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Abstract. The article considers an assessment of the safe temperature regime in mine chambers used for the iso-
lated suction of methane from the mined-out space after coal mining.

The isolated removal of methane from the produced space outside the mining area through a pipeline with the help
of gas-suction fans is used in the Donbas mines. Gas suction units are placed in specially prepared chambers that are
ventilated with fresh air. In accordance with the regulatory requirements, ventilation units should be evaluated for air
temperature at permanent workplaces in underground workings of coal mines, depending on humidity, air movement
speed, and individual categories of work.

An analytical comparison of actual temperature regime in the chambers for ventilation gas suction units with per-
missible norms according to sanitary and hygienic standards was performed. The rational parameters of temperature
regime in the chambers for ventilation gas suction units were determined, which can be considered “conditionally” ac-
ceptable for the mining and geological conditions in mines of the “Pokrovs’ke” Mine Administration.

The substantiation is given to physical parameters of air inflowing into the chambers for ventilation gas suction units
needed for their ventilation and in order to maintain sanitary and hygienic standards by temperature. The dependence of
the flow rate of air inflowing into the chambers for ventilation gas suction units on its maximum permissible value accord-
ing to sanitary and hygienic standards is established.

It is established that in order to ensure a standard temperature regime in the chambers for ventilation gas suction
units in the mining and geological conditions of mines of the “Pokrovs’ke” Mine Administration; it is recommended not to
use cooling plants due to their economical impracticability. This will reduce economic costs of ensuring the standard
temperature regime.

It is necessary to reduce the cost savings on ensuring the standard temperature regime in these chambers and to
ensure safe operation associated with the isolated removal of methane from the mined-out space after coal mining

Keywords: recommendations, methane, goaf, temperature, ventilation.

1. Introduction

The isolated removal of methane from the goaf through the pipeline to outside the
extraction area with the help of gas suction fans has been used in the mines of Don-
bas for more than fifty years and has proven to be a reliable and effective way to con-
trol gas. According to the requirements of the "Safety Rules in Coal Mines" (herein-
after SR) [4], gas suction units should be installed in specially prepared chambers,
which are ventilated with fresh air.

Under the conditions of mines of the “Pokrovs’ke” Mine Administration (herein-
after the Pokrovs’ke mines), the coal seam ds is developed by the pillar mining sys-
tem. The main part of the extraction areas is ventilated according to the reverse
scheme of 1-M type with removing of the outgoing stream of air to the coal massif, if
the airway behind the face is not serviced and controlled.

The main drawback of the ventilation scheme of 1-M type is that all methane is
taken away from the goaf by the air leaked to the connection of the face with the air-
way. Therefore, even with a slow methane flow rate (0.5-2.0 m*/min), its local accu-
mulations with an unacceptable rate of concentration can be formed. This is ex-
plained by insufficient turbulization occurred when air flows from the goaf and the
face join.
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The danger of occurrence of local accumulations of methane with an unacceptable
rate of concentration depends on the absolute amount of methane released from the
goaf after degassing, its average concentration in air leaked through the goaf within
the extraction area, and the speed of the methane-air mixture moved from the goaf to
the connection of the face with the airway [1-4]. When methane releases from the
goaf, the degree of danger increases at a small absolute amount of air leaked through
the goaf within the extraction area, when the coefficient, which takes into account the
air leaks, is ki.=1.2—1.4, and decreases with an increase of this coefficient to k..=1.6
or more.

According to the scheme for extraction area ventilation with removing of out-
going air stream to the coal massif and with induced caving of the airway behind the
face (1-M scheme type), the probability of occurrence of methane local accumula-
tions at the connection (in the case of dead-end induced caving) with a concentration
higher than the norm according to the "Guidelines..." [5] (formula 6.1) is excluded if:

fen = 1434'i:1.g. '\/Sv.w. _1434'i:1.g. '\/Sv.w.
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where £k, is a coefficient, which takes into account the danger of methane local accu-
mulations at the connection of the face with the airway; I n,. is an average expected
release of methane from the goaf after its degassing, m*/min; S... is design cross-
sectional area of the airway in the light, m?; k.. is a coefficient which takes into ac-
count air leaks through the goaf within the extraction area; (. is the air leaks
through the goaf within the extraction area, m*/min.

According to the requirements of the "Safety Rules in Coal Mines" (hereinafter
SR) [4], gas suction units are installed in specially prepared chambers which are ven-
tilated with fresh air. In Pokrovs’ke mines, at least three gas suction units are in-
stalled when mining highly loaded extraction areas. As a rule, two or more gas suc-
tion fans are in work simultaneously. They require high energy consumption and,
therefore, emit a sufficient amount of heat, which is used to heat the air. Therefore, in
some cases, the temperature regime required by the RS is not maintained in the
chambers.

According to the existing regulatory requirements [5], all ventilation units must,
among other things, be rated for air temperature at the places with permanent works
in underground workings of coal mines depending on humidity, air flow rate and cer-
tain categories of works.

Thus, when considering temperature regime in chambers for installation of fans, it
should be noted that in accordance with existing regulatory requirements [4], all ven-
tilation units, both newly installed and those which are put into operation after recon-
struction or overhaul, should be tested for efficiency. Based on the results of the tests
and adjustments, a chart is made for each ventilation system. Air temperature at plac-
es with permanent works in underground workings of coal mines should correspond

<1 or kg <1 (1)
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to the values given in [6] depending on humidity, air flow rate and certain categories
of works. At the same time, in deep mines characterized by a significant excessive
heat, an increase of the upper limit of the air temperature by 3 degrees C is allowed,
but not higher than +26°C.

At the same time, the regulations stipulate that any surfaces of stationary work-
ings, machines, mechanisms and other equipment, which have a temperature of more
than +33°C, must be covered with heat-insulating material to protect workers from
thermal radiation. If the microclimate parameters deviate from the values given in
[5], the system, which prevents the miners from overheating or hypothermia, should
be used in the workings. Air leakage through the goaf and from other areas of the
massif should also be taken into account. Measurement of temperature regimes was
carried out by mine equipment by the methods in accordance with the requirements
of the safety rules [4].

The purpose of this article is to assess the actual temperature regime in the cham-
bers for ventilation gas suction units in the mining and geological conditions of mines
of the “Pokrovs’ke” Mine Administration.

2. Methods

To achieve the purpose set in the article, the methodology involves completing of
the following tasks.

1. To analyze the results of monitoring of actual temperature regime in the
chambers for ventilation gas suction units in the mining and geological conditions of
the Pokrovs’ke mines.

2. To substantiate the physical parameters of the air supplied to the chambers for
gas suction units for their ventilation, which are necessary to ensure sanitary and hy-
gienic standards in terms of temperature, and to calculate the temperature of air,
which ventilates the chamber for gas suction units according to the standard method-
ology [4, 5].

3. Results

It goes without saying that workings, where air temperature exceeds the permissi-
ble value, should be equipped with air shower installations (for the places with per-
manent work), devices for providing first aid and cabins for restoring the thermal
state of miners in case of their acute overheating.

It should also be mentioned that in accordance with the requirements of clause
6.1.4.1 of the "Guidelines..." [5], the isolated removal of methane from the goaf
through the pipelines to outside the extraction area by using the gas suction fans
should be used when methane content in the goaf after degassing is ['mg = 4.0 m*/min
and more. The isolated removal of methane must be carried out according to the pro-
ject approved by a technical manager of mine and coordinated with the industry insti-
tute and territorial body of the State Labor Service. The project is an integral part of
the extraction area chart. The explanatory note of the project should include the cal-
culation of the air flow rate required for ventilating the chamber for ventilation gas
suction units according to formula 8.11 of the "Guidelines..." [5]:
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where N is the power of electric motor, kW k. is the efficiency factor of the electri-
cal installation; 4j. is a coefficient that takes into account the duration of operation of
the electrical installation during the day, k. =1 if duration of continuous operation is
more than 1 hour; V, is the power of the transformer installed in the chamber, kW; n.
1s the number of simultaneously operating electrical installations; #,, is the number of
simultaneously operating transformers ¢, - is the temperature in the working in the
warmest month of the year (°C).

According to the requirements of p. 22, chapter 1, section IV of the RS [4], air
temperature in active mining workings must meet the requirements of the 3.3.1.095-
2002 "The State Sanitary Rules and Norms of the Enterprises of the Coal Industry"
(hereinafter, the SSR) [6]. At places with permanent works where workers stay dur-
ing the shift, the maximum air temperature should not exceed +26°C. Therefore, the
denominator in the formula (2) of the "Guidelines..." [5] has the form 26.

If the air temperature at the entrance to the chamber exceeds the sanitary stand-
ards, then, according to the requirements of p. 8.2.2 of the "Guidelines..." [5], the
measures for cooling the air at the entrance to the chamber should be taken.

According to the requirements of p. 6.3.3 of the "Guidelines..." [5] of the RS [4],
concentration of methane in the chambers for ventilation gas suction units must be
monitored by a stationary automatic device, which turns off electrical equipment in
the chamber if methane concentration is 1%; air flow rate and temperature in the
chambers must be the measured not less than once a month.

For conducting the research, four active and two mined-out extraction areas in the
conditions Pokrovs’ke mines were selected for analyzing actual temperature regime
in the chambers for ventilation gas suction units and the parameters of the air sup-
plied for their ventilation. Information on the number of gas suction units in the
chambers and the design flow rate of air required for their ventilation specified in the
projects on isolated methane removal, which are to be agreed with the IGTM of the
NAS of Ukraine, is presented in Table 1.

The records of monitoring the actual temperature regime in the chambers for ven-
tilation gas suction units and the flow rate of air supplied for their ventilation provid-
ed by the safety and ventilation service of the mine are presented in Table 2.

The permissible by the RS [4] and SSR [6] air temperature was exceeded by 2°C
in the chambers for ventilation gas suction units with BMIII'-7 fans in extraction are-
as of the northern face 1 of central panel 11 and of southern face 1 of panel 1 and by
4°C in the chambers for ventilation gas suction units in extraction areas of the north-
ern face 2 of southern panel 10 and of the northern face 7 of panel 10 (see Table 2).
In the chamber for ventilation gas suction unit in extraction area of face 4 of southern
panel 10, the ingoing air temperature was 6°C, and the outgoing air temperature was
12°C higher than it is allowed by the RS [4] and SSR [6] (see Table 2).
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Table 1 — Information on the number of gas suction units in the chambers and the design
flow rate of air required for their ventilation

Number and type of fans in the Desien incoine air flow
Ne Name of face chamber sLie g3 )
VBLI-9 BMLI-7M rate .., m*/min
1 | Face 2 of southern panel 10 3(2) 54)* 725
2 | Face 4 of southern panel 10 3(2) 54)* 725
3 Northern face 1 of central i 5 (4) 535
panel 1
4 Southern face 4 of northern i 4(2) 350
panel 7
5 Northern face 7 of northern i 4(2) 350
panel 10
6 Southern face 1 of northern i 4(2) 621%
panel 1
The maximum number of simultaneously operating fans is indicated in brackets
¢ - backup fans
44 - design air flow rate taking into account the operation of two BBH»-50 vacuum pumps

Table 2 — Records of monitoring the actual temperature regime in the chambers for ventilation gas
suction units and the air flow rate supplied for their ventilation

— Temperature, °C . : Ingoing air flow rate,
Ne Name of face of ingoing air - | of outgoing air - 0., m*min
te to x

1 | Face 2 of southern panel 10 25 30 700

2 | Face 4 of southern panel 10 32 38 1010

3 Northern face 1 of central 75 8 450

panel 1

4 | Southern face 4 of panel 7 23 26 380

5 | Northern face 7 of panel 10 25 30 400

6 | Southern face 1 of panel 1 24 28 810

Thus, out of the six chambers under the study, only in the chamber for ventilation
gas suction units in the extraction area of face 4 of panel 10, the temperature regime does
not meet the requirements of the RS [4] and SSR [6].

4. Discussion

The analysis of the results of monitoring of the actual temperature regime in the
chambers for ventilation gas suction units and the flow rate of air supplied for their ven-
tilation showed the following.

All chambers for ventilation gas suction units are provided with the design air flow
rate (see tables 1, 2). Of the six chambers under the study, only in the chamber for venti-
lation gas suction units with BMIII'-7M fans in the extraction area of the southern face 4
of panel 7 the actual temperature regime fully meets requirements of the SR [4] and SSR
[6]. The air temperature allowed by the SR [4] and SSR [6] was exceeded by 2°C in
chambers for ventilation gas suction units with BMLII-7M fans in the excavation areas
of the northern face 1 of central panel 11 and of the southern face 1 of panel 1 and by
4°C in the chambers for ventilation gas suction units in the extraction areas of the north-
ern face 2 of southern panel 10 and of the southern face 7 of panel 10 (see Table 2).
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In the chamber for ventilation gas suction units in the extraction area of the face 4 of
southern panel 10, the ingoing air temperature was 6°C and the outgoing air temperature
was 12°C higher than it is allowed by the SR [4] and SSR [6] (see Table 2). The differ-
ence between the temperature of the ingoing air and the outgoing air of the chamber was
from 3°C to 6°C (see Table 2). In all chambers, where the outgoing air temperature ex-
ceeded the permissible temperature, the ingoing air temperature exceeded the calculated
one (20°C) by 4-5°C, and in the chamber in the extraction area of the face 4 of the
southern panel 10 - by 12 °C.

At the same time, it should be noted that since the operator of the gas suction units
spends the most part of his working time in the section of the chamber into which a fresh
stream of air is supplied, therefore, if in the chambers for ventilation gas suction units the
ingoing air temperature is less than 26°C and the outgoing air temperature does not ex-
ceed 30 °C, the temperature regime can be considered "conditionally acceptable", since,
according to the requirements of p. 8.2.2 of the "Guidelines..." [5], measures to cool the
air at the entrance to the chamber should be undertaken if temperature of the air at the
entrance to the chamber exceeds sanitary standards, that is, is more than 26 °C.

Thus, out of the six chambers under the study, only in the chamber for ventilation
gas suction units in the extraction area of the face 4 of southern panel 10 the temperature
regime does not meet the requirements of the SR [4] and SSR [6].

To ensure the standard temperature regime in the chambers for ventilation gas suc-
tion units, it is economically impractical to use cooling plants. Because, in fact, there are
no effective mine cooling plants in Ukraine. Instead, in order to ensure a normal temper-
ature regime for operator of the ventilation unit, it is recommended to use individual pro-
tection means against heat and to spend the most part of the working time on the side of
the fresh air supply to the chamber.

5. Conclusions

1. The Institute of Geotechnical Mechanics of the National Academy of Sciences of
Ukraine developed recommendations for assessing the actual temperature regime in the
chambers for ventilation gas suction units in the mining and geological conditions of
mines of the “Pokrovs’ke” Mine Administration, from which it follows that it is eco-
nomically impractical to use cooling plants in such chambers. At the same time, in order
to ensure normal temperature regime, it is recommended for the operator of the fan unit
to use individual protection means against heat and to spend most of the working time
on the side of the fresh air supply to the chamber.

2. It can be considered that in the chambers for ventilation gas suction units with an
ingoing air temperature less than 26 °C, and outgoing air temperature not exceeding 30
°C, this temperature regime is "conditionally acceptable", since, according to the re-
quirements of p. 8.2.2 of the "Guidelines..." [5], measures to cool the air at the entrance
to the chamber should be undertaken if temperature of the air at the entrance to the
chamber exceeds sanitary standards, that is, is more than 26 °C.
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OLIHKA ®AKTUYHOIO TEMMEPATYPHOIO PEXUMY Y KAMEPAX ANA PO3MILLEHHA BEHTUNATOPIB
Mineee C.I1., Koyepaa B.M., SHxyna O.C., bodHap A.A., [JemuyeHko C.B.

AHoTaLlif. Y CTaTTi po3rnsHyTO OLHKY 6e3neYHOro TEMNepaTypHOrO PEXUMY Y LIAXTHUX Kamepax, siki BUKOPUCTOBYHOTb-
Cs1 AN i30Mb0BAHOTO BACMOKTYBaHHS METaHy 3 BUPOBNEHOro NpoCcTopy Nicrns BUIMKIA BYTiNAs.

|30nboBaHE BigBeEHHS! MeTaHy 3 BMPOOIEHOro NPOCTOPY 3a MEXi BUIMKOBOI AinsiHKA TPyOONpOBOAOM 3a JONOMOroH0
ra3o-BiCMOKTYIOUMX BEHTUNATOPIB 3aCTOCOBYETLCS Ha LwaxTax [loHbacy. a30-BiACMOKTYIOYI YCTAHOBKM PO3MILLYIOTHCS Y
crnewianbHo MigroTOBIEHNX Kamepax, siki MPOBITPIOKTLCA CBIXAM CTPYMEHeM NoBiTpsi. BianosigHO A0 HOPMATMBHUX BUMOT
BEHTWNSALYMHI YCTAHOBKM NMOBMHHI OLHIOBATMCS 3a TEMNEPATYPOH MOBITPS HA NOCTIMHMX PpoBOUMX MiCLSX Y NiA3EMHMX BUPOO-
Kax BYriMbHMX LLIAXT 3arexHO Bif BONOrOCTI, WBWAKOCTI PyXy NOBITPS Ta OKPEMMX KaTeropiit pobiT.

Y cTaTTi pO3rnsHyTO OLjHKa aKTUYHOTO TEMMNEPATYPHOTO PEXIMY Y KaMepax ra3o-BiCMOKTYHOUMX YCTaHOBOK Y MpHNYO-
reonoriqHnx ymoeax «LY «[lokpoBcbke», NpoBedeHO aHani3 Ta y3ararbHeHHs! pesyrbTariB CrocTepexeHb 3a akTUYHUM
TEMNEpPaTypHUM PEXUMOM Y Kamepax BEHTUNATOPIB ra30-BiCMOKTYHOUMX YCTAHOBOK Y FPHUYO-reonoriyHmx ymosax «LUY
«[MokpoBCbKeY.

lMpoBeaeHo aHaniTUyHe 3iCTaBMNEHHS (haKTUYHOrO TEMMEPATYPHOTO PEXUMY Y KaMepax ra3o-BiCMOKTYHOUMX YCTaHOBOK 3
[ONYyCTUMUM 3a CaHITapHO-TINEHIYHUMYU HOpMamMu. BusHayeHi paLjioHasbHi napamMeTpu TEMNepaTypHOroO pexuMy, ki MOXHa
BBaXaTW «YMOBHO» MPUMYCTUMUM Y Kamepax ra3o-BifCMOKTYHOUMX YCTaHOBOK Y ripHUY0-reornoriyHmnx ymosax «LLY «[Mokpos-
CbKey.

Y cTatTi BWUKOHaHO OOrPYHTYBaHHS HEODXioHWMX (hisMYHMX napameTpiB MOBITPS, WO MOJAETbCs Y Kamepu raso-
BIZICMOKTYOUMX YCTAHOBOK NS iX NPOBITPIOBAHHA, 5iki 3abe3nevytoTb CaHiTapHO-TirieHiuHi HOpMKW 3a TemnepaTypoto. BeraHos-
NeHa 3anexHicTb BUTPaTH NOBITPS, WO HAAXOANTb Y KaMmepy BEHTUNALIMHWX i ra30-BiCMOKTYHOUMX YCTaHOBOK, Bif, MOr0 Mak-
CMarbHO MPUNYCTUMOTO 3HAYEHHS, 3rif HO 3 CaHITapHO-FirieHIYHMMI HopMamu. BuaHayeHo, Lo ans 3abesneyeHHs HopMaTy-
BHOTO TEMMNEPATYPHOTO PEXMMY Y Kamepax BEHTUMSALIMHWX ra30-BiACMOKTYIOUMX YCTAHOBOK Y TiPHWUYO-Te0rorvHMX YMOBaxX
«lLlaxToynpasniHHs «[ToKpoBCbKe», 3aCTOCOBYBATIU XONOAMILHI YCTAHOBKM HELOLMBHO.

Lle 103BONUTb 3HM3UTI EKOHOMIYHI BUTPATK Ha 3abe3neyeHHs HOPMaTUBHOTO TEMNEPATYPHOrO PEXUMY Y LiUX Kamepax i
3abesneuntn GeaneyHy poboTy NOB'A3aHy 3 i30MbOBAHUM BiABEAEHHSIM METaHy 3 BUPOOIEHOro NPOCTOpPY MICHS BUIMKI BYTil-
ns.

KntouoBi cnoBa: pexomenaaLlii, MeTaH, BUpOOIEHI NPOCTip, TEMNepaTypa, NpOBITPHOBAHHS.
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