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Introduction

It has been established by comprehensive geological and 
geophysical studies that the North-Western part of the 
Dnieper-Donets depression (DDD) is one of the most 
promising areas for the presence of non-conventional 
hydrocarbon deposits (shale gas, gas of condensed rocks, 
shale oil) that may exceed the conventional resources. 
Lower Permian carbonate rocks (that are promising in 
hydrocarbon content) are widespread within the western 
part of the Glinsko-Solokhivsky gas and oil region of the 
DDD. These rocks are represented by dolomitic limestone 
with layers of sandy limestone.
In the Research laboratory of theoretical and applied 
geophysics of the Institute of Geology comprehensive 
petrophysical study was carried out, which included 
determination of: density of rocks; their resistivity; 
apparent and effective porosity; structure of capillary 
space; velocity of elastic waves in atmospheric and 
reservoir conditions. Also, petrophysical research took 
place. 
The study subject was a collection of samples of the Lower 
Permian limestones of the Western part of the western part 
of the Glinsko-Solokhivsky gas and oil region of the DDD 
(the depth from 1765 to 1900 m). 

Method and Theory
The investigated rocks belong to micritic, sparry, micritic-
sparry and dolomitic sandy limestones.
The bulk density of the investigated rocks in a dry state 
was determined by weighing and measuring the geometric 
sizes of laboratory samples, and in a saturated state – by a 
method of hydrostatic weighing according to the standard 
method of pre-saturated samples. 

Laboratory electrometric measurements of dry core 
samples are performed at a temperature of 20 °С with a 
digital teraohmmeter С.А 6547. It allows high-precision 
measurements of electrical resistivity to a direct current 
according to a two-electrode circuit in the range of 10 kΩ
to 10 TΩ with a digital record of measurement results on a 
computer. 

Laboratory acoustic studies were executed using the 
Kern-4 installation which was developed in the Research 
laboratory of theoretical and applied geophysics and the 
Faculty of Mechanics.

To establish correlation relationships between capacitive, 
electrical and acoustic parameters of rocks in atmospheric 
and reservoir conditions, a set of petrophysical studies with 
physical modeling of reservoir conditions was performed 
(temperature t = 50 °C; effective pressure pef = 30 MPa; 
mineralization M = 190 g/l).

Table 1 – Density limits of studied rocks

The coefficient of apparent 
porosity was determined 
by a gas volumetric 
method and a weight 
method according to a 
standard procedure. 
Сapillarimetric studies 
were performed by 
centrifugation of samples 
(centrifuge OS-6M).

Saturated with a model of 
reservoir water (NaCl 
solution) samples were 
measured with 
RCL-meter MHC-1100.

MHC-1100

Kern-4 installation 

OS-6M centrifuge

Para-meter 
value

Density (dry), 
kg/m3

Density
(saturated 

with 
kerosene), 

kg/m3

Density
(saturated

NaCl), kg/m3

Apparent 
mineralogica

l density, 
kg/m3

min 2212 2400 2442 2718
max 2593 2622 2626 2828

mean 2413 2541 2549 2783

Parameter 
value

Coefficient of 
apparent porosity

Coefficient of 
effective 
porosity

Residual 
water 

saturation 
factor

satur.
N2

satur.
NaCl 

satur. 
kerosene

satur.
NaCl 

satur. 
kerosene

satur.
NaCl 

satur.
kerosene

min 0,063 0,045 0,049 0,004 0,008  0,40 0,46

max 0,217 0,181 0,184 0,125 0,099  0,97 0,92

mean 0,149 0,127 0,128 0,036 0,031  0,79 0,79

Because of the closure of microcracks, as a result of loading of 
rocks during the creation of reservoir conditions for them, the 
porosity of rocks decreases compared to their porosity in 
atmospheric conditions. Relative reduction of the coefficient of 
porosity of various rocks in the same reservoir conditions, 
inversely dependent on the coefficient of their porosity in 
atmospheric conditions, and in modeled reservoir conditions is 
from 1.5% to 11% (mean 5.3%).

According to the results of laboratory measurements of the 
permeability coefficient, this parameter for investigated 
carbonate rocks varies from 0.038 fm2 to 1.992 fm2 (mean 0.323 
fm2).

Table 2 – Porosity and capillarimetric studies 

Parameter 
value

Resistivity of the mineral 
matrix Specific electrical 

resistance of rocks 
(P) 

atmospheric
conditions, 

MΩ·m

satur. 
kerosene 
MΩ·m

satur. NaCl, 
Ω·m

min 0.112 0.044 1.11 13.5

max 12.147 14.449 23.16 228.5

mean 1.542 1.435 3.12 32.5

Table  3 – Electrometric measurements

The corresponding range of the coefficient of porosity (kp) is 
from 0.045 to 0.181 (mean 0.127). In this case, the correlation 
dependence between the coefficient of porosity and the specific 
electrical resistance is: Р = 0.3778𝑘𝑘𝑝𝑝−2.02 (Fig. 1)

Figure 1 – The correlation dependence between the coefficient 
of porosity (kp) and the specific electrical resistance (P)

An important information characteristic in petrophysical studies 
of rocks is a buildup factor of electrical resistivity (Pn). The 
correlation dependence of the Pn factor from the water 
saturation coefficient (kw), which is of the form of the Dakhnov-
Archie equation and for investigated rocks, is: Р𝑛𝑛 = 1.1609 �
𝑘𝑘𝑤𝑤−1.937 (fig. 2). The above dependencies are described by a 
power function.

Figure 2 – The correlation dependence between the buildup 
factor of electrical resistivity (Pn) and the water saturation 
coefficient (kw)

Parameter 
value

Resistivity in 
reservoir 

conditions, Ω·m 

Specific 
electrical 
resistance

Coefficient of 
porosity 

min 0.81 17.3 0.040

max 13.90 271.9 0.169

mean 2.67 50.7 0.118

Table  4 – Resistivity of limestones (results of physical modeling) 

Measurements of electrical parameters of rocks in different 
pressures showed that their resistivity with an increase in 
pressure increases, which is explained by the closure of 
microcracks and deformation of the pore space in rocks.

Comprehensive analysis of laboratory electrometric 
measurements for studied limestones allowed to receive 
correlation relationships: 
between resistivity in atmospheric (ρ) and reservoir (ρr) 
conditions (𝜌𝜌𝑟𝑟 = 0.5907𝜌𝜌 + 0.1458; R2 = 0.979); 

between specific electrical resistivity in atmospheric (P) and 
reservoir conditions (Pr)

(Р𝑟𝑟 = 1.652Р − 0.206; R2 = 0.965), 
which could be described by linear functions;

and between coefficient of porosity (kp,r) and specific 
electrical resistivity (Pr) in reservoir conditions

(Р𝑟𝑟 = 0.5617𝑘𝑘𝑝𝑝,𝑟𝑟
−1.892; R2 = 0.899).

The obtained correlation dependencies allow to evaluate the 
corresponding parameters of rocks in the reservoir conditions, 
based on the results of laboratory investigations of these 
parameters in atmospheric conditions. Also, the obtained 
dependencies are a petrophysical basis when interpreting 
electrical logging data.

Resistivity(ρ) , Ω·m (in atmospheric conditions)
R

es
ist

iv
ity

(ρ
r) 

, Ω
·m

 (i
n 

re
se

rv
oi

r 
co

nd
iti

on
s)

Specific electrical resistivity (P) (in atmospheric conditions)

Sp
ec

ifi
c 

el
ec

tr
ic

al
 re

sis
tiv

ity
 

(P
r) 

(in
 r

es
er

vo
ir

 c
on

di
tio

ns
)

Сoefficient of porosity (kp,r)

Sp
ec

ifi
c 

el
ec

tr
ic

al
 re

sis
tiv

ity
 (P

r)



As a result of laboratory electrometric studies of specific
dielectric permittivity of rocks (ε) at a frequency of 1000
Hz for the studied limestones, the limits of changing in this
parameter are determined.

Parameter 
value

Specific dielectric permittivity (ε)

Dry saturated with 
kerosene saturated NaСl

min 3,0 2,8 655
max 7,5 8,0 9565

mean 4,2 4,5 4280

It should be noted that the specific dielectric permittivity of dry 
rocks and saturated with gas is scarcely different. This is due to 
the negligible difference of the dielectric permittivity of 
kerosene from the air, since they are dielectrics. As a result, 
when rock pores include a small volume of air or kerosene, the 
dielectric permittivity of the rocks do not differ significantly, 
since this parameter is predominantly determined by the 
dielectric permittivity of the rock matrix. On the other hand, 
with the saturation of rocks with NaCl (model of reservoir 
water), due to the high conductivity of the solution, the 
dielectric permittivity of saturated rocks is significant. In this 
case, when pores saturated with NaCl solution, the specific 
dielectric permittivity of limestones sharply increase, – from 
hundreds to thousand times.

A number of correlation dependencies between the specific 
dielectric permittivity and reservoir parameters of the rocks 
saturated with NaCl solution and kerosene were obtained.
Dependences between specific dielectric permittivity and 
coefficient of porosity are described by linear functions, while 
in the case of saturation of limestone with NaCl solution, this 
dependence is direct 

(𝜀𝜀 = 76424𝑘𝑘𝑝𝑝 − 5413.6; R2 = 0.794), 

and when saturated with kerosene – inverse relation 
(𝜀𝜀 = −81.395𝑘𝑘𝑝𝑝16.058; R2 = 0.78). 

This is due to the fact that when saturating a rock with a NaCl 
solution, an increase in its porosity leads to an increase in the 
amount of solution in the rock, the dielectric permittivity of 
which is significantly higher than the dielectric permittivity of 
the rock itself. In the case of saturation with a kerosene, an 
increase in porosity leads to an increase in the content of the 
dielectric in the rock with a lower dielectric permittivity 
compared to the rock itself, resulting in an inverse correlation 
dependence ε = f(kp).

The correlation dependences between the specific dielectric 
permittivity and the residual water saturation factor 

(𝜀𝜀 = 4947.5𝑘𝑘𝑟𝑟𝑤𝑤𝑟𝑟2.3942; R2 = 0.781),
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between the specific dielectric permittivity and the 
coefficient of permeability were also established 

(𝜀𝜀 = 2.7517𝑘𝑘𝑝𝑝𝑝𝑝𝑟𝑟−0.296; R2 = 0.576). 
The obtained dependencies are described by power functions.

The obtained dependencies must be taken into account when 
interpreting dielectric logging.

Analysis of the results of laboratory acoustic measurements of 
the distribution of elastic waves in limestones showed 
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mean 3510 4011 4030 2229 2344 1942 4428

According to the results of seismic acoustic studies in 
atmospheric conditions, a number of correlation dependencies 
between the velocities of elastic waves and the porosity (kp) and 
density coefficient (δ) of the rocks saturated with NaCl solution 
were set, which are as described by a linear function:
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between the specific dielectric permittivity and residual 
oil saturation factor

(𝜀𝜀 = 8.8804𝑘𝑘𝑟𝑟𝑟𝑟𝑟𝑟2.2322; R2 = 0.786) and 

V
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An important information characteristic in petrophysical studies 
of rocks is the P-wave velocity change parameter (kv), which is 
the ratio of the velocity of elastic waves of partially water-
saturated rocks (Vp,pws) to the velocity of elastic waves 
completely water-saturated rocks (Vp,cws): 𝑘𝑘𝑣𝑣 = 𝑉𝑉

p,pws
/𝑉𝑉

p,cws
. The 

correlation dependence (𝑘𝑘𝑣𝑣 = 0.1378𝑘𝑘𝑣𝑣 + 0.8628, R2=0.874) 
between the coefficient of water saturation (kw) and the P-
wave velocity change parameter (kv) was established. 
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The velocity of P-waves in carbonate rocks increases with an 
increase in pressure, due to the closure of microcracks and 
deformation of the pore space, and generally varies from 3830 
m/s to 5073 m/s (mean 4428 m/s). This dependence has a 
linear character. The correlation dependence between the P-
wave velocity change parameter and pressure is described by 
the second order polynomial. Comprehensive analysis of 
laboratory acoustic data with physical modeling of reservoir 
conditions (for limestones) allowed to receive correlation 
relationships between the velocities of P-waves in 
atmospheric and reservoir conditions 

(𝑉𝑉𝑝𝑝,𝑟𝑟 = 1.3703𝑉𝑉𝑝𝑝 − 1050.2; R2=0.831) and

between the coefficient of porosity (kp,r) and the velocity of 
elastic waves (Vp,r) in the reservoir conditions 

(𝑉𝑉𝑝𝑝,𝑟𝑟 = −10470𝑘𝑘𝑝𝑝,𝑟𝑟 + 5661.8; R2=0.895), 
which are expressed by linear functions.
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Conclusions

It should be noted that the Lower Permian rocks 
of the western part of the Glinsko-Solokhivsky
gas and oil region of the DDD are composed of 
micritic, sparry, micritic-sparry and dolomitic 
sandy limestones. In general, studied limestones 
have predominantly low reservoir properties 
(with the exception of separate samples), which 
allows to classify them as consolidated reservoir 
rocks.

Obtained relationships of electric and acoustic 
parameters with reservoir properties of 
limestones could be the foundation for the data 
interpreting of geophysical studies of wells of 
the Glinsko-Solokhivsky gas and oil region 
when on new promising areas petrophysical 
studies are absent.
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