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TECHNOLOGY FOR THE IDENTIFICATION OF HYDROGEN ACCUMULATIONS
AND FORECAST OF GEODYNAMIC PHENOMENA
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The analysis of the results of a complex of fundamental and applied studies conducted by the Institute of Geological
Sciences, in particular gas-emanation areal surveys, that include H and He, made it possible to re-approach one of
the components of hydrocarbon gases, the main energy component of the Universe, hydrogen. The conceptual in-
terpretation of the results of the search schematic diagram of structural-thermo-atmo-hydrologic-geochemical studies
allowed to allocate 25 offshore and 98 onshore productive oil and gas areas, at the preliminary regional search stage,
as well as not only to record significant hydrogen concentrations in single productive gas wells within the study
areas, but also to confirm the results of previous studies in the oil and gas productive areas, in industrial mining
wells, in zones of geodynamic phenomena of mine fields.
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logic-geochemical studies.
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AmHai3 pe3yabTariB KOMIUICKCY (DYHIAMEHTAIbHHUX Ta MPUKIAJHUX JOCIIHKEHb, IPOBEICHUX [HCTUTYTOM reosio-
rYHUX HayK, B TOMY YKCIIi Ta30BO-eMaHAIIHHUX [IOIOBUX 3HOMOK, 1110 BKIFoYaoTh H i He, 103BOUB 10-HOBOMY
IIITH 10 OTHOTO 31 CKJIAI0OBUX BYIJICBOJHEBHX ra3iB — TOJIOBHOTO EHEPreTHYHOTO KOMIIOHEHTY BCecBiTy — BOAIHIO.
KonrenryanpHa iHTEpOpeTAIlist pe3y/IbTaTiB MOIIYKOBOI MPUHIIUIIOBOT CXEMH CTPYKTYPHO-TEPMO-aTMO-T1APOIIOr0-
TIAPOTEOXIMIYHIX JAOCIIHKEHb JIO3BOJIMIIA BXKE Ha MOMEPEIHLOMY PETiOHATBLHOMY IOIIYKOBOMY €Tari BHIITUTH
25 mMopcebkux 1 98 Ha cymr MpoAyKTUBHUX HAQTOra30HOCHHX IUIOII, @ TAKOXK HE TLTBKHU 3a()iKCyBaTU B paMKax J10-
CITIKYBaHUX IUIOII 3HAYHI KOHIICHTPAIIIT BOIHIO B OAWHOYHUX POIYKTHBHUX I'a30BUX CBEPAJIOBHHAX, a 1 MTiATBEp-
JIMTH PE3YJIBTATH MOMEePEIHIX JOCITIPKEHb Ha JAUITHKaX HA(QTOra30mpolyKTUBHUX IUIOIL, Y TPOMHUCIOBO-BUI00YBHIX
CBEP/UIOBHHAX, Y 30HAX T€O[IUHAMIUHUX SIBHIII IAXTHHUX ITOJIB.
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AHaIm3 pe3ynbTaToB KOMIUIEKCa (GYHIaMEHTAIBHBIX W MPUKIAIHBIX HCCICAOBAHUN, TPOBENECHHBIX MHCTHTYyTOM
reoJIOTHYEeCKUX HayK, B TOM YHCIIEe ra30BO-3MaHAllMOHHBIX IUIOMIAIHBIX CheMOK, BKmodaomux H n He, mo3zsonun
[10-HOBOMY IIOIOMTH K OZTHOMY U3 COCTaBIIIOLIMX YIJIEBOAOPOAHBIX [a30B — NIABHOI'O YHEPIreTUYECKOTO KOMIIOHEHTa
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Bcenennoii — Bogopoaa. KonuenTyanbHast HHTEpIIpeTalMs pe3yIbTaToB MOMCKOBOI NPUHIMITHAIEHON CXEMBI CTPYK-
TYPHO-TEPMO-aTMO-THJIPOJIOTO-THIPOr€OXUMHUYECKUX UCCIICI0OBAaHUM MO3BOIMIIA YK€ HAa IPEIBAPUTEILHOM PErro-
HAJIFHOM ITOMCKOBOM JTalle BBLACTHUTE 25 MOPCKUX U 98 Ha cyIle MpOAyKTHBHBIX HE(TEra30HOCHBIX IUIOMIACH, a
TaKXe He TOJNBKO 3a(pHKCHPOBATH B paMKaX HCCICAYEMbIX IDIOMIACH 3HAYUTEIbHBIC KOHIICHTPAIH BOAOPOIa B
OJJMHOYHBIX MPOIYKTHUBHBIX Ta30BbIX CKBAXKUHAX, a U MOATBEPAUTH PE3YJIbTAThl MIPEIbIIYIINX UCCIECIOBaHUN Ha
ydacTKax He(Tera3onpoayKTUBHBIX IUIOIIAJICH, B MPOMBIIUIEHHO-A00BIBAIOIINX CKBAKUHAX, B 30HAX F€OAMHAMHU-

YeCKHUX SIBJICHUU IIaXTHBIX ITOJIEH.

Knioueswvie cnosa: Tunpo-reocunepreTnieckas OMOTeHHO-MaHTHIHAS TEOPHST; YIIICBOJOPOIBI; BOIOPO; CTPYKTYpPHO-

TCPMO-aTMO-THAPOJIOTO-TCOXUMHNYICCKUE UCCICAOBAHUA.

One of the main problems of today, above all in the
development of scientific progress, is the use of
existing energy sources that carry irreversible des-
tructive processes in the environment and lead to
global natural disasters, despite the rather costly en-
vironmental measures. New approaches to the
search for environmentally friendly energy sources
are needed.

Almost all of these processes are closely related
to the increasing use of morally outdated energy
sources, their production and exploitation, that does
not meet today’s demands for the development of
progress.

Currently, the most serious problem that impe-
des the development of environmentally friendly
hydrogen energy is not only the high cost of hydro-
gen obtained by the electrical decomposition of
water and other extremely costly methods, but also
the complete lack of scientific-fundamental and ap-
plied ecological-geochemical studies of energy de-
velopment in the conditions of catastrophic environ-
mental degradation — pollution of the atmosphere
and water, colossal waste of nuclear energy, which
require huge costs for their disposal and storage. In
this regard, the extremely significant range of the
proposed latest hydrogeochemical studies, the
possibility of detecting and mapping of industrial
accumulations of environmentally friendly endoge-
nous hydrogen is very relevant. That is, the hydro-
gen problem has, along with the energy one, geolo-
gical and geochemical aspects that are not yet fully
understood due to the exclusive, as mentioned
above, focus on traditional hydrocarbon feedstocks.
At the same time, it is obvious that the hydrogen-
energy revolution can fundamentally change the
foundations of the world energy and the environ-
mental situation of the future. In this regard, the
substantiation and organization of work on asses-
sing the prospects for identifying industrial accu-
mulations of endogenous hydrogen in the lithos-
phere should be carried out in the framework of
scientific research of the NAS of Ukraine.
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In the course of the researches the world expe-
rience, academic and own achievements of the sci-
entists of the Institute of Geological Sciences of
NAS of Ukraine were used.

Mantle synthesis with the variety of elements
present forms, in addition to the gas component of
hydrocarbons, two energy phenomena — the decay
products of uranium, radium — “He, and the hydro-
gen isotope *He — the most energy-ecological pro-
duct of hydrogen.

The global character of genetic accumulations
of hydrocarbons is considered by us in the frame-
work of the teachings of V.I. Vernadsky on the cycle
of matter in nature, where one of the main genetic
components of hydrocarbons, both in volume and
in percentage, is hydrogen, which is the energy
basis of lithospheric processes. Therefore, accor-
ding to the theory of V.I. Vernadsky on the rene-
wable circulation of matter, it is quite obvious that
the problem of the origin of hydrocarbons is, first
of all, the problem of the main source of hydrogen.

Thus, the synthesis of the germinal elements of
the circulation of water-soluble hydrocarbons that
come with pore gravitational waters through infiltra-
tion zones [babunern, 1961; babunen, bensBckuii,
1973], creates the conditions for obtaining both com-
plex hydrocarbon elements and products of their syn-
thesis H, C, since, according to the hydro-geobioge-
nic-mantle paradigm (HGBMP), the reserves of
hydrogen and carbon in the mantle in contact zones
are constantly replenished from the upper shells of
the Earth in the conditions of the cycle of matter in
nature as a result of geodynamic processes, and in
the conditions of synthesis in the mantle strata gas
and energy components are created — the hydrocar-
bons spectrum, hydrogen and their accumulations.

Therefore, it can be assumed that not only oil-
forming systems are formed during mantle synthesis,
but also hydrogen, as the initial germinal component
of hydrocarbons, as a result of thermodynamic and
geochemical processes according to the proposed
HGBMP of hydrocarbons origin.
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Such an interpretation of the relationship bet-
ween the main components of hydrocarbons has ser-
ved as the basis for the creation of a new concept of
the origin of hydrocarbons, that reflects a wide range
of scientific approaches (geology, geochemistry,
hydrology, hydrogeology, geothermics, etc.) and
takes into account the recoverability of the constitu-
ent elements (carbon and hydrogen) and their rege-
neration, which leads to the restoration of hydrocar-
bon deposits. Ultimately, this allowed us to approach
not only an important issue — substantiation of the
new concept-paradigm of hydro-geobiogenic-mantle
origin of hydrocarbons and their main energy com-
ponent — hydrogen, as well as to provide scientific
argumentation for the restoration of depleted depo-
sits, and on this basis to create a new highly efficient
direct search technology of structural-thermo-atmo-
hydrologic-geochemical studies (STAHGS) of hyd-
rocarbons and their component — hydrogen [barpwuii,
2016]. This technology has been implemented at al-
most 200 oil and gas objects for forecasting of pro-
spective traditional and non-traditional areas of the
mapping features of hydrocarbons and hydrogen
spectrum on land and in the waters of the seas with
a success rate of almost 80-100%.

Hydrocarbon and hydrogen mapping can be
successful only with full consideration of modern
own academic achievements in the field of petro-
leum geology and geochemistry. It should be noted
that in recent years the processes of genesis, migra-
tion and formation of industrial oil and gas deposits
are often mistakenly associated only with large deep
faults in different zones of the Earth’s crust and
upper mantle [Jlonenko, 1962; Iopdip’es, 1968;
Cy606otun, 1964; Ilasmtok, 2012], which, in our
opinion, serve only as zones of multidirectional
migration of gases and fluids, and not the genetic
conditions of their origin and, most importantly, not
prediction characteristics.

The literary data characterizing the hydrogen
degassing of the planet as a whole, as well as of its
individual regions, are extremely scarce, fragmen-
tary and obtained by different authors at different
times, often contradictory and almost unsubstantia-
ted scientifically. On their basis, it is practically im-
possible to make a holistic view of the spatial and
temporal patterns of hydrogen degassing.

Studies conducted by Russian and some do-
mestic scientists in the field of hydrogen production
indicate the connection of the prospects for hydro-
gen production with volcanic activity and fire belts,
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which, in our opinion, is incorrect both from a prac-
tical and scientific point of view. In addition, they
associate hydrogen accumulations with minor dep-
ressions and hearths that are mistakenly interpreted
as ring structures [Jlapun, 2019], referring to the re-
sults of numerous studies, cartographic materials of
wetlands in Russia and many foreign countries that
have no relation to ring structures. This, in our opi-
nion [['oxwuk, 2011; Monozsix, 1982; barpiii, 2003],
are common elements of landscape formations that
are mistakenly interpreted as hydrogen lakes.

Our measurements for the presence of hydro-
gen in such landscape elements (Kyiv Polissya and
Dnieper-Donets depression) did not reveal the pre-
sence of H, hydrogen concentrations at all.

The STAHGS technology [Bbarpiii, 2013] cre-
ated and tested on the basis of HGBMP of the origin
of hydrocarbons allowed to identify and map local
areas of hydrogen degassing anomalies and open up
fundamentally new possibilities for identifying pro-
mising sites for conducting detailed exploratory
studies not only for industrial extraction of hydro-
carbons, but also for significant concentrations of
hydrogen and their mapping in hazardous areas du-
ring mining of virgin coal.

The detailed areal atmo-gas-geochemical sur-
veys in the framework of the new STAHGS search
technology conducted by us at more than 200 pro-
spective licensed oil and gas structures and mine
fields made it possible to map the presence of ano-
malous areas of hydrogen and helium concentrati-
ons, which are hundreds or more times higher than
background values.

Such sites, mapped by their hurricane concen-
trations, are of undoubted search interest in broad
research not only in terms of energy source pheno-
mena, but also in terms of geoecological forecasts
for making decisions on the safety of mine wor-
kings.

The full range of hydrocarbon components and
their derivatives H, CO,, He, we recorded almost
everywhere in the course of detailed areal surveys.
This ultimately allowed to map the anomalous
zones of hydrogen degassing sites with the aim of
further detalization of the forecast and prospecting
work on industrial accumulations of hydrogen. Such
anomalous manifestations of H, hydrogen have
been verified and confirmed by control surveys both
by area and in time at oil and gas bearing objects
(Nedilna, Obolonska, Bovtyska, Vasyshchivska and
other areas).
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The most probable sites mapped as hydrogen-
anomalous, gas-saturated areas, are correlated with
hydrocarbon anomalies located, probably, in the
conditions of the predominance of mantle processes
that generate a gas composition containing almost
the full spectrum of carbon, hydrogen, and helium.

Therefore, having considerable experience in
detailed mapping of gas elements (Rn, Tn, CO,, He,
hydrocarbon spectrum, and H) using STAHGS tec-
hnology at 200 structures — carriers of hydrocarbon-
hydrogen-helium components, with a total area of
over 20,000 km? on land and in the sea, we made
the first attempt to summarize the results of our own
scientific study on identifying promising areas for
more focused research on the search for not only
hydrocarbons, but also H, and He.

And as practice has shown, this approach
already in the previous stage of research allows to
reasonably determine not only the degree of con-
centration of prospective oil and gas bearing areas,
and to reject virtually unproductive areas, but also
to identify anomalous areas of concentrations of one
of the main energy components — hydrogen, as a re-
newable energy source of the circulation of matter
in nature, and as a detonator of geodynamic pheno-
mena in mine workings leading to catastrophes and,
worst of all, to people death.
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Map of oil and gas potential with industrial concentrations of hydrogen. Scale 1: 500 000
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The fixation of abnormally extreme manifesta-
tions of hydrogen by areal surveys on geological-
structural, geothermal and other features (STAHGS)
at worked objects, as well as individual manifesta-
tions of hydrogen in productive oil and gas bearing
wells according to the data of «Nauka Geocentr»
did not allow to establish patterns of distribution of
extreme values of hydrogen in the studied territories
(Fig.). Therefore, it is necessary to conduct more
detailed areal surveys in the areas of hydrogen ano-
malies and hydrogen-saturated wells with a map-
ping detail of hundreds or even tens of meters,
which would allow to outline the areal hydrogen
anomalies in order to substantiate the setting of sci-
entific and parametric studies in both vertical and
horizontal sections.

In addition, in the context of hydrogen-energy
issues, we have considered geoecological processes
in places of possible accumulation-generation of
hydrogen and methane gases (mine fields and direc-
tly production), which currently traditionally serve
as markers of explosion and cause colossal destruc-
tion in enclosed mine spaces, leading to material
losses, long term stop of production cycles and,
most importantly, significant human lossess.

Most of gas control in mine workings involves
methane fixation. If methane concentrations are
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increased to critical levels, the sensors must report
about this and disconnect the mine equipment from
power sources.

The analysis of explosions at the mines of Uk-
raine and Russia shows that emergencies and explo-
sions occurred in the complete absence of warning
signals about methane hazard.

Thus, analyzing significant materials on the
processes of emergencies, we can assume that the
possible reasons for the outburst-hazardous proces-
ses were not sudden opening of methane-bearing
reservoirs and the significant volumes of methane
entering the mine workings, but the anomalous
areas of high hydrogen content entering the coal
rock mass from the mantle horizons. This was
established in the study and analysis of huge amo-
unt of factual material based on areal gas-geoche-
mical surveys.

Explosions of hydrogen mixtures (oxyhydro-
gen gas) are accompanied by extremely high tem-
peratures and colossal dynamic loads, leading to the
rupture of strong metal structures of mining equip-
ment — rails, dippers, etc.

Mapping of explosion hazard zones and adop-
tion of advanced degassing drilling can be perfor-
med according to the results of detailed geochemi-
cal areal and profile surveys in accordance with
STAHGS technology [barpiii, 2011].

Geochemical detailed studies of mine fields
have been carried out in recent years, as part of the
science topics implementation (Tomashivska area,
Lysychanski domes, including the Kapustin, Pryvil-
nyanska, Novodruzhivska, Tomashivska Pivnichna,
Tomashivska Pivdenna mines, as well as producing
Zasyadko and Krasnolymanska mines in the Do-
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