; 
- to obtain the most realistic results in the study of wells with a thin-layered section of the 

incision, by the method of self-acting potentials, the destruction of lithologic-stratigraphic thicknesses 
should be carried out on fresh solutions, in some cases using fluids treated with 
carboxylmethylcellulose; 

-the use of complex electrical surveys by self-polarization methods, lateral and acoustic logging 
increases the efficiency and informativeness of well studies of complex geological sections. 
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