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ABSTRACT

This article is devoted to radiometric studies at one of the sites of the Chornobyl nuclear power
plant (the “Sandy Plateau” site), which is located on the south-eastern outskirts of the city of
Pripyat. Radioactive substances, both artificial and natural, resulting from incidents and disasters
at nuclear facilities pose the greatest danger. The disposal sites for radioactively contaminated
materials considered in this work are sources of groundwater pollution. Currently, there is a
problem of searching for their location for reburial in specialized stationary burial grounds, to solve
which detailed complex geophysical studies are used. Various geophysical methods are
considered, including micro-sensing and radiometric studies, to determine the location of burials.
Particular attention is paid to the analysis and interpretation of geophysical data, as well as the
economic and practical aspects of the application of these methods. As a result of the study, it was
established: that when searching and studying burial sites of radioactively contaminated materials,
the use of surface gamma photography makes it possible to assess the level of radioactive
contamination of the upper layers of the soil (to a depth of 0.8-1 m). However, if the thickness of
buried radioactively contaminated materials exceeds a certain level, which leads to weak
contamination of rocks at a depth of more than 1-1.5 m, then burial objects may go undetected
when using only gamma-ray imaging. In such cases, microgamma probing becomes an effective
method. Increased values of exposure dose rate and the nature of microgamma sounding curves
serve as indicators of the presence (increase in exposure dose rate with depth) or absence (sharp
decrease in exposure dose rate with depth) of radioactively contaminated materials in the studied
area.

Keywords: radioactive contamination, geophysics, research, complexing, micro gamma sounding,
decontamination.
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Introduction

One of the greatest dangers is the radioactive
pollution of the environment by man-made and
natural radionuclides after accidents and
catastrophes at nuclear cycle facilities. By-products
of nuclear energy production pose long-term risks to

human health and the environment [1]. The accident
on April 26, 1986, at the Chornobyl nuclear power
plant, which led to the release of large amounts of
radionuclides into the environment, led to serious
contamination of the surrounding area [[2], [3]].

As a result of the clean-up efforts of the accident
in 1986-87, waste dumps containing approximately
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106 m3 of low-level waste were created [4]. These
waste dumps largely do not comply with regulatory
requirements for low-level waste disposal sites and
pose a radiation hazard to the environment.

According to an assessment by the Nuclear
Energy Agency Committee on Radiation Protection
and Public Health, “...all of these wastes are a
potential source of groundwater contamination that
will require careful monitoring until safe disposal in
an appropriate repository can be achieved.” and
that "...large uncertainties remain which require
correspondingly greater characterization efforts"
[5].

In 1999-2003, an international team of French
and Ukrainian institutes studied the behavior of
radionuclides from the Chornobyl fallout at an
experimental site in the area of the “Red Forest”
landfill near the Chornobyl nuclear power plant. The
Chornobyl Pilot Site (CPS), established as part of the
project, became a field installation for in-situ
confirmation and development of models of
radionuclide migration in soils and the geosphere
(61, [711.

In 1986-1988, temporary disposal sites of
radioactively contaminated materials,
decontamination waste, radioactively contaminated
structures and equipment were carried out in the
Chornobyl  exclusion zone without proper
engineering training for special burial grounds. Due
to the emergency, the work was carried out
urgently, while in almost most cases, proper
topographic mapping of the disposal sites of
radioactively contaminated materials was not
ensured. In this regard, at this time, the location of
many of them is unknown. Meanwhile, these
disposal sites are sources of groundwater pollution
that feed the Pripyat River and its tributaries.
Nowadays, there is a problem of searching for them
to reburial them in specialized stationary burial
grounds.

The task of finding disposal sites for
radioactively contaminated materials can be solved
only through the use of detailed integrated
geophysical studies. From the point of view of
geophysics, the main types of pollution of the
geological environment are radioactive and
geochemical. As a result of studying the geological
environment by geophysical methods, static and
dynamic (time-varying) geophysical anomalies over
pollution sources are detected [[8], [9]].

Tasks and complex of geophysical research
Geophysical methods are widely wused in

engineering-geological, geoecological and
archaeological research. Analyzing the experience of
using geophysical methods in solving engineering
problems, it was determined that the tasks of
searching for disposal sites of radioactively
contaminated materials are practically similar to the
tasks that are set before geophysical methods in the
process of archaeological research.

The possibility of using geophysical research is
based on a noticeable difference in the
electromagnetic and radiometric parameters of
both archaeological and man-made objects,
compared with the surrounding host rocks. At the
same time, the following basic tasks are solved using
geophysical methods:

- mapping of trenches, mine workings, dams,
ditches;

- search and exploration of disposal grounds,
necropolises, underground structures, armament
depots, and disposal sites of radioactively
contaminated materials [[10], [11]].

A specific feature of the search for disposal sites
of radioactively contaminated materials is the
determination of radiometric parameters of
radioactively contaminated materials and host soils.
The experience of using geophysical methods for
this purpose and the analysis of literary data
indicates that the solution to the above tasks is a
rather complex problem and requires the use of
detailed integrated geophysical studies, as well as
experimental and methodological work to improve
the selected complex [[1], [2], [3], [4], [5], [12]].

From our point of view, a set of geophysical
methods for searching and exploration of natural
reserves should include:

* micro-electrical profiling using the electrical
resistance method in various modifications, based
on measuring the resistance of soils and rocks using
electric currents;

e electrical profiling using the natural electric
field method, which allows identifying zones with
anomalous conductivity, which may indicate the
presence of radioactive waste or changes in the
composition of soils;

¢ microelectric sounding for detailing detected
anomalous areas, allowing to localize of the sources
of anomalies and determining their nature using
point measurements of electrical resistance at
shallow depths;

e the induced polarization method using the
median gradient method is used to assess the
polarizability of rocks and identify zones with
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increased content of metals or organic substances,
which may be associated with the disposal of
radioactive waste;

e GPR sensing is effective for searching for
containers with radioactive waste and mapping the
structures of underground voids. The method uses
radio waves to obtain images of underground
structures, making it possible to detect various
objects and anomalies at depths of up to several
tens of meters with high resolution;

e micromagnetic studies involve measuring the
Earth's magnetic field to identify local anomalies
caused by the presence of magnetic materials or
changes in the magnetic properties of rocks;

e surface and borehole gamma survey -
measures the level of natural radioactivity of rocks
and soils;

¢ as well as laboratory radiometric studies.

At the same time, the rational complex of
specialised geophysical research in each specific
case is determined by the tasks and economic
factors.

Geophysical surveys are carried out in a profile-
area version and should be sufficiently detailed, the
observation step is several meters, and when
anomalies are detailed — tens of centimeters.
Parametric observations are performed on known
objects and serve as exemplary models for
interpreting the results of observations on ordinary
profiles [[13], [14]].

Some positive experiences of such work have
been accumulated. An example is the search for
military equipment that sank in the swamps in 1941-
1944 and the disposal sites of German soldiers on
the fields of the Korsun-Shevchenko Battle. At the
same time, detailed magnetometric surveys, as well
as studies using natural electric field and
microelectroprofiling methods (searching for craters
from explosions of aerial bombs, artillery shells,
remnants of iron structures, and weapons) turned
out to be quite effective [[15], [16], [17]].

The processing of the received materials
consists in their complex interpretation and analysis
of the entire data set. As a result, anomalous zones
are highlighted, which may be related:

- with a violation of the integrity of rocks (based
on the materials of micro electroprofiling,
microelectrosonding and GPR studies);

- with the presence of steel fragments (based on
the materials of micromagnetic survey);

- with electrochemical processes (oxidation of
metal fragments) occurring in the body of the

disposal (based on the methods of natural electric
field and induced polarization);

- with the presence of soils and materials
intensively  contaminated  with  radioactive
substances — products of nuclear accidents and
waste from radiochemical production (based on
materials from surface and spur gamma-ray
surveys).

Based on the results of the performed
geophysical studies, a set of geophysical maps and
sections is being built, which allow us to conclude
that there is a disposal of radioactively
contaminated materials in the studied area, as well
as to determine the points of opening the body of
disposal by wells and pits.

Experimental part

As an example of such work, we will present
some materials of radiometric studies at one of the
sites of the Chornobyl nuclear power plant (the
Sandy Plateau site). The site is located on the
southeastern outskirts of the city of Pripyat. Before
the accident at the Chornobyl nuclear power plant,
this area was washed with river sand 2 m thick and
was planned for the construction of a new massif in
Pripyat. Uncontaminated river sand is characterized
by an exposure dose rate of 4-8 uR/h. Figure 1 shows
a fragment of the 137Cs surface pollution map of the
Chornobyl exclusion zone with the research area
marked on it.

In 1988, experimental decontamination works
were carried out at the research site by removing
the top layer of soil with a thickness of 10 cm. In
accordance with technical specifications, highly
active soil should be buried on the same site, but
information about the location of the disposal
turned out to be lost. Many years later, the urgent
task of searching for temporary disposal of
radioactively contaminated soil removed during
decontamination works arises. To solve this
problem, areal studies were performed at the work
site using the biolocation method over a network of
20x10 m. Based on the materials of these works,
elongated anomalies were identified, the nature of
which at the first stage was associated with the
presence of trenches with radioactively
contaminated soil. However, selective drilling of
individual biolocation anomalies did not vyield
positive results [[18], [19], [20]].
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Figure 1 - Fragment of 137Cs surface contamination
map: The scale 1:200 000

To check the detected anomalies, a surface
gamma survey was performed over a 20x5 m
network using a SRP-68-01 radiometer, the results of
which are shown in Figure 2. At points where the
exposure dose rate of y-radiation (P) exceeded 3000
UR/h, measurements were repeated using the SRP-
68-03 spur radiometer.
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Figure 2 - Map of the exposure dose rate of y-radiation
(P). The «Sandy Plateau» site: The scale is 1:2 000.
The isolines are drawn through 500 pR/h.

The exposure dose rate of y-radiation at the
research site varies from 350 uR/h to 4250 uR/h. The
areas with increased exposure dose rates (2000 —
4000 pR/h) are localized in the central and
southeastern parts of the research area, and the
areas with reduced P values (350 — 1500 pR/h) are
located in the northern, northeastern, southern and
western parts of the site. The average values of the
exposure dose rate of y-radiation at the research site

are 1800 uR/h. According to the materials of the
«Kirovgeologiya» production association, the
background values of the exposure dose rate of y-
radiation of territories composed of river sands in
the research area ranged from 4 uR/h to 8 uR/h.
The gamma field has a mosaic, sometimes backstage
nature, which may be the result of uneven removal
of the upper highly active layer by earthmoving
machines during decontamination. At the same
time, the negative forms of the microrelief were
partially «sprinkled» with highly active soil, and the
positive ones, on the contrary, were cut to a great
depth.

To assess the degree of radioactive
contamination, the specific activity of ¥’Cs was
calculated using the well-known formula:

P-u,,
2-m-Kop’

where P — exposure dose rate, uR/h; L,y — effective
attenuation coefficient of y-radiation; K,c —gamma
equivalent of ¥’Cs; p — density of rocks, g/cm?. A
fragment of the pollution assessment map of the
137Cs site is shown in Figure 3.
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Figure 3 - Map of the specific activity of 137Cs (ACs) of
the topsoil. The «Sandy Plateau» site: The scale is
1:2000. The isolines are drawn through 500 kBg/kg.

For the study area, the specific soil activity
caused by ¥’Cs in the depth range of 0-50 cm varies
from 24 kBq/kg to 291 kBg/kg with an average value
of 121 kBg/kg.
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For operational analysis of gamma survey
materials, graphs of exposure dose rate and specific
activity of 137Cs were constructed along profiles
that stretched from south to north. The exposure
dose rate is related to the level of radiation exposure
and is taken into account when planning radiation
protection measures and environmental
monitoring. The specific activity of cesium shows
how much a specific mass of material is
contaminated with the radionuclide. High specific
activity may indicate significant radioactive
contamination requiring decontamination measures
or access restrictions. These indicators are used to
assess current conditions, plan protection measures
and respond to radiation accidents.

Figure 4 shows the materials of the surface
gamma-ray survey according to profile 8 (graph of
exposure dose rate and specific activity of %Cs),
typical for the research area.
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Figure 4 - Graphs of the exposure dose rate (P) and
specific activity of 137Cs of the topsoil (A)
according to profile 8

Figure 5 - Graphs of the dependence of the change in the
exposure dose rate (I) on the depth (h), characteristic
of microgammasondings performed at the
«Sandy Plateau» site.

A comprehensive analysis of the y-radiation
exposure dose rate map and the biolocation
research scheme revealed that the correlation of
biolocation and surface y-anomalies is often absent
[20].

To check the anomalous zones identified by
biolocation and surface y-survey,
microgammasonding  was performed, the
characteristic types of which are shown in Figure 5.

Results and Discussion

The materials of the microgammasonding
curves show that the value of the exposure dose rate
at depths of 2-10 cm ranges from 1300 puR/h to 7000
UR/h and tends to increase with depth. With a
further increase in the measurement depth (up to 50
— 70 cm), different behaviors of the exposure dose
rate graph are observed, depending on the depth of
penetration of technogenic radionuclides into the
soil: the values remain at the same level, increase or
in some cases decrease. The final branch of all
microgammasondings has a descending nature, and
the exposure dose rate decreases to tens of puR/h,
i.e. almost to the background. Analysis of
microgammasonding data shows that the
penetration depth of technogenic radionuclides is
up to 50-60 cm. The nature of the behavior of
microgammasonding curves (a sharp decrease in the
exposure dose rate after 30-60 cm with a depth)
allows us to conclude that there is no disposal of
radioactively contaminated soil in the surveyed
area.

Conclusions

The complex of geophysical methods in the

search and exploration of disposal sites of
radioactively contaminated materials includes
surface and spur  gamma-ray  surveys,

microelectroprofiling by the process of electrical
resistance in various modifications, electroprofiling

by the method of natural electric field,
microelectrosonding when detailing detected
anomalous areas, the method of induced

polarization by the method of median gradient,
micromagnetic and geolocation studies, as well as
laboratory radiometric studies. The tasks and
economic factors determine a rational complex of
specialised geophysical research in each specific
case, while geophysical surveys should be
sufficiently detailed.

— 10l—/——
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During the search and exploration of disposal
sites for radioactively contaminated materials,
surface gamma-ray surveys allow us to assess the
radioactive contamination of the topsoil (up to a
depth of 0,8-1 m), but with the capacity of
overlapping disposal sites for radioactively
contaminated materials of slightly contaminated
rocks of more than 1-1,5 m, the search object may
not be fixed.

Microgammasonding is an effective method for
determining the disposal of radioactively
contaminated materials. High values of exposure
dose rate and the behavior of microgammasonding
curves are criteria for the presence (increase in

exposure dose rate with depth) or absence (sharp
decrease in exposure dose rate with depth) of
disposal of radioactively contaminated materials at
the surveyed site.
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PapnoakTuBTI acTaHFaH maTepuangap KeminreH xxepaepai reopmsmnkanbik,
dAicTepmeH i3aeyaiH daictemenik npuHumnrepi
! Bbikea C.A., 1 OHuMwyK B.U., 1 Onnwyk U.U., 2 Maguwesa P.K., 2MyxaxkaHosa XK.T.

! Tapac LLles4eHko ameiHOaFbl Kuee yammeolk yHusepcumemi, YkpauHa
2 36inKac CarblHo8 ambiHOaFr6l KaparaHAbl mexHUKanbIK yHusepcumemi, KaparaHdel, KazakcmaH

TYWIHAEME

Byn makana MpunaTb KanacblHbIH, OHTYCTiK-LIbIFbIC WETIHAE OPHaNackaH YepHobblNb aTOM 3N1eKTp
CTaHUMACHI y4ackenepiHiH BipiHaeri («Kymapl ycTipT» yyackeci) paaMomeTpuaAnbIK 3epTTeynepre
apHanfaH. AaponbiK KOHAbIPFbINAPAAFbl anaTrapAblH, cepiHeH naaa 6onfaH KacaHabl KaHe
Tabufn paaMoaKTMBTI 3aTTap Y/KeH Kayin TeHaipesi. PafvOaKTUBTI nacTaHfaH matepuangap
KOMIZIreH OpblHAAP *Kep acTbl CynapblH nactanapl Kasipri yakbiTTa MamaHAaHAbIpbIAFAH
CTaLMOHAPAbIK KOPbIMAAPAA KalTa Kemy MaKkcaTblHAA OnapAplH, OpHaNacKaH XepiH isgey
maceneci Typ, OHbl leWy VYWiH enken-Tenkenni KeweHai reodpusmnkanbik 3eprtreynep
Makana kengi: 5 aknan 2024
CapanTtamagaH eTTi: 17 mayceim 2024
Kabbinganapl: 20 mayceim 2024

KONAaHbl1aabl. Hepney opbiHAAPbIHbIH, OPHbIH aHbIKTay YLWiH apTypAai reodusmKanbiK aaictep
KapacTblpblnagpbl, COHbIH, iWiHAE MUKPO-CEHCOPAbIK KaHEe pPaAuOMETPUANDLIK 3epTTeynep.
FeodursunKanbik, ManimeTTepai Tangay MeH TycCiHAipyre, coHAal-aK ocCbl d4icTepAi KONAaHYAbIH,
9KOHOMMKA/IbIK KOHEe MNPaKTUKaNbIK acnekTiiepiHe epeKkwe Hasap ayaapbliagbl. 3eptrey
HITUMKECIHAE aHbIKTaNFaHbl: PAANOAKTMBTI 1aCTaHFaH MaTepuangap KemMinreH xepnepaiisgectipy
JKoHe 3epTTey KesiHge Kep YCTi ramma-poTocypeTiH naikganaHy TOMbIPAKTbIH, YKOFApFbl
KabaTTapbiHbIH, (TepeHAiKKe AeiiH) paanoaKTUBTI nacTaHy geHreiiH 6aranayfa MymKiHAiK 6epeai.
0,8-1 m). Anaitga, erep KeminreH pagnMoakTUBTI 1acTaHFaH MaTepuanaapablH KanblHablFbl 6enrini
6ip aeHreiaeH acbin Ketce, 6yn 1-1,5 m-geH acTam TepeHAIKTEri Tay KbIHbICTapPbIHbIH, 9/1Ci3
NacTaHyblHA SKenin COKTbipca, OHAA Kemy obbekTinepi Tek ramma-caynenik 6eiHeneyai
KONAaHFaHAA aHbIKTaMal Kanybl MymKiH. MyHAal afgainapaa MUKporamma 30HATay TUimai
9JicKe aliHanagpl. IKCNO3MLMA [03aCbIHbIH, XblIAAMAbIFbIHbIH, }KOFapbliaybl }KaHe MUKpOramma
30HATAY  KWUCBIKTApbiHbIH,  CUMaTbl  3epTTe/ieTiH  ayMaKTa  PaAMOoaKTWUBTI  JlacTaHfFaH
MaTtepuangsapabit, 60aybl (TEPEHAIKNEH SKCNO3ULMAMBIK 4032 HbINAAMAbIFbIHbIH, }KOFapblaaybl)
Hemece JKOKTbIfbl (TEpeHAIKNeH 3KCNO3UUMANLIK [03a KbINGAMAbIFbIHBIH, KYPT TemeHaeyi)

KepceTKiluTepi peTiHAe KbI3MeT eTea,.

TyiiiH ce30ep: pPafMOaKTUBTI NactaHy, reodusmka, 3epTrey, KOMMIEKCTEY, MWKPOraMmarbiK,
30HATAY, 3aN1aCbI3JAHAbIPY.
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AHHOTALUMUA

[aHHasa cTaTbA MOCBAWEHA PagUOMETPUYECKMM WUCCAeAOBaHMAM Ha OAHOM W3 Y4acTKOB
YepHobblbcKkoi ASC (yyacTok «lecyaHoe NAaTo»), KOTOPbIA PACNONOXKEH HA HOXKHO-BOCTOYHOM
oKpauHe r. MpunAaTtb. PaAnoaKTUBHbIe BeWecTBa, Kak MCKYCCTBEHHOrO, TaK U ecTecTBEeHHOro
NPOUCXOMKAEHMSA, BO3HMKWME M3-33 WMHUMOEHTOB M KatacTpod Ha AAepHbIX O0b6bekTax,
NpeacTaBnatoT Haubonbliyld OMacHOCTb. PaccmaTpuBaemble B AaHHOM paboTe  NyHKTbI
33aXOPOHEHUA PAfMOAKTUBHO 3arpA3HEHHbIX MAaTEPUANOB ABAAIOTCA UCTOYHUKAMU 3arpA3HeHUs
nofsemHbIx Bod. B HacToswwee Bpema cyuiectsyeT npobiema NMouCKOB UX MECTOMO/IONKEHUA C
Lenblo Nepe3axopoHEHUn B CNeunanu3npoBaHHblie CTalMOHapHble MOTUIbHUKKU, ONS pelleHus
KOTOPOM  UCMONb3YIOTCA  AeTasibHble  KOMMJEKCHble  reodusnyeckme  UcCaefoBaHMA.
PaccmatpuBatoTcs pasnnyHblie reopusnyeckne meToapl, BKAOYAA MUKPOraMMasoHAUPOBaHME U
paguomeTpuyeckne nccneaoBaHus, AN onpeaeneHnUs MecTonooKeHna 3aXxopoHeHuin. Ocoboe
BHUMAHWE yAenseTca aHaausy W UHTepnpeTauum reodusmyecknx [AaHHbIX, a TaKke
SKOHOMUYECKUM U MPAKTUYECKMM acCneKTam npumMeHeHUa 3TUX MeToa0B. B pe3ynbraTte
nccnefoBaHUA YCTaHOB/IEHO: MPU OCYLLECTBAEHUM MOUCKA U UCCNEf0BAaHUM MECT 3aXOPOHEHUA
PagMOaKTUBHO 3arpsA3HEeHHbIX MaTepuanoB WCNONb30BaHME MNOBEPXHOCTHOM FamMMa-CbeMKM
No3BO/IAET OLLeHWUTb YPOBEHb PAAMOAKTUBHOIO 3arpA3HEHUA BEPXHUX COEB rPyHTa (4,0 rnybuHbI
0,8-1 m). OAHaKO, eCU MOLLHOCTb 3aXOPOHEHHbIX PAAMOAKTUBHO 3arpA3HEHHbIX MaTepuasnos
NPEBbILAET ONPEAE/IEHHbIN YPOBEHb, YTO NPUBOAMUT K C1IaBOMy 3arpA3HeHUI0 NoOPoa, Ha rybuHe
6onee 1-1,5 m, To 06BEKTHI 3aXOPOHEHMA MOFYT OCTaTbCA HE3aMeYeHHbIMU NPU UCMOb30BAHUK
TONbKO  raMMa-CbeMKWU. B Takmx  cnyyasx  3GPeKTUBHbIM ~ METO4OM  CTaHOBUTCA
MUKpPOrammasoHgupoBaHue. MoBbIWEHHblE 3HAYeHUA MOLWHOCTU 3KCI‘IO3VILI,VI0HHOI7I A03bl U
XapaKTep KPWBbIX MUKPOraMMasOHAMPOBAHWUA CAYXKaT WHAMKATOPaMM Hanuuusa (yBenuuyeHue
MOLLLHOCTW 3KCMO3ULMOHHOM [03bl C rNYOUHOM) UK OTCYTCTBUA (Pe3Koe CHUMKEHME MOLLHOCTU
3KCNO3ULMOHHOW A03bl C rNYyBUHOW) PagMOaKTUBHO 3arpA3HEHHbIX MaTepuanoB B U3y4EeHHOM
yyacTke.

Knrouesbie cnoea: pPaanoaKTUBHOE 3arpasHeHue, FEO¢M3VIK8, ncenenoBaHus,
KOMN/IEKCUPOBaHUE, MUKPOraMmasoHAMpPoOBaHMe, Ae3aKTuBaumAa.
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