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FEATURES OF TEMPERATURE AND HUMIDITY CONDITIONS
OF EXTINGUISHING WASTE HEAPS OF COAL MINES IN SPRING

Abstract. Burning of waste heaps of coal mines causes pollution of the environment with toxic gases, increases
the temperature of the environment thereby changing the microclimate of the mining area. The purpose of the work
is to investigate the temperature and humidity conditions of extinguishing heaps in the spring period in Novovolynsk
mining area of Ukraine. The waste heap Nel of mine Ne9 "Novovolynska" mine were chosen for the research because
the combustion processes were observed there in spring.

The following actions are foreseen to implement this goal: to determine the temperature on the surface of the
heap and in the places of combustion; to determine relative humidity indicators of the rock at a depth of 5 cm, 30 cm,
and 50 cm; to measure the radiation background at the extinguishing heap. The temperature of the surface of the
extinguishing heap was determined by the contactless pyrometer NR-1300. Humidity of the rock was measured with
a moisture tester MG-44. The radiation background was measured by dosimeter by SOEKS USA, LLC. The software
is a package of applications Surfer, MS Excel, MS Visio. Statistical data processing was performed using correlation
analysis.

It was found out that: the highest temperature regimes (+ 33-39 °C) was typical for the sites in combustion arcas
that are located on the middle tier of the southern slope exposure; at a depth of 5 cm the highest humidity was at the
foot of the western side of the heap (44.8%); at a depth of 30 cm the highest humidity was at the foot of the western
side of the heap (47%); at a depth of 50 cm, the highest humidity was at the foot of the northern side of the heap
(55.1%); the highest rates of equivalent radiation dose were observed near the combustion sites of the rock and
reached up to 0.18 uSv / h; the temperature on the surface of the extinguishing heap correlates with a humidity at a
depth of 5 cm (K = -0.58542), 30 cm (K = -0.75665), 50 cm (K = -0.78303) and does not depend on the radiation
background at all (K = 0.368116). With an increase in the rock temperature its moisture decreases and vice versa - at
high humidity the temperature of the rock reduces.

Extinguishing heaps are environmentally hazardous as they cause emissions of toxic substances to the
environment that do not decrease over the years. Extinguishing heaps due to combustion processes cause the burning
of the root system of plants, that leads to the complications of recultivation.

Keywords: waste heap, burning, temperature, environmental safety.

Introduction. Combustion of mines waste heaps causes pollution of the environment with toxic
gases, increases the temperature of the environment thereby changing the microclimate of the region [1,
2]. There are numerous scientific works on combustion of waste heaps in the summer and their ecological
safety. However, this phenomenon at the initial stage is insufficiently studied.

In the Lviv-Volyn coal basin, which includes the Novovolynsk mining area, rock combustion takes
place on operating heaps, heapsof the ChervonogradCentral Mining Enrichment Factory and extinguishing
ones [3]. From the point of view of environmental safety, the most dangerous are extinguishing heaps,
since combustion processes in them lastfor an average of 20 years and are accompanied by shifts of rock
andsubsidences. [4-6]. On the extinguishing heaps vegetation, formed with the participation of zonal
vegetation performing aesthetic and buffer functions between combustion products and the environment,
develops [7, 8]. Extinguishing heaps are a medium for the development of fungi, invertebrates and some
species of animals, which is a positive phenomenon of adaptation of man-made objects to environmental
conditions [9].
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Investigation of combustion processes on the heaps, where forest vegetation is forming due to natural
overgrowing in the spring period, is an up-to-date issue.

Purpose, tasks and methods of research. The purpose of the work is to investigate the temperature
and humidity conditions of extinguishing heaps in the spring period in Novovolynsky mining area of
Ukraine. The waste heap # 1 of mine Ne9 "Novovolynska" mine was chosen for the research because the
combustion processes were observed there in spring.

The following actions are foreseen to implement this goal:

— to determine the temperature on the surface of the heap and in the places of combustion;

— to determine relative humidity indicators of the rock at a depth of 5 cm, 30 cm and 50 cm;

— to measure the radiation background at the extinguishing heap.

In order to study the temperature and humidity conditions of the heap, 8 study areas were chosen:
1 - at the foot of the northern side of the heap; 2 - on the top of the heap at 59 m; 3 - at the foot of the
castern side of the heap; 4 - at the foot of the western side of the heap; 5, 6, 7 - in the burning places on the
southern slope exposition; 8 - at the foot of the south side of the heap. The resecarch was conducted
according to approved methods [10-12]. The period of research is April 2017, The average temperature of
the environment was +8.1 °C.

The temperature of the surface of the extinguishing heap was determined by the contactless pyro-
meter NR-1300. Humidity of the rock was measured with a moisture tester MG-44. The radiation back-
ground was measured by dosimeter by SOEKS USA, LLC. The software is a package of applications
Surfer, MS Excel, MS Visio. Statistical data processing was performed using correlation analysis.

Results and their discussion. Waste heap Nel of the mine Ne9 "Novovolynska" of the state enter-
prise "Volynvuhillya" began to operate in 1961, and was completed in 1982.

After the end of waste heap operation, the processes of combustion of the rock refuse are taking
place. Intensification of combustion is observed immediately after the snow melting in spring and at the
beginning of a fire hazard period. The peak periods of combustion occur in the summer months of July
and August. Extremely important is the investigation of temperature and humidity regimes of the waste
heap Nel of mine Ne9 "Novovolynska" in spring, as these regimes directly affect the natural forest-forming
processes observed on the surface of the heap and the area of forest re-cultivation in the initial period of
plant development. The geometrics of the heap is given in table 1.

Table 1 — Geometric parameters of the waste heap Nel of the mine Ne9 "Novovolynska"

Parameter Project Real situation
Volume, thous. m’ 1430 1050
Height, m 70 59.8
Base area, thous. m’ 61.5 471
Pitchangle, degrees 50 40

The control of the thermal condition of the waste heaps is carried out in order to: timely identify the
area of self-heating on operating heaps and take measures to prevent self-firing of rocks; evaluation of the
effectiveness of measures to reduce the burning rate of waste heaps; obtaining of initial data for the
development of projects for the extinguishing or dismantling of waste heaps; determination of the amount
of harmful substances released into the atmosphere by the waste heap [12-14].

The average temperature on the surface of the extinct heap at the time of the research was + 18.8 °C.
The lowest rates were at the top and at the foot from the south side + 6-8 °C. The highest temperature
regimes (+ 33-39 °C) were typical for sections 5, 6, 7 - in combustion areas on the southern slope expo-
sition (figure 1).

In high temperaturearcas emissions of combustion products from the rock mass were observed.
Combustion products of the waste heaps are characterized by high toxicity and the content of hazardous
substances and compounds of various origin [15-19].

It should be noted that according to the normative documents of Ukraine, a waste heap is considered
to be burning if it has at least one combustion source (regardless of its area) with a rock temperature more
than + 80 °C at depths up to 2.5 m. If the heap was non-burning but during the temperature survey at a
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Figure 1 — Temperature profile of the surface of waste heap (°C)

depth of up to 2.5 m a temperature would be more than + 80 °C, and during the next survey it would be
the same, then the waste heap is identified as burning, according to the corresponding act [12]. Thus, if in
accordance with the regulatory documents the heap is considered to be not burning, the measures for
temperature reduce and decommissioning are supposed to beinappropriate (in accordance with the
regulatory documents). However, the environmental hazards of such heaps are not less than those with a
surface temperature of more than + 80 °C, since emissions of toxic substances to the environment do not
decrease over the years. Due to combustion processes extinguishingheaps cause the burnt out of the root
system of plants and result in inefficient remediation works.

The humidity measurement of the waste heap was carried out on the same sites at a depth of 5 cm,
30 cm and 50 cm from the surface. It was established that at a depth of 5 cm the highest humidity was at
the foot of the western side of the heap (44.8%). The lowest humidity was observed on site 7 where
combustion processes were present (16%) (figure 2).

40 60 80 100 120 140

Figure 2 — Humidity of waste heap in the depth of 5 cm from the surface (%)
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The same situation with humidity was observed at a depth of 30 cm. The highest humidity was at the
foot of the western side of the heap (47%). The lowest humidity was observed at site 7 where combustion
processes were present (11.2%) (figure 3).

20 40 60 80 100 120 140

Figure 3 — Humidity of waste heap in the depth of 30 cm from the surface (%)

At a depth of 50 cm, the highest humidity was at the foot of the northern side of the heap (55.1%). In
general, high humidity rates on the north side of the waste heaps are caused by low weathering, the lowest
influence of solar radiation and initial soil forming processes that cause spontancous vegetation overgrown.
The lowest humidity was observed at site 5 where combustion processes were present (5%) (figure 4).

20 40 60 80 100 120 140

Figure 4 — Humidity of waste heap in the depth of 50 cm from the surface (%)
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Some researchers [20, 21] confirm that combustion of the rock refuse causes an increase in the
radiation background. Some aspects of the radiation background on coal mine waste heaps were
considered in the monograph [22]. It was found that at a level of 15 m from the foot of the heap, the
radiation power is much larger than in other areas. The conducted investigation of the radiation back-
ground of the heap Nel of mine Ne9 "Novovolynska" showed that the averaged indicators of the exposure
dose rate on the surface of the extinguishing heapare 0.15 uSv/h. Indicators of the background radiation do
not exceed the permissible norms, which are 0.3 uSv / h [23], but exceed the background values for
Novovolynsk (0.11 pSv/h).Itshould be noted that the highest levels of exposure dose rate were observed
near the combustion sites of the heap and were equal to 0.18 uSv/h. The lowest rates were stated at the
foot of the heap at all sides (0.14 uSv/h). A detailed map of the radiation background of the waste heap is
shown in figure 5.
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Figure5 — Exposuredoserate on the surface of waste heap (uSv/h)

Basing on the correlation analysis, we have established the correlation coefficients (K) used for
evaluation of the mutual influence of the investigated indicators. It was established that the temperature on
the surface of the extinguishing heap is correlates with a humidity at a depth of 5 cm (K = -0.58542),
30 em (K = -0.75665), 50 cm (K = -0.78303) and does not depend from the radiation background
(K = 0.368116). With the increase of temperature in the rock, its humidity decreases and vice versa - at
high humidity, the temperature of the rock reduces. High positive correlation coefficients are registered
for the humidity content at different depths (K = 0.754308-0.9652). More correlation coefficients are
given in table. 2.

Table 2 — Correlation index of the investigated parameters

Tempe- Humidity Humidity Humidity Radiation
Indicator rature, in the depth inthe depth | inthe depth | background,
°C 5 cm, % 30 cm, % 50 ¢cm, % uSv/h
Temperature, °C 1
Humidity in the depth 5 cm, % -0.58542 1
Humidity in the depth 30cm, % -0.75665 0.879313 1
Humidity in the depth 50cm, % -0.78303 0.754308 0.9652 1
Radiation background, puSv/h 0.368116 -0.62318 -0.55868 -0.52439 1
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Thus, the correlation analysis gave an opportunity to clarify the peculiarities of the mutual influence
of the investigated physical indicators on the surface of the extinguishing waste heap.

In order to prevent the dangerous devastation processes on waste heaps, it is necessary to use natural
resources rationally, to carry out reclamation, phytomelioration of disturbed lands, to filter out dangerous
emissions into the atmosphere, and to waterproof the underground and ground waters [24, 25]. At the
same time, measures for soil protection from erosion should be carried out - phased land development,
construction of water retaining and catchwater drain facilities, terracing, regrassingand afforestation, and
the application of soil protection technologies for the cultivation of crops [26-29].

Conclusions. The investigation of the temperature and humidity conditions of extinguishing heaps in
the spring period in Novovolynsk mining area of Ukraine was presented.As an example, the waste heap Ne
1 of mine Ne9 "Novovolynska" was chosen.

It was found out that:

— the highest temperature regimes (+ 33-39 °C) was typical for the sites in combustion areas that are
located on the middle tier of the southern slope exposure;

— at a depth of 5 cm, the highest humidity was at the foot of the western side of the heap (44.8%). The
lowest humidity was observed on the site where combustion processes were present (16%); at a depth of
30 cm the highest humidity was at the foot of the westem side of the heap (47%), the lowest humiditywas
observed on the site where combustion processes were present (11.2%); at a depth of 50 ¢cm, the highest
humidity was at the foot of the northern side of the heap (55.1%), the lowest humiditywas observed on the
site where combustion processes were present (5%);

— the highest rates of equivalent radiation dose were observed near the combustion sites of the rock
and reached up to 0.18 uSv/h. The lowest rates were stated at the foot of the heap at all sides (0.14 uSv/h);
the averaged indicators of the exposure dose rate on the surface of the extinguishing heapwere 0.15 uSv/h.

— the temperature on the surface of the extinguishing heap correlates with a humidity at a depth of
5 cm (K = -0.58542), 30 cm (K = -0.75665), 50 cm (K = -0.78303) and does not depend on the radiation
background (K = 0.368116). With an increase in the rock temperature its moisture decreases and vice
versa - at high humidity the temperature of the rock reduces High positive correlation coefficients are
registered for the humidity content at different depths (K = 0.754308-0.9652).

Extinguishing heaps are environmentally hazardous as they cause emissions of toxic substances to the
environment that do not decrease over the years. Extinguishing heaps due to combustion processes cause
the burning of the root system of plants, that leads to the complications of recultivation.

B. B. Ilonosu, A. K. BojiomummH
JIbBOB MEMIICKETTIK TIPIILTIK KAyiNcCi3airi yHuBepcureTi, JIbBOB, YKpanHa

KOKTEM KE3EHI KOMIP IIAXTAJIAPBIHBIH OLIII KAJIFAH TEPPUKOHJIAPBIH/IA
TEMITIEPATYPA MEH BLIFAJIABLIBIK 'KAFJTAWJAPBI EPEKIITEJIIKTEPI

Annortamust. KeMip maxramapblHBIH KAIABIKTApPAbl KOKBICTHIPY VJIBI TYTIHACP MCEH Tra3iapMeH KOpIaraH
OPTaHBIH JIACTAHYBIHA AJBIN KEJIEAi, KOPIIAFAH OPTAa TEMIICPATYPACHIH KOTEPEdi, COHIBIKTAH OCHLIAWINA Tay-KEH
OOJBICBIHBIH, MHKPOKIHMATTHI €3repTy. JKYMBICTBIH MaKcarhl - KpamHAamarsl HOBOBOJIMHCKAS Tay-KeH ©HEPKACiOl
afMarbIHIA KOKTEMTI1 KE3CH/C 61N KATFAHTSPPUKOHIAPAA TEMIICPATY PABIK JKOHE bUFAIIBUIBIK PEKHMICPIH 3¢pT-
Tey. 3eprrey ymiH HoeoBosmHCKas Ne 9 maxtaceHbH Nel TCPKOHBI IMOFBIPIAHFAH, OUTKCHI KOKTEMIE OHBIH
YCTiHAC KYHAIPIATCH mMpoIecTep OAlKAIIBL.

Ocbl MaKcaTKa JKeTy YIIIH MYHJAH eImeMaepi )Kacay KepeK el TEPPUKOHBIH OCTIHAC JKOHE TYKBIMIBI KAHY
OPBIHAAPBIHAA TEMIIEPATYPAHBI OPHATY; 5 cM, 30 cM >koHE 50 CM TEPEHTIKTETI CaNbICTHIPMANbI KBIHBICTHIK BLIFAJI-
JBLTBIK KOPCETKIITEPiH OeITiey; KaIIbIKTapIpl MACCACIHIH COHY Ke3iHae (JOH PaauaIsCHIH 6MImey. ONIn KatFaH
TEPPHUKOHHBIH TaKTachl OeTiHiH Temmeparypackl HP-1300 KOHTAKTICI3 MHPOMETPIMEH OPHATHUIAABL Tay >KbIHBIC-
TaPBIHBIH KAJIBIITACY bl BIFAIABLIBEE MG-44 purran enmeyimiveH exmenai. Paguanusasd Gpors! Soaks 3konorms-
JBIK CHIHAYBIOIBIMEH enmicHnai. barmapimamanslk skacakrama - Surfer, MS Excel, MS Visio kockMImanap makeri.
CrarucTHKAIBIK AEPEKTEPAl OHACY KOPPEILIIIIIBIK TaNJay APKbLIbI XKY3ETe aChIPhIIA IBL.

3eprTey OaphICRIHAA TAOBLIABL: CH YIKCH Temmeparypa peskamaepi (+ 33-39 © C) oHrycTik OeTki KabaTTHIH
OpTaHFbl KAaOaThIHAA OPHAIACKAH KYHAIPY OPBIHIAPBIHAAFEI AyJAHTAPMEH CHIIATTANABL, 5 CM TEPEHOIKTE, €H KO-
Faprel BUTFANIBLIBIK (44,8%) Kanasikrapabie OaThic OemiriHiH asFbeiHAa OonraH; 30 cM TEpEHIIKTE, €H KOFAPFbI
BUTFATIBLTBIK (47%) KamapIKTapasIH OaThIC O6iTiHIH asFeIHAA 00FaH; 50 CM TCPCHIIKTE, CH YKOFAPFHI BUFAIIBLIBIK
(55,1) xanasIKTapablH OaThIC OOMIriHIH asFIHAA OOIFaH, KOFApHl Kyar ()OTOHIBI HOHIAYIIBI COYIICICHYAIH OamamMa
JI03aCHl Tay >KBIHBICTAPBIHBIH >KAHY OPBIHIAPHIHAA Oakammel >koHE 0,18 MK3B / carF Kypamsl OJcipeni TCpKOH
ocriniH Temmeparypacel 5 cm (K = -0,58542), 30 cm (K = -0,75665), 50 cm (K = -0,78303) TCpCHIIKTS BLIFAIIBI-
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JBIKKA ©3apa ocep CTeAl KOHC pamHamisuisIK (oura TOmsFRIMCH Toyencis (K = 0.368116). Tay >KeIHBICTAPBIHBIH
TEMIIEPATy PACchl APTYBIMEH, OHBIH BUIFANIBUIBIFBI A3a51bI )KOHE KEPICIHINE - KOFAPhI BUTFAIIBIIBIK KE3IHAC Tay IbIH
TEMIIEPATy PAChl TOMEHICHI1.

OmIin KanraH TEPPUKOHIIAP IKOJOTHSUIBIK KAyinTi OOMNBIN TAaObLIaabl, OUTKEHI KOPIIAFaH OPTAFa YJbI IIbFA-
PBIHIBIIAP, OJI XKbUIIAp OOHBI a3aFaH KOK. OIIN KayraH YHIHIDKAHY HpouecTepiHe OaHIaHbICTBI 6CIMIIKTEPAIH
TaMBIP JKYHECI Ky#in KeTyiHe, OyJ1 METHOPALMSIAY ACKBIHY TAPABIH TYFBI3A/IbL.

Tyiiin ce3aep: TEPPUKOH, KaHY KYIO 6pTEHY, TEMIICPATy Pa, IKOJIOTHSUIBIK KayiIl.

B. B. lonosu4, A. K. BosiommmeIn
JIbBOBCKHITOCY ZAPCTBEHHBIIY HIBEPCHTETOC30IMIACHOCTIHKH3HEICSITCIbHOCTH, JIbBOB, YKpanHa

OCOBEHHOCTHU TEMIIEPATYPHbBIX U BJA’KHOCTHBIX PEZKUMOB
SATYXAKOIUX TEPPUKOHOB YI'OJIBHBIX HIAXT BO BPEMSA BECEHHEI'O TIEPHOJA

Annortamusi. ['OpeHHE MOPOJHBIX OTBAJOB YTOJBHBIX MIAXT NMPHBOJUT K 3arPS3HCHUIO OKPYIKAIOMICH CPEabl
TOKCHYHBIMH HMCIIAPCHISIMH M Ta3aMH, MOBBIMIACT TEMIIEPATYPY OKPY KAFOIICH CPEIbI TEM CAMBIM M3MCHSS MUKPO-
KIIMMAT TOPHOAOO0BIBAFOMIETO peruoHa. Llems paboThl - HCCIe10BATh TEMIIEPATY PHBIC U BIAKHOCTHBIC PEKUMBI 3aTy -
XAIUX TEPPUKOHOB B BECCHHUI NEepHOA B mpeacaax HOBOBOIBIHCKOTO TOPHOMPOMBIIIICHHOTO PailoHa YKpaHWHBL
Jna wmccnemoBanuit BRIOpaH TeppukOH Nel maxter Ne9 «HoBOBONBIHCKAS», TMOCKOABKY HA HEM HAOIFOIATH
MPOLECCHI TOPCHUA B BECCHHUM MEPHO.

J14 TOCTIKEHUSA MOCTABICHHOH SN MPEATNIOIATATI0Ch. YCTAHOBUTE TEMIIEPATYPY HA MOBEPXHOCTH TEPPUKOHA
W B MECTAX TOPEHUS TIOPOIBI;, YCTAHOBUTH OTHOCHTEIBHbIC IMTOKA3ATEIHN BIAKHOCTH MOPOIBI HA TIyOuHe 5 oM, 30 cMm
" 50 cM; M3MCPHUTh PANHAITMOHHBIN (DOH HA 3aTyXAKOIEM TCPpUKOHE. Temmeparypa MOBCPXHOCTH YTACAFOIICTO
TCPPUKOHA YCTAHOBICHA ¢ MOMOIIBI0 OCCKOHTAKTHOTO mupomeTpa HP-1300. BaaskHOCTE MOPOABI H3MEPANACH C
nmomMomplo Braromepa MI-44. PagmarmoHHBI (JOH H3MEPSUICS C MOMOINBEO 3IKOTECTEPA OKPYIKAFOMICH CPEIbl
«Soeksy». [IporpaMmHOE oOecTieueHuE - MakeT MpukIaaHbIx nporpamum Surfer, MSExcel, MSVisio. CtaTHcTHYECKy O
00paboTKy JAHHBIX OCYIIECTBICHO C OMOIIBIO KOPPEIILIMOHHOTO aHAIIM3A.

YCTaHOBIICHO, YTO: TOBBIICHHBIMH TEMIIEPATYPHBIMH peskuMamu (+33-39°C) XapakTepH30BAIHCh YYACTKH,
KOTOPBIC HAXOIATCA HA CPEIHEM SAPYCE HXKHOH IKCIOBUIMH CKIIOHA, HA TIyOHWHE 5 CM CaMOH BBICOKOH BIIA’KHOCTH
ObL1a y MOJHOKYS C 3aIAHON CTOPOHBI TeppukoHa (44,8%); Ha rayOmHe 30 cM caMOH BBICOKOH BIAKHOCTB OBLIA ¥
TIOJHOKHUSL C 3aTIATHOM CTOPOHBI TeppukoHa (47%); Ha TayOmHe 50 cM camo¥ BBICOKOM BJIQKHOCTH ObIIA y HOA-
HOJKHS C CCBCPHOI CTOPOHHI TCppHKOHA (55,1%); BEICOKHE MOKA3aTSIIH MOIMHOCTH SKBHBAJICHTHOH 103 (DOTOHHOTO
HOHHU3MPYIOMIETO HM3JIy4YCHHUS HAOMI0JAMNMCh ¥ MECT TOPEHHUS mopos! u cocrasmmm 0,18 Mk3B / 1; Temmeparypa Ha
TMOBCPXHOCTH 3aTYXAIOIICTO TCPPHUKOHA HMECT B3AMMOCBS3h ¢ BIAXKHOCTHIO HA ryomHe 5 oM (K = -0,58542), 30 cm
(K = -0,75665), 50 cm (K = -0,78303) u COBCpPIICHHO HE 3aBHCHT OT pammanuoHHOTO (pona (K = 0,368116). [Ipn
TIOBBIMICHAH TEMIICPATYPhI MOPOBI, €€ BIAXKHOCTD CHIPKACTCSI M HA00OOPOT - TIPH BBICOKOH BJIAKHOCTH TEMIIEPaTypa
MOPO/IBI CHIKACTCSL.

3aTyxaromue TEPPUKOHbI SBILIFOTCS 3KOJIOTHYCCKH OMACHBIMH, MOCKOJBKY BBI3BIBAIOT BBIOPOCHI TOKCHYHBIX
BCINECTB B OKPY KAIOLIYIO CPEAY,KOTOPbIC HE CHIDKAIOTCS C TOJAMHM. 3aTyXaroIMHe OTBAIBI, BCICACTBHE IPOLIECCOB
TOPEHHUS, BBI3BIBAIOT BHITOPAHUEC KOPHEBOW CHCTEMBI PACTCHHM, UTO BBHI3BIBACT OCIIOKHCHHS IPH IMPOBEICHHH Pe-
KyJIBTHBAI[MOHHBIX PA0OT.

Kimio1ueBnbie c/I0BA: TEPPHKOH, TOPSHHE, TEMIIEPATYPA, FKOIOTHICCKAS OTMACHOCTb.
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