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The percentage of hydrocarbon fuel use in the world energy balance
has increased during the 20th century from 3% to 63% worldwide, and is
as high as 75% in some industrial countries. Table I-1 illustrates the
dynamics of population growth and energy consumption in the world dur-
ing the present millennium. This table shows that the world population has
increased during this period by 20.5 times, specific energy consumption
has increased by 37 times, and the total consumption of energy from min-
eral sources has increased by 814 times. Figure I-1 presents the dynamics
of population and energy consumption growth in the world during this
millennium. Figure I-2 shows the structure of specific energy consump-
tion starting in 1800 and provides a perspective for the world energy bal-
ance during the next 50 years.

It is noteworthy that the percentage of coal usage in the 1800s did not
exceed 5%. It reached 50% by 1880, reached a maximum of 74% by 1925,
and at the present time it is under 27%. The percentage of oil and natural
gas in the world energy balance did not exceed three percent at the begin-
ning of the century. This percentage increased to 40% by 1950 and to 66%
by 1975. Currently, oil and natural gas consumption is at 63%. The role of
natural gas in the world energy balance will certainly increase in future
decades based on the availability of resources and environmental factors.

Potential sources of energy minerals and energy consumers in the
world are distributed unevenly. The social status of countries and popula-
tions and the development rate of individual countries are determined by
the availability of energy resources and the rate of their consumption.
However, even in countries with vast energy resources, the rate of energy
consumption and social status also depend on political stresses.

The history of Russia, whose high energy potential is recognized all
over the world, is a prime example. Major stresses in the present century
have slowed down social development in this country. Early in the century
Russia held the lead in oil production in the world and produced more oil
than the United States. However, the First World War, the 1917
Revolution, and the following Civil War left Russia far behind. Despite
the fact that Russia increased its oil production and exceeded the United
States in oil and gas production in 1975, Russia never reached the specific

XX
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Figure I-1 World population and energy consumption.

rate of energy consumption per capita at the same rate as the United States
(see Figure I-3).

Figure I-3 shows the growth dynamics of the three main energy indus-
tries in Russia: coal, oil, and gas production. There are three abrupt
depressions on the production curves: the first is due to the Revolution
and the Civil War; the second is due to the war with Germany, and the
third is due to Perestroika in the political system.

This example illustrates dramatically that political aggression, either
internal or external, is followed by destruction of economies and the
degradation of a social system. In order to provide stable economic
progress, mankind must find the power and wisdom to avoid political
shocks and eliminate mutual claims.

Today increased rates in specific energy consumption are significantly
higher than the population growth (see Figure I-1). Specific energy con-
sumption is extremely uneven in different regions and fluctuates within a
wide range from 0.1 to 7.5 tons of oil equivalent (TOE) per person
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annually. Modern methods for survey and exploration of mineral energy
sources allow us to determine the level of energy available for individual
countries and regions in future decades. In the next 50-70 years, oil and
natural gas will continue to be the main raw material for fuel and chemi-
cal industries, despite the investigation of new energy sources. So far, the
share of oil in the world energy balance has reached its maximum and
despite the annual increase in production oil’s further role as a fuel will
decrease. Active redistribution of hydrocarbon resources will take place in
the world, as well as an active search for new unconventional hydrocar-
bon sources.

In modern conditions environmental requirements of energy sources,
along with economic demands, have advanced to the forefront. Due to this
the role of natural gas and unconventional hydrocarbons, sources will
increase sharply. Some of the most prospective unconventional sources of
natural gas are accumulations of natural gas hydrates which were proven
to exist by Russian scientists in the 1960s. In 1969 a scientific discovery
No. 75 was registered in the State Register of the USSR: “A Property of
Natural Gases to Come into Combination with Water under Certain
Thermodynamic Conditions in the Earth’s Sedimentary Cover and to Form
Gas Hydrate Deposits.” This discovery by Russian scientists received
international recognition and development.

The first gas hydrate deposits were revealed in the northern area of
Siberia within the permafrost zone in the Messoyakhi and Ust-Vilyui
fields. The first experience in producing gas from a gas hydrate deposit
was obtained there.

Natural gas hydrates have become an exciting energy source for power
engineers, space physicists, physical chemists, and other specialists over
the last twenty years. Power engineers are interested in potential resources
of hydrocarbon gases contained in the bowels of the earth in the hydrate
state since those resources are by two orders of magnitude greater than the
world’s explored gas reserves.

The discovery of gas hydrate accumulations and the investigation of
their properties have forced geologists to reconsider a number of principal
statements on formation and conservation of oil and gas deposits both on
land and offshore. Knowledge of the properties of hydrates allows us to
evaluate in other contexts processes taking place in outer space. It gives us
new insight into the formation of planets—particularly into the formation
and dynamics of the earth’s atmosphere and the ocean, as well as into the
physics of comets and other space bodies.

Knowledge of the physical-and-chemical characteristics of hydrates
and the processes of their formation, stable existence, and decomposition
allow us to refine the impact of these phase transitions in the earth and on
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the thermal characteristics of the sedimentary section, ocean, and atmos-
phere. The volumetric properties of hydrates appear to be unique: the spe-
cific volume of water at its transition into the hydrate state increases by
26-32%, whereas at freezing the increase is just 9%. The specific volume
of gas at its transition into hydrate state changes sharply.

A large number of these problems remain to be investigated in order
to get a quantitative result. However, it is noted that gas hydrates cannot
be neglected when solving multiple fundamental problems connected
with the dynamics of our planet and other space bodies.

Investigations on natural gas hydrates are underway in several scien-
tific laboratories around the world—Russia, the United States, Norway,
England, France, Japan, Indonesia, Brazil and other countries. The exis-
tence of natural gas hydrates is a global one, and these studies represent
an example of international cooperation. Studies on gas hydrates are done
under the United Coordination Program. The results of these studies are
discussed annually at joint conferences.

Along with fundamental laboratory studies, intensive field work is
being done to reveal gas hydrate fields on land and, especially, in the
world’s oceans. More than 60 large gas hydrate fields have been revealed
to date in oceanic sediments and eight fields on land. Explored reserves of
methane in the hydrate state are over 700 trillion m?, exceeding seven fold
the world’s explored gas reserves. Potential gas resources concentrated on
earth in the hydrate state exceed 1.5 x 10'® m®. Figure I-4 provides a
schematic map of the gas hydrate deposit occurrences (Kvenvolden,
1994). Figures I-5 through 1-8 present the gas hydrate fields discovered on
the North American Continent and in the seas of the USA.

An important concern is the economical feasibility of the development
of gas hydrate deposits. There is an erroneous opinion among some spe-
cialists that in the regions abundant in natural gas resources, investing in
the study of hydrates, surveys, and development of gas hydrate deposits 1s
not appropriate. Unfortunately, the natural distribution of these energy
resources is uneven. There are some regions low in mineral resources. The
energy distribution of Russia’s Far East, for example, is principally dif-
ferent from Western Siberia. Revealing hydrocarbons in the hydrate state
and putting them into an energy balance of individual regions may radi-
cally change energy supply to industry and municipal consumers.

Despite some definite scientific achievements in hydrate studies, the
basic properties of hydrates and hydrate-saturated porous media such as
acoustic, electrical, thermophysical, thermomechanical, volumetric, and
others remain practically unknown.

Preliminary results on the study of the acoustic properties of hydrates
allowed us to design the means to reveal hydrate deposits in oceanic
sediments and revealed the majority of hydrate occurrences known to
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Figure I-4 Map of worldwide locations of gas hydrates occurrences in
on-shore {m) and offshore (e} sediments.
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1994).

date. However, the knowledge of seismoacoustic characteristics of gas
hydrates does not allow us to determine the hydrate saturation of sedi-
mentary layers in the zone of hydrate formation. For this, expensive wells
must be drilled with core sampling and the full suite of logging.

Investigation of electrical properties of gas hydrates, and the processes
of their formation and dissociation will allow us to develop highly effi-
cient remote methods of outlining gas hydrate accumulations using aerial
or satellite mapping.

Thermophysical properties of gas hydrates have been examined inad-
equately, within a very narrow temperature interval and for a limited num-
ber of hydrates.

The most difficult to examine are the thermomechanical and volu-
metric properties of hydrates. Absence of data on these properties has
already resulted in a number of serious accidents in different parts of the
world during construction and operation of wells in hydrate-saturated
intervals of sedimentary rocks. It is important to know these properties of
hydrates when designing, constructing, and operating offshore engineer-
ing installations.

Studies on properties of gas hydrates have made it possible to formu-
late the basic propositions of the influence of natural gas hydrates on the
ecological situation on our planet. Natural gas hydrates stabilize the
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thermal regime of the sedimentary section on one hand, and actively affect
the dynamics of the ozone layer, greenhouse effect, and the earth’s climate
on the other.

Without revealing in detail the basic theses of the gas hydrates problem
we would like to note that although hydrates were studied for over two cen-
turies, the extent to which their properties have been determined is still in
a primitive state, most notably at very high pressures and low temperatures.
The basic technological features of hydrate formation and decomposition
processes as well as kinetics and morphology of crystal hydrates have also
been poorly studied. This considerably lowers the possibility for creating
radically new technologies based on gas hydrate processes.

At the present time, fundamentally new instrumental methods and
means of investigations have been developed for studies of gas hydrate
properties and Kinetic processes, which achieve new scientific and practi-
cal results.

Many problems of technogenic gas hydrates exist parallel with those
of natural gas hydrates, complicating production, transportation, and pro-
cessing of gases and volatile liquids. A regular trend can be seen in the
example of gas hydrates—science solves only topical problems. Gas
hydrates were first obtained in 1778, however, until the 1930s they were
of no industrial interest. With the advance of hydrocarbon production and
pipeline transportation, when formation of hydrate plugs resulted in emer-
gency shutdowns of gas supply, hydrates came under study in the context
of developing an effective means of their prevention and control. After the
discovery of natural gas hydrates in the 1960s, they were studied in the
context of gas production from hydrates and putting their resources into
the energy balance. Unique properties of hydrates provide a basis for new
efficient technologies.

Modern study of crystalline hydrates has two clear directions—techno-
genic and natural gas hydrates. Technogenic gas hydrates form in the tech-
nological system during production, transportation, processing, and stor-
age of various gases and liquids having high vapor pressures. The goal of
these studies is to create effective methods of prevention of hydrate for-
mation and to develop new technologies utilizing gas hydrate properties.

Study of the natural gas hydrates pursues the goal of in-depth under-
standing of the genesis and properties of the natural hydrates. Based on
this understanding, the following effective techniques are created:

* revealing and mastering the natural gas hydrate accumulations;

* assessment of hydrate influence on engineering constructions in
hydrate formation intervals; and

» effect of hydrates on regional ecological situations and global
changes.
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