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SUMMARY 

 

The electronic storage of geological and geophysical data collected during the entire period of operation 

of the gas storage facilities ensures the efficiency of their detailed analysis and use in solving production 

problems. At present, an urgent task is to develop software and/or software solutions to improve the 

efficiency of geological and geophysical information analysis. Therefore, appropriate information and 

software has been developed for the accumulation, verification, correction, and analysis of geological 

and geophysical information. It is intended for the automated solution of various geological and 

technological tasks using personal computers by means of prompt processing, systematization, 

accumulation of geophysical data, graphical and documented display of this information.  
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Introduction 

 

The results of geophysical surveys are an important source of information for studying the geological 

sections of wells and gas storage facilities in general. Lithologic and petrophysical properties, 

reservoir rock composition, depth of productive reservoirs, and reservoir system operation determine 

the geologic and physical characteristics of a gas reservoir. The geological structure of underground 

gas storage (UGS) facilities has certain peculiarities. The presence of tectonic faults complicates the 

structure of the gas-bearing structure and affects the activity of the formation water. In order to solve 

production problems and analyse the condition of wells and production horizons on time, information 

software has been developed that allows viewing, adjusting, and storing geological and geophysical 

information. The developed information and software system (ISS) is designed to interpret the results 

of geophysical surveys of wells and to create a digital archive of UGS data. It includes standardization 

and unification of software, mathematics, hardware, and external interface. 

 

Method and Theory 

 

Currently, geophysical surveys are conducted to monitor the tightness of the reservoir system both in 

wells of oil and gas condensate fields and UGS facilities. According to (Lai et al., 2024), artificial 

intelligence technologies should be used to improve the processing of geophysical surveys. Several 

studies (Amosu, Imsalem, & Sun, 2021; Lv et al., 2021; Zhang et al., 2024) have shown that it is 

advisable to use artificial intelligence technologies to reduce the workload of specialists processing 

geophysical surveys of wells. This approach increases the efficiency and accuracy of geophysical 

survey interpretation. Machine learning methods are used to automate the display and processing of 

geophysical data, which are considered in (Mishra, Sharma, & Patidar, 2022). The study (Guo et al., 

2024) considered the adaptation of basic models from computer science to the geological field. In 

particular, the analysis of their scalability, adaptability, and universality in the context of the study of 

geoscientific data was carried out. In (Dell'Aversana, 2024), the integration of the fundamental 

principles of artificial general intelligence with methods of inversion of geophysical data and the 

techniques of continuous monitoring is defined as a new approach to the optimization of oil 

production.  

 

Results 

 

Geophysical well logging is used to solve geological, engineering, and technological problems. An 

important stage in the interpretation of well data is the lithological sectioning of the section. Based 

on the results of determining whether the layers or rock strata belong to certain lithological types, the 

rock FCP (filtration and capacity parameters) is determined, and geological models are created. 

Methods of interpretation of logging results are various and depend on geological conditions, 

availability of specific industrial and geophysical information, results of industrial research, data on 

presence of certain lithological types of rocks in the section, information on typical industrial and 

geophysical characteristics of rocks in the section, their morphological representation on logging 

diagrams. 

 

The minerals that make up the skeleton of the vast majority of rocks do not conduct electricity. Since 

the pore space of rocks contains conductive fluid (in most cases mineralized formation water), 

resistivity logging has been successfully used to determine the FCP of reservoir rocks, lithologic 

dissection of wellbore intervals, and correlation of individual wellbore intervals (black and green 

curves on the SL graphs (standard logging)). In the well sections, a negative resistivity anomaly is 

observed opposite the reservoir rocks saturated with mineralized water, and a positive resistivity 

anomaly is observed opposite the reservoir rocks saturated with gas or oil. The curve recorded by the 

gradient probe has a characteristic asymmetric shape. Examples of standard logging curves showing 

different rock types are shown in Figures 1-2. Figure 1 shows an example of a limestone layer in the 

interval from 490 m to 510 m in the middle of a clay layer on the SP (spontaneous polarization) and 

AR (apparent resistivity) curves. Figure 2 shows an example of a clay layer in the interval from 324 

m to 347 m in the middle of the sand layer on the SP and AR curves.  
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Figure 1 An example of a limestone layer 

displayed in the middle of the clay thickness on 

the SP and AR curves 

 
Figure 2 An example of a clay layer displayed in 

the middle of a sand layer on the SP and AR 

curves 

 

For a finer lithological dissection of the reservoir formation and determination of its saturation, the LLS 

(lateral log sounding, a measurement of the water content with three-electrode gradient probes of 

different lengths) is used. To estimate the volume of a well during cementing and to detect changes in 

the wellbore cross section, cavernometry is performed – the IGWL (industrial geophysical well logging) 

method is based on measuring the cross-sectional size of the well. In general, the well cross-section is 

not circular, so when cavernometry is used, the diameter of a circle with an area equal to the cross-

sectional area of the well perpendicular to its axis is taken as its cross-sectional size (conditional 

diameter). Cavernometers are used to conduct cavernometry, which are lowered into the well on a 

logging cable. Profilometry (a type of cavernometry) is performed by profilers equipped with two or 

more independent devices that allow measuring two or more chords of the well cross section, 

respectively, which makes it possible to assess not only the dimensions of the cross section but also the 

features of its shape (for example, the presence of troughs). When drilling through reservoir rocks 

(sands, sandstones, tight limestones), the diameter of the borehole decreases due to the filtration of the 

drilling mud through the borehole walls and the formation of clay crusts on their surface. Clay rocks, 

on the other hand, are eroded by the flow of drilling mud, causing cavities to appear opposite them. 

Therefore, it is very easy to separate reservoir rocks from clays based on the interpretation of cavity and 

profilometry curves in well sections.  

 

A software has been developed to display the results of lithologic sectioning of a well section. The user, 

by selecting the appropriate item in the program for maintaining an electronic archive of well logs 

(Archive.exe), calls the program for lithological sectioning of the well section. Figure 3 shows a general 

view of the program window for maintaining an electronic archive of well logs. 

 

 
Figure 3 Screen form of an electronic archive of the IGWL  

 

On the left side of the working window, there is a menu with a tree structure that allows you to select 

specific UGS facilities and their corresponding wells. The scanned images of the logs grouped by the 

study methods (LLS, cavernometry, profilometry, SL) are stored in the IGWL section. The list of all 
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scanned logs for the selected well is located in the right part of the working window. The names of the 

logs, which can be easily deciphered based on their components, are intuitively listed in the "Initial 

name" field. The names of well logs consist of the following elements: the abbreviated name of the 

UGS facility (for example, the designation "Keg" corresponds to the Kegychivske UGS facility); well 

number; date of the logging; depth range of the well in which the logging was conducted. An underscore 

is used to separate the elements of the log name. The "Record Date" and "Depth" columns of the table 

also provide information on the date and depth range of the survey. If the log image consists of multiple 

files, the set of scanned images is stored in the database as separate pages, with the page numbers 

specified in the Page field. The user also has the opportunity to provide additional information related 

to this diagram in the table, such as the image scale and the depth of the bottom hole. To view the scan 

image, double-click the left mouse button in the diagram field or select the File → Open menu item.  

 

The results of geophysical surveys allow to divide the borehole section into layers, to determine their 

lithology and depth, to correlate borehole sections, and to estimate the parameters of productive 

horizons. To perform lithologic sectioning of a well section, select the File → Lithologic sectioning 

menu item. The program is designed to divide the borehole section into lithological and stratigraphic 

complexes by age and lithological characteristics to determine the productive horizons and the nature 

of their saturation. The developed lithological and stratigraphic interpretation program helps 

underground gas storage specialists to determine the geological section of wells based on the well logs 

obtained from the results of studies conducted during the drilling and operation of the well. The main 

window of the program is shown in Figure 4 and is divided into several sections. The geological 

dissection is performed in the left part of the window, where the image of the well log is displayed. The 

right part of the window is intended for displaying information about the examined log. The user has 

the possibility to change the pixel scale of the display of the log scan image from 25% to 200% using 

the slider labelled "Display scale" or by turning the scroll wheel of the mouse manipulator. 

 

 
Figure 4 Main window of the lithological and stratigraphic interpretation program 

 

If the cursor is in the lithologic or stratigraphic column (Figure 4), the moving bar appears as a white-

green dashed line, and the added line is green. If the cursor is in the saturation column, the moving bar 

will appear as a white and blue dashed line, and the added line will be blue. If you press the left mouse 

button in an unmarked area, a simple line will be added. Subsequently, the lithologic and stratigraphic 

dissection and saturation intervals will be set between these lines. If the left mouse button is pressed in a 

defined interval of partitioning or saturation, it will be divided into two consecutive intervals. The user 

can change the values of lithology, stratigraphy, and saturation in edit mode. To view the results of the 

partitioning, without the possibility of editing, click the "Show lines" button. Pressing the "Edit" button 

switches the program to editing mode for the position of established lines and associated data on the 
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stratigraphic and lithological stratification of the well section. Then, when you move the mouse cursor 

over any of the lithology, stratigraphy, or saturation columns, a frame outlining the selected area appears 

between the adjacent horizontal lines. Clicking the right mouse button displays a contextual menu on 

the screen where you can edit or delete information about the selected area’s lithology, stratigraphy, or 

saturation. Depth reference lines in the lithology and stratigraphy sections are green, and blue in the 

saturation section. The right side of the main window is for information purposes only. The depth value 

is entered in the "Depth selection" field. For the convenience of working with the diagram, after clicking 

on the "Go" button, the image of the log diagram is set so that the selected depth is located in the center 

of the screen. The "Log Information" section displays the following data about the log: UGS, well 

number, logging type, scale, depth interval, well bottom hole depth, interval drilling start date, interval 

drilling end date, logging record date. The "Lithology and Stratigraphy" section (Figure 4) contains 

detailed information on the well sections created by the user, including depths, layer properties, shading, 

and colour designation. It can be deleted or new intervals added using the corresponding buttons. The 

selected shading is then displayed in the Lithology field of the Lithologic Interval screen. Selecting data 

on the stratigraphic properties of a given depth interval is done similarly in the Select Stratigraphy Type 

dialog box. Data on the well logs is stored in the ORACLE database. 

 

Conclusions 

 

The developed information and software system for displaying the results of lithological sectioning of 

the well section has a user-friendly interface. Thanks to its use, specialists in underground gas storage 

will be able to build sections based on the logs obtained from the results of studies conducted during 

the drilling of the well, as well as during its operation. 
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