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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.
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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 Bg/kg, Po”'’ - 1700 Bq/kg,
Th*?- 1700 Bq/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 Bg/m?®), and in the places of sediment ponds in the mine
field, the radon content reaches several hundred Bg/m?* (MPC per radon of 100 Bg/m?* for mine production
facilities) (figure 2).
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Figure 2 — Graphic representation of the radioactivity level (*°Ra and Th**?)
on the producing coal mines of the Novovolynsk mining area

**°Ra, 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 Bq/kg.

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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1I. B. bocaxk, B. B. [lonosn4
JIbBOB MEMIICKETTIK TIPIILTIK KAYINCi3airi yHuBepcuTeTi, JIbBOB, YKpanHa

HOBOBOJIBIH TAY-KEH OHEPKOCIBI AYJIAHBI KOMIP NIAXTAJIAPBIHBIH
PANUANUAIBIK 9KOJOTHUAJBIK MOHUTOPHHI'T

Annoramus, COHFBI KE3ICTI TAy-KCH OHCPKOCIOIH KaWTa KypBUIBIMAAY KOPIIAFAH OPTAFa JKOHC XAJIBIKKA
3HUAHIBI ocep eTyAc. JIbBOBCK KOMip OHAIPYII KOCIMOPBHIHAAPBIHBIH KYMBICHI- BOJIBIH KeMip OacceliHi MEH Tay-KEeH
OHEPKAICIOIH KaiiTa KyphUIbIMIAY TEXHOTCH/IK >KOFAphl TAOMFH PAJTHOAKTHBTINIrL 0ap KANABIKTAPIBIH >KHHAIYbIHA
okenai. PaamammansIk Kayincizaik OyJr KeMip IIaxTanapbslHAa KOMipAeTi skoHe OAHIaHBICTHI JKbIHBICTAPIAFSI TAOUFH
paguoHYKIMATEPMEH (y-coynenep) OainanbicTsl. Pamon eHiMaepi, coHmai-ak GipkaTap ypaH, TOPHH PaTHOHY KIHI-
TEPi KHE Kammi-40 pagruoakTHBTI H30TOIIBL, -a3P030.1b TYPIHAE Maiiia OOJFaH IMAXTAIBIK ayaJarbl PATHOHY KIIUATED
asceIHAA naiaa 6omaxpl. JIbBOBCKO-BonbH KeMip OacCeHHIHIH MOCenenepl Kopmaran opransl HOBOBOMMH Tay-KEeH
OHEPKACIO ayJaHBIHIA KOMIp IMAXTAJNAPBIH kaly, >KYMBIC iCTEN TYpFaH IIAXTAIAPAbIH SKOJOTHSUIBIK JKOHE pajaua-
IVSUTBIK KAYITICI3AITIH apTTHIPY KE31HAC CAKTay SKOIIAPIH 3ePTTCY KAKETTIMITiHEH Ty BIHAAIBI.

Tyiiin ce3aep: Kalita KypbUIBIMIAY, PAJIOH, YPaH, TOPHIL, pATHOAKTHBTLTIK MOHHTOPHHTI.

1I. B. bocaxk, B. B. [lonosn4
JIbBOBCKHI TOCYJAPCTBEHHBIH YHUBEPCHTET OC30MMACHOCTH KH3HEACATSILHOCTH, JIbBOB, YKpawHa

PATAAIIMOHHO YKOJIOTHUYECKAA MOHATOPHUHT YI'OJIbHBIX INAXT
HOBOBOJIBIHCKOI'O TOPHOIIPOMBIIIIVIEHHOI'O PAUOHA

Annotammst. HeqaBHssT pecTpyKTYpH3anus TOPHOIOOBIBAOIICH ITPOMBIIUICHHOCTH OKA3BIBACT 3HAYUTCIBHOC
maryOHOC BO3ICHCTBHC HA OKPY KAIOIIYIO CpeAy u HacencHue. PaboTa yriaenoOsBaromux npeanpuiaruii JIbBOBCKO-
BOJBIHCKOTO YTOJNBHOTO OacceiHA M PECTPYKTYPH3AIMSA TOPHOAOOBIBAIOMICH MPOMBIIUICHHOCTH MPHBEIH K
HAKOIUICHHIO OTXOJOB C TEXHOTCHHO IHMOBBIIICHHOHN NMPHUPOJHOW PAAMOAKTUBHOCTHIO. PagmanuonHas 0e30macHOCThb
HA 3THX YTOJBHBIX HIAXTAX CBA3aHA C CCTCCTBCHHBIMH PAOAHOHYKIIMAAMU B YIJIC H CBA3AHHBIX IMOPOAAX (’\{-J'Iy‘{I/I)
[MpoaykTel pagoHA, a TAKKE PAOUOHYKIUABI PAJA YpaHA, TOPHA W PATHOAKTUBHBIA H30TON KamuA-40, MpHUCYT-
CTBYROIIHC B (pOPME a3p030JicH, 00pasyroTca Ha ()OHC PATHOHYKIHAOB B MAXTHOM BO3ayxe. [IpoOmemsr JIbBOBCKO-
BobrHCKOTO YTOIBHOTO OacceifHa 00yCIOBHIM HEOOXOIUMOCTh H3YUCHUS Iy TCH COXPAHEHHS OKPY>KAFOIIECH CpEIbI
TIPH 3aKPBITHH YTOJBHBIX INAXT, HOBBIIICHHS YKOJOTHUCCKON M PaJHANMOHHON OC30MACHOCTH JCHCTBYFOIMX MIAXT
HoOBOBOIBIHCKOTO TOPHOIIPOMBINIJICHHOTO PafOHA.

KimoueBnbie c/I0BA: pECTPYKTYpH3ALMS, PAJOH, YPAH, TOPUH, MOHUTOPHHT PATHOAKTHBHOCTH.

Information about authors:

Bosak Pavlo, lecturer, Department of ecological safety, Lviv State University of Life Safety, Lviv, Ukraine;
bosakp@meta.ua; https://orcid.org/0000-0002-0303-544X

Popovych Vasyl, Doctor of Technical Sciences, Associate Professor, Head of the Department of ecological
safety, Lviv State University of Life Safety, Lviv, Ukraine; popovich2007@ukr.net; http:// orcid.org/0000-0003-
2857-0147

REFERENCES

[1] Popovych V., Kuzmenko O., Voloshchyshyn A., Petlovanyi M. (2018). Influence of man-made edaphotopes of the spoil
heap on biota. E3S Web of Conferences. Vol. 60. 00010. https://doi.org/10.1051/e3sconf/20186000010

[2] Karabyn V., Shtain B., Popovych V. (2018). Thermal regimes of spontaneous firing coal washing waste sites // News of
the National academy of sciences of the Republic of Kazakhstan. Series of Geology and Technical Sciences. Vol. 3, N 429. P. 64-
74. ISSN 2518-170X (Online), ISSN 2224-5278 (Print).

[3] Popovych V., Stepova K., Prydatko O. (2018). Environmental hazard of Novoyavorivsk municipal landfill. MATEC
Web of Conferences 247, 00025. FESE 2018. https://doi.org/10.1051/matecconf/201824700025

[4] Petlovanyi M., Kuzmenko O., Lozynskyi V., Popovych V., Sai K., Saik P. (2019). Review of man-made mineral
formations accumulation and prospects of their developing in mining industrial regions in Ukraine // Mining of Mineral Deposits.
13(1). P. 24-38. https://doi.org/10.33271/mining13.01.024

—— 136 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 5. 2019

[5] Popovich V. (2016). Phytomeliorative recovery in reduction of multi-element anomalies influence ofdevastated
landscapes // Biological Bulletin of Bogdan Chmelnitskiy Melitopol State Pedagogical University. 6(1). P. 94-114.
https://doi.org/10.15421/201606

[6] Baibatsha A.B., Peng Suping, Satibekova S.B. (2019) Estimation of the physical-mechanical properties of the rocks on
the degree of coal metamorphism // News of the National academy of sciences of the Republic of Kazakhstan. Series of Geology
and Technical Sciences. Vol. 1, N 433, P. 187-194. ISSN 2518-170X (Online), ISSN 2224-5278 (Print).
https://doi.org/10.32014/2019.2518-170X.23

[7] Bosak P. (2019). Spontaneous combustion of coal mine dumps in the Novovolynsk mining industrial area // Matteries of
the International Scientific and Practical Conference Current state and prospects of development Landscape architecture. Garden-
park household, urbohecology and phytomelioration.

[8] Pavlychenko A.V., Kovalenko A.A. (2014). Investigation of the ecological consequences of the location of coal mining
enterprises in the environment // Field development: Collection of scientific works, 8. P. 497-507.

[9] Udalov 1.V, Reshetov I.K., Yanchev V.K. (2006). The Influence of Mines Restructuring on the Ecological-Radiological
Condition of Groundwater // Ecology of the Environment and Life Safety. 3 (33). P. 22-28.

[10] Mukhamedzhanov M.A., Sagin Jai, Kazanbaeva L.M., Rakhmetov [.K. (2018) Influence of anthropogenic factors on
hydrogeochemical conditions of underground drinking waters of Kazakhstan // News of the National academy of sciences of the
Republic of Kazakhstan. Series of Geology and Technical Sciences. Vol. 5, N 431. P. 6-8. ISSN 2518-170X (Online), ISSN 2224-
5278 (Print). https://doi.org/10.32014/2018.2518-170X.1

[11] Pavlenko T.O. (2015). Assessment of the content of Natural Radionuclides in the industrial residues of the Enterprises
// Environment and Health, 1. P. 21-24.

[12] Ivanov E., Kovalchuk I., Tereshchuk O. (2009) Geoecology of the Novovolynsky mining area. Lutsk, in Ukrainian,
208.

[13] Tereshchuk O. (2007). Influence of Mining Industry Dumps on the Environment of the Novovolynsky Mining
Industrial Area // Visnyk of Lviv University. Sir: Geographical. Vol. 34. P. 279-285.

[14] Kostenko V., Zavyalova O., Chepak O., Pokalyuk V. (2018). Mitigating the adverse environmental impact resulting
from closing down of mining enterprises // Mining of Mineral Deposits. 12(3). P. 105-112.
https://doi.org/10.15407/mining12.03.105

[15] Ateni T.B., Ibitolu F. (2018). Assessment of environmental impact of gemstone mining in [jero-Ekiti, Nigeria // Mining
of Mineral Deposits. 12(1). P. 1-11. https://doi.org/10.15407/mining12.01.001

[16] Basic sanitary rules of radiation safety of Ukraine (OSPU), (2001): DSP 6.074.120-01, approved by the Order of the
Ministry of Health of Ukraine of 02.02.2005 No 54, registered with the Ministry of Justice of Ukraine on May 20, 2005, No. 522/
10832. P. 83.

[17] Popovych V. (2009). Measurement of the equivalent dose rate of photon ionizing radiation in the Novovolynsk mining
area of Ukraine // GIAB (Genome in a Bottle), 12. P. 99-101.

[18] Chetveryk M., Bubnova O., Babii K., Shevchenko O., Moldabaev S. (2018). Review of geomechanical problems of
accumulation and reduction of mining industry wastes, and ways of their solution // Mining of Mineral Deposits. 12(4). P. 63-72.
https://doi.org/10.15407/mining12.04.063

[19] Kenzhaliyev B.K., Surkova T.Yu., Yessimova D.M. Concentration of rare-earth elements by sorption from sulphate
solutions // Complex Use of Mineral Resources. 2019. N 3. P. 5-9. https://doi.org/10.31643/2019/6445.22

[20] Mochamad B. Triyono, LilisTrianingsih, Didik Nurhadi. Students' employability skills for construction drawing
engineering in Indonesia // World Transactions on Engineering andTechnology Education. 2018. Vol. 16, Issue 1. P. 29-35.

[21] Kenzhaliyev B.K., Berkinbayeva A.N., Sharipov R.H. (2015). Research of the Interacting Process of Copper-Base
Alloys with Leaching Solutions under the Action of Different Physicochemical Factors // American Journal of Applied Sciences.
12(12), 982-992. https://doi.org/10.3844/ajassp.2015.982.992

[22] Kenzhaliyev B.K., Dosymbaeva Z.D., Iskhakova R.R., Suleimenov E.N. (2015). Investigation into the Use of
Electrochemical Extraction to Draw Gold from Refractory Ores // American Journal of Applied Sciences. 12(11), 857-864.
https://doi.org/10.3844/ajassp.2015.857.864

[23] Lavrinenko S.V., Arpentieva M.R., Kassymova G.K. (2019). Motivation of technical university students and its impact
on the effectiveness of the educational process // International youth scientific conference “Heat and mass transfer in the thermal
control system of technical and technological energy equipment” (HMTTSC 2019). https://doi.org/10.1063/1.5120670

[24] Kenzhaliyev B.K., Iskhakova R.R., Dosymbayeva Z.D. (2015).Sorption Extraction of Noble and Non-Ferrous Metals
from  Process Leaching  Solutions /  American Journal of  Applied Sciences. 12(11), 875-884.
https://doi.org/10.3844/ajassp.2015.875.884

[25] Almagambetova A., Tileubay S., Taimuratova L., Seitmuratov A., Kanibaikyzy K. Problem on the
distribution of the harmonic type Relay wave/ News of the National academy of sciences of the Republic of
Kazakhstan. Series of Geology and Technical Sciences 2019. 1(433): 242-247 (in Eng.). ISSN 2518-170X (Online), ISSN
2224-5278 (Print). https://doi.org/10.32014/2019.2518-170X.29

— 137=——



