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ABSTRACT

Introduction. Shaliness is an important lithological and petrophysical characteristic of reservoirs and seals in section of oil-
and-gas boreholes as well as near-surface rocks (grounds) as the basis of buildings and engineering structures. Granulometric shali-
ness, determined by the presence of pelitic particles, and mineral shaliness, which characterizes the content of clay minerals, are
distinguished in terrigenous rocks. In the sections of oil-and-gas fields, granulometric shaliness is one of the criteria for identifying
reservoirs and affects their reservoir properties. The physical properties of reservoirs, which are studied by borehole logging, depend
on the content and type of clay minerals. Information about clay minerals is taken into account when drilling and stimulation of
hydrocarbon production. Shaly grounds apply to the group of cohesive ones, which in construction most often serve as the founda-
tions of structures. At that these grounds are classified as difficult engineering-geological conditions for construction, since clay
minerals specifically affect their strength, stability, etc. In oil-and-gas and engineering-geological boreholes the empirical equations
relating gamma-ray logging readings and granulometric shaliness are most often used for quantitative estimation. Herewith, it is
traditionally thought that the clay minerals make up the bulk of the pelitic particles.

The paper is concerned with increasing the informativity of the borehole logging while investigating the shaliness of terri-
genous oil-and-gas reservoirs and near-surface rocks based on a combination of gamma-ray logging, gamma-gamma density logging
and neutron-neutron logging (GR+DL+NL).

The investigation methodology included: borehole geophysical measurements by tools created at the Institute of Geophysics
of the National Academy of Sciences of Ukraine independently and in collaboration with partner organizations; interpretation and
analysis of logging data; justification and development of approaches to increase the informativity of the GR+DL+NL combination;
estimation of the effectiveness of author's developments using independent criterions.

As a result of the investigation, on the basis of the abovementioned logging combination, the set of determined parameters is
increased as compared with the traditional practice; number of new methods is developed for determining the parameters of shali-
ness, among them the content of clay minerals, their density and hydrogen index. The use of these parameters, in turn, improves the
accuracy of porosity determination and other reservoir properties from logging data. Method for estimating the type of clay mineral
according to the GR+DL+NL data is proposed. The method is an available alternative to geochemical core studies and to more ex-
pensive and difficult logging methods.

The novelty of the developments is confirmed by patents, and their effectiveness is confirmed by the results of borehole tests
and comparison with independent determinations of parameters (laboratory core examinations, control logging data).

Practical significance. The proposed approaches are an important component of technologies for investigating oil-and-gas res-
ervoirs and near-surface rocks, which are being developed at the Institute of Geophysics of the National Academy of Sciences of
Ukraine.

Keywords: sand-shale rock; oil-and-gas reservoir; ground; combination of gamma-ray logging, gamma-gamma density log-
ging and neutron-neutron logging; gamma-ray index; hydrogen index; density; clay mineral.
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Introduction

Terrigenous (sand-shale) rocks prevail among
sedimentary rocks of both oil-and-gas fields and en-
gineering-construction sites. Shaliness is an important
lithological and petrophysical characteristic of this
rocks [1-4].

Terminology. The term «shaliness» is ambigu-

ous. In Soviet and post-Soviet special literature,
granulometric and mineral shaliness, as well as in-
soluble residue (for carbonate deposits) are distin-
guished. Granulometric shaliness (or shale material)
is determined by the presence of small pelitic parti-
cles in the rock (as is the convention, less than 0,01
mm) regardless of their mineral composition (main-
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ly clay minerals, as well as quartz, feldspar, etc.).
Mineral shaliness characterizes the content of clay
minerals proper in the rock. The main among them
are kaolinite, montmorillonite, chlorite and hydrom-
icas [2, 5, 6].

In modern Western geological science, the term
«shaley» corresponds to granulometric shaliness, and
«clay» corresponds to mineral shaliness. Log inter-
preters and petrophysicists often use these terms
interchangeably as equivalent. This is explained by
the common point about the predominance of clay
minerals as a part of shale material, as well as the
frequent lack of a priori data on percentage of clay
in shale for a particular oil-gas field or section [7-9].

In the paper, we will use modern Western ter-
minology [8].

Problem statement. Shale content is one of the
factors in classing rocks into reservoirs and non-
reservoirs for most terrigenous sections of oil-and-
gas fields, as well as in classing reservoirs into lay-
ers with different reservoir properties (porosity,
permeability, residual fluid saturation). Clay con-
tent, type and properties of clay minerals effect the
physical properties of reservoirs (resistivity, radioac-
tivity, elastic and neutron properties, etc.), which are
investigated by geophysical borehole methods. In-
formation about the mineral composition of shale
material should be taken into account during drilling
and procedures in the hydrocarbon production (in
particular, shale gas). For example, montmorillonite
is characterized by high swelling under the action of
water, that must be taken into account when choos-
ing a drilling mud. The plasticity of montmorillonite
makes hydraulic fracturing (HF) difficult, and hy-
dromica indicates rock brittleness, which favours
HF. Kaolinite is a non-swelling mineral. It has the
following features: the ability to relatively easily
separate from quartz grains, be carried by the flow
of hydrocarbons during their production, and to
block pores, reducing permeability. Swelling is also
not inherent in chlorite. However, this mineral loses
iron under the action of acid treatment during the
stimulation of production. That can lead to a loss of
production rate due to the precipitation of a jellylike
iron-bearing compound in the pores [2, 4, 8-12].

Shale material has a strong influence on the
properties of the near-surface rocks (grounds) as the
basis of engineering structures. Shale grounds and
loess grounds are classified as difficult engineering-
geological conditions for construction. Therefore,
the investigation of shaliness is an important prob-
lem of engineering geology. At that, it is necessary
to obtain information not only about the total con-
tent of shale material, but also about the clay miner-
als, which are contained in sand-shale grounds and
specifically affect its strength and stability [3,13,14].

Single geophysical borehole methods are tradi-
tionally used to qualitatively and quantitatively es-

timating the rock shaliness in a well section: first of
all, spontaneous potential and integral gamma-ray
logging (GR). Their effectiveness is generally con-
firmed by long-term practice [5, 8, 15, 16]. At that,
particularly gamma-ray logging application is usual-
ly limited to lithological layering and estimation of
the shale content.

There are approaches for estimating clay con-
tent based on a combination of porosity determina-
tion methods: density gamma-gamma logging (DL),
neutron-neutron logging (NL) and acoustic logging
[17, 18].

Foreign companies use data from spectral
gamma-ray logging, litho-density logging, pulsed
neutron spectroscopy logging, etc. for estimating the
type and content of specific clay minerals [8, 19—
22]. However, the appropriate Western tools and
techniques are expensive and not always adapted for
use in specific conditions (logging while drilling,
cased engineering-geological boreholes of small
diameter, etc.).

Analysis of previous investigations

Parameters of mass and volume shaliness.
There are appropriate mass and volume parameters
to quantitatively characterize the content of shale
material and content of clay minerals in a rock.
These parameters are important in itself, they are
used in the generation of petrophysical equations
and interpretation of results of geophysical borehole
investigation for determining rock properties.

In petrophysics, the mass content of shale Cs is
determined by the data of granulometric analysis of
rock sample as the ratio of the mass of shale material
mg, to the mass of solid phase ms of the rock sample

[2]:
Csh = (1)

The part of the rock volume filled by shale mate-
rial is characterized by the volume content of shale
Ksh [2]2

55

Ko = gcsh 1-9). )

Here, ¢ is the total porosity of the rock as the sum

of open and closed porosity; ds is the density of solid
phase of rock; dsn is the density of shale.

Along with the shale parameters, there is a need
to obtain the mass content of clay and volume con-
tent of clay directly.

The mass content of clay Cq is ratio of the mass
of clay minerals mg to the mass of solid phase ms of
the rock:

C,=—o. 3)

The value of Cg can be estimated by laboratory
methods based on X-ray diffraction analysis or rese-
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arching the cation exchange capacity [7-10].
The volume content of clay K¢ is part of the
rock volume filled by clay minerals [8]:

Ky =25Cyt=9). @

cl
where 8¢ is density of clay minerals.
In order to determine the volume parameters
Ksh and Kg, in addition to the mass parameters Csn
and Cq, it is necessary to know the density parame-
ters Js, dsh and dci, as well as the total porosity ¢ .

Density and porosity parameters can be known from
laboratory-based core analysis. Density parameters
can be estimated from geophysical borehole logging
(e.g., by the radioactive logging combination with
using a priori data [23]), and porosity ¢ is deter-

mined from neutron-neutron logging or density
gamma-gamma logging, as well as from acoustic
logging.

In many cases, the density of clay minerals
mixture dq is close to the density of the matrix of
sandstones [2] therefore simplified versions of for-
mulas (2) and (4) can be used in practice:

Ko =Ca~9), ()
Ko =Ca@~9). (6)

Estimation of shale content by gamma-ray
logging. The presence of shale material (and, ac-
cordingly, clay minerals) in the borehole section has
effect on the readings of most logging methods. In
order to corresponding quantitative estimate in
borehole conditions, single logging methods are
traditionally used, as well as combinations of meth-
ods [5, 7, 8, 16, 17, 24].

In practice, gamma-ray logging and the sim-
plest empirical models are most often used to de-
termine the shale content of terrigenous rocks [16].
Shale is characterized by increased radioactivity due
to the large specific surface area of pelitic particles,
that sorb salts of radioactive elements (mainly ura-
nium-radium and thorium isotopes, as well as the
0K isotope), and because of the presence of potassi-
um in some clay minerals and in feldspar. This, in
fact, makes it possible to distinguish rocks by shale
content and quantifying it according to the GR data
[5, 8].

In order to quantify the shale content of rocks
Csh in the section of oil-and-gas and engineering-
geological boreholes, it is conventionally to employ
the correlation between the Cs, parameter, which is
determined in the laboratory, and the interpretive
parameter of gamma-ray logging in the form of
index A [5, 8, 14, 16]:

Al =1,(C,,). (7

Index of gamma-ray logging Al, is determined
as follows:

I _ Imin
—__ Y
AIY - Imax Imin ! (8)
vy

where | is readings of the GR detector along the

and

of the GR detector (commonly this values are de-
termined in slightly radioactive bed and in shale bed
with high gamma-ray activity, respectively) [5, 8, 9,
14-16, 24-26].

Petrophysicists have proposed a lot of variants
of equations depicting the correlation between shale
content and GR readings for specific fields or sedi-
ments of a certain type [16].

There are known Larionov's [27] dependences
of GR index on mass content of shale Cs, in terri-
genous rocks. These dependences are widely used in
the territory of the former USSR and in other coun-
tries [6, 8, 16, 26, 28]. The generalized dependence
for quartz sandstones [5] is shown in Fig. 1a, curve 1:

Al =-1,28C% +2,28C,, . 9)

borehole;

min max
IY IV

are the reference readings

This dependence is the graduation characteristic of
the gamma-ray logging.

The corresponding calibration function of
gamma-ray logging for determining the mass con-
tent of shale is shown in Fig. 1b, curve 1:

Cl =2,60A1° —3,35A1° +1,78A17 +0,15Al . (10)

The purpose of the paper is increasing the in-
formativity and improving the accuracy of logging
in determining the parameters of shaliness and other
parameters of rocks, which require information
about shaliness. The emphasis in the study is on
logging when there is a steel string (drill one or
casing one) in the borehole.

Methods, materials, petrophysical model

At the Institute of Geophysics of the National
Academy of Sciences of Ukraine (IGPh) has been
created a number of new methods based on the
combination of gamma-ray logging, density gamma-
gamma logging and neutron-neutron logging
(GR+DL+NL) for determining parameters of shali-
ness [23, 29, 30]. These developments allow to in-
crease the number of determined rock parameters
and achieve the purpose of investigation. Above-
noted radioactive logging methods are universal in
regard to borehole conditions (logging-while-
drilling, logging in open and cased oil-and-gas
boreholes, logging in near-surface engineering-
geological boreholes, etc.). The methods are success-
fully used in practice and are traditional to well-log
analysts.
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The paper uses the results of field works car-
ried out in cooperation with partner organizations at
oil-and-gas and methane-coal fields, at engineering-
geological sites (SOE «Enerhoproekty, LLC «Ukr-
spetsheolohiia», LLC «Ukrspetsprylad»). The meas-
urements were performed with the help of tools,
which created at the IGPh independently and in
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cooperation with partner organizations within the
terms of scientific cooperation agreements. Labora-
tory data and control logging results, which have
been provided by partner organizations, were used
as an independent criterion for estimating efficiency
of the author's developments.

We have taken into consideration the following
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Fig. 1. Graduation characteristics (a) and calibration functions (b) of the gamma-ray logging

1 — mass content of shale Cs\; 2 — mass content of clay Cq;

petrophysical model of terrigenous rock. The rock
consists of a solid phase and pore space filled with
fluid (water, oil) and gaseous phases in various pro-
portions. The pores can be open, closed, or mixed.
The solid phase of the rock consists of skeleton
(quartz grains ~1,0 + 0,01 mm in size) and shale
material (particles smaller than 0,01 mm). Shale
material includes clay minerals, fine quartz particles
and other minerals (feldspars, carbonates, etc.). Clay
minerals contain chemically bound water and are
characterized by their chemical composition, density
and hydrogen index.

Results and analysis

Determining clay content by gamma-ray log-
ging. Log analysts have long noted that the usage of
shale content based on traditional empirical models
of type (7) often leads to inaccurate estimation of
reservoir properties, in particular porosity based on
neutron-neutron logging, acoustic logging, etc. The
main mistake here is to assume that the shale mate-
rial contains 100 % clay minerals [7, 9, 16]. Another
disadvantage of this approach is the incorrectness of
using the shale content to quantify the hydrogen
index of clay minerals by the radioactive logging
combination (GR+DL+NL) [30].

Core analysis using X-ray diffraction [31]
showed that the relative mass of clay minerals Cy is
50+70 % of shale material, 25+45 % are quartz par-
ticles and 5 % — other minerals. On a bounded inter-
val of Cg values, Bhuyan and Passey [7] established
relationship between the parameters C¢ and Al,.

Taking into account the results of Bhuyan and
Passey [7] and based on own experience in interpre-
tation of GR data, we proposed (Fig. 1a, curve 2)

dec. — decimal fraction

generalized graduation characteristic of GR for the
content of clay minerals A, = fo(Cq), which in our
case is described by the equation

Al = -2,52C2 +3,18C,,. (11)

The corresponding calibration function of the
GR for determining the mass content of clay miner-
als along the borehole section (Fig. 1b, curve 2) is as
follows [30]:

C! =0,74A1" —0,84A1° +0,51A1 +0,20Al . (12)

The obtained dependence allows to abandon
the generally accepted assumption [2, 8] that the
shale material contains predominantly of clay min-
erals, and therefore it was assumed that Ce = Csn. At
the current level to solve practical problems, when a
priori the percentage of clay minerals is unknown
and it is not possible to establish the graduation
characteristic Al, = f2(Ca), the «predominant» con-
tent of Cq can be expressed by the approximate
relation Cu =~ 0,6Csh (i.€., the part of clay minerals in
the total mass of shale material is ~ 60 % wt.) [30].

Volume contents of shale and clay. GR+NL
combination. To determine the volume content of
shale Ksn (5), it is necessary to know the porosity of
the rock ¢, in addition to the parameter Csn. Accord-
ing to Larionov [27], the parameter ¢ is determined
using a combination of methods NL+GR (or neu-
tron-gamma logging + GR). This porosity ¢ can be
used in equation (5) to obtain K. According to the
NL+GR combination, the last is determined as

m_ Ch-¢")
k=22t l), (13)
Wy
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where ¢" is porosity by NL («neutron» porosity),

associated with the total hydrogen content in the
rock (in pore water, clay minerals, etc.); @, — esti-

mated, according to preliminary data, the value of
the hydrogen index of the shale material.

The parameter K is related to Cgq by relation
(6), and the total porosity ¢, using NL, is equal to

¢=9"—o,K,, (14)

where @, is hydrogen index of the clay minerals,

which a priori specified on the basis of a generaliza-
tion of independent studies [e.g., 5, 8].

Solving the system of equations (6) and (14)
for K¢, we obtain the volume content of clay miner-
als by the GR + NL combination:

qn = Cal=¢")
¢ 1-@,C}

Thus, according to (13) and (15), the volume
content of shale and the volume content of clay
minerals can be determined from GR and NL data
with the corresponding a priori accepted values of
the hydrogen index of shale material and clay min-
erals [30].

GR+DL combination. To quantify the hydrogen
indices of shale material and clay minerals in formu-
las (13) and (15), the traditional approach involves
core sampling, laborious and expensive laboratory
tests. At the same time, the problem of obtaining the
parameters Kg, and K¢ without using predetermined
values of @, and @, is solved using purely radio-

active methods. To do this, in formulas (5) and (6)
we use the mass parameters CJ and C} by the GR
and porosity by the density logging ¢°.

The total water-saturated porosity by the DL
is determined as

(15)

g 0,—8°
P=4 = (16)
where & is the density of the solid phase of the rock
(quartz skeleton together with shale material); ow —
density of water in pore space; 8¢ — density of rock
along the borehole, determined by the calibration
function of the DL tool. Approximate values of pa-
rameters ds and dw for sand-shale rocks can be con-
sidered a priori given [5].
Substituting ¢ =¢° into equations (5) and (6),
we obtain the desired value of the parameters K
and Kgi:

Ki*=Cy (-9, (17)
Ki®=Cy-¢%). (18)

Thus, according to expressions (17) and (18),
the volume contents of shale material and clay min-

erals, K} i K™, are determined by the GR+DL

data.

Hydrogen index of clay minerals and shale
material. The hydrogen index of clay minerals o
along a particular borehole section has independent
significance, since together with the density of clay
minerals makes it possible to identify the presence
of specific clay minerals. The parameter w¢ of wa-
ter-saturated rocks can be determined from the re-
sults of GR+DL+NL combination.

The problem is solved by equating to the poros-
ity on the basis of NL (Eqg. 14) and the porosity on
the basis of DL (Eqg. 16). Let's solve the resulting
equation for the parameter e, using expression (18)
for the parameter K¢ As a result, we get

n d
ayn =L (19)
cl (1_¢ )

The difference between ¢" («neutron» porosity
by NL) and ¢° porosity by DL),
Agpw. =9" —¢° =0, K, has the meaning of appar-
ent porosity due to chemically bound water in clay
minerals.

Thus, according to Eq. (19), the hydrogen in-
dex of clay minerals along the borehole section can
be determined by the GR+DL+NL combination
[30].

The averaged value o}, *" (over selected layers
or over borehole section) can be used in Eq. (15)
when determining the parameter K™ by GR+ NL.

When determining the volume shale content us-
ing Eq. (13), there are difficulties in choosing a spe-
cific value of the hydrogen index of the shale mate-
rial wsh. At the same time, the parameter ¢, associ-
ated with wsh, is determined by the GR+DL+NL
combination (Eg. 19). Using the relationships
C, 04, =C,0, and C, ~0,6C,, we obtain an ap-
proximate value of the hydrogen index of the shale
material:

(«true»

y+dtn y+d+n
o} =060, " .

(20)

If necessary, hydrogen index of shale material
can be averaged layer-by-layer or along the investi-
gated borehole section.

Thus, according to Eq. (20), the hydrogen in-
dex of the shale material can be determined from the
GR+DL+NL combination [30].

Density of clay minerals. The density of the
solid phase at full water saturation of the pores can
be calculated using parameters, which are obtained
by the radioactive logging combination (DL, NL,
GR) [32], according to the equation:

6d _8W¢n+y
1- g™

d+n+y _
O =

, (21)
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where 5™ is the density of the solid phase of the

rock by DL+NL+GR; &% — total rock density accord-
ing to the DL; dw is the density of water, which is
given a priori (for example, for fresh water 1,00
g/lcm?); g™ — total porosity by the NL+GR combi-
nation using the calibration function of the NL tool
for water-filled rocks under given measurement
conditions and the relative content of clay minerals
according to GR data.

In addition to the density of the solid phase, ac-
cording to the proposed method [23], it is possible
to determine the density of clay minerals and the
density of shale material from the same radioactive
combination (DL, NL, GR) together with a priori
given constants.

According to the accepted petrophysical model,
we use the relationship between the density of the
solid phase 8 of the sand-shale rock and the density
of its components — clay minerals 8¢ and skeletal
quartz grains together with quartz particles of shale
material dq:

6, =C,0, +C.d,, (22)
where Cq is relative mass content of clay minerals
in the solid phase;

Cq= (1 — Cy) is relative mass content of quartz in
the solid phase.

In compliance with Eq. (22), the desired densi-
ty of clay minerals is equal to:

6, —C,9,
cl C .

Using Eqg. (21) for density &s, we can rewrite

Eqg. (23) for the density of clay minerals as:

YL
_C;/||: 1_¢n+y (1 Ccl)6q:|i(24)

where & is the desired density of clay minerals; C

is relative mass content of clay minerals in the solid
phase of the rock, determined with the help of GR; dw
and Jq are a priori constants (densities of water and
quartz, respectively) ¢™ is total porosity by the

NL+GR combination; &° is total rock density ac-
cording to the DL.

Suchwise, the density of clay minerals in the
water-filled rocks according to the proposed method
[23] is determined by calculation using Eq. (24)
with the help of values directly measured by the
radioactive logging combination (GR+DL+NL) and
a priori specified constants.

The density of the shale material can be ob-
tained in a similar way.

Estimation of clay mineral type. Determining
the type of clay minerals in rock is actually a task of
geochemistry [8]. An exact solution to this problem
under borehole conditions can be obtained from the

(23)

cl

y+d+n
8t:l

results of core examination. However, researchers
have developed a number of logging techniques for
estimating clay minerals, including using neural
networks [8, 19-22].

We propose to estimate type of clay mineral
with the help of the GR+DL+NL combination. The
hydrogen index ¢ (19) and density &q (24) of clay
minerals together characterize a specific mineral. By
means of plotting a crossplot of the parameters
and &8¢, which are determined by the above-
mentioned logging combination, it is possible to
identify a clay mineral in a water-filled rock (see
Fig. 2). To apply the method in oil-filled rocks, a
priori data on the density of oil (or fluid in the inva-
sion zone) is required. The method does not apply to
gas-saturated rocks, since in such rocks both the
neutron porosity and density porosity are apparent
porosities.

Fig. 2 illustrates the crossplot 8¢<>me based on
generalized measurement data in several engineer-
ing-geological boreholes for near-surface sand-shale
rocks. The crossplot demonstrates the effectiveness
of the proposed approach. Areas with a predominant
content of a single mineral (montmorillonite, chlo-
rite, hydromica) and a mix of minerals are identified
on the crossplot.

Borehole examples of determination of sha-
liness parameters

Cased engineering-geological borehole. Fig. 3
gives an example of determining the shaliness pa-
rameters, density and total porosity of near-surface
sand-shale rocks in the zone of full water saturation
at the site of engineering-geological investigation.
The site is located near the tailings dam of the
Northern Mining and Processing Plant (Krivyi Rih).
The logging was carried out using DL+GR and 2NL
tools developed and made in the IGPh. Lithological-
ly the borehole section is represented by grounds of
varying degrees of shaliness (loam, shale, heavy
shale). Control values of the parameters in Fig. 3
were obtained from laboratory petrophysical studies
of rock samples taken along the borehole section. It
can be seen that the logging determinations are in
good agreement with independent laboratory data of
shale and clay contents, total and solid phase densi-
ties, porosity.

For problems of oil-and-gas geophysics, given
«cased borehole — near-surface rock» system acts as
a full-scale model.

Logging-while-drilling of oil borehole. Deter-
mination of shaliness and other parameters accord-
ing to logging-while-drilling (LWD) of deviated oil
borehole (Dnipro-Donets depression (DDD), Polta-
va region) is shown in Fig. 4 for the terrigenous
interval. The logging was carried out using the
LWD-KPRK-48 tool, created by the IGPh and LLC
"Ukrspetsprylad". The targeted operation reservoir
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is represented by low-shale sandstone; argillites and
aleurolites are also identified. The LWD results are
in good agreement with the control logging (deter-
mination of clay content and porosity) performed in
the open hole after drilling.

Cased methane-coal borehole. Fig. 5 shows an
example of determination of the shaliness and others
parameters in the cased methane-coal borehole
(mine field «Samsonivska-Zakhidna», Luhansk re-

410 ==

gion). The logging was carried out using 2DL-48
and 2NL-48 tools, developed and manufactured at
the IGPh. Terrigenous rocks of different shaliness
were identified: argillite, sandstone, aleurolite. A
low-density coal bed and tight limestone have also
been identified. Limestone is characterized by al-
most zero shaliness. To determination of the shali-
ness parameters of coal, it is necessary to develop
special methods.
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Fig. 5. Rock parameters in cased methane-coal borehole by 2DL-48 and 2NL-48 tools
(Dnipro-Donets depression, d, = 159 mm, d. = 108 mm).
Mass and volume shaliness: 1, 3 —shale, 2, 4 — clay, respectively; 5 — hydrogen index of clay minerals;
density: 6 — total, 7 — solid phase, 8 — clay minerals; 9 — chemically bound water; 10 — total porosity

Conclusions

Based on the GR+DL+NL combination, the in-
formativity of well logging has been increased in
determining the shaliness parameters of terrigenous
oil-and-gas formations and near-surface rocks. At
that, the emphasis is on investigations through a ste-

el string (drill or casing).

1. A number of logging methods for determin-
ing shaliness parameters have been developed, pa-
tented and tested in practice. The proposed methods
unveil additional capabilities of the GR+DL+NL
combination and increase the set of determined pa-

-18 -



ISSN 2410-7360 BicHuk XapKiecbK020 HauioHa/ibHO20 YHieepcumemy imeHi B.H. KapasiHa

rameters compared to the traditional approach. De-
termination of additional practical petrophysical
parameters (content, density and hydrogen index of
clay minerals) increases the accuracy of porosity
and other reservoir parameters by well logging.

2. A method has been proposed for estimating
the type of clay mineral based on the data of the
same radioactive logging combination. This infor-
mation is used in the interpretation of logging data
and is important during drilling operations and
stimulation of hydrocarbon production, as well as
engineering-geological survey.

3. The efficiency of the developed methods is
confirmed by the results of borehole tests and com-
parison with independent determinations of parame-
ters (laboratory core studies, control logging data).
The «price — quality — efficiency» ratio of the ob-
tained results demonstrates the advantage of logging
methods for determining shaliness parameters and
other parameters compared to laboratory ones. The
latters, of course, must be selectively used as a crite-

rion of accuracy and validity.

4. The proposed approaches are an important
component of the exploration technology for oil-
and-gas reservoirs (in open and cased boreholes and
while drilling) and the investigation technology for
near-surface rocks, developed at the Institute of
Geophysics of the National Academy of Sciences of
Ukraine on the basis of a radioactive logging com-
bination.
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BusHavyeHHs1 mapaMeTpiB NIMHUCTOCTI TEPUTeHHUX TPCHLKUX MOPia
B 00ca/’KeHUX CBEPAJIOBHHAX Ta B npoueci OypiHHs

KOMILIIEKCOM paI[ioaKTl/IBHOFO KapoTaxy
Maxcum Bonoapenxo*
K. T€OJL. H., 3aB. BIIJILTY,
TucrutyT reodisuxu im. C. 1. Cy66otina HAH Vkpainu, Kuis, Ykpaina;
Bonooumup Kynux*
K. (i3.-Mar. H., IPOB. HayK. CHiBP0O.

[MMHUCTICTD € Ba)XKJIMBOIO JITOJIOTTYHOIO i METPO(I3UYHOIO XapaKTEPUCTUKOIO KOJIEKTOPIB 1 MOKPHIIOK B pO3pi3i
Ha(pTOTa30BUX CBEPUIOBHH Ta MPUIIOBEPXHEBHUX TiPCHKUX MOPiM (TPYHTIB) SIK OCHOBH iH)KEHEpHHX cHOpyd. B Tepuren-
HUX TOPOJIaX PO3PI3HAIOTH TPaHYJIOMETPHUYHY IIMHUCTICTH, sIKA BU3HAYAE€THCS HASBHICTIO METITOBHX YAaCTHHOK, Ta Mi-
HepaJbHy IIMHHUCTICTB, SKa XapaKTepU3ye BMICT TNIMHUCTUX MiHeparmiB. B po3pizax HadTorazoBHX pomoBHIN TpaHyso-
METpPUYHA IMHUCTICT € OTHUM 3 KpUTEPiiB IpH BUAUICHHI KOJICKTOPIB Ta BIDIMBAE Ha IXHI (UIBTpaIiiiHO-€MHICHI BiIa-
ctuBocti (PEB). ®i3udHI BIACTHBOCTI KOJEKTOPIB, SKi BUBYAIOTH TeO(I3NUHUME CBepToBHHEUME MeTomamu (I'CJl),
3aJIeKaTh BiJl BMICTY 1 THIy TMIMHUCTUX MiHepatiB. [HpopMariro nmpo TIMHICTI MiHEepalld BpaXOBYIOTh IpH OypiHHI Ta
inTeHcH(ikanii BunoOyBaHHS BYIVIEBOAHIB. [JMHUCTI IPYHTH HaJeXaThb A0 IPYIH 3B'A3HUX, sKi y OyJIBHUITBI Hai-
OLIBLI YacTO CIIy)aTh OCHOBaMHM cnopya. [Ipu mpoMy Taki I'pyHTH BIIHOCSATH /0 CKJIQJHUX 1H)KEHEPHO-TEOJIOTIYHMX
yYMOB Oy/IiBHHLITBA, OCKUIBKU IIMHUCTI MiHEpaJld CHeUM(IUYHO BIIMBAIOTh Ha IXHIO MIIHICTh, CTIHKICTh Ta iH. MeToro
crarti € posumuperns inpopmarusHocTi I'C/] mpu mociiKeHHI TITMHUCTOCTI TEPUTCHHUX HA(PTOTA30BHX KOJICKTOPIB 1
MPUTIOBEPXHEBUX TiPCHKUX IOPiJ Ha OCHOBI KOMIUIEKCY raMMa-, raMMa-raMma 1 HEWTPOH-HEHTPOHHOTO KapoTaxy
(FTK+ITK+HHK). Meromuka mocmimkenp Bkitodana ['CJ] mpumagamu, ctBopeHumu B [HCTHTYTI Teodizuku im. C.L
Cy66otinra HAH VYkpaiau (I'® HAHY) camocriiiHo i y criBpoOITHHITBI 3 OpraHi3allisMU-TIapTHEPaMH, 1HTEpIIpeTa-
IO KapOTAXKHIX MaTepiaiiB, po3poOieHHs miaxoaiB M miasumerHs inpopmarusHocTi [ K+ TK+HHK, ominky edek-
THUBHOCTI aBTOPCHKUX PO3POOOK 3 BUKOPHCTAHHIM HE3aJEXKHUX KpUTepiiB. B pesymbrari mocmimkeHHsS po3mIMpeHo (Ha
ocHoBi komiutekcy ' K+I'TK+HHK) cykymHicTh BH3HAYyBaHHX MapaMeTpiB TipCHKHUX MOPiJA MOPIBHAHO 3 TPaTUIIHHOIO
MIPAaKTHUKOIO; PO3POOIICHO P HOBUX CITOCOOIB BIH3HAYCHHS MapaMeTpiB NIMHICTOCTI, 30KpeMa BMICTY, TYCTHHH 1 BOJHE-
BOTO IHJEKCY IIMHUCTHX MiHepaiB. BUKopHCTaHHS LMX MapameTpiB, B CBOIO YepTy, IiJIBHUIIYE TOYHICTb BU3HAYCHHS
nopucrocti ta iH. PEB 3a manumu ['C/l. 3anpornoHOBaHO cHOCIO OLIHKK THIy IIMHUCTOTO MiHepasly 3a IaHUMH
I'K+TTK+HHK. Crioci6 € 1oCTyIIHOM aJbTepHATHBOIO FeOXIMIYHUM JOCIIKCHHSAM KEPHY Ta OLIbII JOPOTUM 1 CKIIa-
HUM KapoTa)XHUM crioco6aM. HoBu3Ha po3po0ok mMmiATBep/KeHa MareHTaMH, a €(peKTHUBHICTb — CBEPIIOBUHHUMH BH-
npoOyBaHHSIMHU Ta MOPIBHSHHIM 3 HE3aJIe)KHHMMH BH3HAYCHHSIMHU IapameTpiB. 3alpOrOHOBAHI MIIXOIHM € CKJIaJ0BOIO
TEXHOJIOTIH NOCHiPKeHHs! Ha)TOra30BUX KOJEKTOPIB Ta IPHUIIOBEPXHEBUX TiPCHKUX MOPIiJ, SKi po3polisitorees B II'D
HAHYV.

Knrouosi cnosa: niwyano-enunucma 2ipcvka nopood; Haghmozazosutl KONeKmop, IpyHm; KOMIIAEKC 2AMMA-, 2AMMAa-
2amMma i HeUmpOH-HelUMPOHHO20 KaApOMAdiCy, 8IOHOCHUL PIHUYEGU NAPAMEMD 2aMMA-KAPOmaxicy, 800Heaull iH0eKc,
2YCMUHA; 2IUHUCMUL MIHEPA.

BHecOK aBTOpiB: BCi aBTOpM 3p06MIM PiBHUI BHECOK Y L0 pobOoTY Hagiiwna 24 avnua 2024 p.
KoHdnikT iHTepeciB: aBTopu NOBiAOMAAOTb NPO BiACYTHICTb KOHONIKTY iHTepeciB MpuiiHaTta 2 auctonaga 2024 p.
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