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SUMMARY 

According to the reservoir rocks research of the productive horizons of the Letnian gas field, it is found 
that the lowered mineralogical density of the Lower Dasha deposits is associated with the presence of 
significant content in the rocks of solid organic matter. The paper considers the possibility of increasing 
the informativeness of the results of the gamma-gamma-density method by using the results of gamma-
spectrometric studies of the data of reservoir rocks. As a result of the simulation, a complex 
petrophysical model was obtained, which makes it possible to more accurately estimate the porosity 
coefficient of the reservoir rocks by the results of studies by gamma-spectrometric and gamma-gamma-
density methods. 
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Introduction. Studying the filtration and reservoir characteristics of reservoirs is an integral part of 
the process of establishing the industrial value of oil and gas fields, developing and refining methods 
for quantifying forecast resources. One of the quantitative indicators is the porosity ratio. 
The Letnian gas field, for which the petrophysical simulation was carried out, is located in the 
northwestern part of the Bilche-Volytsia zone in the Pre-Carpathian Trough. The productive horizons 
of the Lower Dasha deposits are represented by the interbedding of mudstones, mudstone clays, 
siltstones, light gray sandstones with thin layers of tuffs and tuffites, and the presence of pyrite. 
The collector rocks porosity determination of complex sections is one of the important issues of 
industrial geophysics. A number of methodological bases have been developed to use the results of 
geophysical exploration of wells in determining the porosity of reservoir rocks (Fedoriv et al., 2019; 
Fedoryshyn et al., 2019). The complex structure of geological sections is pushing for the 
development of new methodological approaches to address the above issue. 
 
The aim of the study. The aim of the study is to improve the petrophysical interpretation of the 
gamma-spectrometry and gamma-gamma-density logging results to account for the content of rock 
components in determining the collector properties of rocks-collectors of the Lower Dashavian 
geological sections. 
 
Research method. One promising way to determine the capacitance parameters of reservoir rocks is 
to use the results of dense gamma-ray logging, which allows to determine accuracy of the porosity 
coefficient.  This method is used to move from the bulk density of the breed to its porosity. 
When analyzing a number of scientific works, it should be noted that in the study of complex-built 
reservoir rocks there are several difficulties in determining the true value of the porosity coefficient, 
which are associated with the influence of the pore space structure (Bondarenko et al., 2010; 
Khovanets et al., 2019; Fedoryshyn et al., 2018). 
As a result of the petrophysical bond analysis, which were constructed for the Lower Dasha deposits 
of the Letnyanskiy gas field, it was found that for rocks-collectors of these deposits, the relationship 
between the specific density of the rock and the porosity coefficient is not sufficient for use in 
determining the last densities of the densities-logging. 
To improve the determination  accuracy of the porosity coefficient according to the GGL-G, it is 
necessary to establish the extent to which geological factors influence the logging data, as well as to 
find ways to improve the petrophysical models of this logging. 
When determining the porosity of complex sections according to GGL-G, there is a problem of 
mineralogical density  determining of the rock  skeleton. To solve this problem, we propose to use the 
results of gamma-spectrometric studies. Based on the results of gamma-ray spectrometry, the content 
of the rock components can be determined, which will make it possible to increase the information 
content of dense gamma-ray logging. 
Due to the relatively increased radioactivity of the sand-collector rocks, gamma-spectrometric studies 
were performed. The maximum content of potassium, uranium and thorium is respectively: 1,1 %; 
4,6ꞏ10-4 % і 8,1ꞏ10-4 %. Indicators of radioactive elements are lower or close to the average of their 
composition in sand-siltstones of the continental part of the Earth's crust. The presence of gamma-ray 
spectrometric data increases the reliability of interpretation of the results of dense gamma-ray logging 
in determining the porosity of complex type rock collectors. 
Thus, it was established that for the petrophysical interpretation of the GGL-G data (determination of 
bulk density), it is necessary to have information of gamma-spectrometric studies (the bulk content of 
rock components). To evaluate the bulk content of the major components of the reservoirs of the 
Neogene sedimentary reservoirs of the Letnian gas field, it is necessary to use a petrophysical model 
of gamma-ray spectrometry, which relates the bulk content of natural radioactive elements with the 
reservoir components (fluid, clay material, organic matter) porosity. The proposed petrophysical 
model for determining the bulk contents of the main components of complex-built reservoirs by the 
results of gamma-ray spectrometry and GGL-G greatly increases the information content of the latter. 
 
Statistical characteristics of the estimations of the main petrophysical parameters. We have 
made a statistical analysis of the petrophysical parameters of reservoir rocks in the Lower Dasha 
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backlight of the Letnian gas field (Table 1). Table 1 shows that almost all petrophysical parameters 
are subject to the normal distribution law, except for the Th/K40, Th/U та U/K40 ratios. 

Table 1 – Statistical analysis of petrophysical parameters of the reservoir rocks in the Lower Dasha 
backlight of the Letnian gas field 

Parameter N X  med min max ~  Distribution law K-S–stat. K-S–crit.

Kp, % 94 12,592 11,850 4,000 25,180 5,231 
Normal 0,1143 

0,1401 
Log-normal 0,1215 

Kcl, % 94 12,604 12,035 0,060 27,400 7,706 
Normal 0,0776 

0,1401 
Log-normal 0,2170 

Ksom, % 94 26,089 23,850 0,950 67,200 14,590 
Normal 0,0848 

0,1401 
Log-normal 0,1688 

δr, 103kg/м3 94 2,279 2,265 1,910 2,620 0,180 
Normal 0,0807 

0,1401 
Log-normal 0,0762 

K40, % 94 2,276 2,100 0,280 6,890 1,465 
Normal 0,1169 

0,1401 
Log-normal 0,1261 

Uꞏ10-4, % 94 28,813 26,785 0,090 70,860 18,826 
Normal 0,0648 

0,1401 
Log-normal 0,2058 

Thꞏ10-4, % 94 7,970 6,960 0,720 20,560 4,449 
Normal 0,1026 

0,1401 
Log-normal 0,1468 

Th/K40 94 4,848 3,460 0,390 16,220 3,920 
Normal 0,1944 

0,1401 
Log-normal 0,1533 

Th/U 94 1,421 0,290 0,040 48,750 5,943 
Normal 0,1837 

0,1401 
Log-normal 0,4336 

U/K40 94 19,344 11,590 0,048 117,821 23,467 
Normal 0,2641 

0,1401 
Log-normal 0,1528 

We analyzed the pair correlation coefficient of the petrophysical models (Table 2). In some cases, 
there are close links between individual petrophysical parameters. 

Table 2 – Matrix of paired correlation coefficients between individual petrophysical parameters 

Parameter Kp, % Kcl, % Ksom, % δr, 103kg/m3 K40, % Uꞏ10-4, % Thꞏ10-4, % Th/K40 Th/U U/K40

Kp, % 1,00 0,29 -0,06 -0,74 -0,24 0,35 0,01 0,28 -0,16 0,45 
Kcl, % 0,29 1,00 0,68 -0,84 0,35 0,99 0,73 0,26 -0,31 0,46 

Ksom, % -0,06 0,68 1,00 -0,38 0,58 0,65 0,99 0,18 -0,11 0,03 
δr, 103kg/m3 -0,74 -0,84 -0,38 1,00 -0,08 -0,87 -0,47 -0,33 0,31 -0,57 

K40, % -0,24 0,35 0,58 -0,08 1,00 0,30 0,56 -0,53 -0,14 -0,44 
Uꞏ10-4, % 0,35 0,99 0,65 -0,87 0,31 1,00 0,72 0,29 -0,29 0,50 
Thꞏ10-4, % 0,01 0,73 0,99 -0,47 0,56 0,72 1,00 0,19 -0,13 0,06 

Th/K40 0,28 0,26 0,18 -0,33 -0,53 0,29 0,19 1,00 0,08 0,77 
Th/U -0,16 -0,31 -0,11 0,31 -0,14 -0,29 -0,13 0,08 1,00 -0,16 
U/K40 0,45 0,46 0,03 -0,57 -0,44 0,50 0,06 0,77 -0,16 1,00 

* Note: the essential values of parameters exceeding the absolute value of 0.65 are underlined. 

Results of petrophysical modeling. The constructed petrophysical model for the relationship 
between porosity and bulk density indicates insufficient correlation of these parameters, and the 
results of dense gamma-ray logging are impractical to use in determining the porosity of the Neogene 
sediments of the Letnian deposit (Fig. 1). Also, a weak correlation between the clay and the 
volumetric content of solid organic matter should be noted (Fig. 2). 
The dependence of uranium mass content on the volume density obtained from GGL-G (Fig. 3), based 
on the SGL data, indicates a close relationship between the uranium mass content and the bulk 
density. A number of petrophysical models have been constructed to share the results of gamma 
spectrometry and density gamma-gamma logging. Yes, it should be noted that there is a close 
relationship between solid organic matter and the volume content of thorium (Fig. 4). 
 



  

 
 Geoinformatics 2020 

11-14 May 2020, Kiev, Ukraine 

K p = -21,492 r + 61,575

r = 0,77
F=5,634

0

5

10

15

20

25

30

1,7 1,9 2,1 2,3 2,5 2,7

 r, 103kg/m3

K p, %

K cl = 0,3593K som + 3,2306

r = 0,68
F=4,196

0

5

10

15

20

25

30

0 20 40 60 80

K som, %

K cl, %

Figure 1 – Comparison of Kp porosity with 
volumetric density of rocks δr 

Figure 2 – Comparison of volumetric content of 
solid materials Ksom with volumetric content of 
clay Kcl 
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Figure 3 – Mass content dependence of uranium 
on the bulk density of rock according to SGL and 
GGL-G 

Figure 4 – volumetric solids content Comparison 
of Ksom with volumetric thorium content Th 

Based on the above, a petrophysical model for the relationship of the porosity coefficient with the 
density of the rock and the content of uranium is constructed based on the results of the statistical 
processing of dense gamma-ray logging data and gamma-spectrometric studies: 

964,0

336,0166,52172,141





r

UK rp .                                                  (1) 

It should be noted that the correlation between the porosity coefficient Kp and the density of the rock 
δr and the mass content of uranium has increased and is sufficient for the use of this petrophysical 
model in interpretation. 
 
Conclusions. Analyzing the GGL-G and SGL data obtained in the reservoir rocks study of the Lower 
Dashavian deposits in the Letnian gas field, as well as using the results of petrophysical modeling, it 
was established: 
1. The lowered mineralogical density of the Neogene sediments is due to the presence of significant 
content in the rocks of solid organic matter. Moreover, the content of solid organic matter is 
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controlled by the mineral density of the rock matrix and the average value for Neogene deposits along 
the section of wells is 9.8%. 
2. There is no correlation between clay content and potassium content, since the mineral skeleton 
(quartz-feldspar) is enriched with potassium feldspars, but there is a strong correlation between clay 
content and thorium content. 
3. We created a petrophysical model, which links the bulk content of natural radioactive elements 
with the components of the reservoir (fluid, clay material, organic matter), as well as porosity, 
increases the information content of GGL-G in determining the Kp of reservoirs of the Lower Dasha 
gas deposits of the Letnian field. 
4. According to the results of statistical modeling of dense gamma-ray logging data and gamma-
spectrometric studies, a complex correlation of the porosity coefficient with the rock density and 
uranium content is established. 
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