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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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RADIATION-ECOLOGICAL MONITORING
OF COAL MINES OF NOVOVOLINSK MINING AREA

Abstract. The recent restructuring of the mining industry causes a significant detrimental effect on environment
and population. Operating of coal mining enterprises of the Lviv-Volyn coal basin and the restructuring of the
mining industry led to the accumulation of waste possessing technogenically-increased natural radioactivity.
Radiation safety on these coal mines is associated with natural radionuclides in coal and associated rock (y-rays). The
main contribution to the radiation dose of underground workers and the general radiation background.

Keywords: restructuring, radon, uranium, thorium, monitoring of radioactivity.

Introduction. Sustainable socio-economic development of modern society is impossible without an
assessment of the technogenic impact on the environment. Nowadays, the peculiarities of development of
various regions of Ukraine are the course of anthropogenic processes that lead to environmental pollution.
Particular attention needs to be paid to the study of the regions where the coal industry is developed.

During the period of coal mining and coal processing in the territory of the Lviv-Volyn coal basin,
the geoecological environment has undergone significant changes. This is primarily due to the change in
the natural landscape, the impact of coal-processing waste on the environment, as well as the change in the
geochemical indicators of the environment as a result of additional inflow of chemical and mineral
compounds into it [1, 2].

One of the main sources of ecological danger for the region are dumps of mine rocks. Thus, during
the extraction of coal from the rock mass that enters the surface, more than 75% of the raw material goes
into the waste. In this regard, an important issue when developing environmental measures to minimize
the impact of dumps mine rock to the environment is a reliable assessment of their toxicity [3].

Novovolynsk mining area belongs to the Lviv-Volyn coal basin, which is located on the border of the
Lviv and Volyn regions of Ukraine and covers the right and left banks of the Bug. The total geological
coal reserves are estimated at 2 billion tons, while the balance reserves are 1.4 billion tons [4]. In the
landscape of the investigated area the arable land occupies more than 60% of the territory, in the north the
surface is hilly, with a height of 244-270 m, which contains many ravines and beams. On its territory
28 mine dumps are formed (figure 1).

Along with weathering, which is widespread in the outer part of shaft waste heaps, because within
them there are favorable conditions for oxidation and subsequent burning. The leading role in this belongs
to the activities of microorganisms. The study of the conditions for the development of microorganisms in
the zones of oxidation of sulfide deposits shows their stability at temperatures from 2 to 70 °© C, and pH of
the medium - from 1 to 8. In this, the development of bacteria occurs in conditions of high humidity of the
rock mass. In support of these findings, the fact that within the boundary parts of the mine waste dumps
there are local focal ignition and there is a selection of vaporous sulfate acid [5-7].

The oxidation and burning of the waste heaps described above is accompanied by a significant
evolution of water vapor, which is a mineral-forming medium for most of the minerals: sulfates,
hydrocarbons, carbonates, phosphates, arsenates. In addition, oxidation produces carbon dioxide, nitrogen
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Figure 1 — Satellite image mines on the territory of Novovolynsk mining area (Ukraine).
Legend: yellow tag producing mines, red tag recultivated or under recultivation

oxide (IV), which forms nitric acid with water. In the absence of oxygen in the burning cells in the vapor-
gas emissions contain hydrogen sulfide, hydrocarbons, ammonia, carbon monoxide (II). When leaving the
surface of the rock dump form raids, crystalline or spherulite aggregates of new minerals, which
predominate sulphates, sulfides and carbonates. The other part of the oxidized compounds evaporates into
the atmosphere, filling it with harmful substances [9-11].

Modern mining operations are accompanied by an intense change in natural energy and mass transfer,
as huge deposits of coal, rocks and underground water reach the surface of the earth causing the
development of many negative phenomena that leads to environmental degradation of the region. For the
Novovolynsk mining area, a significant transformation of the hydrogeology conditions, the change in the
balance and regime of groundwater, the subsidence of the earth's surface, the formation of highly
mineralized acid waters are characteristic [12, 13].

Purpose, tasks and methods of research. The purpose of this investigation is measurement of
radiation background of mining waste heaps by MKS—05 "TERRA" dosimeter-radiometer. The permis-
sible dose of background radiation is 0.3 pSv/h.

According to the purpose the following tasks are set: currently there are only few investigations made
on coal mines, although they are extremely important for monitoring the health of mine personnel, as well
as for the analysis of the radon level. The change of radon content may signal a fire breaking-out in the
unworked coal.

The change of radon content may signal a fire breaking-out in the unworked coal. Presently 3 mines
are operating on the territory of the Novovolynsk Mining Area, one is being built and 7 mines are being
reclaimed or recultivated.
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Radiation safety on these coal mines is associated with natural radionuclides in coal and associated
rock (y-rays). The main contribution to the radiation dose of underground workers and the general
radiation background is made by radon products, as well as radionuclides of uranium and thorium series,
and the radioactive isotope of potassium - 40, which are present in the form of aerosols in mine atmo-
sphere. As is commonly known, gamma rays has a high penetrating power and therefore creates an
external irradiation of the body of miners. Gamma-radiation intensity is directly proportional to the
content of y-emitting radionuclides in the walls of mining workings [14-16].

The greatest amount of radon emission is observed in areas where rocks contain high concentrations
of uranium. Migration of radon is facilitated by long term deformation of rocks, vertical fault zones and
porosity of rocks. It is believed that the greatest intensity of migration of radon from rocks can be
expected in conditions of combination of geological factors such as the presence of a rock enriched with
uranium; intense deformation of sub-vertical rocks that don't contain quartz, carbonate or clay, and a soil
cover consisting of gravel or sandy eluvium.

Results and their discussion. The radiation situation in the coal mines of the Novovolynsk mining
area depends on the intensity of its ventilation. Most coal mines are intensively ventilated (the time of air
exchange is more than 2500 seconds), the average content of uranium and thorium in coal and rocks rarely
exceeds 40 Bg/kg™. If such mines adhere a standard for dust contamination (10 mg/m™), then the average
level of total radionuclides exposure on the lungs is within the range of 0.5— 0.7 exposure limit for miners
of non-uranium mines and the radiation state is quite favorable. The annual dose for these categories of
workers is SmSv/year.

Mining conditions in coal mines, as a rule, differ significantly from the conditions for the ore depo-
sits. Coal mines are characterized by a narrower range of the content of radium — 226 (Ra**®) and thorium
— 232 (Th*?), coal and enclosing rocks, a small number of horizons that are in operation, shallowness of
coal beds and the release of methane. Taking into account these differences, one can make the following
assumptions about the radon emission features in the coal mines of the Novovolynsk mining area:

1. radon emission per unit volume or per unit surface of mine working is more or less uniform
throughout the mine;

2. high intensity of radon emission may occur in the places with significant amount of methane
released, as well as in mine workings, adjacent to the abandoned place;

3. on mines with a exhaust ventilation, higher radon emission should be expected, especially at a
shallow workings;

4. radon emission intensity will be higher compared to the wingway due to the radon filtration release
from the coal bed between them.

During complex studies in the region it is determined that the most dangerous for the environment are
the workings in coal beds with radioactivity of 0.01-1.3 mSv/year (an average of 0.06 mSv/year), and for
field workings of 0.05-0.8 mSv/year (an average of 0.12 mSv/year). The significance of such doses can be
estimated by comparing them with the average external radiation dose obtained during the year by the
staff working in the premises on the surface (0.23 mSv), with the average external radiation dose by the
natural background of 0.8 mSv/year [17, 18].

It can be expected that the annual average external dose of staff in a coal mine will be 2.4 times less
than the dose received during the same period by the workers on the surface and 6.12 times less than the
annual dose due to the average value of the natural rediation background on the surface. From the fore-
going, it follows that external gamma radiation is not a significant radiation hazard and that systematic
monitoring and accounting of external doses of underground workers is required only in mines where the
average content of natural radionuclides exceeds the content of radium (Ra**®) - 200 Bg/kg™, and thorium
(Th*?) - 150 Bg/kg™". Measurement of the exposure-dose rate of photon-ionizing radiation in coal mines of
the investigated area was carried out only in the producing mines.

As a result of the measurements of photon-ionizing radiation in the cities of Lviv-Volyn coal basin
and in the coal dumps, it was established that:

1. The exposure-dose rate of photon-ionizing radiation in the Novovolynsky mining area is higher
than in other cities of the basin.

2. The results of radioecological investigations have shown that the concentration of cesium - 137 in
coal mines is 18-55 kBg/m? (0.5-1.5 Ci/km?). The usual concentrations of cesium - 137 for this area are
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0.1-0.2 Ci/km?. Thus, the level of exposure dose of mining objects in the area exceeds the background in
1.2-1.6 times. The average index of radioactive contamination of 137Cs is higher than the background in
1.3-1.7 times, and 90Sr - in 2.0-5.0 and this causes their high concentrations in food in the area. In mines,
the average content of natural radionuclides is: Ra**® - 3240 Bq/kg, Pb*'’ - 930 Bq/kg, Po*'’ - 1700 Bq/kg,
Th*?- 1700 Bg/kg, Th*** - 1100 Bg/kg, Pa**"- 1300 B/kg.

3. The content of radon in the air of coal mines reaches 0.3-6.0 Bg/m? (background content), high
values of radon content are observed in the places of the former settling basins of the mine (on the surface
of 22-35 Bg/m?, and at a depth of 0.3 m to 180 Bq/m?®), and in the places of sediment ponds in the mine
field, the radon content reaches several hundred Bq/m* (MPC per radon of 100 Bg/m? for mine production
facilities) (figure 2).

[ SE "Shalhta #1 [ SE "Shaldita "Buzhanslka" H SE "Shakhta #9"

5500
50001
4700
4500
4000
3500 3490 3500
30001
25001
2000 il
1500 1400
1103 1300
1000
720 640 700
5001
230 |250| 240 ‘ ‘
0- . . . .
np® ad0® ok 1682 pil
N@fﬁ‘ﬁw A Gwm,\ﬁ - TQ

Figure 2 — Graphic representation of the radioactivity level (**Ra and Th*?)
on the producing coal mines of the Novovolynsk mining area

26Ra, Th*?, specific activity of rocks does not exceed 4900 Bg/kg. High radioactivity is observed in
loamy-sludge sediments of sediment ponds of coal mines. Here, the rate of gamma radiation dose from the
surface is 640-720 mR/g, at the depth this index is 750 mR/g. The density of beta-rays from the surface -
80 cpm/cm’, and alpha-rays 4 cpm/cm’. It was established that in other mines of the area, the gamma-rays
exposure rate does not exceed the values of 21-25 uR/g. The total specific activity at more than 90% is
determined by the presence of **°Ra and is equal to 3490-13000 Bg/keg.

Conclusions. It should be emphasized that the control of the concentration (volume activity) of radon
in the atmosphere, which is necessary for determining the sources of its emission, the calculation of the
needs of the mine in the air and the rational distribution of the latter. In the mine roadway mines of Novo-
volynsk mining area, the assessment of radioactive contamination of residential and industrial premises,
measurements of individual expositions, plays a special role in ensuring radiation safety of the area. Ways
of radioactive wastes burial are developed in the special literature and based on the requirements of
"Norms of radiation safety of Ukraine". Now the main goal of radioactive waste burial is to reduce the
total dose of all radiation sources to a rate that does not exceed the maximum allowable dose for the
environment and population of the city (region). Therefore, this topic is worth special attention and further
monitoring.
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I1. B. Bocak, B. B. IlonoBuu
JIbBOB MEMIIEKETTIK TipIIIiK Kayinci3airi yauBepcureti, JIbBoB, Ykpanuna

HOBOBOJIbIH TAY-KEH OHEPKOCIBI AYJIAHBbI KOMIP ITAXTAJIAPBIHBIH
PAJINAIMAJIBIK OKOJIOTI'UAJBIK MOHUTOPHUHI'T

Annoranusi. COHFBI Ke3/IeTi Tay-KeH OHEpKociOiH KalTa KyphUIBIMIAY KOpIIaraH OpTaFa JKOHE XalIbIKKa
3USHABI ocep eTyje. JIbBOBCK KeMip eHIIpyII KOCIMOPBIHAAPBIHBIH XKYMbICHI- BonbiH kemip OacceiiHi MeH Tay-KeH
OHEPKACIOIH KalTa KypbUIbIMIIAy TEXHOTEHJIK JKOFapbl TaOMFH PaJMOAKTHUBTLIIr 0ap KaJABIKTAP/bIH JKUHATYbIHA
okenzi. Paguanusuiblk Kayincisaik Oyl KeMip InaxTajapblHia KeMipJeri *oHe 0alIaHbICThI KbIHBICTAPaFbl TAOUFU
panvoHyKIHATEpPMEH (y-cayienep) OaitnanbicTl. Pason eHimMuepi, connaii-ak Gipkatap ypaH, TOpUH paluoOHYKIHI-
Tepi xkoHe Kaauii-40 paInoaKkTUBTI U30TOIbI, -a3P030JIb TYPIH/IE Maka 00JFaH MAaXTaJbIK ayalarbl PaIHOHYKIHITED
asichlHa naiaa 6onanbl. JIbBoBCKO-BosbH KeMip OacceliHiHIH Macesenepi Kopiiaran opranbl HOBOBoIMH Tay-KeH
OHepKaciO ayJaHbIHA KOMIp LIaXTaJapbiH jkaly, )KYMBIC iCTEN TypFaH LIaXTaJaplblH SKOJOTHSJIBIK JKOHE paaua-
LMSUIBIK KaYICI3ITiH apTThIpy Ke3iHAe CaKTay >KOJIApbIH 3epTTey KKETTUTINHEH TybIH/a bl

Tyiiin ce3aep: Kaiita KYpbUIBIMIAY, PaIOH, YpaH, TOPUH, PaIrHoaKTHBTLTIK MOHUTOPHHT.
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JIbBOBCKHIA TOCYIApPCTBEHHBIH YHUBEPCUTET 0€30MaCHOCTH KHU3HEAesA TeIbHOCTH, JIbBOB, YKpanHa

PATMAIIMOHHO KOJIOTMYECKUI MOHUTOPHUHI YT OJIbHBIX IIAXT
HOBOBOJIBIHCKOTI'O T'OPHOITPOMBIIIIJIEHHOI'O PAHOHA

Annotanusi. HenaBHsisl pecTpyKTypH3aLusi TOPHOIOOBIBAIONIEH TPOMBIIUICHHOCTH OKa3bIBAaET 3HAUYNUTEIHHOE
naryOHOe BO3JIEHCTBIE Ha OKPY)KaIOIIyl0 cpely M HaceineHue. PaboTa yrinenoObiBaronmx npeanpusitaii JIbBoBcko-
BonbiHCKOTO yrompHOTO OacceiiHa M PECTPYKTypH3alusl TOPHOMOOBIBAIONIEH MPOMBIIUICHHOCTH IIPUBEIN K
HaKOIUICHHWIO OTXO/OB C TEXHOT€HHO IOBBIIICHHON NMPHUPOAHON PagMOAaKTUBHOCTHIO. PanuariionHas 6e30macHOCTh
Ha 3TUX YTOJBHBIX IAXTax CBSI3aHA C €CTECTBEHHBIMM PaJHOHYKINAAMH B yIJIE U CBS3aHHBIX MOpoAax (y-Jrydw).
[TponykTel pajioHa, a TaKXKe PaAMOHYKIHMIBI psilia ypaHa, TOpUS M PAaAMOAKTUBHBIM M30TON Kanusi-40, mpucyt-
cTByrolue B opMe adpo3oieli, 00pas3yloTcs Ha (OHE PaIMOHYKINAOB B MIaxTHOM Bo3ayxe. [IpoGnems! JIbBOBCKO-
BossiHCKOTO yronpHoro 6acceliHa 00yclIOBMIM HEOOXOMMOCTh U3YUYEHHS IIyTEeH COXpaHEHHs] OKPYKaroIeH cpe/ibl
NIPU 3aKPBITHH YTOJIBHBIX ILAXT, HOBBIMIEHHS AKOJIOTHYECKON M paJMallMOHHON 0€30IacHOCTH JEHCTBYIOUIMX MIAXT
HoBOBOJIBIHCKOTO TOPHOIPOMBIIIIEHHOTO PaioHa.

KioueBsle cjI0Ba: pecTpyKTypu3auus, paJoH, ypaH, TOpUl, MOHUTOPUHT PaAHOaKTUBHOCTH.
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