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To ensure the reliability and long-term usage of high housing buildings, important
industrial, infrastructural and other objects, it is necessary to carry out engineering geo-
logical investigations of grounds (near-surface rocks) as the basis of these structures. To
prevent the potential danger of destruction of the objects, it is also necessary to perform
microseismic investigations of the near-surface geological environment and to agree the
obtained results with the engineering geological parameters in the section of the test
boreholes. Engineering geological parameters, determined by geophysical methods, are
named engineering geophysical parameters.

To solve the geophysical engineering problems, including seismic microzonation, at
the Institute of Geophysics of the National Academy of Sciences of Ukraine a modern
investigation technology has been created. The technology is based on apparatus and
methodical complex of radioactive logging, which involves gamma-ray logging (GL),
density logging (DL) and neutron logging (NL). This paper presents the results of de-
veloping adequate methodical and metrological assurance of the radioactive logging
complex as a key technology element.

Complexation of methods GL, DL and NL (taking into account a priori data) and the
use of the proposed approaches allow determining a wide set of engineering geophysical
parameters: density, porosity, volume moisture, groundwater level, the content of shale,
the content of clay minerals, water saturation, dry ground density, etc. The features of
obtaining parameters by the radioactive logging complex in the zone of aeration and the
zone of saturation are shown, as well as taking into account the influence of the shaliness
on the determined parameters. The effectiveness of the technology has been demon-
strated by specific examples and confirmed by independent laboratory measurements.

Key words: grounds (near-surface rocks), zone of aeration, zone of saturation, ground-
water level, complex of gamma-ray, density and neutron loggings, methodical and met-
rological assurance, engineering geophysical parameters, seismic microzonation, geo-
physical technology.

Introduction. The heightened interest
in engineering geophysical investigation is
connected with the increase in Ukraine of
the volume of high-rise housing construction,
with the building of important industrial and
infrastructure objects, etc. Assurance of reli-
ability and long-term usage of buildings and
structures requires investigations of grounds
(near-surface rocks) as the basis of these con-
structions. In many cases, monitoring chang-
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es in ground properties under the influence
of natural and anthropogenic factors is also
required. Such works imply a detailed and
express investigation of the geological struc-
ture and the determination of engineering
geological and other ground parameters of
the near-surface geological section to a depth
from several meters to tens of meters.
Another important direction, which makes
necessary the investigation of the features of
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the near-surface section, is the estimation of
the seismic hazard of a particular territory
when designing new and for existing poten-
tially hazardous industrial facilities, build-
ings for various purposes, dams, oil-and-gas
pipelines, etc. Microseismic characteristics of
particular localities are related to the proper-
ties of grounds and changes in these prop-
erties under the influence of various factors.
When preparing sites for the construction of
important objects, it is necessary to carry out
the seismic investigations of the near-surface
multilayer geological environment and com-
pare obtained results with the engineering
geological parameters of the appropriate lay-
ers in the section of test boreholes.

The investigation of the near-surface sec-
tion based on ample sampling of grounds
(monoliths) for laboratory determination of
engineering geological parameters presents
significant difficulties and is possible only se-
lectively. This technology is costly, time-con-
suming (especially with increasing depth), in-
sufficiently detailed, not always accurate and
informative due to changes of ground prop-
erties during sample procession, and some
degree of randomness of local sampling.

Geophysical technologies allow for expe-
ditious obtaining, with sufficient accuracy, a
set of engineering geological parameters of
near-surface rocks in real conditions of their
natural occurrence.

Engineering geological parameters, de-
termined by geophysical methods, will be
termed engineering geophysical parameters
[Ogilvi, 1990].

At the Institute of Geophysics of the Natio-
nal Academy of Sciences of Ukraine (IGPh),
systematic work has been carried out to crea-
te a new technology for the ground inves-
tigation. The technology is based on the appa-
ratus and methodical complex of radioactive
logging (RL) for solving geophysical engine-
ering problems, including seismic microzo-
nation [Zvolskyi et al., 2010; Kulyk et al.,
2012, 2013, 2015, 2017a-c; Bondarenko et al.,
2013, 2018, 2019, 2021; Bondarenko, Kulyk,
2015; Kendzera et al., 2016].

We also use the near-surface rocks as natu-
ral models of gas-water-saturated reservoirs to
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develop the apparatus and methodical com-
plexes of radioactive logging for determining
petrophysical parameters of rocks in the sec-
tion of oil-and-gas boreholes [Bondarenko,
Kulyk, 2016, 2017, Kulyk, Bondarenko, 2016].

This paper presents the results of the de-
velopment of adequate methodical and met-
rological assurance as a key element of mod-
ern technology for investigating near-surface
rocks by the complex RL.

1. Subject of investigations, a complex
of logging methods and the borehole con-
ditions. The subject of investigation is the
engineering geophysical parameters of near-
surface sand shale and carbonate rocks in the
aeration zone and the saturation zone. It should
be noted that the near-surface rocks of the
greater part (~ 70 %) of the territory of Ukraine
are sand shale grounds [Shutenko et al., 2017].

For geophysical engineering problems,
including seismic microzonation, important
parameters are the ground density, content of
shale and content of clay minerals, porosity,
dry ground density, groundwater level, vol-
ume moisture, water saturation. For example,
in seismic microzonation of territories, the
groundwater level and the ground density
are used in calculating the increase in seis-
mic magnitude by the seismic rigidity method
[Kendzera et al., 2016; Kurbatskiy, Kosaurov,
2016; Trifonov et al., 2019], and the full set of
engineering geophysical parameters is used
to identify individual layers and interlayers.

The borehole nuclear geophysical meth-
ods occupy the leading position among the
geophysics engineering methods. It has been
proven in practice that complex of radioactive
logging involving gamma-ray logging (GL),
density logging (DL) and neutron logging
(NL) is effective [Osipov, 1968; Ferronskiy et
al., 197#; Ferronskiy, Gryaznov, 1979; Zvols-
kiy, 1980; Kuznetsov, Polyachenko, 1990].
The complex provides fast and detailed de-
termination of a number of geophysical en-
gineering parameters of the grounds of the
near-surface layer. In addition, laboratory
methods are used selectively for control and
comparison and, if necessary, to determine
additional parameters.

Radioactive logging is performed in a dry
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cased borehole. The optimal technique for
making such boreholes is the shock-and-vi-
bration technique (SVT) [Zvolskiy, 1980]. SVT
uses a steel casing pipe of 2in (51 mm) diam-
eter and 5.5 mm wall thickness; the casing
pipeis adjacent to the ground. The boreholes
range from several meters to ~20 m in depth
(in this case, depth is limited by the power of
the SVT equipment). Thermobaric conditions
of occurrence correspond to normal PT condi-
tions and, within the considered depths, have
no affects on the determined parameters.

2. Shortcomings of the traditional technol-
ogy of using the complex RL. The GL+DL+NL
complex has been used for solving geophysi-
cal engineering problems for more than half
a century [Osipov, 1968; Ferronskiy et al.,
1977, Ferronskiy, Gryaznov, 1979; Zvolskiy,
1980; Kuznetsov, Polyachenko, 1990; Ogilvi,
1990]. Existing in Ukraine technology of
engineering geophysical investigations us-
ing radioactive logging [Grounds..., 1990,
2010; Deineko, 2007] is based on a serial set
of single-spacing tools. The set involves the
neutron moisture meter VPGR-1 [Surface...,
1982] and the gamma-gamma density meter
PPGR-1 [Surface..., 1986]. The methodical
and metrological basis of tools was developed
as far back as the 1980s and has a number
of shortcomings when performing borehole
measurements and obtaining geophysical
engineering parameters.

The main shortcomings are as follows.

1. The gamma-ray logging is used qualita-
tively as an indicator of lithological proper-
ties (first of all, as an indicator of shaliness
of grounds). It is used quantitatively as the
natural background value, which must be
taken into account in the density logging tool
readings. The density and the neutron log-
gings are used to determine the density and
moisture of the ground, respectively. That is,
in fact, in traditional technology [Grounds...,
1990, 2010], only individual methods (DL and
NL) are used for quantitative (but not always
accurate enough) parameter determinations,
rather than full agreed complex (GL+DL+NL).
That can be considered as fundamental short-
comings of traditional technology.

2. The set of aluminium-plexiglass simu-
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lators of density and moisture is an integral
part of traditional technology. This set is used
to obtain the calibration functions of density
and neutron logging tools. Standard calibra-
tion functions are used on all investigation
objects without considering the features of
these objects. However, these simulators do
not always represent the investigated sec-
tion's real properties, particularly in the case
of natural sand shale grounds. Besides shali-
ness in such grounds, there are almost always
a zone of aeration and a zone of saturation.
This leads to systematic errors in the quantita-
tive determination of both density and mois-
ture and other parameters.

Along with calibration procedure of den-
sity and neutron logging tools using alumi-
num-plexiglass simulators, full-scale physical
models of grounds with different porosity and
moisture and, respectively, the water satura-
tion can be used for this purpose [Grounds...,
1990, 2010]. However, it is practically im-
possible to implement the latter approach
by constructing a sufficient set of physical
models that would cover the required range
of changes in porosity, clay content, moisture,
and water saturation.

3. The next shortcomings of traditional
technology are the impossibility of taking into
account the effect of chemically bound water
in clay minerals when determining moisture
along the borehole section and the neglect of
features of the moisture determination in the
aeration zone (variable porosity and variable
filling of pores with water).

4. Other methodical shortcomings:

—obtaining the calibration functions of the
tools (PPGR-1 and VPGR-1) for readings in
the form of an absolute count rate leads to
increases the systematic error in determining
the desired parameters; it is as a result of an
uncontrolled change in the efficiency of de-
tecting systems and a decrease in the activity
of sources with time, etc.

—the absence of a procedure for determin-
ing clay minerals content, chemically bound
water in clay minerals, the density of the solid
phase, etc.

5. The set of tools PPGR-1 and VPGR-1 is
characterized by several technical and tech-
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nological shortcomings [Kulyk et al., 2017c].

Thus, in use since Soviet times, the tech-
nology strongly needs renewal. In world prac-
tice, there are also no sufficiently advanced
technologies in this direction [Keys, 1990;
Coe et al., 2018].

3. Petrophysical model. We have taken the
following petrophysical model for investiga-
tion of fundamental aspects of determining
the ground parameters.

The near-surface sandshale rock consists
of the matrix (quartz skeleton), shale compo-
nent, and pores. The pores are filled with air
and fresh water in various proportions (zone
of aeration and zone of saturation, respec-
tively).

The shale component includes hydrogen-
containing clay minerals (mainly hydromica,
kaolinite, and montmorillonite), quartz parti-
cles, feldspar, etc. In many cases, the density
of the shale component of the ground is not
much different from the density of quartz. On
this basis, it is often convenient to consider
the matrix together with the shale component
as an integral solid phase of the ground with
a density of ~2.65 g/cm?®,

The water content in the ground is char-
acterized by a volume moisture Wy, (the ratio
of the volume of water to the volume of the
ground), which is determined as W\=S¢. In
this formula, ¢ is the porosity (the ratio of the
pore volume to the ground volume), S, is the
water saturation (the ratio of the water volume
in the pores to the volume of pores), which
can vary from 0 (dry ground) to 1 (water-filled
ground).

As an aeration zone, we shall understand a
part of the near-surface section, which is lo-
cated above the groundwater level. Below this
level, in the zone of saturation, the grounds
are fully saturated with fresh water. The rela-
tive volume of air in the pores is characterized
by the air saturation factor S,;=1-S,,,.

Such a petrophysical model adequately
represents the main components and charac-
teristic features (aeration zone, zone of satu-
ration, shaliness) of near-surface rocks and
is effective for determining parameters and
interpreting the radioactive logging complex
results.

6

4. Metrological assurance. 4.1. Gradu-
ation characteristics and calibration func-
tions. When developing metrological assur-
ance for radioactive logging tools, we will ad-
here to the terminology based on monograph
[Lobankov, 2016].

Tool graduation is a set of metrological
operations on full-scale physical models of
rocks. The purpose of the operation is to es-
tablish a correspondence between the read-
ings of a logging tool (under given borehole
conditions) and some values of the measured
engineering geophysical parameter (in ac-
cepted units).

Graduation establishes a certain func-
tional dependence between the argument
(engineering geophysical parameter) and
the values of the function (tool readings at
each value of the parameter). This functional
dependence is called the graduation charac-
teristic.

To obtain the required engineering geo-
physical parameter in the borehole section,
a calibration function is used. Calibration
function is a functional dependence of the
measured parameter on the tool readings. In
essence, the calibration function is the inverse
function of the graduation characteristic. At
that, the technical conditions of the «tool—
borehole» system for physical models and
the investigated borehole section must be
appropriate.

One of the requirements for calibration
function is the choice of an adequate ap-
proximate formula that provides minimum
errors in the operating range of variation of
the determined parameter. The simplest ap-
proximation is linear, and polynomial, expo-
nential and logarithmic approximations are
also commonly used.

Nowadays, when a series of radioactive
logging tools of the same type is relatively
small (there may even be several exemplars),
graduation characteristics and calibration
functions are construct for each tool exem-
plar. Such individual dependences can have
different constants of the approximation for-
mulas.

In case of incomplete correspondence be-
tween the model and real parameters of the
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«tool—borehole» system, the appropriate cor-
rection is made to the calibration function.
If the rocks of the investigated section and
the model are different, then the correction
is made directly to the required parameter.

4.2. Tool readings. The quantities directly
recorded by the detectors when carrying out
the radioactive logging complex in near-sur-
face wells are the count rate of gamma rays of
natural radiation along the borehole section
(Iy, counts per second (cps)); the count rate of
Compton gamma rays arising from the inter-
action of the gamma rays from source Bics
with the ground (IW, cps) (for a given sonde
spacing of the density logging tool);the count
rate of slow neutrons arising from the slow-
ing-down and diffusion of neutrons from the
2%8puBe source (I, cps) by one or two sonde
spacing of the neutron logging tool.

When interpreting, it is conventional to
present the readings of gamma-ray logging
in the form of index AI, [Golovatskaia et al.,
1984; Kuznetsov, Polyachenko, 1990; Ellis,
Singer, 2008]:

AL = (1, = Vi )/ = Vi) (1)

where [, is the directly measured count rate of
gamma-rays; Iy Imin are the reference values
of the count rate of gamma-rays (commonly
these values are determined in shale and the
slightly radioactive ground, respectively).
The index A/, allows users to convert the re-
sults of gamma-ray logging to a unified scale,
compare the data obtained by different tools
and recorded in different units, and use uni-
versal relationships for quantitative estimat-
ing the shaliness the shaliness of sandshale
rocks. The index Al is also characterized by
significant compensation properties that al-
low it to be used with sufficient accuracy in
practice without applying the corrections.
Representing the density and neutron log-
ging readings in relative units (r.u.) makes
it possible to obtain correct results when
measuring with the same type of tools us-
ing the corresponding sources with different
strengths. The application of r.u. also com-
pensates for the change with time in the effi-
ciency of detectors. Asanr.u., it is convenient
to take the readings of the corresponding tool
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in a tank with fresh water in the presence of a
casing pipe, simulating a borehole («water»
unit).

4.3. Graduation characteristics of gamma-
ray logging. Mass content of shale, Cg, and
mass content of clay minerals, C, are param-
eters of grounds, measured with the help of
gamma-ray logging. Using the correlation be-
tween these parameters of shaliness, which
are determined by laboratory investigations
of core material, and the corresponding well-
logging data in the form of index A/, [Golo-
vatskaia et al., 1984; Bhuyan, Passey, 1994],
we shall obtain the graduation characteristics
of gamma-ray logging [Kulyk et al., 2015]:

Aly = fsh (Ccs)r Aly = fcl (Ccl)- (2)

Fig. 1, a shows the graduation character-
istics of the method GL and their approxima-
tion in the form of polynomials. Parameters
Cyp and C, we determine in the borehole
section directly from calibration functions of
gamma-ray logging.

4.4. Graduation characteristics of den-
sity and neutron loggings. According to our
approach [Kulyk et al., 2017b], when inves-
tigating the near-surface sandshale rocks,
neutron logging tools should be graduated
on physical models based on the clean (clay-
free) quartz material, with different water-
filled porosities (S,,=1, $=W,,). It is reasonable
to graduate density logging tools on the same
models. Moreover, to increase the number of
graduation points in density, the parameter
S,y of the models can have three values: S, =1
(water-filled ground), S,=0 (dry ground),
Sw<<1 (moist ground). Such models were
constructed at the IGPh [Bondarenko et al.,
2021]. From measurements on physical mod-
els, we obtain the graduation characteristics
of density and neutron logging tools:

Byy = fDL (8) ! (3)
where B

- is the readings of the density log-
ging tool in r.u.;

Bn = fNL (d)) ' (4)

where B, is the readings of the neutron log-
ging tool in r.u.
Thus, the density (SW) and water-filled
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Fig. 1. Graduation characteristics of: @ — gamma-ray
logging for mass contents of shale (1) and clay minerals
(2); b — density logging for dual-channel tool DL+GL;
c— neutron logging for near detector of tool 2NL. ¢ —
measurements in physical models at IGPh; r.u. — rela-
tive units, dec. — decimal fraction.

neutron porosity (¢,) are the parameters of
grounds, measured by density and neutron
loggings, respectively. Density, SW, and poros-
ity, ¢, we directly obtain by well-logging data
from corresponding calibration functions. The
calibration functions of density and neutron
logging tools are inverse functions for gradu-
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ation characteristics (3) and (4), respectively.

There are developed and created dual-
channel density and gamma-ray logging
tool (DL+GL) and the dual-spacing neutron
logging tool (2NL) at the IGPh [Kulyk et al.,
201%c]. Fig. 1, b, c show the graduation char-
acteristics of the density gauge of the dual-
channel logging tool and near detector of
the neutron logging tool, respectively. The
graduation characteristics were obtained on
full-scale physical models constructed at the
IGPh [Bondarenko et al., 2021].

5. Parameters of shaliness. 5.1. The con-
tents of shale and clay minerals. Shaliness
is an important lithological characteristic of
near-surface rocks. There are distinguished
the shale content and the clay minerals con-
tent in ground [Bhuyan, Passey, 1994; Ellis,
Singer, 2008]. The latter is associated only
with clay minerals in the shale component of
the ground.

The content of shale is determined by the
presence of pelitic material. The pelitic mate-
rial is small particles (by convention, less than
0.01 mm), regardless of their mineral compo-
sition (clay minerals proper, quartz, feldspar,
etc.) [Dobrynin et al., 2004].

The shale component has an influence, in
particular, on the ground's filtration proper-
ties (permeability). Shales are characterized
by increased radioactivity due to the large
specific surface area of pelitic particles, which
adsorb salts of radioactive elements (mainly
isotopes of the uranium-radium and thorium
series), and the presence of potassium, which
contain radioactive isotope “’K, in some clay
minerals and feldspar. This allows distin-
guishing grounds by the shale content and
evaluating it quantitatively applying data of
gamma-ray logging [Ferronskiy, Gryaznoy,
1979; Golovatskaia et al., 1984].

The content of clay minerals [Bhuyan, Pas-
sey, 1994, Ellis, Singer, 2008] and their type
affect the physical and mechanical properties
of grounds. Chemically bound water, which
is contained in clay minerals, significantly af-
fects the readings of neutron logging tools.
This water should be taken into account
when determining the porosity and moisture
content of the investigated grounds. The hy-
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drogen index and density of individual clay
minerals are their characteristic properties.

5.2. Parameters of mass shaliness. The mass
content of shale, Cyp,, and the mass content of
clay minerals, C, are determined by means
of calibration functions of the gamma-ray
logging, which are inverse functions for the
graduation characteristics (2). For the gradu-
ation characteristics of the gamma-ray log-
ging in Fig. 1, q, the corresponding calibra-
tion functions can be represented [Kulyk et
al., 2015] as:

Cl, =2.60Al; —3.55A1° +1.78A1 +0.15Al., (5)

Cl =0.74A17 —0.84A1° +0.51A17 +0.20Al, . (6)

According to functions (5) and (6), the pa-
rameters Cg, and C, are determined in deci-
mal fractions (dec.).

When solving practical problems and in the
absence of laboratory determinations of the
content of clay minerals, it is sufficient to take
the average value of parameter C in the total
relative mass of shaly material Cg,. In most
cases, based on the analysis of measurements,
it is assumed that clay minerals amount to
about 60 % of the mass of shaly material,
namely, C,=0.6C, [Bhuyan, Passey, 1994; Ku-
lyk et al., 2015].

The mass content of shale and the mass
content of clay minerals are essentially inde-
pendent of the zone in which they are deter-
mined (zone of aeration or zone of saturation).

5.3. Parameters of volume shaliness. When
analyzing and interpreting well-logging data,
the parameters of volume content of shale, K,
and volume content of clay minerals, K, are
used [Dobrynin et al., 2004]:

Ksh = Csh (1_ ¢) ' Kcl = Ccl (l_ (I)) ' (7)

where ¢ is the porosity.

5.4. Parameters of clay minerals. To solve
some geological engineering problems, it is
important to obtain information about the
type of clay minerals contained in sandshale
grounds. These minerals can affect the prop-
erties of the ground as the basis of building
structures. For example, montmorillonite is
characterized by strong swelling and plas-
ticity, while hydromica weakly absorbs water
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[Alexander et al., 2011]. The identification of
clay minerals is performed using laboratory
methods, including sampling of grounds and
carrying out of laborious and costly labora-
tory investigations [Logvinenko, Sergeeva,
1986].

The volume content of chemically bound
water in clay minerals, K, is determined as

Kcl‘w‘ = ('Oclccl (1_ (I)) ' (8)

where o is the hydrogen index of clay miner-
als; C is the mass content of clay minerals.
At the full water saturation, the parameter
K¢ w. is the difference between neutron po-
rosity, ¢, (see subsection 8.2) and porosity
by methods DL+GL, ¢; oy (see subsection 8.1):

Kew, =00 = sy - ©)

The difference between ¢, (porosity by
method NL without taking into account the
content of clay minerals) and ¢ y (true poros-
ity by methods DL+GL) means the apparent
porosity of the ground on account of chemi-
cally bound water in clay minerals.

In Fig. 2, the interdependence of the vol-
ume content of chemically bound water, K,
and the index of gamma-ray logging, Aly, is
constructed. The relationis based on the bore-
hole measurements in the zone of saturation
of near-surface sandshale rocks. There can be
seen a sufficiently close correlation between
clay minerals (due to the content of chemi-
cally bound water) and the index of gamma-
ray logging Aly.

The hydrogen index of clay minerals, o,
can be obtained by knowing the parameters

b (|)5+Y, and C:
1 (60 —0ss)
O =" 3
Ccl (1 - ¢)
where ¢, is the neutron porosity; (|)5+Y is the
porosity by methods DL+GL.
The density of clay minerals of sandshale
ground, d, in the zone of saturation can be

estimated using the complex of radioactive
logging [Bondarenko, Kulyk, 2015]:

5,5, (1
L e
= Cu1-9) (c J (n
9

(10)

d
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Fig. 2. Relationship between the volume content of
chemically bound water in clay minerals and the index
of the gamma-ray logging based on well-logging data.
dec. — decimal fraction.

where SW is the ground density by method DL;
O, is the density of quartz, assumed equal to
2.65 g/cms; d,, is the density of water, which
is taken as 1.00 g/cm®.

The hydrogen index o (10) and the den-
sity O (11) of clay minerals are related to
their type. By layer-by-layer comparison of
the parameters d. and o, obtained from the
results of complex RL, in favourable cases, it
is possible to estimate the type of clay min-
eral (or its predominant content in the mineral
mixture) in the layer. In Fig. 3 based on the
well-logging data in near-surface sandshale
rocks, a crossplot d <>wy was constructed,
and the results of this approach are demon-
strated. It can be seen that montmorillonite
and chlorite are predominant in some layers,
and a mixture of clay minerals are predomi-
nant in most layers.

6. Density of near-surface rocks. Under
the chosen petrophysical model, the density
of near-surface sandshale rock, 9, is deter-
mined by the density of its components and
their relative content:

8=8,(1-0— Ky )+8,Ky +8, Wy, (12)

where &, is the density of shaly material; Ky, is
the volume content of shale; ¢ is the porosity;
W,, is the volume moisture.

The result of the density logging, SW, is
determined by the electron density of the
ground, which, in turn, is closely related to
the density, 6. Graduation of density logging

10

0,4 1
. 0!3_ @
3]
3
=) i
% 0.2
0.1 I T I l T T T ! T T T f T T T I
2,2 2,4 2,6 " 2,8 3,0

S g/cm

Fig. 3. Crossplot of hydrogen index vs density for deter-
mination of the type of clay minerals: / — montmoril-
lonites, 2— mixture of minerals, 3 — chlorites.

tools on physical models of grounds with vari-
ous porosity and different water saturation al-
lows at once taking into account the anoma-
lous properties of hydrogen [Lobankov, 2016].
Therefore, for sandshale grounds in the aera-
tion zone and below the groundwater level,
the equality 8W=8 is fulfilled in practice with
a satisfactory accuracy (with an error of no
more than ~0.01 g/cm® [Ferronskiy, Gry-
aznov, 1979; Golovatskaia et al., 1984].

The density of the near-surface rock from
density logging, SW, is determined through
calibration function, which is the inverse
function of the graduation characteristic (3).

For the dual-channel tool DL+GL, which is
created in IGPh [Kulyk et al., 2017c], the cali-
bration function of density logging is given by

8,,=-0.65In(B,,)+1.00. (13)

The dry ground density, 3y, is determined
with the help of Eq. (13) and the moisture
Wy, according to the complex of methods
GL+DL+NL (see section 11):

8y=8 —8,Wy. (14)

7. Groundwater level. The groundwater
level is the boundary between the zone of
aeration and the zone of saturation. To find
the groundwater level, it is necessary complex
use of methods DL+GL and methods NL+GL
[Kulyk et al., 2017b].

The difference Az between the porosity
according to method DL taking into account

T'eogpizuunuti xypnaa Ne 1, T. 44, 2022



DETERMINATION OF ENGINEERING GEOPHYSICAL PARAMETERS OF GROUNDS ON BUILDING ...

the content of shale with the help of method
GL, o5 oy (see subsection 8.1) and porosity ac-
cording to method NL taking into account
the content of clay minerals with the help of
method GL, ¢, oy (see subsection 8.2) along
the borehole section can serve as a criterion
for the discrimination of aeration zone and
zone of saturation:

ARL = (I)5+y - ¢n+y . (15)

In the aeration zone, where the porosities
bs +y and ¢, +y are apparent porosities, param-
eter Ag takes on a positive value (A, >0). In
the zone of saturation, where the porosities
b5 Ty and ¢, +y are approaching true porosity,
the parameter Ag is close to zero (Ag #0). On
the borehole logs the depth point of transition
from value Ag >0 to value Ag ~0 represents
the groundwater level. Above this level, that
is, in the aeration zone, the parameter Ag
grows the higher true porosity and the lower
water saturation. In so doing, the parameter
AR does not depend on the shaliness.

For reliable identification of the ground-
water level, the difference Ag, shall exceed
the total error of the porosities ¢g y and ¢, Ty
In our estimation, the absolute total error of
the value Ag, in practice is less than about +2 %,
which corresponds to the error in determining
the groundwater level of about 0.1 m.

Fig. 4 shows the calculated dependences
of the parameter Ag, on the water saturation
for sandshale ground with porosity of 20 %,
30 %, and 40 %. As may be seen from Fig. 4,
the complex of methods GL+DL+NL makes it
possible to identify the aeration zone practi-
cally over the whole real range of true poros-
ity and water saturation of near-surface rocks.

8. Porosity of shaly grounds in the zone of
saturation. 8.1. Porosity by methods DI+GL.
Seeing that ESW:S, the porosity by methods
DI+GL of water-filled sandshale grounds
(Wy=¢), taking into account the content of
shale with the help of method GL, is expressed
from Eq. (12) in terms of the density SW as
8, -8, 8;—8 .
5 5 K (16)

- sh 1
q w 6q_6w

¢8+y =

where ¢ +yis the porosity by methods DL+GL;
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Fig. 4. Parameter Ag, vs water saturation for sandshale
ground with porosity 0,4 (1), 0,3 (2) and 0,2 (3).

5, is the density by method DL; K/, is the vol-
ume content of shale based on method GL.

On theright-hand side of Eq. (16), the first
summand is the porosity from density logging
(¢5) and the second summand is the apparent
porosity of the shaly material.

Taking into account relationship (7), it is
possible to obtain the porosity by methods
DL+GL in the following form:

(8q _Sw)_(sq — S, )Csyh
3+y = ! ( 1 7)
(30 0u) (84 ~5u)C4
where C/ is the mass content of shale by
means of calibration function of gamma-ray
logging (5).

Since Eq. (17) contains only directly mea-
sured parameters (SW and C},) and constants
(densities Sq, O, and ), it is this equation
is used in practice for determination of the
porosity of shaly grounds by methods DL+GL.

In many cases, the density of the shaly ma-
terial is close to the density of the quartz skel-
eton (SSthq). The shalinessh as a small effect
on the determination of porosity by method
DL [Gulin, 1975]:

(18)

where ¢ is the density porosity [Ellis, Singer,
2008]; 84 is the density of the solid phase of
the ground.

8.2. Porosity by methods NL+GL. The po-
rosity by method NL (neutron porosity [Ellis,
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Singer, 2008]) is closely related to the hydro-
gen content of the rock. The neutron porosity,
¢y, is determined according to the calibration
function, which is inverse to the graduation
characteristic obtained on physical models of
water-filled grounds. In clay-free water-filled
grounds, when interpreting the readings of
the neutron logging tool by such a calibra-
tion function, the true value of water-filled
porosity is determined (¢,=¢). For example,
for a near detector of a dual-spacing tool 2NL
[Kulyk et al., 2017c], the calibration function,
corresponding to the graduation characteris-
tic (4), for <50 % has the form

¢, =0.73B2+0,06B, —0,01,  (19)

where B, is the readings of the near detector
of a dual-spacing tool 2NL in r.u. According
to Eq. (19), the neutron porosity is determined
in decimal fraction.

To determine the porosity of shaly grounds,
it is necessary to consider the hydrogen con-
tent in clay minerals. The relative hydrogen
content (hydrogen index, ) of porous shaly
ground in the zone of saturation is expressed
through the hydrogen indices of water and a
mixture of clay minerals:

0= ('OW(I) + 0‘)C1 Kcl ! (20)

where ,, is the hydrogen index of water (for
the fresh water o,,=1); o is the hydrogen in-
dex of clay minerals [Golovatskaia et al., 1984];
K, is the volume content of clay minerals; ¢ is
the water-filled porosity.

The hydrogen index o is considered as
neutron porosity, that is, o~¢, [Dobrynin,
1988].

The water-filled porosity by methods
NL+GL taking into account the content of
clay minerals with the help of method GL is
determined from Eq. (20) as

¢n+y :¢n _wclKgll 1 Oy =1, (21)

where ¢, +y is the porosity by methods NL+GL;

K{ is the volume content of clay minerals
based on method GL. The hydrogen index of
clay minerals is determined from apriori data.
As practice shows, in the absence of laboratory
determinations, it is reasonable to take oy ~0.2.

12

On theright-hand side of Eq. (21), the first
summand is the neutron porosity, and the sec-
ond summand is the apparent porosity of clay
minerals.

Taking into account Eq. (7), the porosity
by methods NL+GL can be obtained in the
following form:

Y
(I)n — O)CICCI
Y
Oy, — (Dclccl

Onyy = , (22)

where C/| is the mass content of clay minerals
by means of calibration function of method
GL (6).

Since Eq. (22) contains only directly mea-
sured parameters (¢, and C/j) and constants
(hydrogen indices o, and ), it is this equa-
tion is used in practice for determining the
porosity of shaly grounds by methods NL+GL.

9. Apparent porosity of shaly grounds in
the aeration zone. 9.1. Apparent porosity by
methods DI+GL. In the aeration zone, the
density of grounds is less than in water-filled
grounds. Therefore, we will obtain an appar-
ent porosity in the aeration zone by methods
DL+GL, which is higher than the true porosity.

Substituting Eq. (12) into Eq. (16), taking
into account that 8W=6 and moisture in the
aeration zone is determined as Wy, = ¢(1-S,;, )
, we obtain the expression for the apparent
porosity by methods DL+GL for grounds in the
aeration zone:

O =+ Ad;, (23)

where
o

A — w
% =55

q w

(I)Sair . (24)

For given §; and &, the value of Ad is de-
termined by the true porosity ¢ and the air
saturation factor S,;=1-S,,, where S, is the
water saturation.

The apparent porosity of shaly grounds in
the aeration zone by methods DL+GL accord-
ing to Eq. (23) is higher than the true poros-
ity on the value of Ads. In the case of water-
filled ground (S,,=0), the apparent porosity
by methods DL+GL becomes true: ¢§i+ry =¢.
In dry ground (S,;~1), the apparent porosity
by methods DL+GL takes the maximum value:

W'
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q)air _ 8q (I)
S+y § -8 .

q w

9.2. Apparent porosity by methods
NI+GL. The number of hydrogen nuclei per
unit volume of ground in the aeration zone
is less than in the water-filled ground. There-
fore, we will obtain an apparent porosity ¢,
when interpreting the neutron logging tool
readings by the «water-filled» calibration
function. This apparent porosity ¢, is lower
than the true porosity.

Since w~¢,, the neutron porosity of the
porous shaly ground in the aeration zone is
expressed through the hydrogen indices of
water, o,,, which fills part of the pores, and a
mixture of clay minerals, og:

(I)n = (Dwd)(l_ Sair ) + Kgll '

where ¢ is the true porosity of ground; S, is
the air saturation factor. The hydrogen index
of air is zero (m,;,=0).

Substituting (25) into (21), we obtain the
expression for the apparent porosity by meth-
ods NL+GL for grounds in the aeration zone:

¢?1ij—y = (I) - A¢n 1

(25)

(26)
where
A(I)n = (I)Sair .

The apparent porosity of grounds in the
aeration zone by methods NL+GL, ¢y, ac-
cording to (20) is less than the true porosity
¢ on the value A¢,,. In the case of water-filled
ground (S,=0, A$,=0), the apparent porosity
by methods NL+GL becomes true porosity.
In dry ground (S;=1, K is any), the apparent
porosity by methods NL+GL is equal to zero.

10. True porosity in the near-surface sec-
tion. The porosity by methods DL+GL in the
aeration zone is increased compared to the
true one due to a diminution in the total den-
sity of the ground. The porosity by methods
NL+GL in the aeration zone decreases due
to the lower hydrogen content and, to some
extent, lower density. Thus, the porosities
by methods DL+GL and by methods NL+GL
in the aeration zone are apparent ones. It is
impossible to determine the true porosity in
this zone separately by methods DL+GL and

(27)

T'eogbizuunuti xypnaa Ne 1, T. 44, 2022

by methods NL+GL. It is necessary to use a
complex of these methods to obtain true po-
rosity in the aeration zone.The porosity by
the radioactive logging complex GL+DL+NL,
¢r. can be represented in general form as the
weighted arithmetic mean

Ore = sy, 00,4, 0y +O, =1, (28)
where a4 and o, is weight factors; ¢z, is the
porosity by methods DL+GL according to
Eq. (17), (I)nﬂ is the porosity by methods NL+GL
according to Eq. (22).

In the aeration zone, we obtained numeri-
cal estimates of the weight factors at first em-
pirically and then confirmed them with the help
of theoretical calculations [Bondarenko, Kulyk,
2016; Kulyk, Bondarenko, 2016; Kulyk et al.,
2017b].

Within the framework of the used approxi-
mations for sandshale grounds, it is easy to
obtain the following values of the weight factors
for the aeration zone:

8, — 90, 3, 29)
al = , (X’Z =—,
8‘1 8Cl

As follows from Eq. (29), in the approxima-
tion under consideration, the weight factors
o have the following properties:

—0; depend on lithology (through the den-
sity of the skeleton, in this case, §);

—a;do not depend on the porosity and wa-
ter saturation of the ground;

— o do not depend on the specifications
and metrological characteristics of specific
logging tools and on the borehole character-
istics (diameter, casing, etc.).

For near-surface sandshale rocks, the
values of the weight factors are as follows:
a4~0,65 and a,~0,35.

In the zone of saturation, the weight factors
are equal to 0.5 (a;=a,=1/2). That is, in this
case, the porosity by the radioactive logging
complex GL+DL+NL is reasonable to take as
the arithmetic mean of the porosities by meth-
ods DL+GL and by methods NL+GL [Kulyk
et al., 2017b]:

_ (I)6+y + ¢n+y

= (30)

13



M.S. BONDARENKO, V.V. KULYK

11. Volume moisture. Volume moisture,
Wy, is determined as the ratio of the volume of
water in the pores of the ground to its volume.

In the zone of saturation, the volume mois-
ture and porosity coincide, that is, W\~=¢.

In the aeration zone, volume moisture
can be determined through the apparent po-
rosities by methods DL+GL and by methods
NL+GL as their arithmetic mean weighted
value [Kulyk et al., 2017b]

Wy =Bubs., +Bobur, . Bi+B, =1, (31)

where the weighting factors are obtained
empirically based on the analysis and com-
parison of laboratory and well-logging data:
B470.101 B~0.90.

12. Water saturation. Water saturation, S,
is determined as the ratio of volume moisture
to porosity: S, =W\/¢.

In the zone of saturation, where volume
moisture and porosity have the same value,
water saturationis equal to 1.

In the aeration zone, the water saturation
by radioactive logging complex GL+DL+NL
[Kulyk et al., 2017b] is equal to:

gru_ Pibe, Bt

W : (32)
s,y + 0Py,

13. Procedure of determination of engineer-
ing geophysical parameters. The sequence of
determination of engineering geophysical
parameters by the radioactive logging complex
according to our proposed approaches [Bonda-
renko, Kulyk, 2015; Kulyk et al., 2015, 2017b]
is as follows.

1. Based on the registered count rates Iy,
IW and /,, the corresponding relative readings
of methods GL, DL and NL are formed: Aly,
BW and B,

2. The mass content of shale, C}, , and the
mass content of clay minerals, Cli, are de-
termined by the calibration functions of the
gamma-ray logging (5) and (6).

3. The total ground density, SW, is deter-
mined by the calibration function of the den-
sity logging tool (13).

4. The neutron porosity, ¢, is determined
by the means of calibration function of neu-
tron logging tool (19). The porosity by methods

14

NL+GL, ¢, oy taking into account the mass con-
tent of clay minerals is determined according
to Eq. (22).

5. In the case of a significant difference
in the density of the shaly material, dg,, from
the density of the quartz skeleton, Sq, the
density porosity of sandshale grounds, ¢5+y,
is obtained on the basis Eq. (17). In the case
dsy=dq, the density porosity is obtained with
the help of Eq. (18).

6. Based on the results of determining the
porosities ¢5+y and ¢n+v' the parameter Ag,
which permits to identify aeration zone and zone
of saturation as well as to install the ground-
water level, is calculated by Eq. (19).

Two porosities, ¢5+y and <|)n+y, which are
plotted together on the same diagram, dis-
agree in the aeration zone (¢5+Y>¢H+Y)' This
divergence will be the larger the greater true
porosity and the smaller water saturation.
In the intervals of full water saturation, the
porosities ¢5., and ¢, practically coincide
(within the limits of errors).

The groundwater level is determined by
the transition point from Ag >0 to Az ~0 in
depth.

7. The true porosity ¢g, in the aeration
zone is determined by the complex RL as the
weighted arithmetic mean of the apparent po-
rosities (|)5+y and <|)n+y. In the zone of saturation
(below the groundwater level) the true poros-
ity is determined as the arithmetic mean of
porosities g, and ¢y,

8. The volume content of shale, K, , and
the volume content of clay minerals, K},
are determined by Eq. (7) through the cor-
responding values C} and C} taking into
account the true porosity ¢g, .

9. The volume moisture, W& L in the aera-
tion zone is determined by the complex RL as
the weighted arithmetic mean of the apparent
porosities ¢g Ty and ¢, y according to Eq. (31).
In the zone of saturation the volume moisture
is equal to the porosity.

10. The radioactive logging complex deter-
mines the density of dry ground according to
Eq. (14) through the total ground density and
volume moisture.

11. Complex RL determines the water satu-
ration in the aeration zone according to Eq.
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(32). Below the groundwater level, the water
saturation is equal to 1.

12. According to the results of determin-
ing the parameters of shaliness and to a priori
data, a lithological column is imaged.

13. Analysis of the full set of engineering
geophysical parameters and lithological col-
umn allows layer identification and marking
local features.

14. Within the identified homogeneous
layers or determined lithotypes, under favou-
rable conditions, the hydrogen index of clay
0 and the density of clay minerals . are
determined, as well as the type of clay mineral
is estimated.

Based on the previous methodical ap-
proaches and the described procedure of
determining the geophysical engineering
parameters by the complex GL+DL+NL, the
appropriate algorithms have been developed,
and a computer program «NSL-complex» has
been created [Bondarenko et al., 2013].

14. Examples of determination of engi-
neering geophysical parameters. Well-log-
ging examples of the geophysical engineer-
ing parameters determination are shown in
Fig. 5—38. The results were obtained with the
help of tools DL+GL and 2NL, which have
been created and produced at the IGPh [Ku-
lyk et al., 2017c].Interpretation of well-log-
ging data has been performed based on devel-
oped apparatus and methodical complexes,
and metrological approaches.

Borehole Ne 1 (Fig. 5) is located on the ter-
ritory of the IGPh on the site of natural mod-
elling. The site serves to test the apparatus
and methodical complexes of the radioactive
logging and to test the portable resonance
seismic source, developed at the IGPh [Ro-
man et al., 2018; Gryn et al., 2019]. Boreholes
Ne 2 (Fig. 6) and Ne 3 (Fig. 7) are placed on
high-rise housing construction sites in Kyiv.
Borehole Ne 4 (Fig. 8) is located on the con-
struction site of a new dam of the Northern
Mining and Concentration Enterprises (the
city of Kryvyi Rih).

In all cases the investigated near-surface
section is represented by sandshale grounds
and includes a zone of aeration and a zone
of saturation. Based on the logging results,

T'eogbizuunuti xypnaa Ne 1, T. 44, 2022

the following parameters are determined in
boreholes Ne 1—4:

—mass content of clay minerals (curve 1);

— mass content of shale (2);

—volume content of clay minerals (3);

—volume content of shale (4);

— dry ground density (9);

— total density (6);

— porosity by methods NL+GL (7) and den-
sity porosity (8), which are apparent in the
aeration zone;

— true porosity according to the complex
RL (9);

—volume moisture (10);

— water saturation (11).

Lithological identification of the near-sur-
face section has been performed according to
diagrams of shaliness.

In the borehole Ne 1 (Fig. 5), the following
layers have been identified:

—loam (in the intervals 1.0—2.2m, 4.5—6.6 m,
8.2—9.2m, deeper than 11.2 m);

—sand (2.2—4.5 m);

—loamy sand (6.6—8.2 m);

—shale (9.2—11.2 m).

The groundwater level in the borehole Ne 1
is determined at a depth of 9.7 m. Two thick
layers are identified in the borehole section
according to the density: 1.0—8.0 m (density
~1.9—2.1 g/cms) and deeper than 8.0 m (den-
sity ~2.4 g/cm3). The layers also correlate with
porosity.

In the borehole Ne 2 (Fig. 6), the following
lithotypes have been identified:

—loam (in the intervals of 0.5—1.7 m, 9.2—
9.8 m, deeper than 11.3 m);

—sand (1.7—5.0 m, 8.3—9.2 m);

—loamy sand (5.0—8.3 m);

—shale (9.8—11.3 m).

The groundwater level in the borehole Ne 2
is located at a depth of 6.6 m. In the bore-
hole section following layers are identified
according to the density: 1.5—4.0 m (density
~1.8 g/cm®), 4.0—10.0 m (density ~2.0 g/cm?®
with a local increase up to ~2.3 g/cm3) and
deeper than 10,0 m (density ~2.15 g/cm3).
Changes in density correlate with changes
in porosity.

In the borehole Ne 3 (Fig. 7), the following
lithological layers have been identified:

15



M.S. BONDARENKO, V.V. KULYK

0-
1-
Xl BENTEERY aibazRue I
3 r (] K¢ %
y i rJ
44 \\ / < \‘ I\
5. M N \K/ [] 1 o il / (
¥ X 2y (¢ THNE ) )
2 g @ 1Y ) 71 [ il L/
& JEC ( 10 [
JOTE 0 LT e [ 1
4 Pl Pors [~
Y = T = O . O S 20 e
N
il D ) ) ( S
sl EDEENINIIIgEI(EpIbIEEpENR QEEEE
o 02 04 0 02 04 175 225 0 0,2 04 0 01 020 05 10
Mass contents Volume Density, g/cm  Porosity, dec. = Moisture, dec. Water
of shale and clay %‘}';t}f;‘lf‘ saturation, dec.
minerals, dec. and cla

minerals, dec.

& Man-made ground % Loam

Fig. 5. Engineering petrophysical parameters in the section of borehole Ne 1 (the site of natural modelling, IGPh)
according to well logging by tools DL+GL and 2NL: I — mass content of clay minerals, 2— mass content of shale;
3 — volume content of clay minerals; 4—volume content of shale; 5— density of dry ground, 6 — total density, 7—
porosity by methods NL+GL, § — density porosity; 9 — true porosity, 10 — volume moisture; 11 — water saturation;
dec. — decimal fraction; ¢ — laboratory determinations; GWL — groundwater level.

SILELEES,

Sand Loamy sand E Shale

22

/BN W\ | s P ] | [ ~
Z D) D '>5\4< 71 9§B¢ 100% | #

"\-q___‘
g —
=

L [ Y O (o _--_‘:-_____>a

=
)

(4 [ .
AN

Depth, m

P L T A L s oI o P~
by
§

|

T
TN
SITRMRR
~oZ

1

I

I

i

T

1

1

i

1

1

i

77 L
I L / i
il 2 ) 4 {
11. E > > B, Bt
2| 7|3 (] & 4 ¢
oM \ / 1
13] o e | . ==
002040608 0 0204 0615 20 2500 02 04 060 02 04 003050810
Mass contents Volume Density, g/v‘:m3 Porosity, dec. = Moisture, dec. Water
of shale and clay %‘}’g}fgﬁ saturation, dec.
minerals, dec. and cla

minerals, dec.
B

S| Man-made ground % Loam Loamy sand E Shale

Fig. 6. Engineering petrophysical parameters in the section of borehole Ne 2 (the construction site, Kyiv) accord-
ing to well logging by tools DL+GL and 2NL. Symbols see in Fig. 5.

16 T'eogpizuunuti xypnaa Ne 1, T. 44, 2022



DETERMINATION OF ENGINEERING GEOPHYSICAL PARAMETERS OF GROUNDS ON BUILDING ...

.

€

) ) N t% ‘- 7/ H7
8 < diEgERD; N §
A w f// 7\ \ \
\ ] K ) )
1 \ ] r
e
wléd LNLLL] R

0 02 04 0 015 15 1,9 2301 03 05 015 035 04 06 08 1,0

Mass contents  Volume Density, g/cma Porosity, dec.  Moisture, dec. Water
of shale and clay contents saturation, dec.
minerals, dec. of shale
and clay

minerals, dec.

m Man-made ground Loam

Fig. 7. Engineering petrophysical parameters in the section of borehole Ne 3 (the construction site, Kyiv) accord-
ing to well logging by tools DL+GL and 2NL. Symbols see in Fig. 5.

=
s Loamy sand Shale

e
0%
L5
PR

AN

TSI
A~~~

IR

§
<
>/

» ] l{ L ]

0,2 0,3 040,501 02 031,21,41,61,82,0 0,2 0,4 0,6 0,8 0,2 0,3 0,40,5 0,2 0.4 0,6 0.8 1,0

Mass contents Volume Density, g./t:m3 Porosity, dec. Moisture, dec. Water
of shale and clay contents saturation, dec.
minerals, dec. of shale
and clay

minerals, dec.

§§§§§ Man-made ground % Loam :| Sand E Shale

Fig. 8. Engineering petrophysical parameters in the section of borehole Ne 4 according to well logging by tools
DL+GL and 2NL (the territory of the construction of a new dam of the Northern Mining and Concentration En-
terprises, Kryvyi Rih). Symbols see in Fig. 5.

T'eogbizuunuti xypnaa Ne 1, T. 44, 2022 17



M.S. BONDARENKO, V.V. KULYK

—sand (in the intervals of 1.0—2.2 m and
5.7—8.1 m);

—loam (2.2—4.0 m);

—shale (4.0—5.7 m);

— loamy sand (deeper than 8.1 m).

The groundwater level in the borehole Ne 3
is located at a depth of 5.1 m. The density in
the section changes little: it is mainly ~ 2.0—
2.1 g/crn3, alocal minimum is determined (up
to~1.7 g/cm3) in the upper part of the section
(1.0—2.0 m). The porosity in the borehole Ne 3
is practically unchanged (~ 35—40 %). The
minimum density in the sand in the upper
section is associated with a sharp decrease in
moisture (up to 15 %) and, accordingly, water
saturation (up to 40 %).

The layers in the section of borehole Ne 4
(Fig. 8) are represented by shale (in the in-
tervals of 1.0—2.7m, 4.3—5.1 m, deeper than
5.7 m) and loam (2.74—4.3 m, 5.1—5.7 m).

The groundwater level in the borehole
Ne 4 is determined at a depth of 7.1 m. The
following layers are identified according to
the density: 1.0—2.5 m (density ~1.8 g/cm?®),
2.5—4.5 m (density varies from ~1.8 g/cm®
to a minimum value ~1.4 g/cm®) and deeper
than 4.5 m (density ~1.9—2.0 g/cm3). Changes
in the density correlate with changes in the
porosity. The minimum density at a depth of
3.0 m is associated with a sharp increase in
porosity (up to 55 %) and a drastic decrease
in water saturation (up to 40 %).

Fig. 5—8 also show the experimental
points obtained from the data of laboratory
investigations of ground samples along the
borehole section. As can be seen from the Fig-
ures, the logging results of determining the en-
gineering geophysical parameters agree with
the laboratory data.

Conclusions. 1. Metrological and methodi-
cal assurance of the radioactive logging com-
plex (GL+DL+NL) for determining the set of
engineering geophysical parameters of near-
surface rocks at building sites and for the so-
lution of seismic microzonation problem is
developed. The assurance is a key component
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of the modern geophysical technology for in-
vestigating grounds, which has been created
at the IGPh.

2. Complexation of methods GL, DL, and
NL (together with a priori data), using the
proposed approaches, allows determining a
wide set of engineering geophysical parame-
ters (density, porosity, moisture, groundwater
level, content of shale, content of clay miner-
als, water saturation, etc.).

3. The procedure of determining geophysi-
cal engineering parameters used to solve geo-
logical engineering problems and for seismic
data correlation in seismic microzonation is
developed.

4. The features of obtaining the engineer-
ing geophysical parameters by the complex
GL+DL+NLin the aeration zone and the zone
of saturation are shown; approaches to take
into account the effect of the shaliness on the
determined parameters are proposed.

5. The effectiveness of the proposed ap-
proaches is demonstrated on specific exam-
ples and confirmed by independent labora-
tory measurements.
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BusHauyeHHd iH)KeHepHO-reo(piznyHuXx rnapamMerpis
I'PYHTIiB Ha OYAiBeAbBHUX MaMiA@HYMKaXx
i AASI CEeICMIYHOIO MiKpOpanoOHyBaHHS
(MeToOAMYHA i METPOAOTiYHA CKAAAOBI TEXHOAOTII)

M.C. boupapenko, B.B. Kyauk, 2022
IacturyT reodizuku im. C.I. Cy6ootina HAH Ykpaiuu, Kuis, Ykpaina

ANt 3a0e3IedeHHsT HaAIHOI Ta AOBIOCTPOKOBOI CAY’KOM BUCOTHUX JKUTAOBUX OYAUHKIB,
Ba’KAMBHX IIPOMHCAOBUX, iH(PPACTPYKTYPHUX Ta iHIINX 00'€KTiB HEOOXIAHI iH)KeHepHO-
TE€ONOTIUHI AOCAIAJKEHHS I'PYHTIB (IIPUIIOBEPXHEBUX TiPCHKUX IOPiA) SIK OCHOBH CIIOPYA,
AAst 3am100iraHHs TOTEHIiNHIY Hebe3meri pyHHaril BKa3aHuX 00'€KTiB ITOTPIOHO TaKOK
IIPOBOAUTHU MIKPOCEMCMIYHI AOCAIA’KEHHS IIPUIIOBEPXHEBOTO I'€OAOTIYHOIO CEPEAOBHUIIE,
Y3TOAUBIIM OTPUMAaHI PE3yABTATH 3 iH’KEHEPHO-TeOAOTIYHMMU IIapaMeTpaMu B po3pisi
OIIOPHUX CBEPAAOBUH. [H)KEeHEepHO-TreOAOTIUHI TapaMeTpH, BU3HAYEH] 3@ AOIIOMOT'0IO I'eo-
(hi3MYHUX METOAIB, HA3UBAIOTH IH)KeHEPHO-TeO(hi3NUHUMHU IIapaMeTPaMHu.

B IactutyTi reodizukn HAH VYkpainu Ans po3B'si3aHHS iH)KeHepHO-Teo(i3nIHNX
33Aa4, Y TOMY YHCAlI CECMIYHOIO MiKPOPAWOHYBAaHHS, CTBOPEHO CYy4aCHY TEXHOAOTIIO
AOCAIAPKEHHS I'PYHTIB Ha OCHOBI allapaTypHO-METOAMYHOIO KOMIIAEKCY PaAlOaKTUBHO-
rO KapOTaky y CKAaai ramma-kapoTaxy (I'K), ramma-ramma KapoTtaxy (I'TK) i HeATpoH-
HerTpoHHoro kaporaxxy (HHK). ¥ crarti HaBepeHO pe3yAbTaTi PO3pOOKU aAeKBaTHOTO
METOAUYHOTO I MEeTPOAOIIYHOro 3abe3neueHHda KOMIAeKCY PK K KAFOWOBOI CKAAAOBOIL
TEXHOAOTII.

Kommnekcysannus 'K, ITK i HHK (3 ypaxyBaHHSIM allpiOpHUX AQHUX) i BUKOPHUCTAH-
HS 3alIPOIIOHOBAHUX IIIAXOAIB AQ€ MOJKAUBICTE BU3HAQYATH MIMPOKUM HAOIp IH)KEHEepHO-
reo(pizsMYHUX IapaMeTpiB: I'YCTUHY, IOPUCTICTh, BOAOTICTE, PiBEHb 'PYHTOBUX BOA, BMICT
TAWHHY, BMICT TAMHUCTHAX MiHEPAAiB, KOeMIIieHT BOAOHACUYEHOCTI, I'YCTUHY CyXOI IIOPOAU
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Ta iH. [ToKa3zaHO 0COOAMBOCTI OTPUMAaHH4 IIapaMeTpPiB 38 KOMIIAEKCOM PaAiOaKTHBHOTO
KapOTa’kKy B 30HI aepallil Ta B 30Hi IOBHOT'O BOAOHACUYEHHS 3 YPAaXyBaHHSAM BIIAUBY Ha
BU3HaUYyBaHi NapaMeTpyu TAMHUCTOIO KOMIIOHeHTa. EQeKTHUBHICTE TEXHOAOTII TPOAEMOH-
CTPOBaHa Ha KOHKPETHUX IIPUKAAAAX i IMIATBEPAJKeHa He3aAe)KHUMHU AaOOpaTOpPHUMU
BUMIipPIOBAHHSIMU.

KAar040Bi cAoBa: IPpyHTH (IPUIIOBEPXHEBI MipChKi MOPOAX), 30HA aepallil; 30Ha IIOBHO-
o BOAOHACUYEHHS, PiBeHb I'PYHTOBUX BOA, KOMIIAEKC raMMa-KapoTaKy, raMMa-raMmma-
KapoTasKy i HEMTPOH-HEUTPOHHOTO KapOTaKy, METOAMYHE i MEeTPOAOTIUHe 3a0e3MeueHH,
iH)KeHepHO-reodi3UYHi TapaMeTpH, CeiCMidyHe MiKpOpaoOHyBaHH4, reodi3nudyHa TeXHO-
Aorid.
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