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Abstract. This article is to inform about main problems in the area of Arctic shelf
seismic prospecting and exploitation of the Northern Sea Route: simulation of the
interaction of different ice formations (icebergs, hummocks, and drifting ice floes)
with fixed ice-resistant platforms; simulation of the interaction of icebreakers and ice-
class vessels with ice formations; modeling of the impact of the ice formations on the
underground pipelines; neutralization of damage for fixed and mobile offshore
industrial structures from ice formations; calculation of the strength of the ground
pipelines; transportation of hydrocarbons by pipeline; the problem of migration of
large ice formations; modeling of the formation of ice hummocks on ice-resistant
stationary platform; calculation the stability of fixed platforms; calculation dynamic
processes in the water and air of the Arctic with the processing of data and its use to
predict the dynamics of ice conditions; simulation of the formation of large icebergs,
hummocks, large ice platforms; calculation of ridging in the dynamics of sea ice;
direct and inverse problems of seismic prospecting in the Arctic; direct and inverse
problems of electromagnetic prospecting of the Arctic. All these problems could be
solved by up-to-date numerical methods, for example, using grid-characteristic
method.

1. Introduction

Many natural impacts on industrial structures in the Arctic regions can be numerically simulated with
a high degree of reliability by the models of continuum media, and by the advanced numerical
methods for solving the corresponding systems of partial differential equations, and using correct
problem definitions and high-performance multiprocessor computing algorithms.

Since the full-scale experiments in the study of Arctic processes are expensive and sometimes difficult
to make, the appropriate computer modeling is the only realistic approach.

Attention to the development of the Arctic shelf of the Russian Federation explained the real need for
a major exploration and development of oil-fields and gas-fields, as well as the real need for
international use of the Northern Sea Route. On the Arctic shelf of Russian Federation there are eight
fields discovered in 1983-1992 with estimates of reserves about 2.7 trillions m’. Five of these eight
fields are the largest objects related to the objects of federal significance: Ledovoe, Ludlovskoe,
Murmanskoe in the Barents Sea, Pomorskoe, Gulyaevskoe in the Pechora Sea, Leningradskoe,
Rusanovskoe in the Kara Sea. For oil production in the Pechora Sea the ice-resistant platform called
Prirazlomnaja was installed. For gas production the project of the Shtokman field in the Barents Sea is
designed. For these fields the improvement of made earlier estimates of hydrocarbon reserves volumes
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is required. A significant complicating factor in the production of hydrocarbons in the North Seas is
the existence of ice formations. In the Kara Sea almost during all year there are drifting ice. In the
Barents and in the Pechora Sea there are icebergs and ice hummocks. The depths of these North Seas
in the industrial zones are reaching up to 300 m.

For the hydrocarbon transportation the pipelines are made in the northern regions of Russian
Federation including the bottom zones. Obviously that for the long-term operation of industrial gas
hydrotechnical facilities in difficult ice conditions it is necessary to calculate the impacts of different
types of ice formations on these objects (platforms, pipelines, ships, icebreakers, etc.).

The creation of the Northern Sea Route for transporting cargo from Europe to America and to the Far
East reduces the distance on 30-60 percent and reduces the transportation time on 10 days during
comparison to traditional maritime routes (via the Panama and Suez canals). Now days the main cargo
flow on this route is associated with delivery of nickel from the port Dudinka and its volume is equal
to approximately 1.2 millions tons per year.

The main problems of development of the Northern Sea Route with the extent 2200-2900 nautical
miles from the Novaya Zemlya to the Bering Strait are associated with difficult ice conditions and the
use of powerful icebreakers that can move into the ice cover with thickness up to 2 m (now the track
has 7 icebreakers and diesel-electric icebreakers and ice-class vessels).

Ice hummocks, icebergs, ice is often a serious impediment to these ships. Large ice formations are also
a danger to the stationary ice-resistant platforms and sea bed pipelines [1-3].

The movement of ice masses occurs under the action of winds and currents. The ice cover is
characterized by the presence of icebergs, ice hummocks, drifting ice, cracks in the ice, spring floods
[4-6]. The presence of ice hummocks materially affects on the ice surface roughness and leads to the
increase of the friction forces from wind and currents. The average distance between sails of ice
hummocks in various regions of the Arctic is about 200-300 meters, the height of the hummock sail
can reach several meters, the deep can reach a few tens of meters. The problems of ice ridging is
discussed in papers [7-11]. The characteristic dimensions of icebergs are more than several times
bigger than the characteristic dimensions of the ice hummocks.

Most time of the year, for example, the Pechora Sea and the Kara Sea are covered with drifting ices,
the speed of which ices may exceed 5 m/s, the thickness of plane ice is up to 2 m, the thickness of
draft ice hummocks is 20 m. Thus, the structure and parameters of the ice cover of the Northern seas
are significant parameters determining the extreme loads at fixed and floating offshore oil and gas
industrial structures.

In this regard, the importance of solving the problem of the modeling of dynamic processes in the air,
water and soil of the Arctic with the processing of observation results, and prediction of the ice
conditions, and the estimation of the further stability of stationary platforms, sea bed pipelines, the
further security of icebreakers and ice-class vessels is clear [12,13].

The hydrocarbon exploration in the Arctic area has its own specificity. In particular, one of the layers,
through which the seismic signals propagate, is the sea [14-17], the other layer is ice. The icebergs, ice
hummocks, drifting ice, ice cover have also contributed to the measured or calculated responses in the
seismic prospecting. During carrying out exploration work on the land one must take into account the
effect from the permafrost. In addition to seismic technology the electrical exploration of
hydrocarbons is an effective approach. The review of studies on this topic is given in [18,19].

We can highlight some of the major classes of problems at the Arctic area, which can be solved by
numerical simulations on high-performance computing systems:

- Simulation of the interaction of different ice formations (icebergs, ice hummocks, and drifting ice
floes) with fixed ice-resistant platforms;

- Simulation of the interaction of icebreakers and ice-class vessels with ice formations;

- Modeling of the impact of the ice formations on the ground pipelines;

- Neutralization of damage for fixed and mobile offshore industrial structures from ice formations;

- Calculation of the strength of the ground pipelines;

- Transportation of hydrocarbons by pipeline;
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- The problem of migration of large ice formations;

- Modeling of the formation of ice hummocks on ice-resistant stationary platform,;

- Calculation the stability of fixed platforms;

- Calculation dynamic processes in the water and air of the Arctic with the processing of data and its
use to predict the dynamics of ice conditions;

- Simulation of the formation of large icebergs, ice hummocks, large ice platforms;

- Calculation of ridging in the dynamics of sea ice;

- Direct and inverse problems of seismic prospecting in the Arctic;

- Direct and inverse problems of electromagnetic prospecting of the Arctic.

The system of equations for modeling of these processes is the system of equations which describes
continuum mechanics, in particular, solid state physics, acoustics, and fluid dynamics [20-53].

For the numerical solution of the relevant problems it is necessary to develop or adopt adequate
modern computational methods and algorithms for high-performance computers [21-53].

2. Examples of numerical modeling

We can give some examples of numerical solutions to some up-to-date problems of oil and gas
industry in the Arctic conditions.

Figure 1 shows the results of numerical modeling of the impact of the ice floes on the oil
platform.

Figure 1. The impact of the ice floes on the oil platform.
Figure 2 shows the wave pattern that occurs under the influence of an iceberg, white color
shows the image of the system of the cracks. The colors scale shows the velocity module, the red color
corresponds to the maximum value, and the blue color corresponds to the zero value. The calculation
was made using grid-characteristic method [40-52], the destruction was calculated on the basis of the
criteria of main stress. Hereafter, we solve the systems of equations describing the state of the linear-
elastic body [21] and the system of equation describing acoustic waves [20].
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Figure 2. Impact on the iceberg. Wave pattern.

Figure 3 shows the computational grid and the wave pattern that occurs during the collision
between the iceberg and fixed oil platform. The calculation was performed using a discontinuous
Galerkin method [14-17,40], color shows the module of velocity, the scale is shown at figure 3.

Figure 3. Collision between the iceberg and the fixed oil

platform.
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Figure 4 represented the wave patterns resulting from the numerical solution of problems of
seismic exploration in the Arctic shelf. The colors shows the module of velocity. The red color
corresponds to the maximum value, and blue color corresponds to the zero value. Figures 4, 5
demonstrates the source located in the ice, figures 6, 7 demonstrates the source located at the sea bed.
Figures 5, 7 demonstrates the case without carbon reservoir. We consider the complex system
composed from ice, water, soil and carbon reservoir and use grid-characteristic method [40-52].

Figure 4. Wave pattern. Source in the ice. Figure 5. Wave pattern. Source in the ice. |
. With reservoir. 1 Without reservoir.

: i Figure 6. Wave pattern. Source at the sea Flgure 7. Wave pattern. Source at the sea
_bed. Withreservoir. ! bed Withoutreservoir. |

Figure 5 shows the seismograms correspondmg to all the cases considered above, recorded on
a recelvers located on the ice and measuring the Vertlcal component of velocity.

Figure 8. Seismogram. Source in the ice. Figure 9. Seismogram. Source in the ice.
+ With reservoir. .+ Without reservoir. '
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. Figure 11. Seismogram. Source at the sea !
bed. Withreservoir. i ibed Withoutreservoir.

Figure 12 shows the seismic and acoustic waves from a series of point sources in the complex
system "water-soil-carbon reservoir”. Grayscale shows the module of velocity. We use grid-

characteristic method [40-52].

rTrTTTT TTTTTT
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Figure 12. The wave pattern in the system "water-soil-carbon reservoir". Several sources.

3. Conclusions

In this article we discussed several kinds of Arctic problems, several kinds of numerical
methods for computer study of these problems and several examples representing results of numerical
solutions of these problems using grid-characteristic method [40-52] and discontinues Galerkin
method [14-17,40].
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