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HYDROGEN AS AN INDICATOR OF GEODYNAMIC PROCESSES IN COAL-BEARING STRATA

L JI. Baepiu, B. 1. Anvoxin, C. /I. Axcvom, 1. B. Bacunsesa, C. O. Kyzomenrxo. BOAEHb AK IHIHKATOP I'EO/HHAMI-
YHHUX IIPOLIECIB BYITIEHOCHHX TOBILL. IIpo6rema po3pobku ma enpo8addicenus nouyKo8oi mexuHonozii, aka 3abesneyums
3axucm 2ipHUYUX 8UPOOOK MA YHEMONCIUBUMb KAmacmpodu npu po3pooyi 8y2iibHUX pooosuy 0coONUB0 aKMydalbHA 3apas, Kou
nUManHs nPUPOOOOXOPOHHUX 3acobie ma nioguwents besneku npayi na 8yeilbHUX waxmax cmoims Oyduce cocmpo. Hoea pospobxa
6e3neunoi nouyko8oi mexHono2ii' 8yeibHUX po00sULY, WO 3aNPONOHOBAHA ABMOPAMU, 0360IUMb 3A6UACHO 8I0CIIOKO8Y8aAMU, GUQI-
JISMU MICY5T MONCTUBUX NPOABIE 2A300UHAMIYHUX 68U MA NPULLMAMU ONEPAMUSHI piuieHHs O iX YCYHeHHs. Aemopamu npogedero
AHANI3 CYHACHO20 CMAHY 8Y2nesudoOymKky 6 Ykpainu i 6 ceimi 6 yiiomy, 06IpYHMOBAHO OOYLIbHICMb SUKOPUCMAHHS Ge3neduHol no-
WYKOBOI MeXHON02TT 8 30HAX PO3GUMKY WAXMHUX NOJI6 015 GUOLTEHHS NePCNeKMUSHUX OLIAHOK KOHYEeHMpayiti 00HI0 6 MicYsx gyele-
8UOOOYMKY, WO CIY2YIOMb NPAMUMU OEMOHAMOPAMU 2A300UHAMIYHUX AGUWY, A MAKONC 008€0eHO OOYLIbHICMb BUNEPEONHCATLHUX
3ax0016, WO YHEMONCIUBUMD NOSABY 2A300UHAMIYHUX Auwy. Bnepuie 6 c6imosiil npaxmuyi 6y10 3anponoHO8aH0 HO8IMHI niOX00uU ujo-
00 3MiHU napaouemu besnexu uO0OYmMKY 8y2ilia, AKi nonepedsams Henpoenososawi I /I ma nog’azami 3 HUMU MamepianvHi ma 100-
coki empamu. Texnonoeis 6azyemuvcs Ha 3aCMOCY8AHHI ROULYKOBUX 2A302€0XIMIUHUX MemOoOig 05l KaPMYBaAHHS MICYb HAKONUYEHHS
2a3080-600HEBUX CKYNYEHb MA iX OUISIHOK | PA30M 3 KOMIJLEKCOM 2€0/1020-2e0Qi3UUHUX MemMOOIi8 00380/I8€ GUOLISAMU NILOWL MONCIUBUX
asapitiHux npoyecieé 8 30HAX PO3GUMKY uwaxmuux nous. Ha senuxomy macuei npogedenux noivosux pobim, niowosoi ma npo@pitbHoi
3UOMOK 006€0eHa OOYiNbHICMb 3ACMOCYSAHHS NOUWYKOBOT MEXHON02IL 05l 0OIPYHMYBANHS GUKOPUCIAHHS 3AKNAOAHHS UNEPeONCaAlb-
HUX 0e2asayitinux ceepoiogut Oisl 3anobieants HeKepoBaHux GubyxonebesneyHux npoyecie i mexuiyHux xamacmpog. 3anpononosa-
Ha MexHoN0z2ia 6yna anpobo8aHa HA YUCETLHUX 8UO0OYEHUX 00 €KMaAx @ npoyeci NOULYKO80-eKON02IYHUX OOCTIONCEHb 8 30HAX PO36lL-
MKy Oir04UX ma 8ionpaybo8aHUX WAXMHUX NOTIS.

Knrwwuoei cnosa: nouykosa mexHonozis, waxmui nois, 600eHs, 2a300UHAMIYHI asuwa, de2azayis, be3nexda.

HU. 1. bazpuii, B. H. Anéxun, C. /I. Axcém, H. B. Bacunveea, C. A. Kyzomenko. BOJOPO/J KAK HH/IHKATOP I'EO/H-
HAMHYECKHX ITPOLIECCOB YITIEHOCHOH TOJIIH. [Tpo6nema paspabomxu u 6Hedpenus nouckosoli mMexHoIo2Ull, Komo-
pas obecneuum 3auumy 2OpHbIX 8bIPAGOMOK U COENAem HeBO3MONCHbIMU KAMACmMpoduvl npu pazpabomke YeoibHbiX MeCmopodicoe-
HUll 0COOEHHO aKMyanbHa ceuyac, Ko20a 60NPoOc NPUPOOOOXPAHHBIX MEPORPUSMUL U NOGbIULEHUsI DE30NACHOCMU MPYOd HA Y2OTbHbIX
waxmax cmoum oyens ocmpo. Hoeas paspabomra 6e3onachoii nOUCKO80U MEXHOL02UU Y2ONbHBIX MECIOPONCOEHUL, NPEOL0NHCEHHAs.
agmopamu, nO3601UM 3a01A208PEMEHHO OMCILENCUBAMD, GbLOENAMb MECHA BO3MONCHBIX NPOAGLEHUL 2A300UHAMUYECKUX ABLEHULL U
NPUHUMAMDb ONepamugHble peulenus 018 UX YCmpaHeHus. Aemopamu nposedeH aHaIu3 CO8PeMEeHHO20 COCMOSHUS Venedobbluu 8
Yrpaune u 6 mupe 6 yenom; obocrnosana yenecoobpasHOCmsb UCNONL308AHUSL OE30NACHOU NOUCKOBOU MEXHOIO2UY 8 30HAX PA36UMUsL
WAXMHBIX noxel 0151 8blOeleHUs NEPCREKMUBHBIX YUACMKO8 KOHYEHMPayuil 6000po0a 8 mecmax yenedoduviyu, KOmopule CIyxHcam
NPSIMbIMU OCMOHAMOPAMU 2A300UHAMUYECKUX S6/LeHUL, d MAKdice OOKA3AHA YelecO0OPAZHOCHTb ONePediCarouux MeponpUsImull, 4mo
coenaem He8O3MONCHLIM B03HUKHOBEHUE 2A300UHAMUYECKUX A8NeHUl. Bnepavle 6 Mupoeoii npaxmuxe Obiiu npeonodcensl Hogble noo-
X0O0blL UMeHeHUst napaouemvl 6e3onacnocmu 000biuU y2iisl, Komopbsie npedomsepamsm nenpoznozupyemvie I/ u ceazannvie ¢ Humu
Mamepuanvhble U yerogeueckue nomepu. Texnonocuss 6asupyemcs Ha NPUMEHEHUU NOUCKOBLIX 2A302€0XUMUYECKUX MemO0008 Olsl
Kapmupoeauus Mecim HAKONIAeHUs. 2a3080-6000POOHBIX CKONJIEHUL U UX YYACMKO8 U 8Mecme ¢ KOMNAEKCOM 2e01020-2e0(DU3UYECKUX
MemMo008 N036015em 6blOEIANb HAOWAOU BO3MONCHBIX ABAPULIHBIX NPOYECCO8 68 30HAX pa3eumus waxmusix noieil. Ha 6onvuiom mac-
cuge NpoBeOeHHbIX NONEGLIX PAbOmM, NIOWAOHBIX U NPOPUIBLHOU CLEMOK OOKA3AHA Yereco0OPA3HOCHb NPUMEHEHUs. NOUCKOBOU meX-
Hono2uu 0151 0OOCHOBAHUSL UCNOTL3OBAHUS 3AKIAOKU ONEPENCAIOUUX 0e2A3aYUOHHBLX CKBANCUH 011 NPe0OmEpaujeHus Heynpaeise-
MbIX 63DbIGOONACHBIX NPOUECCO8 U MexXHuueckux kamacmpod. IIpeonodcennas mexnonocus 6ulia anpobuposana Ha MHO2OHUCLEH-
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HbIX ()061716&}01,{414)6 obvexmax 6 npoyecce noucCKo80-3K0N102U4eCcKux UCCLeO08AHUIL 6 30HAX paseumus ()ezlcmey;oumx u 0mpa6omaH—

HBIX UWAXMHBIX NOJLEL.

Knrwuesvle cnoea: noucrosas MmexHos02UA, waxmmuvle noJis, 8000[700, 2a300uHamuvecKue A6JeHUA, 0eea3auu}z, bezonacHocmeo.

Formulation of the problem. One of the lead-
ing problems of today, hindering the development of
scientific progress, is the use of existing energy
sources, which carry irreversible destructive pro-
cesses in the environment and lead to global man-
made phenomena and natural disasters, despite ra-
ther costly environmental measures. In practice,
such processes are closely linked to the use of out-
dated technologies of energy production and their
operation, which does not meet today's demands of
the development of progress.

Today, most developed countries are on the
path of using alternative energy and renewable
sources and resources. It is obvious that the primary
problem is the development of hydrogen alternative
energy, as it is a prerequisite for solving all other
problems.

Thus, the hydrogen energy revolution can radi-
cally change the foundations of world energy and
the planetary ecological situation of the future. In
addition, the application of our proposed technology
for identifying geodynamic active zones, promising
for industrial hydrocarbon exploration, will allow to
determine the location of possible manifestations of
gas-dynamic phenomena for further operational de-
cisions on the safe conduct of mining operations. In
this regard, we substantiated and set tasks to assess
the prospects for detecting promising accumulations
of endogenous hydrogen in the lithosphere in the
framework of scientific academic developments,
environmental and mining aspects of oil and gas
structures and mine facilities of coal basins of
Ukraine.

The subject of research is the hydrogen of
coal-bearing strata, gas - dynamic phenomena in the
coal mines. The object of research - coal mines
O.F. Zasyadka mine and Krasnolimanska mineof the
Donetsk coal basin.

Analysis of recent research and publications.
The idea of degassing of the Earth as a global pro-
cess of its self-organization was developed by V.I.
Vernadsky in a number of works published in 1911,
1912, 1924 [1].

This concept has had and continues to have a
powerful growing influence on modern Earth sci-
ences. Suffice it to note the works of A.P. Vynohra-
dov on hydrosphere and atmosphere formation regu-
larities (comprehensive substantiation of the role of
aqueous-carbonic fluid as the final product of de-
gassing); D.S. Korzhynskyi — on "transmagmatic
solutions"; V.A. Sokolov — on geochemistry of natu-
ral gases; A.V. Sydorenko — on "breath" of ancient
sedimentary-metamorphic strata; V.I. Smyrnov, A.D.
Shchehlov and others — on participation of mantle

fluids in endogenous ore formation; O.A. Bohaty-
kov, N.L. Dobretsov, F.A. Letnykov, A.A. Maraku-
shev, [.D. Ryabchykov, L.N. Koharko, O.B. Usenko
and others — on fluid regime of magmatism and
metamorphism; V.K. Markhinin, G.S. Shteynberg,
V.I1. Kononov, S.V. Byelov, A.M. Portnov and others
— on the role of degassing processes in volcanism
(especially noteworthy are the works of E.F. Shnyu-
kov on mud volcanism — a bright and specific mani-
festation of the processes of Earth degassing); A.B.
Ronov, N.M. Strakhov, A.A. Makhnach, S.G. Neru-
chev, Ya.E. Yudovich and others — on the general
patterns of accumulation of carbonate and black
shale formations; [.K. Karpov, V.S. Zubkov, V.A.
Bychinskyi and others — on modeling the processes
of rising hydrocarbons (HC) from the mantle into
the earth's crust, the conditions of their metastability
and deep detonation [1, 3, 7].

The idea of the key role of hydrogen in degas-
sing of the Earth is developed in the works of V.M.
Larin, F.A. Letnykov, A.A. Marakushev, V.V.
Khmelyovska, A.V. Shcherbakov, N.D. Kozlova,
Yu.A. Kolyasnikov, V.M. Shestopalov, V.I. Staros-
tenko, A.N. Ponomarenko [4, 7].

At the same time, the Ukrainian school was
formed, which develops various aspects of fluid dy-
namics, degassing and deep foundations of abiogen-
ic naphthides formation. The innovative research of
E.B. Chekalyuk, works of V.B. Porfyryev, N.P. Se-
menenko, G.N. Dolenko, V.A. Krayushkin, A.Ye.
Babynets, M.P. Balukhovskyi, V.K. Havrysh, LI
Chebanenko, V.P. Klochko, M.I. Pavlyuk, .M.
Naumko are widely known [13].

The purpose of the article is the following:
analysis of the current state of coal mining in
Ukraine and in the world as a whole; substantiation
of feasibility of using a safe search technology in
the development zones of mine fields for allocation
of perspective sites of hydrogen concentrations in
the places of coal mining which serve as direct det-
onators of the gas-dynamic phenomena, and the fea-
sibility of precautionary measures that will prevent
gas-dynamic phenomena.

Presentation of the main research material.
Hydrogen anomalies mapped by hurricane concen-
trations within a wide range of research are of un-
doubted exploratory interest not only as energy
source phenomena, but also in terms of geoecologi-
cal forecasts for making decisions on safety in the
areas of development of exploration and oil and gas
works (Khrestyshche, Pryazovske, Gulf of Mexico,
where there were emissions that have led to signifi-
cant human losses), as well as in the area of operat-
ing mine fields.
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In the course of the work the materials of world
experience were used and generalized, as well as
own long-term academic developments, which ulti-
mately gave grounds for scientific substantiation of
new approaches in research of gas-dynamic phe-
nomena (GDP) due to hydrogen component and
possibility of development and introduction of safe
mining technology in the coal industry.

The traditional point of view on the cause of
GDP is that a mine working approaches a gas-
saturated methane-bearing area under conditions of
degassing, metamorphism, and emergency process-
es. And very often powerful emissions occur in the
absence of appropriate gas methane concentrations,
which is not notified by specially tuned methane-
sensitive hardware devices. Such emergency pro-
cesses cannot be explained either from a geochemi-
cal or a technological point of view. So, after each
accidental tragic emission, they talk about the hu-
man factor, or about outdated equipment.

Sudden emissions of coal and gas with signifi-
cant human casualties since 1800 in France, Swit-
zerland (Agrap mine, about 300 people died), in
Russia since 1900 (Ulyanovska mine, Kemerovo
region, 2007 — 110 people died) man, Kuzbas, 2010
— 100 people died), are traditionally studied and
treated by almost only one version — sorption-
methane. Practically all other geological, geophysi-
cal, geochemical theories of the origin of GDP have
been subjected to significant criticism but were not
taken into account.

The tragic events associated with the manifes-
tation of gas-dynamic phenomena during coal min-
ing cover a wide geographical range: France, Bel-
gium, Germany, Russia, Turkey, Poland, Spain,
Bulgaria, Norway, Ukraine. In time — from the be-
ginning of the development of coal seams to the
present time. All this obliges to look for new ap-
proaches and interpretations to the solution of an
extremely acute problem — safety of production, and
most importantly, protection of human life and
health [1-4].

But, unfortunately, the official point of view
remains unchanged. Neither the state nor private
companies are interested in research, discussions,
concentration of efforts and funding of the necessary
environmental and industrial research.

In our opinion, many misunderstandings are
primarily due to the fact that the causes of explo-
sions continue to be considered traditional (sorption)
forms of methane in coal and its gas-dynamic emis-
sions (classic sudden emissions of coal and gas, for
which a lot of hypotheses and theories have been
developed and regularities have been established).
But all previous research has not led to the devel-
opment of effective technologies for safe coal
mining.

Under the general formulation of "methane ex-
plosions", explosions of other gases actually occur,
the role of which has not yet been taken into account
at all. According to the authors of numerous studies,
it is these gases that become the "detonator" and in-
volve the hydrogen component in the chain reaction.
According to G.G. Grytsko methane itself explodes
only in a fairly narrow concentration range of 4.5-
16% (maximum explosion hazard at 9.5%; at 1%,
electricity is cut off in the mine, at 2% people are
taken out of the mine).

Homologues of methane — heavy hydrocarbons
as propane, ethane, butane — are more explosive in a
much larger range than methane.

In case of accidents in coal mines, the possible
cause of hydrogen explosion is not taken into ac-
count. Although, most likely, according to our work
and the research of some scientists, this is the whole
point.

In the course of the authors' analytical, applied
and field studies of GDP, it was found that the ex-
plosion hazard threshold is significantly reduced if
methane is replaced by hydrogen or its mixture with
methane, propane or other homologues.

Multifactor interpretation of gas-geochemical
data and a complex of geological, geophysical, geo-
thermal and aerospace information allowed to create
the latest technology (patents: "Method for as-
sessing the forecast of gas accumulations with hy-
drogen in the bowels of the earth", "Method for cur-
rent forecast of sudden emissions of coal massif and
gas") mapping of diffuse gas-hydrogen flows from
their genetic sources to places of industrial accumu-
lations and areas of possible emergency processes in
the development zones of mine fields. The proposed
technology has been tested at numerous mining sites
in the process of exploratory and environmental re-
search in the development zones of operating and
worked-out mine fields in the presence of GDP with
human casualties. [5].

Detailed areal and profile atmo-gas-geo-
chemical surveys using SAGS search technology
(structural-atmo-geochemical studies) in the devel-
opment zones of mine fields made it possible to map
anomalous areas of hydrogen concentrations, which,
according to the results of numerous studies, serve
as direct detonators of GDP.

In the course of many years of study of GDP,
based on the latest technologies, we came to the
conclusion that explosions cause deep gas break-
throughs in mine workings, which are caused by
structural, local, regional and planetary processes
based on the hydrogen component — the main deto-
nator of emergency processes and GDP. This theory
opens up a relatively new direction and introduces
new multifaceted perspectives in the prediction and
prevention of catastrophic phenomena. [6, 7]
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The results of studies of hydrogen concentra-
tions directly in mine workings, as well as over the
projections of operating mines, by their hurricane
values, are of undoubted exploratory interest both in
terms of geoecological forecasts and for for making
decisions on the industrial safety of uncontrolled
explosive processes, which cause significant de-
struction in confined mine spaces, incurring material
losses, stopping production cycles for a long period,
and most importantly — leading to significant human
casualties [8].

Below we present in the original language the
statement of an outstanding scientist, corresponding
member of the RAS, full member of the Academy of
Mining Sciences, Doctor of Technical Sciences, Pro-
fessor, prominent specialist in geomechanics, rock
pressure, coal mining technology, technological de-
velopment of coal industry of the Russian Federa-
tion G.G. Gritsko:

“Are emissions and explosions in coal mines
sudden? The answer to this question, alas, is obvi-
ous. They are sudden — insofar as for more than 100
years knowledge about these processes has been
narrow-minded, fixated on purely mechanistic or
technological concepts.

And for decades it has been customary to inves-
tigate the causes of explosions in mines, find (or ap-
point?) "scapegoats" and wait for the next explo-
sion. And our "room" gas protection equipment real-
ly protects, but whom and from what? It is “looking
in the wrong direction”, and Aleksey Stakhanov be-
gan to turn off “it”, covering the coal with a tarpau-
lin, keeping methane in it.

In disasters in coal mines, the possible “fault”
of hydrogen is not taken into account. Although,
most likely, this is the whole point. It is my deep
conviction that in coal mining, ecology and safety,
there is a lack of scientific geological planetarity,
modern non-traditional approaches.

Structural, local, regional and planetary pro-
cesses not only consist of phenomena and mecha-
nisms that have not yet been taken into account, but
are also completely insufficiently studied. They rep-
resent a relatively new subject of research and open
new multilateral perspectives in predicting and pre-
venting catastrophic events”.

Below are the results of many years (since
2009) of detailed areal and profile studies in areas of
development of gas-dynamic phenomena of mine
fields in the coal basins of Donbas: operating O.F.
Zasyadko mines (Pivnichna and Pivdenna sections),
Krasnolymanska, and Lviv-Volyn coal basin —
Stepova and Lisova mines.

O. F. Zasyadka mine is one of the historical
mines of Donbass. The mine is located in the city of
Donetsk, has been in operation since 1958, and pro-
duces 1,200 to 1,500,000 tons of coal a year.

There were a number of major accidents with
human casualties at the mine: in May 1999, August
2001, June 2002, September 2006, December 2007,
January 2015. The biggest accident at the mine was
a major catastrophe. November 18, 2007.

On March 4, 2015, an explosion occurred at the
mine due to methane emissions. At the time of the
accident, there were 230 miners in the mine, 33 of
them were killed and 16 were injured.

The results of detailed profile and areal studies
in the North and South sections in the zones of man-
ifestations of gas-dynamic phenomena give every
reason to assert that the vast majority of emergency
processes took place in areas of high hydrogen con-
centrations (Fig. 1, 2).

The Krasnolymanska coal mine is a large coal
mine located in the south-east of Ukraine in Donetsk
Oblast. The Krasnolimanska mine field is located in
the Pokrovsky district of the Donetsk region of
Ukraine.

The mine was built according to the project of
the Dniprodiproshaht Institute in 1958 and produces
3370 thousand tons of coal per year.

The mine is dangerous due to sudden emissions
of coal and gas; dangerous for explosive coal dust.

Similar detailed areal studies were carried out
at the production areas of the Krasnolymanska mine
— hydrogen was identified in 32 observation points
(Fig. 3).

The most abnormally high gas concentrations
were found between the Fedorivskyi and Hlyboko-
yarskyi downthrow faults, as well as in the southern
wing of the Hrushivskyi fault, where accidental
emissions took place, which resulted in human cas-
ualties.

The spatial distribution of indicators of hydro-
gene content and other investigated gases in the sub-
soil air and the absence of geodynamic processes
(block stability) suggest that the most intensive hy-
drogen flow with possible gas-dynamic phenomena
occurs between the faults: Hlybokoyarskyi and Fe-
dorivskyi, Hrushivskyi and Hlyboyarskyi, as well as
on the continuation of the Fedorivskyi fault.

Stepova Mine is located in the Lviv-Volyn coal
basin, in the village of Hlukhiv, Sokal district, Lviv
region. The mine is super-category in terms of me-
thane, dangerous in terms of explosiveness of coal
dust.

There were accidents at the mine. The big acci-
dent was on April 2, 2008. The fire was extin-
guished for three months.

The big explosion occurred on March 2, 2017
on the horizon of 550 m, in 119 conveyor lanes. At
that time, 172 miners worked at the mine, including
34 miners at the emergency site. The methane ex-
plosion killed 8 and hospitalized 23 miners.

Lisova mine is located in the Lviv-Volyn coal
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Fig. 1. Results of hydrogen detailing profile and areal studies (O.F. Zasyadko mine — Pivnichna).
Graphs of dependence of H, — hydrogen anomalies and gas-dynamic phenomena

" X ums o

Scheme of spatial distribution of
indicators of hydrogen content in
subsoil air

Scheme of spatial distribution of
indicators of the integral coefficient
values (Ki = Rn/Rnf + Tn/Tnf +
CO2/COy)/3) in subsoil air

Scheme of spatial arrangement of
the areas of gas-dynamic phe-
nomena

Fig. 2. Results of hydrogen detailing profile and areal studies (O.F. Zasyadko mine — Pivdenna)

basin, in the village of Silets, Sokal district, Lviv
region. Actual coal production in 2003 amounted to
120 thousand tons of coal. The maximum depth is
515 m.

On May 29, 2019, two miners died as a result
of a roof collapse.

This approach allowed to adjust the results of
surface surveys with data from coal mining, distri-
bution of gas saturation of rocks and mine workings,
reasonable interpretation of STAHGS data, as well
as to provide a forecast for safe mining by laying
advance degassing wells. Detailed area and profile
studies of hydrogen anomalies and geodynamic sit-

uation in the development zones of mine fields of
Mezhyrichanske and Zabuzke coal deposits of
Chervonohradskyi geological-industrial region and
Velykomostivske gas field within Lviv-Volyn coal
basin, in the areas of development of mine with
manifestations of GDP (human casualties) — "Stepo-
va", "Lisova" were carried out (Fig. 4).

Analysis of the results of the studies carried out
in the above areas revealed that the possible causes
of gas-dynamic phenomena were not the sudden
opening of methane-bearing reservoirs and the in-
flow of significant amounts of methane into mine
workings, but the passage by mine workings of are-
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(Ki)

4210 Cartographic representation of
compatible indicators: hydrogen
anomalies and geodynamic areas

- position of 119 belt road in which
the gas explosion occurred on
March 2, 2017

- hydrogen anomalies recorded in
the subsoil air by STAGD
technology;

- geodynamic active zones,
Ki = Rn/Rnf + Tn/Tnf + CO2/CO2f)/3.

Fig. 5. Scheme of cartographic display of indicators of hydrogen anomalies and geodynamic areas

as with abnormally high hydrogen concentrations,
which do not coincide with geodynamic zones and
increased methane values (Fig. 5).

Conclusions.

As result of the carried out works complex re-
searches carried out, the factual material was pro-
cessed and the following conclusions formulated:

1. The results of long-term (since 2009) detailed
area and profile researches in the zones of develop-
ment of gas-dynamic phenomena of mine fields of
coal basins were analyzed. Donetsk coal basin: op-
erating mines OF Zasyadka mine (North, South),
Krasnolimanska mine. Lviv-Volyn coal basin -
mines "Stepova" and "Lisova".

The results of detailed profile and area studies in
these areas in the areas of manifestations of gas-
dynamic phenomena give every reason to believe
that the vast majority of emergency processes took
place in areas of high concentrations of hydrogen.

2. For the first time in the world practice, new
approaches were proposed and substantiated to
change the safety paradigm of coal mining, which
will prevent the manifestations of unpredictable
GDP and the associated material and human losses.

3. Analysis of the results of a complex of fun-
damental and applied research at coal mining facili-

ties allows, according to the proposed technology, to
identify and map the studied areas of abnormal hy-
drogen concentrations, their characteristics and use
it as reliable markers for operational decisions for
safe mining by laying advance degassing wells,
which will ultimately make emergency GDP impos-
sible.

4. The expediency of application of the pro-
posed technology for substantiation and allocation
of geodynamic active and stable zones and blocks
promising for industrial exploration of hydrocar-
bons, determining the locations of possible manifes-
tations of GDP and complex making operative deci-
sions for safety of mining works is proved. And, un-
fortunately, the research carried out by scientists and
the results obtained have not yet found worthy sup-
port from the President of Ukraine, state line minis-
tries, commercial structures and the Academy of
Sciences.

Such conclusions were obtained by us during
the processing of significant factual material, as well
as the results of areal and detailed profile gas-
geochemical surveys both in the mine workings and
on the projections of mine fields (stope mine work-
ings) on the day surface.
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HYDROGEN AS AN INDICATOR OF GEODYNAMIC PROCESSES IN COAL-BEARING STRATA

Formulation of the problem. The problem of developing and implementing exploration technology
that will ensure the protection of mine workings and prevent catastrophes in the development of coal depos-
its is especially relevant now, when the issue of environmental protection and safety at coal mines is very
acute.

Analysis of recent research and publications. The idea of degassing of the Earth as a global process of
its self-organization was developed by V.I. Vernadsky in a number of works published in 1911, 1912, 1924.
This concept has had and continues to have a powerful growing influence on modern Earth sciences. The
idea of the key role of hydrogen in degassing of the Earth is developed in the works of V.M. Larin, F.A.
Letnykov, A.A. Marakushev, V.V. Khmelyovska, A.V. Shcherbakov, N.D. Kozlova, Yu.A. Kolyasnikov, V.M.
Shestopalov, V.I. Starostenko, A.N. Ponomarenko.

The purpose of the article is: analysis of the current state of coal mining in Ukraine and in the world
as a whole; substantiation of the possibility of using the technology of safe search for hydrogen in minefield
development zones.

Presentation of the main research material. The new development of safe exploration technology for
coal deposits, proposed by the authors, will allow to track in advance, to identify places of possible manifes-
tations of gas-dynamic phenomena and to make operational decisions to eliminate them. The technology is
based on the use of exploratory gas-geochemical methods for mapping the places of gas-hydrogen accumula-
tions and together with a set of geological and geophysical methods allows to allocate areas of possible
emergency processes in the development zones of mine fields. On a large massif of field work of areal and
profile surveys, the feasibility of using search technology has been proven to justify the use of advance de-
gassing wells to prevent uncontrolled explosive processes and technical disasters. The proposed technology
has been tested at numerous mining sites in the process of exploration and environmental research in areas of
operating and developed mine fields.

Conclusions. For the first time in the world practice, new approaches were proposed and substantiated
to change the safety paradigm of coal mining, which will prevent the manifestations of unpredictable GDP
and the associated material and human losses.

Analysis of the results of a complex of fundamental and applied research at coal mining facilities al-
lows, according to the proposed technology, to identify and map the studied areas of abnormal hydrogen
concentrations, their characteristics and use it as reliable markers for operational decisions for safe mining by
laying advance degassing wells, which will ultimately make emergency GDP impossible.

The expediency of application of the proposed technology for substantiation and allocation of geody-
namic active and stable zones and blocks promising for industrial exploration of hydrocarbons, determining
the locations of possible manifestations of GDP and complex making operative decisions for safety of min-
ing works is proved. And, unfortunately, the research carried out by scientists and the results obtained have
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not yet found worthy support from the President of Ukraine, state line ministries, commercial structures and
the Academy of Sciences.
Keywords: search technology, mine fields, hydrogen, gas - dynamic phenomena, degassing, safety.

References

1. Vernadsky V1. (1960). Selected Works. Moscow: publishing house of the USSR Academy of Sciences, 422.

2. Semenenko N.P. (1990). Oxygen-hydrogen model of the earth. Kiev: Naukova Dumka, 246.

3. Voitov G.I., Osika D.G. (1982). Hydrogen respiration of the earth as a reflection of the features of the geological
structure and tectonic development of its megastructures. Proceedings of the Geological Institute. Makhachkala, 26,
7-29.

4. Marakushev A.A., Marakushev S.A. (2008). Hydrogen respiration of the earth — its origin, geological and biological
consequences. Alternative energy and ecology, 57, 152-170.

5. Bagriy 1.D., Kuzmenko S.O., Naumenko U.Z., Zubal S.D. (2019). New technology for exploration of hydrogen accu-
mulations and forecast of geodynamic phenomena. 13th International Conference on Monitoring of Geological Pro-
cesses and Ecological Condition of the Environment Kyiv, Ukraine, 1-4.

6. Bagriy I.D., PF. Gozhik, A.A. Repkin, S.A. Kuzmenko, A.A. Loktiev, V.G. Semenuk. (2019). Rationale of search tech-
nology on hydrogen and geodynamic phenomena (oil and gas regions, minefields). Geol. zhurn., 2 (367), 18-28.
DOI: https://doi.org/10.30836/igs.1025-6814.2019.2.169931

7. Bagriy 1.D., Kuzmenko S.A. (2019). Scientific substantiation of the spatial distribution and mapping of anomalous
manifestations of hydrogen — the energy raw material of the XXI century — in the oil and gas structures of Ukraine
and  the prevention of  geodynamic  phenomena.  Geol. zhurn., 1  (366), 59-77. DOI:
https.//doi.org/10.30836/igs.1025-6814.2019.1.159241

8. Bagriy I.D., Naumenko U.Z., Maslun N.V., Dubosarsky V.R., Zhalovsky V.M., Maryukhno V.M. (2017). Modern scien-
tific approaches to the development of ecologically oriented technologies for exploration of hydrocarbon and
groundwater deposits. Fourth International Scientific and Practical Conference "Subsoil Use in Ukraine. Invest-
ment Prospects". Ukraine, Truskavets, 62-64.

9. Gladun V.V, Dovzhok T Ye., Yevdoschuk M.1. (2000). Independent object of hydrocarbon exploration in the Dnieper-
Donetsk gas and oil region. Oil and gas industry, 5, 6-9.

10. GOST 23781-87. Combustible natural gases. Chromatographic method for determining the component composition, 11.

11. Demyanenko I.1. (2004). Problems and optimization of oil and gas prospecting and exploration works at the objects
of the Dnieper-Donetsk basin. Chernihiv: State Center for Science, Innovation and Informatization, 220.

12. Porotov G.S. (2006). Mathematical modeling methods: Textbook. St. Petersburg State Mining University (Technical
University), 223.

13. Porfiryev V.B., Krayushkin V.A., Klochko V.P., Ponomarenko M.1., Palamar V.P, Lushpey M.M. (1982). A new direc-
tion of geological exploration in the Akhtyrka oil and gas production area of the Dnieper-Donetsk depression. Geol.
Journ., 4, 4, 1-11.

14. Ryaboshtan Yu.S. (1980). On the content and tasks of structural-geodynamic mapping during prospecting and ex-
ploration works at hydrothermal-type deposits. Sedimentary rocks and ores. Kiev, Nauk. Dumka, 126-135.

15. Sokolov V.A. (1971). Geochemistry of natural gases. M., Nedra, 336.

16. Sollogub V.B. (1986). Lithosphere of Ukraine. Kiev, Nauk. Dumka, 184.

17. Soyak L. (2003). Separation and identification of isomeric hydrocarbons by capillary gas chromatography and its
combinations with mass spectrometry and FTIR spectroscopy. Rus. chem. Journ. (J. of the Russian Chemical Society
named after D.1.Mendeleev), XLVII, 2, 51-69.

18. Pearson E.S., Hartley H.O. (1972). Biometrica tables for Statistics. Cambridge, University Press, 634.

19. Geological Journal. Institute of Geological Sciences. Available at: http.://geojournal.igs-nas.org.ua/article/
view/9967. DOI: hitps.//doi.org/10.30836/igs.1025-6814.2018.2.133461

20. Mineral resources of Ukraine. Ukrainian state geological research institute: https.//mru-journal.com.ua/

index.php/mru/article/view/296. DOI: https://doi.org/10.31996/mru.2020.4.28-38

-19-


https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.30836%2Figs.1025-6814.2019.2.169931
https://doi.org/10.30836/igs.1025-6814.2019.1.159241
http://geojournal.igs-nas.org.ua/article/view/9967
http://geojournal.igs-nas.org.ua/article/view/9967
https://doi.org/10.30836/igs.1025-6814.2018.2.133461
https://mru-journal.com.ua/index.php/mru/article/view/296
https://mru-journal.com.ua/index.php/mru/article/view/296
https://doi.org/10.31996/mru.2020.4.28-38

