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Annotation. Object of the research in this article is the processes of safety and energy efficiency control at
hydrocarbon gas recovery and utilization during the coal extraction and development of mines. Subject of the research is
criterion of safe, trouble-free and efficient operation of equipment and informational and resource-saving technology for
the hydrocarbon gases recovery form the boreholes and mines and their further utilization. The structural and
technological scheme of the mine trigeneration complex was developed on the basis of the studied technical solutions
and results of the research works. For the complex design, the authors used an algorithm developed for uninterrupted
control of boilers with using method of mathematical modeling of dynamics of its components and technical and
economic aspects of the cogeneration of hydrocarbon gases. This algorithm provides issuing of preventive actions
simultaneously in all channels of information input with a disturbing process of steam load changing.

Besides, parameters were determined and mnemonic schemes of explosion safety were developed for preparing
gases for starting boilers and using the protection systems for preventing the spread of toxic gases and for uninterrupted
operation. Additional input parameters are presented in the article: smoke gas consumption, methane concentration in
the methane-air jet, and oxygen and methane concentration in the isolated mine workings, gas distribution point and
boiler entrance. The health and safety criteria were established. They are calculated on the basis of new parameters that
form control actions, which ensure explosion safety, trouble-free operation, and labor protection during the operation of
the boiler unit. Further, on their basis, information tools were developed for controlling the stations of the boiler units, and
safety criteria and conditions were established, which influenced on the reduction or increase in the frequency of the
drive power used in the smoke exhaust system.

Keywords: mining safety, automated systems, visualization of three-dimensional models, control of geotechnical
systems, boilers, coal gas, structural and technological scheme, trigeneration complex, hydrocarbon gases.

Introduction. To achieve energy independence, Ukraine masters the extraction
and cogeneration of gas from coal deposits of coal mine methane and secondary types
of hydrocarbon gases of various productions. In the works of NAS academicians
N.S. Poliakova and A.F. Bulata, F.A. Abramova. Doctors of technical sciences:
B.A. Griaduschii, E.L. Zviagilskii, K.K. Sofiiskii, B.V.Bokii, 1.A. Efremov,
V.G. Perepelitsa, L.E. Filimonov and other scientists have developed scientific and
technical foundations for the safe joint production and transportation of coal and
methane in amounts sufficient for the energy independence of Ukraine and have
practically proven the energy efficiency of creating coal cogeneration complexes
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using the example of PJSC “Mine of A.F. Zasiadko”. Construction of such complexes
will ensure the reliability of electricity and heat supply to mines, as well as adjacent
residential areas and enterprises and their survival during the restructuring of the coal
industry. This direction of the development of mines is humane in relation to people
associated with coal, proven reserves, which will be enough for Ukraine for 400
years. The effective SOU — 2004 for mine degassing normalizes the unacceptable
concentration of methane in the degassing mixture of 3.5-25%. The disadvantage of
this rationing method is that the methane concentration of 3.5-25% is typical for
degassing systems in Ukraine and the mixture cannot be used as fuel by heat and
power consumers, and must be flared, and is actually released into the atmosphere
[1], which causes to low energy efficiency cogeneration stations not only in Ukraine
but also in world practice.

Surveys and analysis of the operation of boilers at many CHP plants have shown
that the supply of hydrocarbon gas and the air is usually controlled manually. At the
same time, the air/gas ratio is not maintained at which high efficiency is ensured and
at the same time in the flue gases there would be no toxic gases (nitrogen and carbon
oxides), higher than the maximum permissible concentration. Managing the amount
of underpressure in the furnace is also carried out manually, which does not exclude
the possibility of filling the premises of CHP plants with poisonous gases above the
MPC or extinguishing the flame on the burners and the explosion in the furnace of
the boiler.

Accidents of the explosion of methane-air mixtures of the boiler units occur
instantaneously, therefore, to prevent them, it is necessary to computerize the process
and proactive emergency protection.

An aim of the work is to develop a basic structural and technological scheme and
information of security and safety at the disposal of gas from coal deposits in mining
allotments and mines.

Methods.

1. The method of calculating the parameters of the control actions of the relay
regulator is reduced to the establishment of regularities that make it possible to
determine the explosion-proof limits for the ratio of the concentration of oxygen and
methane at the outlet of the gas mixing control point. Analytical studies and expert
evaluation of the explosive diagrams of methane-air mixtures of Kauerd and Ayruni
establish the regularities of its explosion-proof according to the ratio of oxygen and
methane concentrations. Considered ranges of methane concentrations from 0 to 5%,
from 5 to 20% and from 20 to 25%. On the basis of the established regularities, using
the method of signature mathematics, equations are obtained for calculating the
parameters of the control actions of the relay controller with negative hysteresis.

2. Methods of experimental research in industrial conditions of TPP of
DniproAzot JSC on the establishment of regularities of gasification of rooms of TPPs
with poisonous gases depending on pressure in the furnace of the boiler unit,
extinction of the flame on the burners depending on vacuum in the furnace and
formation of toxic nitrogen oxides and carbon monoxide in the furnace of the boiler
depending on the oxygen concentration measured in the flue gas behind the
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superheater is as follows:

- verification of measuring channels of O,, NO, CO concentration, Fj, steam
consumption and vacuum in the furnace for compliance with the accuracy class of
measuring transducers with the design of the verification protocol;

- measurement of O,, NO, CO concentrations depending on steam consumption
and establishment of regularities of NO, CO concentrations on O, concentration;

- measurement of concentrations of NO, CO in the CHP room depending on the
pressure in the boiler furnace and determination of the extinction of the flame on the
burners depending on the vacuum in the furnace and the establishment of regularities
between them;

- according to the established laws, using the method of signature mathematics to
solve boundary problems of information technologies, they obtain equations for
calculating occupational safety criteria in CHP premises and criteria for preventing
emergency stops of the boiler unit due to flame extinction on burners.

Results and its discussion. Structural and technological scheme of the mine
trigeneration complex.

On the basis of research, technical solutions and R&D results, cited in [2], an
algorithm developed in the trouble-free control of boilers, using mathematical
simulating of the dynamics of its links [3] and the technical and economic aspects of
the cogeneration of hydrocarbon gases complex [4], presented in Figure 1.
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Figure 1 — Structural and technological scheme of the mine trigeneration complex: GDP — gas
distribution plant, S — separator, GFCS — gas filling compressor station, SM — synchronous motor,
E — exhauster, VB — ventilation blower, PS — power supply, PMS — power metering system,
SHE — steam heat exchanger, P — pump, C — compressor
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On an input of the multifuel boiler units K1, K2 the mine methane is supplied,
extracted by underground vent wells with low concentration of methane from 10-40%
retrieved by means of the vacuum and vortex BBK3 compressor, and the methane of
high concentration, retrieved by superficial wells of mountain branches C1, C2, C3
after TD1, TD2 turboexpanders and the gas-mixing regulatory point GSRP. For
utilization of the methane of ventilating streams of the MVS mine, with the
percentage in the air up to 1% of CH,, it needs to be warmed up by BH1 and BH?2 air
heaters due to the heat of the leaving combustion gases and it must be supplied
instead air in the multifuel boiler units K1 and K2.

From exits of the boiler units, high-pressure vapours — 4-10° Pa supply on an input
of PT1, PT2 steam turbines on the shaft of which the synchronous generators SG1,
SG2 are set, generating the electric power W,. Low-pressure vapour from the steam
turbines’ outputs moves in the heat exchanger where the heat energy W, are generated
for heating undermines buildings. The warm going out of the heat exchanger moves
on the refrigerator (R). At the exit we have got the cold W, sending into underground
mine workings. Steam condensate, after the heat exchanger and the refrigerator,
returns to the boiler units together with purified water from the station of the
chemical water purification (CWP) which is warmed up in EK1 and EK2
economizers by the heat of the leaving combustion gases. The coal gas with a high
concentration of methane after turboexpanders is supplied in the separator which
cleans it from liquefied propane-butane. After the separator, gas goes to the GSRP
gas-mixing regulatory point for preparation to transfer to the gas transmission system
(GTS) of Ukraine and increasing in pressure by means of the compressor K. On the
compressor underpressure the automated system of commercial accounting of coal
gas (ASKU CG) described in the work [3] is installed. The developed cold after the
turboexpanders also goes into the mine to normalize of the air temperature.

Figure 2, except the existing normalized input parameters, presents the additional
input parameters and the established criteria of safety and labour protection
calculated on the basis of the new parameters, which form the operating influences,
providing explosion safety, fail-safety and labour protection at exploiting of the
boiler unit.

Ensuring of the explosion safety of the gas mixes supplied on the boiler unit’s
inputs. Gas pipelines of coal gas (Fig. 3).

The supply of coal gas from gas-mixing regulatory point (GSRP) to the boiler has
to be developed by the pipeline of Du of 350 mm which is equipped with the
disconnecting electrified latch of 3-GN-9 and also cut-off valve 4-GN-9, a radical
latch 1-GN-9, and a sheet latch 2-GN-9.

The gas supply to each torch is carried out on the gas pipeline of Du 250, with the
electrified latches 6-GN-9, 7-GN-9 established on it and the manual latches 8-GN-9,
9-G.

The purge of pipelines of coal gas has to be provided by compressed air. Gas
pipelines of mine methane (Fig. 4).

The supply of mine methane from GSRP to the boiler has to be carried out on two
gas pipelines.
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Figure 2 — List of input and output parameters of a steam-turbine trigeneration complex.
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Figure 3 — Mnemonic scheme of the gas pipeline of coal gas of the automated system.
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Figure 4 — Mnemonic scheme of the gas pipeline of mine methane of the automated system.

Before the measuring diaphragm (on the gas course) the sector latches 3-GD-8, 4-
GD-8 have to be located and after the measuring diaphragm the cutting valves 5-GD-
8, 6-GD-8, control valves 7-GD-8. 8-GD-8 and before torches the electrified latches
9-GD-8, 10-GD-8.

For steaming of gas pipelines of mine methane, before its reception and after
shutdown, there a steam supply from the steam lines of 6:10° Pa is provided.

To remove of condensate from the gas pipelines, installation of steam traps is
provided.

Start-up of coal mine methane into the gas pipelines of the boiler is allowed under
conditions:

- ensuring its explosion safety with the GSRP regulator;

-a test of the operation of technological protections, interlocks, and alarms
provided on the boiler.

According to the results of the explosion safety research given in [4], the
following laws of the ratio of the concentration of oxygen to methane are established.
The criterion for the explosion of hydrocarbon gases in the process of extracting them
from insulated volumes of mines and preparation for utilization is determined
according to the concentration of oxygen in the mixture of gases, which is inversely
proportional to the concentration of methane in the range from 0 to 5% and is directly
proportional to the concentration of methane in the range of 20 to 25%, and at a
concentration of oxygen up to 7% the mixture is explosive at all concentrations of
methane. On the basis of these regularities, the equation [2, 3, 4] is obtained for the
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solution of boundary value information space problems, by the method of signature
mathematics for calculating control parameters of a relay controller.

Control Interface of the PC by means of the monitors M1 and M2 provides the
boiler unit operator for all operational information necessary for safety at start-up, in
the mode of normal operation, at planned and abnormal stops.

Ensuring explosion safety of mine methane is made by the GSRP-regulator by
means of the below-mentioned criteria [5]:

Border from 0 to 5% of CH,

T+ ‘KCH4 - 5‘ 26-Ko, 200.5[1—Sign(7+KCH4 526K, )

Ko = 7+|Kew, - 926 - W
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The main regulator holds for necessary pressure in the steam highway, providing
and elimination of any redistribution of loadings between the working in parallel
boiler units.

The thermal load regulator ensures functioning of the boiler on one of the
following modes: on mine methane; on coal gas; and on mixes of coal gas and mine
methane and also delivery at the same time on everything an entrance of regulators of
the anticipatory signals proportional to the first derivative of indignation of an
operating mode of the boiler unit of an expense couple [3].

The mine methane flow regulator is intended for maintenance of the set flow of
mine methane during the work of the boiler on a mix of mine methane and coal gases.
For ensuring a necessary range of regulation of thermal load of the boiler at the
achievement of minimum flow of coal gas, the mine methane flow regulator is
operated by a self-adjustment subsystem in the below-mentioned criteria [5, 6]:

- the criterion of energy efficiency:

« _Ko,-23 —(Fj; —100)-0.017 503 @
“ 2.33—(Fq-100)-0.017 ’

- the criterion of labour protection:

_ 3.0~ (£ ~100)-0.015- K, . 200.5[1—Sign(2.5—(FH ~100)0.015-K, )|
v 25-(Fy-100)-0.015

.(5)
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The depression regulator is intended for maintenance of the set depression in a
fire chamber by the change of extent of opening of the guide vane of smoke
exhausters on values of criteria of safety and labour protection of the boiler units in
parameter underpressure.

100 =P, 10.51-Sign(100-Pr )

77100 ’
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Conclusions.

1. Distinctive advantages of the developed control system are:

- existence of the GSRP gas-mixing regulatory point in which, by means of the
established criterion of explosion safety, all extracted mine methane, including
explosive concentration, is utilized;

- part of methane of the ventilating streams is burned in the fire chamber;

- ensures a steady trouble-free operation of the boiler unit, giving of anticipatory
impacts at the same time on regulators of airflow, under pressure in the fire chamber,
flow of gas and water supply;

- criteria of labour protection and energy efficiency allow to reduce of emerging
in the fire chamber of poisonous gases (NO and CO) without reducing the boiler unit
efficiency;

- forming of the operating influences, providing fail-safety at blackout of a torch
and the requirement of labour protection for gas contamination of premises of the
station with poisonous gases.

- the energy of cold for delivery to jobs in underground excavations is developed
by turbodetandor, at pressure decline of coal gas, and refrigerators due to the
transformation of not used thermal energy to the energy of cold.

2. The working projects for the creation of a commercial prototype control station
for the gas trigeneration fail-safe operation in mine take can be developed.
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AHortauis. O6'eKTOM JOCMIMKEHHS B AaHi CTATTi € npoueck KOHTponto 6esnekn Ta eHeproedeKTMBHOCTI npu
BMAOOYTKY i yTunisauii ByrneBogHeBMX rasi npu BUgobyTKy i pospobui waxT. MpeaMeToM SOCHIMKEHHS € KpuTepin
OeaneyHoi, GeanepebiitHoi Ta edekTMBHOi poboTM obnagHaHHs Ta iHdopMaLiiHo-pecypcosbepiraloya TeXHOMoria
BWUOOOYTKY | yTunisawii ByrneBOAHEBWX ra3iB Ha CBEPAMOBMHAX i LWaxTax. Ha OCHOBI BOCTIMKEHb TEXHIYHUX PilUEHb i
pe3ynbTaTiB HaykoBO-AOCNiAHMX pobiT po3pobneHa CTPYKTYPHO-TEXHOMOrYHA CXeMa KOMMAEKCY TpUreHepauii WwaxTu.
[ns ioro po3pobku BUKOPUCTOBYBABCS PO3pobneHuMin anroputm 6e3nepebiliHoro ynpaeniHHS KOTNaMm 3 BUKOPUCTAHHSM
MeToZy MaTeMaTUMYHOrO MOZENIOBAHHS [AMHAMIKW  MOr0 NaHOK i TEXHIKO-eKOHOMIYHMX acnekTiB  KoreHepauii
BYINEBOOHEBMX TrasiB. [aHuit anroputm 3abesnevye Bugadvy nonepemxyBanbHUX il OQHOMACHO Ha BCiX KaHamax
BBEAEHHS iHbopMaLlii, 3i 36ypeHUM NpoLLecoM 3MiHM HaBaHTAXEHHS Napw.

Takox, BW3HA4YeHO napameTpu i po3pobreHo MHEMOHIYHI cxemn BuOyxobesnekn npu MigroToBLi rasi 4O MycKy
KoTnoarperaris, ekcrnnyatauii 3axucty ans 3anobiraHHs NOWMPEHHI0 OTPYMHUX rasie i 6e3nepebinHoi poboTw. . Y cTartTi
TakOX MNpeacTaBneHi OOAATKOBI BXiOHI NapameTpu: BUTpaTa [OMMOBWX rasiB, KOHLEHTpauis MeTaHy 3 MeTaHo-
MOBITPSIHOTO CTPYMEHK, KOHLIEHTPALliSt KMCHIO | METaHy 3 i30/Tb0BaHWX TipHUYMX BUPOOOK, ra3opo3noginbHOr0 MyHKTY,
BXOZy [0 KoTna. BcTaHoBneHi kputepii 6e3neku Ta 0XOpoHu npali. BoHn po3paxoBytoTbCs Ha OCHOBI HOBWX NapameTpis,
ki POpMYIOTb YNpaBniHCbKWIA BNNKB, WO 3abe3neyytoTb BUOYxobe3neyHicTb, 6e3BigmMoBHY poboTy i 0XOpOHY npaui npu
poboTi koTnoarperaty. Ha ix ocHoBi po3pobneHo iHdopmauiHi 3acobu ynpaBniHHG CTaHUisMM KoTroarperaTis i
BCTaAHOBIEHO KpuTepii Ta ymoBM Ge3neku, siki (hopMyloTb BMAMB Ha 3HWKEHHS abo 36inbLUEHHS 4acTOTW MOTY)XHOCTI
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Np1BOAY CUCTEMU BUNYCKY AUMY.

KntoyoBi cnoBa: ripHnya 6esneky, aBTOMaTM30BaHi CUCTEMM, Bidyanisalis TPMBUMIPHWX MOAENen, ynpasriHHS
FEOTEXHIYHUMM CUCTEMAMM, KOTMW, BYFiNbHWIA ra3, CTPYKTYPHO-TEXHMOrMYHA CXema, TpUreHepauiiHuiz KOMMeKe,
BYrNeBOAHEBI rasm.

AHHoTauma. OOBEKTOM WCCnefoBaHUS B AaHHOM CTaTbe SBASIOTCA NPOLECCHI KOHTPOMs Ge3onacHocTn M
9HeproadeKTMBHOCTN npu JobblYe W yTUNM3aLWW YrNeBOAOPOAHLIX Ta30B npu obblve W paspaboTke LaxT.
MMpeameToM UccneaoBaHus SBNsSieTcs kputepuin 6esonacHomn, becnepeboitHon n ahdekTuBHoOM paboTsl 060pya0BaHMS
1 MHGOPMALMOHHO-pecypcocheperaioLlas TexHoNoms 4oBbIYM 1 yTUIN3aLMK YrNeBOSOPOAHbIX ra30B Ha CKBaXMHAX W
WwaxTax. Ha OCHOBe ucCnemoBaHUil TEXHWYECKMX PeLieHuid W pes3ynbTaToB Hay4HO-MCCresoBaTenbCkux paboT
pa3paboTaHa CTPYKTYPHO-TEXHOMOTMYECKash CXeMa KOMMMekca TpureHepauun LwaxTbl. B ocHoBe ero paspaboTkm
ncnonb3oBancs paspaboTaHHblii anroputm GecnepebGOMHOMO ynpaBneHWs KOTMaMu € UCMOMb3oBaHWeM MeTofa
MaTEMaTU4eCKOr0 MOZENMPOBAHNA AUHAMMKM €ro 3BEHbEB W TEXHWUKO-3KOHOMWUYECKWX aCMeKTOB KOreHepauum
YrneBOLOPOAHbIX ra3oB. [laHHbIN anroputM obecneymBaeT Bblgady Npeaynpexaalowmx LenCTBUn OLHOBPEMEHHO Ha
BCEX kaHanax BBOAa MHOPMaLK, C BO3MYLLEHHbIM NPOLIECCOM U3MEHEHWS Harpy3ku napa.

Takxe, onpegeneHbl napameTpbl U pa3paboTaHbl MHEMOHWUYECKME CXEMbl B3pbIBODE30NacHOCTM Npu NOArOTOBKE
rasoB K Mycky KOTnoarperatoB, 3KCmnyaTauun 3awutbl Ans NpefoTBpalleHnst pacnpoCcTpaHeHUs SOOBMTbIX ra3oB U
BecnepeboiiHoi paboTbl. B cTatbe Takke npeacTaBneHbl 4ONOMHUTENbHBIE BXOAHBIE NAapaMeTpbl: Pacxod AbIMOBbIX
rasoB, KOHLEHTpauWsi MeTaHa C METaHOBO3AYLIHOW CTPYW, KOHLEHTpaLMs KUCMOpoda W MeTaHa C M30NMPOBAHHbIX
FOpHbIX BbIpabOTOK, razopacnpefennTenbHoOro NyHKTa, BXoAa KoTen. YCTaHOBNEHbI kKputepuy 6e30nacHoCTU 1 OXpaHbl
Tpyna. OHM paccyuTbIBAKOTCA Ha OCHOBE HOBLIX MApaMEeTPOB, KOTOpble (DOPMMPYIOT YNpaBnsoLLMe BO3LENCTBUS,
obecneumBarolme B3pbiBo6E30NacHOCTb, Ge30TkasHyl paboTy u oxpaHy Tpyda npu pabote koTnoarperata. Ha wx
OCHOBE pa3paboTaHbl MHGOPMALMOHHbIE CPEACTBA YNPABMNEHNS CTAHLMSIMW KOTNOArperaToB U yCTaHOBNEHbI KpUTEPUN
n ycnosus 6€30MacHOCTM, KOTOpbIE (DOPMUPYIOT BIIUSIHUE HA CHUWXKEHWE WM YBENMYEHME YacTOTbl MOLLHOCTM NpuUBOAa
CUCTEMbI BbIMyCKa AbIMa.

KnioueBble cnoBa: ropHas 0e30macHOCTb, aBTOMATM3MPOBAHHbIE CUCTEMbI, BWU3yanu3auns TPEXMepHbIX
MOAENeN, ynpaBreHne reoTeXHUYECKUMNA CUCTEMAMMW, KOTMbl, YrOMbHbIA ras, CTPYKTYPHO-TEXHOMOrMYeckas Cxema,
TPUreHepaLMOHHbIA KOMMIEKC, YTNEBOAOPOAHbIE rasbl.

Cmamms Raditiwna do pedakuii 30.09. 2019
PexomerdosaHo 00 dpyky 8-pom mexH. Hayk KypHocosum C.A..
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