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At the Institute of Geophysics of the National Academy of Sciences of Ukraine a modern
technology for ground investigation has been created for solution of the engineering geological
problems, including seismic microzonation. Technology is based on the methods and appara-
tus of radioactive logging (RL), which involves neutron-neutron logging (NNL), gamma-
gamma density logging (DL) and gamma-ray logging (GR).

The paper presents the results of the development of radioactive logging apparatus
as an integral part of the new technology. Set of prototype dual-channel tools, namely
2NNL (dual-spacing NNL) and DL+GR, prototype three-component tool 2NNL+DL+GR,
surface control and registration console were developed and produced on the basis of the
modern elemental base.

The 2NNL tool makes it possible to determine neutron porosity in two ways: single-
sonde method and compensation method. Compensation neutron logging, in particular,
aims to determine the porosity in the presence of anomalous neutron absorbers in the
rock, and also, in combination with the single-sonde method, to estimate the content of
anomalous absorbers.

GR-channel of the DL+GR tool was equipped the same gamma-ray detector as the DL-
channel. Here, the GR-detector performs a dual function: 1) integral registration of natural
gamma-ray of ground, 2) account of natural background in the total readings of the DL-detector.

The three-component radioactive logging tool combines three RL-methods and in-
cludes all the advantages of dual-channel tools. The obtaining a results in one trip by this
tool is particularly important for relatively deep boreholes.

According to the experimental results, the optimal intervals between sources and de-
tectors of radiation in the created combined RL tools were established. The importance of
adjustment and controlling the signals of sensors of the RL tools is shown; the new console
allows to perform these procedures operational.

The created apparatus increases the productivity and efficiency of logging operations
by reducing the number of trips, digital recording, storage and transmission of informa-
tion, and by using of a computer programs for processing and interpreting the results of
borehole measurements. The effectiveness of the developed apparatus, together with the
appropriate metrological and interpretation-methodical support, has been demonstrated
on specific examples of borehole investigations and confirmed by independent labora-
tory data.

The technology allows to determine the following engineering geophysical param-
eters: total density, dry ground density, content of shale, porosity, volume moisture, water
saturation factor, groundwater level, etc.

Key words: ground, complex of neutron-neutron logging, gamma-gamma density log-
ging and gamma-ray logging, apparatus, engineering geophysical parameter, geophysical
technology.
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Introduction. At the Institute of Geophys-
ics of the National Academy of Sciences of
Ukraine (IGPh), new geophysical technology
for the investigation of grounds (near-surface
rocks) to solve engineering geological prob-
lems, including seismic microzonation, was
created.

By geophysical technology, we mean a set
of methods, apparatus, equipment, metrologi-
cal and interpretation-methodical support,
algorithms, and software.

The technology includes the following
components:

—a complex of radioactive methods of log-
ging (RL), combining neutron-neutron log-
ging (NNL), gamma-gamma density logging
(DL), and gamma-ray logging (GR);

— technical means of making a dry cased
borehole and other equipment [Zvolskiy,
1980];

—modern apparatus for borehole measure-
ments [Ketov et al., 2009; Yevstakhevych et
al., 2012; Kulyk et al., 2012, 2013c, 2017b];

—facilities and methods for the metrologi-
cal support of logging apparatus [Zvolskyi et
al., 2008; Bondarenko et al., 2021; Bondaren-
ko, Kulyk, 2022];

— theoretical basis, novel methodical ap-
proaches, and ways for the complex deter-
mination of an extended set of engineering
geophysical parameters with the help of
radioactive logging [Kulyk et al., 2013a, b;
2015, 2017a; Kulyk, Bondarenko, 2014, 2019;
Bondarenko, Kulyk, 2015, 2016, 2019, 2022];

—software to process and interpret logging
data [Bondarenko et al., 2013].

Grounds are the near-surface rocks that are
the object of construction engineering activi-
ties [Pyankov, Azizov, 2008]. Our geophysical
technology allows determining the following
parameters: total density, dry ground density;,
shale content, clay minerals content, poros-
ity, volume moisture, water saturation factor,
groundwater level, etc.

The effectiveness of the NNL+DIL+GR com-
plex has been time-tested by practice for many
years. It was widely used to solve engineer-
ing geological problems in the Soviet times
[Ferronskyi, Gryaznov, 1979; Zvolskiy, 1980;
Grounds..., 1990; Kuznetsov, Polyachenko,
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1990; Ogilvi, 1990]. Certain traditions have
been kept in Ukraine in the post-Soviet pe-
riod, too [Deineko, 2007, Grounds..., 2010;
Zvolskyi et al., 2010]. However, the scope of
works has been significantly reduced, the ap-
paratus in use has grown obsolete, and the
metrological and interpretation-methodical
support needs to be updated and improved.

In other countries, the near-surface geol-
ogy problems (engineering geology, hydro-
geology, ecology, etc.), are mainly tackled by
non-radioactive geophysical methods (e. g.,
seismic, electrical, magnetic, etc.) [Steeples,
2005; Everett, 2013; Persico et al., 2019; Bis-
vas, Sharma, 2020]. Even in highly specialized
journals (such as Near Surface Geophysics),
the papers on radioactive methods of grounds
research are very rare. This is largely due to
the tendency to avoid using radiation sources
[Badruzzaman, 2020; Radioactive..., 2021].

The technology, created at IGPh, is based
on low-strength sources of gamma-rays
(**’Cs) and neutrons (***PuBe), subject to
strict observance of radiation safety standards
and rules.

It will be noted that we also use the RL ap-
paratus for near-surface investigations and
the corresponding interpretation-methodical
support to develop the apparatus and meth-
odology for radioactive logging to determine
the petrophysical parameters of rocks in sec-
tions of oil and gas boreholes. Also, we use
the grounds as natural physical models of
oil-gas-water-saturated reservoirs [Kulyk,
Bondarenko, 2016].

This paper presents the results of develop-
ing novel radioactive logging (RL) apparatus
as an integral part of the created technology
of grounds investigation. The technology is
a unique advanced development that serves
to solve topical production problems. The pa-
per continues a series of publications [Bonda-
renko et al., 2018; Bondarenko, Kulyk, 2022].

Stock-produced RL-apparatus and its dis-
advantages. The radioactive logging appara-
tus consists of a borehole tool and a surface
control and registration console, connected
by a wire line [Kuznetsov, Polyachenko,
1990]. The sensor and the electronic unit are
the main elements of the logging tool.
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The source of fast neutrons and the slow-
neutron detector serve as the sensor of the
NNL tool. The distance between the centers
of the neutron source and detector is called
sonde spacing. The sensor of the DL tool con-
sists of a gamma-ray source and a gamma-ray
detector which includes a scintillation crystal
and a photomultiplier (PhMP). The interval
between the centers of the gamma-ray source
and the crystal is sonde spacing. The gamma-
ray detector (a crystal and a PhMP) serves as
the sensor of the GR tool.

Set of single-spacing tools VPGR-1 and
PPGR-1. The stock-produced set of RL tools,
developed as far back as the 1980s, is still
used in Ukraine to study near-surface rocks
[Deineko, 2007; Zvolskyi et al., 2010]. The set
includes the single-spacing neutron-neutron
moisture meter VPGR-1 [Surface..., 1982] and
single-spacing gamma-gamma density meter
PPGR-1 [Surface..., 1980].

The sensor of the VPGR-1 tool has a «zero»
length of the NNL-sonde (when logging, the
neutron source is located in the middle of the
neutron counter). The tool includes a plutoni-
um-beryllium (238PuBe) neutron source with
a strength of up to 5-10* neutrons per second
and a *He-counter SNM-17,

The sensor of the PPGR-1 tool with DL
sonde spacing of 30 cm has a gamma-ray
source with '¥'Cs (Ey=0.66 MeV) with an ac-
tivity of up to 1.2- 10’ Bq and a Nal(T1) crystal
together with PhMP. The PPGR-1 tool without
a gamma-ray source is also used for gamma-
ray logging; at the same time, the GR data
serve to take into account the contribution of
natural gamma-radiation of rocks as a back-
ground in the readings of the DL detector.

Measurements are performed in a dry
cased borehole up to ~30 m deep, made by
the shock-and-vibration technique [Zvolskiy,
1980] using steel casing pipe with outer diam-
eter of 51 mm and wall thickness of 5.5 mm.
Logging is performed discretely when hoist-
ing the RL tools, mainly every 0.5 m with 10 s
exposure and three readings for each point.
This technique of logging was selected due
to the use of low-strength sources of neutrons
and gamma-rays.

The first disadvantage of combining the
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VPGR-1 and PPGR-1 tools is the need to per-
form tripping operations three times (sepa-
rate registration of NNL, DL, GR). This sig-
nificantly reduces productivity and efficiency
for boreholes deeper than 10—15 m.

The second disadvantage (a design flaw
affecting both the physical essence of the
methods and the determined parameters) is
the lack of operational control over the level
of discrimination of gamma-ray and neutron
detectors. The discriminators of the VPGR-1
— PPGR-1 tools are «packed» in the borehole
sonde and not available for operational con-
trol and correction if necessary.

The third disadvantage is the total deterio-
ration of apparatus, outdated element base
and the registration method (manual record-
ing of the readings).

A distinct disadvantage of the VPGR-1
tool, which can lead to significant errors in
determining porosity and moisture, is the
uncontrolled effect of anomalous and strong
absorbers of thermal neutrons (Li, B, Cl, K, Fe,
rare-earth and other elements) on the detector
readings [Kulyk et al., 2013b, 2017b]. These
elements may be present in the investigated
section, especially in technogenic grounds.

Combined RL tools. The combined tools,
so-called density-and-moisture meters, are
used to perform neutron and density log-
ging in a single trip [Grounds..., 1990]. The
sensor of a density-and-moisture meter con-
tains both a neutron source and a source of
gamma-rays and the corresponding detec-
tors. The disadvantages of these tools are
the absence of a GR sensor and the effect of
neutron capture gamma-ray on the readings
of the detector of density logging due to the
small distance between this detector and the
neutron source.

A complete complex of NNL+DL+GR
methods is used in the multichannel appa-
ratus of penetration logging MAK-5P [Fer-
ronskiy, Gryaznov, 1979; Ferronskiy, 2015]. A
design feature of the RL tool of this apparatus
is the placement of the PuBe neutron source
and 'Cs gamma-ray source in the same
chamber. Here the NNL is performed ac-
cording to the «zero» sonde spacing scheme,
the DL is performed with a sonde spacing of
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40 cm, and the GR sensor is located 1 m from
the source chamber.

The RL tool of MAK-5P has the following
disadvantages.

1. Because of the gamma-rays originating
during the radiation capture of thermal neu-
trons and other processes, the neutron source
has a significant effect on the readings of the
DL detector, since they are only 40 cm apart.
This introduces systematic error, as the den-
sity becomes significantly underestimated.

2. The sensor of the gamma-ray logging is
located too far (1 m) from the neutron source
and the gamma-ray source, adding to the
overall length of the tool.

3. Single-spacing neutron logging to deter-
mine porosity and moisture content leads to a
systematic error in the presence of anomalous
and strong absorbers of thermal neutrons in
the borehole section.

Statement of the RL apparatus problem.
Experiments and direct practical experience
show that the serial radioactive logging ap-
paratus needs modernization. Moreover, the
task is to create a new RL apparatus to inves-
tigate natural and technogenic grounds.

The tool must be based on the current level
of scientific developments, have a modern el-
emental base and the appropriate quality of
recording, storage and transmission of data.
Such apparatus is a necessary component of
novel technology to determine engineering
geophysical and other ground parameters.
It must increase the efficiency and accuracy
of measurements, depth interval of the bore-
holes, and labour productivity, and expand
the range of the recorded parameters.

To implement the created technology, we
developed, made, and tested prototypes of a
new RL apparatus (borehole tools and surface
console): a set of dual-channel tools, namely
DL+GR and dual-spacing 2NNL, a three-com-
ponent tool 2NNL+DL+GR, and a universal
control and registration console.

Placement of sources and detectors in
combined RL tools. The general requirements
to the placement of neutron and gamma-ray
sources and the NNL, DL, and GR detectors
in the RL combined tool are:

—the grouping of the sondes must exclude
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their mutual influence;

— the spacing of the NNL and DL sondes
must ensure the statistical accuracy of mea-
surements and the required depth of inves-
tigation;

—sondes must be placed in a way to mini-
mize the total length of the tool.

The last requirement arises from the need
to obtain data over as large part of a section as
possible when one performs complex logging,
especially for shallow boreholes.

The intervals between sources and detec-
tors of radiation in the RL tools were found
experimentally. In the physical model, the
ground was represented by water-saturated
sand. The model parameters were as follows:
~ 40 % porosity, 90 cm diameter, 85 cm height;
the borehole was simulated by a steel pipe
with a diameter of 51 mm and a wall thick-
ness of 5.5 mm. ***PuBe neutron source with a
strength of 4.1-10* neutrons/s and '*’Cs gam-
ma-ray source with an activity of 6.6:10° Bq
were used.

Measurement results are shown in Fig. 1
showing the dependences of the readings of
gamma-ray detector (counts per second, cps)
on the distances to:

—gamma-ray source (1), thatis, the depen-
dence of DL readings on the sonde spacing;

— neutron source (2), that is, the depen-
dence of neutron-gamma logging (NGL)
readings on the sonde spacing;

—both the gamma-ray and neutron sources
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Fig. 1. Readings of the gamma-ray detector vs distance
to: I — gamma-ray source, 2 — neutron source, 3 —
gamma-ray and neutron sources together, 4 — empty
source chamber (gamma background).
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together (3), that is, the dependence of the
sum readings of DL+NGL on the sonde spac-
ing.

Also in Fig. 1 is shown the background
level of the gamma-ray (4).

As follows from Fig. 1, spatial closeness of
the neutron and gamma-ray sources leads to
a significant increase in the readings of the
DL detector (curves 3 and [) due to neutron
capture gamma-ray and, consequently, to a
significant underestimate of the density of the
investigated ground. In order for the neutron
source (of such strength) to not affect the DL
detector, they should be over 60 cm apart.

Fig. 1 also shows that to prevent the in-
fluence of the gamma-ray source on the GR
detector, the distance between them also
must exceed 60 cm. The same holds for the
interval between the neutron source and the
GR detector.

These values should be adjusted for
grounds of different porosity and for the aera-
tion zone (see Fig. 3).

Note that the gamma-ray source, like the
natural background gamma-ray, practically
does not affect the readings of the ’He-coun-
ter of neutrons.

Set of dual-channel radioactive logging
tools. Dual-channel tools 2NNL and DL+GR
[Kulyk et al., 2017b] were developed based on
stock-produced tools (VPGR-1 and PPGR-1).
The design of the basic sondes was left un-
changed so that both the traditional approach
and the new technology could be used at the
transitional stage. A photo of the prototypes
of dual-channel tools is shown in Fig. 2.

Fig. 2. Prototypes of new radioactive logging tools and
support equipment: I — 2NNL tool, 2 — DL+GR tool,
3 — TRL tool, 4 —logging cable, 5 — surface console,
6 — accumulator, 7 — chamber of y-ray source, § —
chamber of neutron source.
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Dual-channel (dual-spacing) tool 2NNL.
The 2NNL tool was developed on the basis of
the stock-produced tool VPGR-1, to which is
added a far-spacing sonde with the same neu-
tron counter as the near-spacing sonde. The
counters are located at a minimum interval
one by one (see Fig. 3, a).

The addition of the second sonde to the
neutron logging tool makes it possible to
determine neutron porosity in two ways:
the single-sonde method and the compen-
sation method (by a ratio of the readings of
two sondes). Compensation neutron logging
(CNL) [Kuznetsov, Polyachenko, 1990], in
particular, aims to determine the porosity in
the presence of anomalous neutron absorb-
ers in the rock and, in combination with the
single-sonde method, to estimate the content
of anomalous absorbers [Zvolskiy et al., 2003,
200%; Ketov et al., 2009].

Dual-channel tool DIL+GR. The DL+GR
tool was developed based on the tool PPGR-1,
towhich is added a GR channel with the same
gamma-ray detector (Nal(Tl) crystal+PhMP)
as the DL channel (Fig. 3, b). The interval be-
tween the gamma-ray source and the crystal
of GR detector, chosen on the basis of the
study, is 75 cm.

The addition of the GR channel to the DL
tool makes it possible to increase productiv-
ity, namely to reduce the number of trip op-
erations when performing the RL measure-
ment complex (from three to two). At the
same time, the GR detector performs a dual
function: 1) integral registration of natural
gamma-ray of the ground, 2) correction for
natural background in the total readings of
the DL-detector.

Three-component tool 2NNL+DL+GR.
The three-component radioactive logging
tool (TRL tool) combines three RL methods:
neutron-neutron logging (a dual-spacing ver-
sion), density logging, and gamma-ray log-
ging [Kulyk et al., 2012, 2013c], and includes
all the advantages of the dual-channel tools.

This multisonde RL tool can be imple-
mented in several ways [Kulyk et al., 2013c]
meeting the requirements for the relative po-
sition of radiation sources and detectors. The
scheme of the variant selected for implemen-
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Fig. 3. Schemes of prototypes of RL-tools: a — 2NNL tool (I — neutron source, 2, 3 — near and far neutron
counters SNM-17, 4 — electronic unit); b— DL+GR tool (I — gamma-ray source, 2— lead shield, 3— electronic
unit, 4, 5 — crystal Nal and PhMP of DL-channel, 6, 7 — crystal Nal and PhMP of GR-channel); ¢ — TRL tool
(1.1 — gamma-ray source, 1.2—lead shield, 1.3, 1.4 — crystal Nal and PhMP of DL-sonde, 1.5 — electronic unit
of DL and GR, 2.1, 2.2 — crystal Nal and PhMP of GR-sonde, 3.1 — neutron source, 3.2 — near neutron counter
SNM-16, 3.3 — far neutron counter SNM-17, 3.4 — electronic unit of NNL).

tation [Bondarenko et al., 2023] is presented is located at the minimum distance from the

in Fig. 3, c. Its particular features are: source, and the far detector SNM-17 is at the
— the neutron component of the tool con- minimum distance from the near detector;
tains two sondes equipped with SHe-detectors — the order of the principal tool compo-

of slow neutrons: the near detector SNM-16 nents (bottom to top when the instrument is
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placed in the borehole): gamma-ray source,
DL detector, GR detector, far NNL detector,
near NNL detector, neutron source.

A photo of a prototype of the TRL tool is
shown in Fig. 2.

The main advantage of the TRL tool is get-
ting results in one trip, which is important for
relatively deep boreholes. The tool increases
the informativeness and accuracy of research,
productivity, and efficiency of the logging. At
the same time, the disadvantages of the TRL
tool are the increased length and the need to
bring into coherence the readings relative to
each recording point in the borehole section.

Control and registration console. The set
of 2NNL and DL+GR tools and the TRL tool
are equipped with a new surface control and
registration console [Yevstakhevych et al.,
2012; Kulyk et al., 2017b]. The main differ-
ences between the new console and serial
analog are the following:

— the discriminator of pulses is moved
from the electronic unit of the logging tool
to the surface console; this allows, if neces-
sary, quickly adjusting and monitoring the
sensor signals using an oscillograph in the
laboratory;

— for registration and processing of infor-
mative pulses, a modern microprocessor is
used, located in the console;

—the console is equipped with flash mem-
ory for storing, reproducing, and transmitting
information to a laptop for immediate inter-
pretation of measurements (directly at the
research site).

The control and registration console of the
new apparatus is developed and produced on
the basis of modern electronic components.
A photo of the console is shown in Fig. 2. The
block scheme in Fig. 4 shows the relation-
ship of the main components of the surface
console.

Discrimination levels. A necessary ele-
ment of the methodical support of radioac-
tive logging apparatus is the adjustability of
the registering system of informative pulses.
The key step in the adjustment is the choice
of the discrimination level.

In the developed tools, the gamma-ray de-
tectors consist of a Nal(Tl) crystal and PhMP,
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whereas the *He-counters are used as neutron
detectors. The procedure of adjustment in-
cludes the following main steps:

—adjusting the operating range of supply
voltage of the detector according to the tech-
nical certificate; this provides the best agree-
ment between the count rate and the number
of gamma-photons or neutrons entering the
corresponding detector and also ensures in-
dependence of the count rate from voltage
changes;

— ascertaining the self-noise amplitude of
each specific detector is performed in the ab-
sence of radiation sources and background;

—for gamma-ray detectors, the setting of an
agreement between the amplitude of pulses
(volts) and the energy of gamma-photons (£,,
electron-volts); adjusting the discrimination
level to eliminate noise and to register Comp-
ton gamma-rays with energy above ~ 150 keV;

—for neutron detectors, additional adjust-
ment of the discrimination level up to approx-
imately triple the noise amplitude.

Fig. 5 shows the results of measurements
for full-scale physical models of rocks at dif-
ferent discrimination levels:

—dependencies of readings of DL (I, cps)
on the ground density (Fig. 5, a);

— dependencies of near detector readings
of the 2NNL-tool (/N €ps) on the water-
saturated porosity of the rock (Fig. 5, b).

Fig. 5 demonstrates the importance of
controlling and requlating the discrimina-
tion level:

1) highest sensitivity to ground density is
provided by relatively low levels of discrimi-
nation for the DL tool (the better level for the

Fig. 4. Block scheme of console: I — connection of log-
ging cable with console, 2— amplifier, 3— discrimina-
tor, 4 — microprocessor, 5— flash memory, 6 — numeric
display, 7— output to computer.
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Fig. 5. Dependencies of readings on discrimination level
(millivolt): a— for DL-channel (I — 100, 2— 300, 3— 400,
4— 500); b — for near detector of 2NNL-tool (I — 35,
2—55,3—170).

developed tools is ~ 100 mV; it is equivalent
to Ey~ 150 keV);

2) sensitivity of the neutron detector read-
ings to the hydrogen content almost does not
depend on the discrimination level;

3) count rate of neutrons and gamma pho-
tons decreases significantly with increasing
discrimination level.

Examples of using the new apparatus. The
created RL apparatus was tested by solving
practical problems on real geological objects
in partnership with Kyiv Institute «Energo-
project». Fig. 6—8 show examples of its op-
eration [Bondarenko, Kulyk, 2022].

Based on the logging results, the following
parameters were determined: mass content
of clay minerals (curve I); mass content of
shale (2); volume content of clay minerals (3);
volume content of shale (4); dry ground den-
sity (9); total density (6); porosity by methods
NNL+GR (7) and porosity by method DL (8);
true porosity according to the RL complex (9);
volume moisture (10); water saturation factor
(11).

The investigated near-surface sections in
all cases included an aeration zone and a zone
of water saturation, and the boundaries be-
tween them corresponded to the groundwater
levels. It should be noted that neutron poros-
ity (#) and density porosity (8) are apparent
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Fig. 6. Engineering geophysical parameters on the tailing dump of Northern mining and processing plant, borehole
Ne 3016: 1 — mass content of clay minerals (C), 2— mass content of shale (Cy,), 3— volume content of clay minerals
(K), 4— volume content of shale(K ), 5 — dry ground density (5,), 6 — total density (), 7 — porosity by methods
2NNL+GR (¢py) with the help of dual-spacing neutron tool (7' — porosity by methods 1INNL+GR with the help of small
neutron sonde), § — density porosity (¢p), 9— true porosity (¢), 10— volume moisture (W5;), 11— water saturation factor

(S,,) GWL — groundwater level.
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ones in the aeration zone; true porosity is
determined by their averaging [Bondarenko,
Kulyk, 2022].

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

Tailing dump of the Northern mining and
processing plant. Fig. 6 shows an example of
using the set of dual-channel tools 2NNL and
DL+GR for investigating the tailing dump of
the Northern mining and processing plant.
The presence of technogenic ground is a
feature of the investigated section of bore-
hole Ne 3016. This ground contains iron up
to ~ 20 wt% [Hubina et al., 2009]. Iron is a
strong absorber of thermal neutrons, and this
creates a need for using a dual-spacing 2NNL
tool in the RL complex. The near-to-far count
rate ratio of this tool (compensation neutron
logging, CNL) practically does not depend on
the presence of iron; it is used to determine
the neutron porosity and moisture.

In borehole Ne 3016 (see Fig. 6), the follow-
ing layers were identified:

— filled-up ground (to a depth of 2.0 m);

— technogenic ground (2.0—6.5 m) with
total density ~ 1.9—2.1 g/cm3;

— loam (below 6.5 m)with total density
~1.8—1.9 g/cm®,

The technogenic iron-containing ground
is identified by the lowest GR readings (see
Fig. 6) since it contains almost no radioac-
tive elements and has increased total density.
The groundwater level in borehole Ne 3016
is located at a depth of 3.5 m. The density
of ground layers correlates with porosity and
moisture content.

Porosity (taking into account the content of
clay minerals according to GR-data) was de-
termined by the 2NNL tool in two ways: by the
ratio of the readings of two sondes (curve 7)
and according to the readings of the small
sonde (curve 7'). The single-spacing method
in the iron-containing ground significantly
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(up to ~ 15 %) underestimates the neutron Fig. 7 shows an example of using the three-
porosity compared with the CNL method. component TRL tool while investigating
Dam of Kyiv water-storage reservoir. the dam of the Kyiv water-storage reservoir.
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Borehole depth here reached 22 m; therefore,
implementing the RL complex in one-trip op-
eration significantly reduced the total mea-
surement time.

The investigated section of borehole
Ne 33 in Fig. 7# was represented by sandshale
grounds. Here loam (1.0—3.5m; 7.6—13.4 m)
and sand (3.5—7.8 m; deeper than 13.4 m)
were identified. The groundwater level lied
at a depth of 19.0 m. The total density of
grounds in the borehole section varied from
1.6 to 2.2 g/cm® and correlated with porosity
and lithology.

Dam of Kakhovka water-storage reser-
voir. Fig. 8 demonstrates the results of testing
the TRL tool while investigating the dam of
the Kakhovka water-storage reservoir. Here,
the depth of the boreholes Ne 28 and 30 was
35 m. Increasing labor productivity for bore-
holes of such depth is especially important,
particularly by performing the RL complex
in one trip.

In the borehole Ne 28 (Fig. 8, a), loamy sand
(1.0—6.3m), sand (6.3—17.0 m; 18.7—22.6 m;
deeper than 26.1 m), and loam (17.0—18.7 m;
22.6—26.1 m) were identified. The groundwa-
ter level was located at 19.2 m. The total den-
sity (1.5—2.1 g/cm?) correlated with porosity.

Section of borehole Ne 30 (Fig. 8, b) was
similar to the previous one. There were
loamy sand (1.0—5.0 m), sand (5.0—12.1 m;
14.0—15.8 m; 17.2—26.2 m; deeper than
30.3m)andloam (12.1—14.0 m; 15.8—17.2 m;
26.2—30.3 m) in this borehole section. The
groundwater level was determined at 18.8 m.
The total density (1.5—2.1 g/cm®) correlated
with porosity.

In Fig. 8, experimental points are shown,
obtained from the data of laboratory investi-
gations of ground samples along the borehole
sections. The logging results agree with the
laboratory measurements.

Conclusions. 1. The combined apparatus
for investigating near-surface rocks was de-
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veloped and produced based on a modern
element base. The apparatus performs a com-
plex of radioactive logging methods and is an
integral part of the geophysical technology
for solving engineering geological problems.

2. The new apparatus increases the produc-
tivity and efficiency of logging operations by
reducing the number of trips, digital record-
ing, storage, and transmission of information,
and using software to process and interpret
the results of borehole measurements.

3. The developed apparatus being used to-
gether with the appropriate metrological and
interpretation-methodical support, increases
the overall informativity of logging and the
accuracy of results, eliminates systematic er-
rors, and takes into account the features of the
investigated objects.

4. The effectiveness of the apparatus has
been demonstrated on specific examples of
borehole determination of engineering geo-
physical parameters and confirmed by inde-
pendent laboratory measurements taking a
priori data into account.

5. An important factor is the production of
prototype tools at the Institute of Geophys-
ics itself; in so doing, the authors possess a
number of know-how and can commercially
apply the created technology.
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I'eopiznyHa TEXHOAOriSI BU3HAUEHHS [IapaMeTPiB I'PYHTIB
(MeToAU i anlapaTypa)

M.C. boapapeHKko, 3.M. €BcraxeBny, B.B. Kyauk, C.I. Ast4eHKoO,
O.B. Amurpenko, O.B. KamiaroBa, 2023

IacturyT reodizuku im. C.I. Cy66oTrira HAH Ykpainu, Kuis, YkpaiHa

B InctutyTi reodizuku HAH YKpainu aAs pOo3B'si3aHHS iHKeHEepHO-TE€OAOTIYHUX 3a-
Aa4, 30KpeMa CEeMCMIYHOr0 MIKpOPAOHYBaHHS, CTBOPEHO Cy4aCHY TEXHOAOIII0 AOCAI-
MJKEeHHS I'DYHTIB Ha OCHOBI MeTOAIB i anlapaTypu papioakTUBHOTO KapoTay (PK) y ckaaai
HeWUTpoH-HeUTpoHHOTO KapoTaxy (HHK), ramma-ramma rycruaHoro kKaporaxy (ITK) i
ramma-kapoTaxy (I'K).

Y cTaTTi HaBeAEHO pPe3yAbTaTU po3po0ku anapaTypu PK K HeBia'€éMHOT CKAGAOBOI HO-
BOI TeXHOAOTiI. Ha 0CHOBI cyuyacHUX eAeKTPOHHUX KOMIIAEKTYIOUNX PO3POOAEHO i BUTO-
TOBAEHO: KOMIINEKT eKCIIepUMeHTaAbHIX ABOKaHaAABHUX Tpuiaais 2HHK (ABo30HAOBUM
HHK) ta ITTK+T'K, ekcnepuMeHTaAbHUN TpUKOMIOHeHTHUM npuiap 2HHK+ITKATK,
Ha3eMHUU IIyABT KEPYBAHHS i peecTparii.

[Mpunap 2HHK apae 3Mory Bu3HayaTh HEUTPOHHY ITIOPUCTICTb ABOMa CIIOCOOaMU: OAHO-
30HAOBUM I KOMIIEHCAIMHUM. KOMITeHCal[ilHUM HEUTPOHHUN KapOTasK, 30KpeMa, Mae
HA MeTi BU3HAUEHHS [IOPUCTOCTI 3@ HABHOCTI B IIOPOAL @HOMAABHUX I[IOIAMHAYIB Hel-
TPOHIB, @ TAKOJK, y KOMIIAEKCI 3 OAHO30HAOBHUM CIIOCOOOM, OIIiHIOBaHHS BMiCTy aHOMaAb-
HUX IIOTAWHAYIB.

Kanan I'K npunrapy ITK+T'K ocHallleHO TaKUM JKe AeTeKTOPOM raMMa-KBAaHTIB, 1110 i
kaHan ITK. Tyt aerekrop 'K BUKOHYe NOABIMHY (byHKIIiI0: 1) iHTerpaabHa peecTpaltis
IIPUPOAHOTO raMMa-BHUIIPOMiHIOBAHHS; 2) BpaXyBaHHS NPUPOAHOTO (DOHY B CYMapHHUX
nokasaHHax perekropa [TK.

TPUKOMIIOHEHTHUM IIPUAAA PAAIOAKTUBHOIO KapoTaxy IOepHye Tpu Metopu PK
i BKAIOYA@€E BCi IlepeBaru ABOKAHAABHUX IIPHAaAIB. OTpuMaHHS pPe3yAbTaTiB 3a OAHY
CIIyCKO-MAIMaAbHY Ollepallilo TaKUM IIPUAAAOM € OCOOAUBO Ba*KAUBUM AASL BiAHOC-
HO TAMOOKHUX CBEPAAOBHUH.

3a pe3yAbTaTaMU eKCIIepUMeHTAaAbHUX AOCAIA’KEeHDb BCTaHOBAEHO ONITHUMaAbHI BiacTa-
Hi MI>XK A’KepeAaMU i AeTeKTopaMy BUIIPOMIHIOBAHHS Y CTBOPEHUX KOMOIHOBAHUX IIPHU-
rapax PK. TTokaszaHO BaKAUBICTb HACTPOMKU I KOHTPOAIO CUTHAAIB AQTUMKIB allapaTypu
PK; HOBUIT Ha3eMHUU IIYABT AQ€ MOJKAUBICTB OIlIePATUBHO BUKOHYBATH I1i IIPOLIEAYPH.

CTBOpeHa amnaparypa IIABUIIYE NPOAYKTUBHICTD i OIlepaTUBHICTh KaPOTa’KHUX PO-
OIT 3a paxyHOK 3MeHIIIeHHs KiABKOCTI CIIyCKO-IiAIMMaAbHUX OIlepallili, IIiudpoBoro 3a-
00poOKM Ta iHTepupeTaliii pe3yAbTaTiB CBEPAAOBMHHUX BUMipioBaHb. E(EKTHUBHICTH
PO3pOOAEHOI anapaTypyd pPa3oM 3 BIAIOBIAHUM MeETPOAOTIUHMM Ta iHTepIpeTallifiHo-
METOAMYHUM 3a0e3IledeHHIM IIPOAEMOHCTPOBaHA Ha KOHKPETHUX IIPUKAAAAX CBEPAAO-
BUHHUX AOCAIAKEHD Ta IMIiATBEepAKeHa He3aAeKHUMU Aa00PaTOPHUMU AQHUMU.
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TexHOAOTISI AO3BOASE BU3HAYATH TaKi iH)XKeHepHO-Teoi3UYHi ITapaMeTpHu: 3ararbHa
TyCTHHQ, TYCTUHA CYXOT'O IPYHTY, 3araAbHa TAMHUCTICTD, IOPUCTICTh, 00'€MHA BOAOTICTH,
BOAOHACUYEHICTB, PIBEHb I'PYHTOBUX BOA Ta iH.

KAr040Bi cAoBa: IpyHT, KOMIIAEKC HEUTPOH-HEUTPOHHOI'O KapoTa’ky, raMMa-raMmMa
TYyCTMHHOTO KapoTaXKy i raMMa-KapoTasKy, allapaTypa, iH>KeHepHO-Teo(i3nuyHNN I1apa-
MeTp; reodi3uyHa TEXHOAOTIS.

T'eogpusuueckutl xyprnaa Ne 1, T. 45, 2023



