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PROCESS PATTERN OF HETEROGENEOUS GAS HYDRATE
DEPOSITS DISSOCIATION

Purpose. Justification of the effective dissociation process parameters of heterogeneous gas hydrate deposits and
elaboration of their classification according to the thermal energy consumption.

Methodology. The methodological basis of the conducted complex research is the analysis and synthesis of literary
sources, devoted to studying the peculiarities and thermobaric properties of gas hydrates, analytical calculations and
laboratory experiments on the thermal energy consumption for the efficient decomposition of gas hydrates, experi-
mental studies of the hydrate formation process and gas hydrate deposits of the mottled structure dissociation.

Findings. The parameters of formation and stable gas hydrate occurrence in natural environment, which should be
taken into account when developing gas hydrate deposits, are substantiated. The existing classification of gas hydrate
deposits in sedimentary rocks is analyzed. The regularities of the gas hydrate deposits dissociation process and meth-
ane gas production, depending on the percentage of rock intercalations content, are established. The volumes of
analysis zones and gas output from heterogeneous gas hydrate deposits are determined. The amount of thermal en-
ergy that is necessary to be consumed to produce 1000 m?® of hydrated gas during the gas hydrate deposits develop-
ment, is calculated.

Originality. It is established that the thermal energy consumption on the dissociation process in order to obtain
methane gas varies with a parabolic dependency with an increase in the rock intercalations proportion in the gas hy-
drate deposit. A new classification of gas hydrate deposits, based on the content of rock intercalations and the amount
of spent thermal energy for gas hydrate dissociation, has been developed.

Practical value. The results of studies with sufficient accuracy for practical application may be used in the develop-
ment of the Black Sea gas hydrate deposits in order to obtain natural gas. The revealed dependencies of the methane
gas output on the rock intercalation share are a tool for determining the effective application of technologies for the
gas hydrate deposit development.

Keywords: gas hydrate deposit, heterogeneity, classification, rock intercalations, dissociation, energy consumption

Introduction. The current trend in the development
of coal, oil and gas production in Ukraine indicates the
necessity of applying new approaches to the formation
of a raw material base, such as allocation of alternative
sources of hydrocarbon raw materials in a separate in-
dustrial branch. Being the most environmentally friend-
ly utility product, natural gas will continue to play an
important role in the energy supply and future develop-
ment of the world’s energy.

Alternative types of fuel gas include methane of coal
deposits [ 1]; coalmine methane; gas obtained during the
solid fuel processing (hardcoal (bituminous coal) and
brown coal (lignite), shale coal (bituminous shale), bog
muck (lignum fossile) [2]; gas contained in aquifers of
oil and gas bearing basins with an abnormally high res-
ervoir pressure, and in gas-saturated reservoirs and
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marshes; biogas (RNG), exhaust gas, other fuel gas, ob-
tained from biological raw materials; gas obtained from
industrial wastes; gas deposits on the Moon [3]; as well
as gas contained in gas hydrate deposits. Development
and introduction of technologies for obtaining gas
through underground coal gasification in complex min-
ing-geological conditions [4] and in the multiple coal
layers development [5] deserves particular attention.

Thus, the issue of deficit and reduction of energy re-
sources, in particular natural gas, is becoming more and
more relevant, which increases the interest in developing
technologies of extracting new energy feedstock types,
among which, according to the authors, the gas hydrates
of the Black Sea bottom sediment are prospective.

The Black Sea aquatorium is characterized by the
presence of gas hydrate deposits, the capacity of which,
according to geologists and seismic survey results,
reaches in average 700 meters from the surface of the sea
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bottom. The Ukrainian part of the sea has methane gas
resources that can be extracted from gas hydrate depos-
its located directly opposite the Crimean peninsula,
with the volume of 20—25 trillion m3. The total forecast
gas resources throughout the Black Sea amount to at
least 100 trillion m3, based on the results of the intrusion
and analysis of the studied core (1988—1989) [6]. The
analysis of thermobaric conditions within the deep part
of the Black Sea basin gives all grounds to assert that the
available parameters of temperature and pressure at the
depths of the sea 500—750 m are optimal for the forma-
tion of gas hydrate deposits in such conditions.

According to the data of regional seismic profiles on
a 25 x 25 km grid, carried out by the “Pivdenmorheo”
association, a significant distribution of gas hydrate de-
posits within the deep sea part of the Black Sea was es-
tablished. The most promising are the central, north-
eastern and northern parts of the sea, where attention
should be paid to the gas extraction from gas hydrate
deposits technologies development. Gas hydrate depos-
its in the central deep-water part of the Black Sea are
relatively heterogeneous, and the sediment intercala-
tions share in deposits is insignificant [7].

Taking into account the existing energy potential of
gas hydrates and the possibility of using hydrated gas as
an additional utility product, it is obvious that the devel-
opment and searching of specific technological solu-
tions for the efficient methane extraction from gas hy-
drate deposits is an urgent problem and needs urgent
solution.

Analysis of the recent research and publications. Over
the past decades, the interest to gas hydrate deposits
technology development and extraction of methane has
increased considerably, as evidenced by a large number
of projects and an increase in security documents share,
not only in Ukraine, but also throughout the world. To-
day, thousands of highly skilled specialists from many
leading countries of the world such as Bulgaria, Canada,
China, Germany, India, Japan, Norway, Russia, South
Korea, Turkey, Ukraine, the United Kingdom and the
USA are working on artificial and natural gas hydrates,
as well as the development of hydrate and dissociation
technologies.

Scientists of scientific and research institutes, ad-
vanced research laboratories, organizations and educa-
tional institutions work to develop gas-hydrated tech-
nologies and to create technological schemes for gas
extraction from natural gas hydrates not only in the ter-
ritory of our country, but also abroad. Particular atten-
tion in this scientific approach is to be drawn to the
works of scientists of the National Mining University,
Ivano-Frankivsk National Technical University of Oil
and Gas, Kirovohrad National Technical University,
Poltava National Technical University named after Yuri
Kondratyuk, State Scientific Institution of the Marine
Geology Department and Sedimentary Ore of the Na-
tional Academy of Sciences of Ukraine, Institute of Gas
of the National Academy of Sciences of Ukraine, Insti-
tute of Geophysics named after S.I. Subbotin of the
Academy of Sciences of Ukraine, Oregon State Univer-
sity (USA), Colorado University (USA), Russian State
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University of Oil and Gas named after 1. M. Gubkin
(Russia), University of Texas (USA), Research Center
Marum (Germany), as well as world-renowned compa-
nies Chevron (USA), Conoco Phillips (USA), Japan
Drilling (Japan), JAPEX (Japan), JOGMEC (Japan),
Hydrate Energy International (USA), Mitsui (Japan)
and others.

Vytiaz O.Yu., Horzyk P.F., Zotsenko M. L., Isto-
min V.A., Klymenko V.V., Kobolev V.P., Mako-
gon Yu.F.,, Ovetskyi S.0O., Pedchenko M.M., Smir-
nov L. F., Sniukov E. F., Yakushev V.S., Bishnoi P.R.,
Carrol J.J., Collet T.S., Dawe R., Handa Y.P., Mar-
tin M., Letcher T. M., Sloan E. D. and others have made
a significant contribution to the development of gas-
hydrated technologies and phase transitions study. They
describe the properties and conditions of natural gas
hydrate stability, consider the methods for gas hydrate
deposits exploration [8], establish the parameters of gas
hydrate and gas deposits development by binding free
gas to gas hydrate [9], the involvement of the plume-
tectonic deep degassing mechanism on the Coalfields
genesis of the Black Sea basin [10], phase transitions of
the hydration process and dissociation in the gas hydrate
deposits development containing the proportion of sed-
imentary rocks in the deposit were investigated [11], the
basic processes of the method for gas hydrate extraction
from the productive layer without the energy consump-
tion of the phase transition on the basis of borehole
hydro production were substantiated [12]. The study of
the crystalline structure of gas hydrate, depending on
the chemical composition of the reacting components
by applying the method of raster electron microsco-
py [13] and substantiation into parameters of the process
of gas hydrate deposits dissociation due to computer
modeling with finite element method deserves particular
attention [14].

Formation and accumulation features of gas hydrates
in natural conditions. The accumulation of gas hydrate,
as a rule, does not occur in a free area as sea water, but
in a bottom rocks array. An important role in the process
of natural gas hydrate formation is given to the parame-
ters of pressure and temperature, as well as the proper-
ties and characteristics of the nature, in which the pro-
cess of hydration formation and subsequent hydrate ac-
cumulation actually takes place.

The capacity of the gas-hydrated layers varies from
hundreds of meters (when the deposits are located at a
negligible depth (less than 500 m)) to 1 km or more
(when the deposits are located at great depths). A con-
stant companion and a source of natural gas hydrates
may be a free gas under the gas hydrate deposit. In some
areas of the bottom sediments, its concentration is so
high that it begins to penetrate into the free openings
between the rock particles. Since the gas hydrates accu-
mulate in sedimentary rocks, these rocks become im-
penetrable. A closed space is formed which is capable of
automatic sealing, in which the gas, which aspires to rise
up, is accumulated. The more free gas penetrates into
the hydration zone, the stronger gas hydrate deposits
become. After full saturation of the gas hydrate layer,
free gas can already accumulate under it.
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The lower line of gas hydrate deposits occurrence is
determined by the geothermal gradient in the bottom
sediments. For about 99 % of gas hydrate reserves are
found in seas and oceans. In conditions of land there is
also a necessary thermobaric combination of pressure
and temperature, suitable for the formation of natural
gas hydrates and its homologues. It is worth noting that
in continental rocks there is less water and less free space
in which crystalline hydrates are formed.

It was established that gas hydrate deposits in rocks
exist in the form of the following cryogenic structures:
massive (in sandy soils); porphyric (in sandy loamy
soils); schlier-lens-shaped (in clay soils).

Gas hydrates can be cement (concrete) or just fill the
openings without cementing the grains of the sedimen-
tary deposits. Strengthening of sedimentary rocks oc-
curs due to the presence of hydrates in them, the role
played by cement. Also, gas hydrates may exist in the
pore space, without noticeably affecting the hardness
and strength of sedimentary rocks. The formation of gas
hydrates in the seas in the conditions of the bottom rocks
allows the filling of the existing openings not with water,
but with hard gas hydrated skeleton.

In order to assess the energy potential of gas hy-
drates, it is important to determine possible variants of
their location in the sedimentary layer and to establish
the properties of the hydrated layers. After analyzing the
existing data on the findings of gas hydrates in the
Earth’s crust, we can conclude that gas hydrates exist in
rocks in the form of bird-shot concretion, strands, vein-
lets and massive layers.

The formation of gas hydrates in sediment deposits
occurs in two different hydrate-accumulation variants:

- the first one occurs when the gas hydrates are
formed and accumulated on the contacts of the rock
particles, which leads to the cementation of the sedi-
mentary deposits skeleton;

- the second one occurs when the formation of gas
hydrates takes place directly in openings and pores. Ac-
cording to this embodiment, it is obvious that the hy-
drates practically do not affect the connection of the
rock particles, which leads to the thickening of the sedi-
mentary strata.

In bottom sediments, in addition to gas hydrates, gas
in free state, water and even ice may also be available
(which is a characteristic feature of cryolithozone).
Therefore, V.S. Yakushev has proposed the classification
of gas hydrated deposits, depending on the phase state of
the pore fluids:

- gas hydrated rocks, in which mineral particles, or-
ganic matters and gas are included in the massive gas
hydrated layer;

- gas-gas hydrated rocks, in the openings of which gas
hydrates and gas are located, and there is no free water;

- water-gas hydrated rocks, in the openings of which
there are gas hydrates and water, but there is no free gas;

- water-gas-gas hydrated rocks contain gas hydrates,
gas and water in openings;

- ice-gas hydrated rocks, in openings gas hydrates,
gas and ice are contained, but there is no free gas and
water;
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- ice-gas-gas hydrated rocks, in openings gas hy-
drates, free gas and ice are contained, but there is no free
water;

- ice-water-gas hydrated rocks, in openings gas hy-
drates, ice and water are contained, but there is no gas;

- ice-water-gas-gas hydrated rocks, in openings both
gas hydrates and gas, water and ice are contained.

Perlova E.V. and Yakushev V.S. developed a clas-
sification of gas hydrates on the basis of genetic features.
Thus, there are three types of gas hydrate deposits: sub-
marine deposits of gas hydrates; continental stable de-
posits of gas hydrates; continental metastable deposits of
gas hydrates.

The basic principle of a submarine gas hydrate de-
posits type formation is the significant bio-chemical
methane gas release and its migration to the zone of gas
hydrate stability. A characteristic feature of the subma-
rine deposits is their confinement to the aquatorium,
which is characterized by a maximum content of organ-
ic matter and intense activity of methanobacteria.

The places of continental stable gas hydrate forma-
tion include islands and continents, taking into account
the zone of gas hydrate stability. Since the gas hydrated
layers formation is possible under the existing oil and
gas deposits, the source for their accumulation is ther-
mogenic gas and gas of biochemical origin from the be-
low-placed oil and gas collectors. Another way of conti-
nental stable deposit occurrence is converting a gas field
into a gas hydrate due to the thermobaric parameters
change in the rock layer.

Continental metastable gas hydrate deposits are rep-
resented by clusters of relic gas hydrates, which have got
their name due to their self-preservation formation and
the possibility of existence beyond the gas hydrate struc-
tures stability zone. The gas hydrate metastability zone
is considered as all thickness of permafrost rocks from
the bottom of the seasonal thaw layer to the permafrost
bottom, in which the temperature of the array does not
exceed the temperature of soils thawing.

According to T. S. Collett, geological and geophysi-
cal characteristics of gas hydrate deposits finding in sed-
imentary rocks can be a sign that these deposits are di-
vided into three types. The first type includes gas hy-
drated deposits, under which there is natural gas in free
form. The equilibrium line of hydrate formation for the
first type coincides with the gas hydrate deposit bottom.
The second type is gas hydrate deposits, under which
there is an interbedded water. The third type includes
deposits that lie between the rocks, which have no free
gas or free water underneath [15].

Another classification of gas hydrate deposits, based
on thermobaric conditions of the gas hydrate occur-
rence in the subsoil, is proposed by Yu. F. Makogon. Ac-
cording to this classification, gas hydrate deposits are
divided into types depending on the temperature in the
rock section. Gas hydrate deposits in permafrost rocks;
overcooled deposits that exist at shallow depths; and
high-temporal deposits adjacent to the lower boundary
of the hydrates stability zone are distinguished [16].

Maksymova E.O. distinguishes 5 types of gas hy-
drate deposits, depending on the material content of the
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rocks, geological structures and their filtering proper-
ties [17]:

- type 1 — integrity deposits at the bottom of the seas
and oceans, in the zones of the shelf and cavities, as well
as large tectonic faults (amorphous deposits of gas hy-
drates in the form of pure ice);

- type 2 — integrity rock mass deposits from practi-
cally homogeneous line grain gas hydrated arrays occur-
ring in the zones of shelf and marine and oceanic cavi-
ties, mainly in sands, coarse-grained, fractured cata-
clasts;

- type 3 — gas hydrate deposits confined to sandy and
loamy deposits, with pores saturated with gas hydrate;

- type 4 — gas hydrate deposits in brecciformed clas-
tic rocks;

- type 5 — deposits in the form of veins formed in
large massifs of igneous rocks, along normal faults and
strike slips (deposits have a mixed structure: from brec-
ciform, fine-grained to amorphous).

Unsolved aspects of the problem. The structure of
hydrate-containing deposits differs from the ordinary
ones. In the first ones besides mineral (rock) skeleton
there are also gas hydrates that affect the properties of
the rock [18]. Investigations show that gas hydrates can
be used as a small part of the pore space, in which, along
with them, there is free gas and water, and they can also
fill the openings completely. Partial filling of the pore
space of rocks with gas hydrates is due to the fact that the
filtration of gas from the bowels of the earth through tec-
tonic faults and fractures is complicated due to the pre-
formation of gas hydrates, and the process of hydration
formation is ceased.

Existing data on the formation and accumulation
conditions of gas hydrates, materials provided by the In-
stitute of Geological Sciences of the National Academy
of Sciences of Ukraine, as well as the results of the wells
drilled core analysis, made it possible to conclude that
gas hydrates are in the bottom sediments of the Black
Sea at appropriate thermobaric parameters that meet
conditions of stable existence of gas deposits, not only in
the form of pure hydrated layers, but, more often, with
rock intercalations, which make the structure of the de-
posit heterogeneous. Available technological solutions
for methane gas extracting from gas hydrate deposits for
the Black Sea conditions, which include the bottom
rock intercalations, have not been studied sufficiently.
Therefore, issues related to the parameters substantia-
tion of an effective dissociation process of heteroge-
neous gas hydrate deposits and methane gas extraction
are urgent and need to be solved.

The objective of this work is to develop a classification
of gas hydrate deposits, taking into account the estab-
lished parameters of an effective process of gas hydrates
decomposition with a variable rock intercalation share
to obtain methane gas based on analytical and experi-
mental studies results in the development of heteroge-
neous gas hydrate deposits.

To achieve this purpose, the following tasks were
solved:

- analysis of existing classifications of gas hydrate de-
posits and detection of their formation mechanism;

24

- pursuance of the experimental research of the hy-
dration formation process and gas hydrate decomposi-
tion with a variable proportion of rock intercalations;

- determination of decomposition zones volumes of
formed heterogeneous gas hydrate deposits and meth-
ane gas from the rock intercalations;

- installation of heat energy consumption for obtain-
ing 1000 m? of gas in the gas hydrate deposit develop-
ment, taking into account the rock intercalation share in
the deposit.

Results of research studies. Experimental studies of
the hydration process were carried out based on the
NPO-5 laboratory setup, placed in a climacteric cham-
ber ILKA KTK-3000 [19]. Determination of the de-
composition parameters of formed gas hydrate deposits
and methane gas volume that was allocated at the same
time, were carried out with the help of a laboratory setup
designed for the dissociation process study [20].

Conducting laboratory research was aimed at the
creation of pure gas hydrate samples and gas hydrates
with a variable proportion of rocky aluminosilicate rock
intercalations of marine sediments (inhomogeneous
structures), followed by their decomposition in order to
establish the regularities of the process of obtaining nat-
ural gas, depending on the rock intercalations content.
In general, the methodology of laboratory studies in-
cluded the preparation of samples for physical model-
ing, the pursuance of several experiments and the pro-
cessing of experimental data [19]. The gas hydrate pro-
duction was the first stage of research, followed by the
ones, devoted to determining the parameters of hydrate
decomposition and methane gas extraction.

According to the conducted analytical and labora-
tory studies, it was established that the volume of the
decomposition zone of the formed gas hydrate deposit
with the rock intercalations share change within 1.1 - 10~
to 6.9 - 10 m?. In real conditions, taking into account
the scale factor, this volume ranged from 1098 to
6879 m?®, depending on the number of rock intercala-
tions in gas hydrate. Changing the methane gas output
at deposit dissociation, according to analytical and labo-
ratory studies, is presented in Fig. 1. The output of
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Fig. 1. Methane gas output dependence on the rock inter-
calation share:

B — data according to laboratory studies; = — data ac-

cording to analytical researches
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methane at the gas hydrate deposit decomposition var-
ied with exponential dependence, taking into account
the rock intercalations share

Ven, =1.17¢700; R?>=0.97.

The thermal energy consumption in relation to real
conditions was determined in two ways — analytical and
laboratory ones, on the basis of the average methane gas
output determination from the decomposition zone of gas
hydrate deposit with a variable rock intercalation share.

In order to ensure an effective dissociation process of
gas hydrate deposit with a variable rock intercalation
share it is necessary, first of all, to determine the amount
of thermal energy consumption used to decompose it.

The analytical determination of the energy con-
sumption was made for 1 m> of gas hydrate deposit as
follows:

- spent thermal energy on the melting process (Q)

Ql =\ mg.hJ

where A is the specific heat of gas hydrate melting; A =
=471.96 kJ /kg; m,, is mass of gas hydrate, kg;
- spent thermal energy of the dehydration zone (Q,)

Q2 =Cgp " Mgy - AT= Cope Mgp. (Tur.p' - Tnar)a

where ¢, is specific heat capacity of the gas hydrated
deposit, ¢, = 3.2 kJ/kg°C; AT is temperature differ-
ence; T, is temperature of utility product; 7, is tem-
perature of deposit in natural conditions; AT =12 - 8 =
=4°C;

- thermal energy consumption for the rock intercala-
tions heating

T nat) ’

where c,; is specific heat of rock intercalations; c,; =
=0.7 kJ/kg°C; m,, is mass of rock intercalations, kg.

The total thermal energy for pure gas hydrate de-
composition will be

Q3 =Cpp My - AT= Cri =My - (Tut.p. -

0=0,+0,.

For decomposition of gas hydrate deposits of mot-
tled structure with a rock intercalation share, the total
thermal energy will be calculated as

0=0+0,+0s

Consequently, for I m? of pure gas hydrate decom-
position, it is necessary to consume 429.5 MJ of thermal
energy, which makes it possible to obtain 164 m?® of
methane gas. Then, to receive 1000 m® of methane gas,
it is necessary to spend 2618.9 MJ of energy.

According to the determination of thermal energy by
experimental method, firstly a total amount of methane
gas output from decomposition zone, which varied de-
pending on the proportion of rock intercalations and
volumes of this zone at a special laboratory setup were
found. The obtained data formed the basis of the follow-
ing formulas:

- for a heterogeneous gas hydrate deposit containing
no rock intercalations
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Q= }\. . mg.h' + Cg.h' . mg.h' . AT=

=A- Vg.hA . pg.hA + cg.h. : Vg.h. : pg.h. : (Tut.pA - Tnat)a

where V,, is the volume of gas hydrate deposit of mot-
tled structure, m?; Pgn. 18 the thickness of gas hydrate
deposit, kg/ m?;

- for a gas hydrate deposit of mottled structure con-
taining a certain rock intercalations share

0= 7vmg.h_ +Cp Mgy AT +

tec,, -m, AT = X{Vg.h. Ve j+

nr.i‘ nr.i.
+Con. '(Vg.h. - Vg.h. 100 j+ Cri Vo T

where 7,; is percentage of rock intercalations, %.

In this case, the total methane gas output from each
formed decomposition zone volume of gas hydrate de-
posit was determined by the following formula:

- for a heterogeneous gas hydrate deposit containing
no rock intercalations

V — Vd.z. L1/ lab
CH, ™ prlab " CH,?
d.z.

where V,, is the decomposition zone volume of the gas

hydrate deposit in real conditions, m?; Vd’f‘z’f is the de-
composition zone volume of the gas hydrate deposit in

lab
laboratory tests, m?; VCH4 is received methane gas out-

put in laboratory tests, m?;
- for a gas hydrate deposit of mottled structure con-
taining a certain rock intercalation share

nr.i.

o Vaa Va0

The results are shown in Table 1.

Consequently, after analyzing the data, obtained for
energy consumption of gas hydrate deposits decomposi-
tion with a variable share of rock intercalations, and gas
output from the formed zones of decompose deposits,
the required amount of thermal energy to be consumed
in order to obtain 1000 m? of methane gas by the follow-
ing formula was established

0
= -1000,
Q00 %

CH,

Table 1

Decomposition zone volume and gas output
from gas hydrate deposits

Rock intercalation
share, %
Decomposition 6879 | 5422 | 3001 | 1802 | 1098

zone volumes in
real conditions, m?

Total methane gas | 1.030
output, million m?

0 15 30 45 60

0.563 | 0.287 | 0.132 | 0.050
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where ch is total methane gas output, million m?; Q is
the amount of heat for the formation of a decompose gas
hydration deposit in natural conditions.

The obtained results are presented in Fig. 2. A re-
quired amount of thermal energy to produce 1000 m? of
methane gas, depending on the proportion of rock in-
tercalations, contained in the gas hydrate deposit, will
be as follows

Qo0 = 0.80m2 +20.27n + 3012.61;  R2=0.97.

It has been found that thermal energy consumption,
which is essential for 1000 m? of methane gas produc-
tion, is being increased with parabolic dependence with
an increase in rock intercalation proportion in the gas
hydrate deposit.

The established quantitative dependence makes it
possible to determine the expediency of developing nat-
ural gas hydrate deposits of mottled structure, as well as
to develop their classification according to energy con-
sumption with a variable rock intercalations share in
them.

Classification of gas hydrate deposits based on the
rock intercalation content and energy consumption during
their dissociation. Taking into account the peculiarities
of hydrate accumulation in the bottom sediments of the
Black Sea, a classification of gas hydrate deposits based
on the rock intercalation content in these deposits has
been developed. The basis of the classification is energy
consumption in the gas hydrate deposit development to
produce 1000 m? of methane gas. Thus, it is proposed to
divide the gas hydrates into 4 classes depending on the
amount of rock intercalations in the gas hydrate array
(Table 2).

I class of heterogeneity. It is assumed that this type of
gas hydrate deposits contains up to 15 % of intercala-
tions, but they will not significantly affect the conditions
of development. Such deposits are considered to be al-
most homogeneous, since the number of intercalations
does not exceed a certain limit, after which they can no
longer be considered as structurally gas hydrate interca-
lations. In this case, the gas hydrate itself becomes the
main element and exists in the form of a homogeneous
gas hydrate structure.

5000
4750
4500
4250 V2
4000
3750 z
3500 z
3250 -
- -

30001 ———— _I, = I
2750 | |

0 15 30 45 60
Rock intercalations (1), %

Amoumt of heat (Q), MJ
\

Fig. 2. Dependence of thermal energy consumption on
1000 m’ of methane gas production, depending on the
rock intercalation share
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Table 2

Classification of gas hydrate deposits
according to energy consumption

Amount of heat
Rock 3
. . . on 1000 m
Class Title intercalations
content (1)), % of methane
’ production
1 Almost <15 <3007.25
homogeneous
II | Heterogeneous <30 <3269.23
III | Extremely <45 <3549.14
heterogeneous
IV | Significantly <60 <4764.42
heterogeneous

II class of heterogeneity. This type of gas hydrate de-
posits is the most common in nature, contains from 16
to 30 % of rock intercalations in its structure. It is char-
acterized by intense gas output during dissociation of gas
hydrate. The deposits are gas hydrated arrays of signifi-
cant power (sometimes up to 400 m).

III class of heterogeneity. The gas output during the
development of this type of gas hydrate deposits is some-
what smaller than in the development of the II class de-
posits, as they contain from 31 to 45 % of rock minerals
intercalations in their composition.

IV class of heterogeneity. The content of intercala-
tions for this type of gas hydrate deposits ranges from 46
to 60 %. It is obvious, that almost half of the gas hydrate
deposit contains rock particles. The gas output in the
process of gas hydrate deposits developing of this class
will be the smallest.

Based on the above classification, the development
of gas hydrate deposits of the I—III classes is the most
expedient, as the level of gas output in them is much
higher than in the IV class deposits but obtaining gas
from these deposits is also possible taking into account
the relevant development parameters.

Conclusions.

1. The conditions of the gas hydrate deposits exis-
tence in the Black Sea area according to the results of
geological and geophysical data have been analyzed and
it was established that gas hydrates occur not only in the
form of pure hydrate layers, but also contain rock inter-
calations, which makes the structure of the deposit het-
erogeneous.

2. Laboratory studies of the hydrate formation and
dissociation process have been carried out and gas hy-
drates of the mottled structure with the content from
0 to 60 % rock intercalations have been obtained.

3. The volumes of decomposition zones of the
formed gas hydrate deposits with a variable rock interca-
lation share and the volumes of methane output during
the dissociation of these deposits have been determined.
It was established that the gas output during the gas hy-
drate decomposition varied exponentially depending on
the proportion of rock intercalations.
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4. The amount of thermal energy, which is neces-
sary for gas hydrates deposits decomposition, is calcu-
lated with a certain rock intercalation share in order to
receive 1000 m? of methane gas. The regular changes
of thermal energy consumption amount for gas hy-
drate deposit decomposition of mottled structure by
the rock intercalation share contained in them is ob-
tained. It was established that the energy consumption
for obtaining 1000 m? of methane from the gas hydrate
is increased due to parabolic dependence with an in-
crease in the percentage of rock intercalations in the
deposit.

5. The classification of gas hydrate deposits of mot-
tled structure based on the rock intercalation content in
gas hydrate, the classification basis of which is the
amount of heat, consumed for the process of dissocia-
tion, was developed.
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Meta. OOrpyHTYBaHHSI MapaMeTpiB e(PEeKTUBHOTO
npolecy aucolialii HEOTHOPIAHUX ra30TiApaTHUX 0~
KJIagiB i po3poOkKa ix kjacudikaiii 3a 3aTpaTaMu Te-
TJI0BO1 €HEepril.

Metoauka. MeTOOIMYHOIO OCHOBOIO ITPOBEACHUX
KOMILJIEKCHUX JOCIIXKEHb € aHai3 i y3araJbHEHHSI JIi-
TepaTypHUX JKepes, MPUCBSIYEHUX BHUBYCHHIO OCO-
ONMMBOCTEN i TepMOOAPUYHMX BIACTUBOCTEM Tra30BUX
rigpatiB, aHaJITUYHI po3paxyHKU i 1abOpaTOPHi eKC-
MEPUMEHTH LIOA0 3aTpaT TEIJIOBOI eHepril 11 ehek-
TUBHOTO PO3KJAAaHHSI Ta3oriapaTiB, eKCIepUMEeH-
TaJbHi JOCHIIKEHHSI MPOLECY TiapaTOyTBOPEHHS W
JIUcollialii ra3orinpaTHUX TMOKJIaAiB HEOQHOPimHOT
CTPYKTYpH.

Pe3synpratn. OOTpyHTOBaHi Mmapamerpu Gopmy-
BaHHS 1 CTaOUILHOIO iCHYBaHHS ra30rigpaTiB y Opu-
POIHUX yMOBaxX, IO HEOOXiTHO BpaxOBYBaTH IIpU
po3pobui rasorigpatHux ponosull. [IpoaHanizoBaHi
icHytoui Kjacudikalii MokKiagiB ra3oBUX TigpaTiB B
ocaloBUX Topojax. BcTaHoBiIeHi 3aKOHOMipHOCTI
npoliecy AMcolliallii Ta30oriapaTHUX MOKJadiB i oaep-
JKaHHSI Ta3y METaHy B 3aJIeXKHOCTI Bill MPOLEHTHOIO
BMICTy MOPOAHUX BKJIIOUEeHb. Bu3HavyeHi 00’eMu 30H
pO3KJIalaHHs i BUXiA rady i3 HEOJHOPiAHUX Ta3ori-
JIpaTHUX MokJaniB. Po3dpaxoBaHa KiJIbKiCTb TEMIOBOL
eHeprii, 10 HEOoOXiMHO 3aTpaTUTU IJISI OAEPKAHHS
1000 M? rinpaTHOrO rasy npu po3pobLii ra3oriapaTHUX
POIIOBUIII.

HaykoBa HoBHM3HA. BcTaHOBJICHO, IIIO 3aTpaTH Te-
MJI0BO1 €Heprii Ha MPOTiKaHHS MPOoLeCy AUCOLaLIil IJIst
oiepKaHHS Tady MeTaHy 3MiHIOIOThCSI 3a TapadoIiv-
HOIO 3aJIEXKHICTIO 31 30iIbIIEHHSIM YacTKU TTOPOJTHUX
BKJIIOUEHB Y Ta3oriapaTHoMy nmokiazi. Po3pobieHa Ho-
Ba Kyacuikalis ra3oriipaTHUX MOKJaAiB 3a BMiCTOM
TMOPOAHUX BKJTIOUEHD i KiIbKICTIO 3aTpayeHOi TeTIOBOL
eHeprii Ha JMcollialliio ra3oriapary.

IIpakTuuna 3HauuMicTh. Pe3ynbTaTu 1ociimkeHs i3
JIOCTaTHBOIO [JIS1 MPAKTUYHOTO 3aCTOCYBAHHS TOUHIC-
TIO MOXXYTh BUKOPUCTOBYBATUCS TIPU PO3POOLIi ra3ori-
IpaTHUX pomoBHI YOpHOTO MOpS 3 METOIO OTPHUMAaH-
HSI TIPUPOMHOrO razy. BusiBieHi 3ajie;KHOCTI BUXOMIY
raszy MeTaHy Bill YaCTKM MOPOJHUX BKJIIOUEHb € iIHCTPY-
MEHTapieM IJi1 BU3HAYeHHST e(eKTUBHOI 00JacTi 3a-
CTOCYBaHHSI TEXHOJIOTii po3poOKM TTOKJIAIiB ra30BUX
rigparib.

KmouoBi cioBa: eazociopamuuii nokaad, HeooHopio-
Hicmb, Kaacugikauis, nopooHi ekaroueHHs, ducouiayis,
3ampamu enepeii
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Iems. O6ocHOBaHME TapaMeTpoB 3(PHEKTUBHOTO
Trpoliecca AUCCOIMAllii HeOTHOPOIHBIX ra30ruapar-
HBIX 3aJIexKeli U pa3paboTka ux KjaaccudUuKaluu mo 3a-
TpaTam TeTUIOBOW SHEPTUH.

MeTtoauka. MeToanuecKoil OCHOBOI MPOBEAEHHBIX
KOMILUIEKCHBIX HWCCIICIOBAHUI SABJISIETCS aHAIN3 U
0000IIeHNEe JTNTePATyPHBIX UCTOYHUKOB, ITOCBSIICH-
HBIX M3YYCHUIO OCOOCHHOCTEM M TepMOOaprIecKUX
CBOICTB r'a30BbIX THAPATOB, AHAJTTUTUUECKUE PACUETHI
1 1abopaTOpHbIC SKCIIEPUMEHTHI IO 3aTpaTaM TeIlIo-
BO¥ aHepruu st 3(pPEeKTUBHOTO pas3IOKEHUS Ta30T -
JIPaTOB, AKCIIEPUMEHTAJIbHBIE MCCAeA0BaHUS TTPOILIeC-
ca TuapaToOOpa3oBaHMS M JUCCOLIMALIMY Ta30TUapaT-
HBIX 3aJIeXell HEOTHOPOIHOM CTPYKTYPHI.

PesyabraTsi. OO0CHOBaHBI TTapaMeTpbl (hOpMUPOBa-
HMSI U CTaOWJIBHOTO CYIIIECTBOBAHUSI Ta30THAPATOB B
TIPUPOIHBIX YCJIOBUSIX, YTO HEOOXOAMMO YUUTHIBATD TTPU
pa3paboTKe Ta30ruApaTHBIX MecTOopoXaeH!IA. [1IpoaHa-
JIM3UPOBAHEI CYIIECTBYIOIINE KIIACCU(DUKALINH 3aJIeXKeit
Ta30BBIX THAPATOB B 0CATOYHBIX ITOPOAaX. Y CTaHOBICHBI
3aKOHOMEPHOCTH MPOolIecca TUCCOIMAIIMI Ta30TUIpaT-
HBIX 3aJICKeH 1 TTOJIyYeHUsI Ta3a MeTaHa B 3aBUCUMOCTHU
OT TIPOLIEHTHOTO COAEpKaHMS IMMOPOTHBIX BKIIOUCHUI.
OnpeneneHbl 00beMbI 30H Pa3J0XKEHUSI U BHIXO Ia3a U3
HEOIHOPOMHBIX Ta30THUAPATHBIX 3ajiexei. PaccunraHo
KOJIMYECTBO TETJIOBOI SHEPIUU, KOTOPYIO HEOOXOIUMO
3aTpaTuTh Ui onydeHnst 1000 M3 ruapaTHOTO rasa npu
pa3paboTKe Ta30TUAPATHBIX MECTOPOKICHUIA.

Hayuynas HoBHM3HA. YCTaHOBJIEHO, YTO 3aTpaThl Te-
IUTOBOM HEPTUM Ha IIPOTEKaHMeE TIpollecca TMCCOIIa-
LI JUTST TIOJTyYeHMS Ta3a MeTaHa M3MEHSIOTCS 10 TTa-
pPaboOIMIECKOI 3aBUCMOCTH C YBEJTMUEHUEM TOJIU T10-
POIHBIX BKJIIOUEHUI B ra3oruapaTHoi 3anexu. Pa3zpa-
0oTaHa HOBas KJacCU(UKAIIMS Ta30TUAPATHBIX 3aje-
XKeU IO COAEPKAHUIO MOPOIHBIX BKIIOUYEHUMN U KOJIM-
YECTBY 3aTPAYCHHOM TEIJIOBOM YHEPIUUY HA AUCCOLIMA-
1IMIO Ta30ruapara.

IIpakTHyeckas 3HAYMMOCThb. Pe3yiabTaThl UcCCiIeno-
BaHUII C TOCTATOYHOM JUISI TIPAKTUIECKOTO TTpUMEHe-
HUST TOYHOCTBIO MOTYT MCITOJIB30BaThCS IPU pa3padoT-
K€ Ta30TUIPATHBIX 3ajexeil YepHOoro mMopsi ¢ 1ebio
TTOJTYYCHMST TIPUPOTHOTO Ta3a. BBISIBICHHBIC 3aBUCH-
MOCTH BBIXOJIa Ta3a METaHa OT JOJU MOPOIHBIX BKITIO-
YeHU SIBJITIOTCS MHCTPYMEHTAPUEM JIJIST OTIPEICICHIST
3(p(HEKTUBHOI 00IaCT TPUMEHEHMSI TEXHOIOTHUI pa3-
pabOTKM 3ajIeXeit Ta30BbIX TUAPATOB.

KimoueBble ciioBa: eazoeudpamuas 3anedch, HeOOHO-
POOHOCMb, KaaccuuKkauus, nopooHbvle 8KAYeHUS, OUC-
coyuayus, 3ampamol IHepeuU
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