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DEVELOPMENT OF OIL FIELDS ON THE SHELF
OF THE CASPIAN SEA AND THE RISK LEVEL OF ACCIDENTS

Abstract. The authors considered the rational reasons of effective measures for prevention and liquidation of
catastrophic of emission of oil and gas in case of production of oil and gas in the Kazakhstani sector of the Caspian
Sea. The comparative analysis with the accident on the Gulf of Mexico (USA) is carried out.

Scientific substantiation of effective measures to prevent and to eliminate oil and gas emissions catastrophe on
the Kazakhstani sector of the Caspian Sea is carried out. Currently, Kazakhstan produces 1.6 million barrels a day,
which allows us to be among the world's top twenty oil producers. In the next 15 years we plan to double these
figures - we have a new field in Tenghiz, Kashagan. The USA’s companies such as ExxonMobil, Chevron want to
continue to invest in this area.
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Introduction. Emergency oil spill in the Caspian Sca can cause catastrophic dam-age to flora and
fauna of the sea. As a result, the intensification of oil operations on the shelf of the Northern Caspian Sea
brings to the task of risk assessment plan for the defeat of biota with accidental oil spills [1-4].

At the explosion on the drilling platform of the "British Petroleum" company in the Gulf of Mexico,
5 million barrels or 795,000 tons of oil have been released into the atmosphere and the aquatic environ-
ment. Emission speed reached 200 km/hour, the temperature to 400 °C. The pressure of 8 tons was per
square kilometer, which killed dolphins and whales. The populations of crab, oysters and shrimp
disappeared for five years. Oil fell in the Atlantic Ocean and the Gulf Stream. All the maritime community
has suffered in the Gulf of Mexico, including the seabed.

The first catastrophic oil and gas emissions to the atmosphere area occurred in Kazakhstan in 1985
during the development of the Tengiz oil field. The accident was eliminated within 398 days. Thus the
flame height reached 300 m, a diameter of 50 m, air heated in the wellsite to 1500 © C, the soil around the
well site to 440 °C. It spilled 3.4 million tons of oil, 1.7 billion cubic meters of flammable gases, including
516, 000 tons of H,S (or 1.0 million SQO,), 850 tons of mercaptans (highly toxic chemicals), 1.0 mln tons
of unburned hydrocarbons and 900, 000 tons of soot. In this case, at least about 200 thousand birds were
killed.

If we compare the materials on catastrophic releases of petroleum fluids between the Gulf of Mexico
and the Tengiz oilfield, then we have that for one day of elimination 9,138 tons of oil were thrown into the
Gulf of Mexico and 8,548 tons at the Tengiz ficld on average. The weight amount of oil fluids emissions
in both regions is approximately the same [4].

Materials and methods. Research methods: empirical (observation and comparison), theoretical
(abstraction, axiomatic, analysis and deduction). The methodical principles of an estimation of economic
damage are based on two approaches to estimation (rate) of damage from pollution of an environment:
indirect (integrated) and bu objects.
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In researches applied methods ArcGIS Server component provides storage cards as a service to
display in the Publish Map Web-Part.

Pre-processing Module Component allows the genera-tion of configuration files required for the
calculation of wind, hydrodynamics and oil spill.

Component Mike 21 HD [5] provides the calculation of hydrodynamics.

Component Mike 21 SA [6] calculates an oil spill.

Risk App component calculates the probability risk of oil pollution of the sea and the destruction of
biota in the Northern Caspian [7]. Storage layer comprises a database for storing information [8,9]. The
geodynamic monitoring of the Kazakh scientists is conducted on the basis of geo-positioning space with
the GPS satellites, GLONASS, accompanied by JSC "National Center for Space Research of Kazakh-
stan" [11].

Results and discussion. Currently, high sulfur giant subsalt oil and gas deposits are being developed
on the Kazakhstani shelf of the Caspian Sea, which is unprecedented in the history of oil industry in
Kazakhstan. It is necessary to study the mechanisms and predisposition to certain areas of catastrophic
events for the prevention of possible emergency situations. The analysis shows that emergencies occur
where the earth's crust accommodating giant oil reservoirs more active, not calm, tectonic shifts occur. All
the pre-salt oil reservoirs represented as a "giant powder container" with abnormally high pressure, tempe-
rature and high hydrogen sulphide content (table 1).

Table 1 — Characteristics of the pre-salt oil and gas fields

Fields
Main Data
Kashagan Kairan Aktoty Korolevskoe Tengiz
Depth, m. 4,000-5,500 | 3,200-5,500 | 3,600-5,000 4,000 4,000-5,500
Reservoir pressure in atmospheres. 800-1,100 700-1,000 800-1,000 800 800-1,100
Reservoir temperature, ° C 110-130 110-130 110-130 110-130 110-130
The content of the gray-hydrogen (H2 S) in % 19-22 16-20 22 16 19-23

According to the geophysical research conducted by Western oil companies, the structure (reservoir)
of oilfields - Kashagan, Kayran, Aktoty, Korolevskoe and Tengiz oilfield is a single complex area, about
160 km long, 40 km wide, with some pinches. Clearly, that new deposits of hydrocarbons will be opened
within this area and gas fields.

The oil reservoirs at depths of 4,000-5,500 meters are under stress, under enormous pressure in-situ
800-1,100 atm., occupying a total areca of 3,154 square kilometers and water area of the sea coast.
According to the academician the violations of moderate static state of giant oil storage tanks can trigger:

1. Natural earthquake

2. Man-made carthquakes

3. Technological violations of drilling and exploitation of the deposit.

According to the Institute of Seismology, the territory of Atyrau region, including the Caspian Sea, is
related to the areas of the crust with the possible manifestations of earthquakes of magnitude 6 on the
Richter scale. Right here in tectonically active areas of the Earth's crust large subsalt of oil and gas
deposits are located. Modem active faults within the Tengiz field (vertical) have up to 5 cm per year,
which was established by repeated leveling tool.

On the eastern coast of the Kazakhstani sector of the Caspian Sea at the end of April 2000, there was
a large-scale subsidence of the Earth's surface. As a result of tectonic downstream movements, the huge
tracts of Kalamkas and Karazhambas were flooded. More than one hundred well sites were under water.
This coastline stretched for tens of kilometers.

Thus, the uncontrolled development of the huge pre-salt hydrocarbon resources of the Caspian Sea in
Kazakhstani sector will be under strong natural and anthropogenic geodynamic factors. Risks of natural
carthquakes are essential.

The emergence of the danger of natural and man-made earthquakes increases, because since 1993 at
the Tengiz field, in a growing volume hydrocarbon resources have been extracted. Injection of water or






