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SUMMARY

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

The abstract presents the results of the development of radioactive logging apparatus as an
integral part of the new technology. 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 created apparatus increases the productivity and efficiency of logging operations by
reducing the number of trips, digital recording, storage and transmission of information, and
by using the 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
example of borehole investigations.

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

At the Institute of Geophysics of the National Academy of Sciences of Ukraine (IGPh) a new geophysical
technology was created for investigation of grounds (near-surface rocks). The purpose of technology is
solution of engineering geological problems, including seismic microzonation. By geophysical technology
we mean the set of methods, apparatus, equipment, metrological and interpretation supports, software.

The created technology includes the following components:1) complex of radioactive methods of
logging (RL), combining neutron-neutron logging (NNL), gamma-gamma density logging (DL) and
gamma-ray logging (GR), realized in borehole tools; 2) technical facilities of making dry cased
borehole and other equipment; 3) modern apparatus for borehole measurements; 4) facilities and
methods for metrological support of logging apparatus; 5) interpretation-methodical support for
complex determination of extended set of engineering geophysical parameters with the help of
radioactive logging; 6) algorithmic-software support for processing and interpretation of logging data
(Bondarenko and Kulyk, 2022; Kulyk et al., 2013, 2017; Kuznetsov and Polyachenko, 1990).

The geophysical technology allows to determine the following parameters: total density, dry ground
density, contents of shale and clay minerals, porosity, volume moisture, water saturation factor,
groundwater level, etc. This abstract presents the results of the development of new radioactive logging
apparatus as an integral part of the created technology of investigation of grounds by the RL-methods.

Stock-produced RL-apparatus and its disadvantages

Radioactive logging apparatus consists of borehole tool and surface control and registration console,
which are interconnected by wireline (Kuznetsov and Polyachenko, 1990). Sensor and electronic unit
are the main elements of the logging tool.

Source of fast neutrons and slow neutron detector serve as the sensor of NNL-tool. Interval between
centers of neutron source and detector is called sonde spacing. Gamma-ray source and gamma-ray
detector serve as the sensor of DL-tool. The gamma-ray detector consists of scintillation crystal and
photomultiplier (PhMP). Interval between centers of the gamma-ray source and the crystal is sonde
spacing of DL-tool. The gamma-ray detector (crystal and PhMP) serves as the sensor of GR-tool.

Stock-produced set of RL-tools, developed as far back as the 1980s, is still using in Ukraine for
investigation of near-surface rocks. The set includes single-spacing neutron-neutron moisture meter
VPGR-1 (Surface..., 1982) and single-spacing gamma-gamma density meter PPGR-1 (Surface..., 1986).

Sensor of the VPGR-1 tool has “zero” length of the NNL-sonde. The tool is equipped with ***PuBe
neutron source with strength of up to 5-10* neutrons per second and *He-counter SNM-17. Sensor of
the PPGR-1 tool has 30 cm length of DL-sonde. This tool consists of gamma-ray source '*’Cs with
activity of up to 1,2-10" Bq and Nal(TI) crystal together with PhMP. The PPGR-1 tool without
gamma-ray source is used for gamma-ray logging. At the same time, the GR-data serve as correction
for natural gamma background of rocks in the DL-readings.

Measurements are performed in cased dry borehole, which is making by shock-and-vibration technique
using steel casing pipe 51 mm in outer diameter and 5,5 mm in wall thickness. Logging is performed
discretely when hoisting the RL-tools, mainly every 0,5 m with an exposure of 10 s (3 registrations at each
point). This technique of logging is due to usage of low-strength sources of neutrons and gamma-rays.

First disadvantage of the set of tool VPGR-1 and PPGR-1 is the need to perform tripping operations
three times (discrete registration of NNL, DL, GR). This significantly reduces labor productivity and
the efficiency of investigations for boreholes deeper than 10—15 m.
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Second disadvantage 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 are not available for operational control and correction if necessary.

Third disadvantage is the total deterioration of the apparatus, outdated element base and method of
registration (recording the readings of the indicator by manually).

The separate disadvantage of the VPGR-1 tool, that 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., 2013,
2017). These elements may be present in the investigated section, especially in technogenic grounds.

Statement of RL-apparatus problem

Experimental works and direct experience of practical usage have shown that serial radioactive
logging apparatus, which are developed as far back as in Soviet times, need urgent modernization.
Moreover, in fact, the task is to create new RL-apparatus for the investigation of natural and
technogenic grounds.

The apparatus must be based on the modern level of scientific developments, modern elemental base
and appropriate level of recording, storage and transmission of information. Such apparatus is
necessary component of the new technology for determining engineering geophysical and other
ground parameters. It must provide an increase the efficiency and accuracy of measurements, increase
the depth interval of the boreholes, increase labor productivity, and expand the range of determined
parameters of the researched geological objects.

To implement the created technology, we have developed, made and tested prototype of new RL-
apparatus: combined three-component borehole tool 2NNL+DL+GR and surface console.

Placement of sources and detectors in combined RL-tool

General requirements related to the placement of neutron and gamma-ray sources and NNL, DL and
GR detectors in the combined RL-tool are following: 1) grouping of the sondes of the combined tool
must exclude their mutual influence; 2) spacing of NNL and DL sondes must ensure the statistical
accuracy of measurements and the required depth of investigation; 3) sondes must be spatially placed
so that total length of the combined tool is minimal. The last requirement is due to the necessity of
obtaining data in the maximum possible part of the borehole section.

The experimental investigations were carried out for determining the intervals between sources and
detectors in the combined RL-tool. The investigations have shown that close placement of neutron and
gamma-ray sources leads to significant increasing of the readings of the DL-detector due to neutron
capture gamma-ray and, consequently, to significant decreasing of the ground density. In order for the
neutron source (with indicated strength) has no effect on the readings of the DL-detector, interval
between them must be no less than 85 cm. The interval between gamma-ray source and GR-detector
must exceed or equal to 75 cm for preventing influence of the source on the of GR-readings. The same
condition is imposed on the interval between the neutron source and the GR-detector (Kulyk et al., 2013).

Combined three-component tool 2NNL+DL+GR

The three-component radioactive logging tool (TRL tool) combines three RL-methods: neutron-
neutron logging (in a dual-spacing version), density logging and gamma-ray logging. Implementation
of such multisonde RL-tool can be performed in several variants, which meet the requirements for the
relative position of radiation sources and detectors (Kulyk et al. 2013, 2017).
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Fig. 1 shows the scheme of the variant that is selected for specific implementation
(Bondarenko et al., 2022). Here can be seen, in particular, the following: 1) neutron component of
the tool contains two sondes which are equipped with *He-detectors of slow neutrons; in so doing, the
near detector SNM-16 is located at the minimum distance from the source and the far detector SNM-
17 is at the minimum distance from the near detector; 2) the location of principal tool components is
following (from bottom to top when the tool is placed in the borehole): gamma-ray source, DL-
detector, GR-detector, far NNL-detector, near NNL-detector, neutron source.

Surface
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Figure 1 Scheme of prototype of 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, 3.3 — neutron counters, 3.4 — electronic unit of NNL

The main advantage of the TRL tool is getting results in one trip, which is important for relatively
deep boreholes. The addition of second neutron sonde makes it possible to determine neutron porosity
in two ways: single-sonde method and compensation method (by ratio of the readings of two sondes).
Compensation neutron logging (Kuznetsov and Polyachenko, 1990), 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. The tool increases the
informativeness and accuracy of investigations, labor productivity and efficiency of the logging. At
the same time, the disadvantages of the TRL tool are increased length and the need to bring into
coincidence the readings relative to each recording point in the borehole section.

Control and registration console

The TRL tool is equipped with a new surface control and registration console (Kulyk et al., 2017).
The main differences between the new console and serial analogue are following: 1) the discriminator
of pulses was displaced from the electronic unit of the logging tool to the surface console; this allows,
if necessary, to make adjusting quickly and to monitor the sensor signals using an oscillograph in the
laboratory conditions; 2) a modern microprocessor, located in the console, is used for registration and
processing of informative pulses; 3) the console is equipped with flash memory for storing,
reproducing and transmitting information via communicational port to notebook. Console of new
apparatus is developed and produced on the basis of modern electronic components.

Example of using the new apparatus

The created RL-apparatus was tested in solving practical problems on real geological objects together
with Kyiv Institute «Energoproject». Fig.2 shows example of determination of engineering
geophysical parameters by three-component TRL tool while investigating the dam of the Kyiv water-
storage reservoir. We used the metrological and interpretation support created at the IGPh (Bondarenko
and Kulyk, 2022). The depth of the investigated boreholes at this object reaches 22 m, therefore, the
implementation of the RL-complex in one trip operation significantly reduces the total measurement time.

The investigated section of borehole in Fig. 2 is represented by sandshale grounds. Here loam (1,0 —
3,5m; 7,8 — 13,4 m) and sand (3,5 — 7,8 m; deeper than 13,4 m) are identified. The groundwater level
is determined at a depth of 19,0 m. The total density of grounds in the borehole section varies from
1,6 g/em® to 2,2 g/em’® and correlates with porosity and lithology.
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Figure 2 Engineering geophysical parameters on the dam of Kyiv water-storage reservoir: 1, 3 — mass and
volume content of clay minerals (Ca, Ka), 2, 4 — mass and volume content of shale (Cg, Kav); 5 — density of
dry ground (84), 6 — total density (3); 7 — porosity by methods NNL+GR (¢y), 8 — density porosity (¢p), 9 —

true porosity (¢); 10— volume moisture (Wv); 11— water saturation factor (Sw); GWL — groundwater level
Conclusions

1. The combined apparatus for investigation of near-surface rocks realizes the complex of RL-methods
and is an integral part of the created geophysical technology for solving engineering geological
problems. The apparatus was developed and produced on the basis of a modern element base. 2. The
new apparatus increases the productivity and efficiency of logging operations by reducing the number of
trips, digital recording, storage and transmission of information, and by using of computer programs for
processing and interpreting the results of borehole measurements. 3. The created apparatus, together with
the appropriate metrological and interpretation support, increase informativity and accuracy of logging,
allow eliminating systematic errors and taking into account the features of the investigated objects.
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