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1. INTRODUCTION
The study of  problems, connected with 
the exploration of  the Arctic region, is 
very actual today because of  the active 
development of  the hydrocarbon deposits 
in the Northern regions of  our country   
[1]. The hydrocarbon deposits are usually 
located very deep into the soil, which makes 

the process of  their detection and further 
extraction rather difficult. One of  the most 
effective ways of  revealing hydrocarbons is 
seismic prospecting of  geological areas [2]. 
While seismic prospecting of  the examined 
area, geologists establish the signal source 
and a row of  receivers on the surface of  the 
investigated area. The impulse source sends 
seismic waves deep into the geological area, 
and the receivers detect the reflected waves 
from different heterogeneities, registering 
the velocities of  the reflected waves. As a 
result, seismograms come to the receivers, 
which in future are being analyzed. The 
process of  the real seismic works in the 
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area is rather difficult and not always 
effective because of  many possible ways of  
interpreting seismograms. Therefore, the 
numerical modelling of  the already explored 
area is conducted.

There are two ways of  the numerical 
solution to the mentioned above problem. 
In the first case, the researchers solve the 
inverse problem or the incorrect problem of  
computing the characteristics of  the medium 
based on the earlier collected seismograms. 
In the second case, the researchers solve the 
direct problem of  calculating the velocities 
in the geological medium, including the 
problem of  computing the meanings of  
velocities on the surface, imitating the 
signal receivers. The second formulation 
of  the problem is solved more easily, 
though, demands more computations for 
observing different cases of  the medium 
characteristics.

In this work we explore the problem 
of  methane cavities detection in the Arctic 
conditions with the help of  the numerical 
modelling of  seismic waves spread in the 
heterogeneous media. Methane cavities are 
one of  the variants of  gas cavities, which are 
of  great danger for the onshore buildings, 
sea ship, drilling rigs. The distinguishing 
characteristic of  the methane layers is 
low density, which demands the particular 
approach to modelling. It is very important 
to be able to detect methane cavities in time 
and carry out their constant monitoring in 
order to take corresponding measures of  
safety in case, when methane starts rising 
towards the surface.

In this work we present the results of  
the numerical investigation of  models with 
different numbers of  methane cavities: 
models with three and four methane cavities. 

We obtained the wave pictures of  the velocity 
modulus spread and the seismograms of  the 
recordings with the reflected waves from 
the methane cavities.

2. NUMERICAL METHOD
For describing the seismic waves spread in the 
geological medium, the system of  equations 
for the linear-elastic medium was used [3]:
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where ρ is the density of  the medium, υ is 
the speed of  the seismic waves spread, σ is 
the Cauchy stress tensor, t is the time, λ and 
μ are the Lame parameters, characterizing 
the medium characteristics, I is the unit 
tensor.

For solving the system (1), the grid-
characteristic method [4] was used. For this, 
we present the system (1) in a view:
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Then, we apply the method of  splitting 
across the space coordinates and obtain two 
1D systems of  equations:

+A 0,  , .i
q q i x y
t i

∂ ∂
= =

∂ ∂
 (4)

Now, we examine the system (4) for the 
coordinate x:

+A 0.x
q q
t x

∂ ∂
=

∂ ∂
 (5)

The system (5) is hyperbolic, then it can 
be presented as:

1 0.x x x

q q
t x−

∂ ∂
+Ω Λ Ω =
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In (6) Ωx is the matrix out of  the eigen 
vectors of  the matrix Ax, Λx is the diagonal 
matrix with the eigen values on the 
diagonal. The eigen values of  the matrix 
Ax and matrix Ay are equal to {-cp, cp, -cs, 
cs, 0}, where cp and cs are the longitudinal 
and transverse velocities of  the sound, 
correspondingly, which can be calculated 
using the formulas:

( 2 ) / ,   / .p sc cλ µ ρ µ ρ= + =  (7)

Analogically, the system (1) for the 
coordinate y can be observed.

Then, we make the variable change 
1 ,

x
p qΩ −=  after which the system (6) will look:

0.x
p p
t x
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+ Λ =
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The system (8) consists of  five independent 
equations, each of  which was solved using 
the Rusanov scheme of  the third order of  
accuracy [5].

3. THE RESULTS OF THE 
NUMERICAL MODELLING

We conducted the numerical modelling 
of  the seismic waves spread in models of  

geological media with methane cavities. We 
observed three models: model with four 
methane cavities, model with three methane 
cavities and model without any methane 
cavities. The basic geological model with 
methane cavities was characterized by 
the following elastic properties: density – 
2600 kg/m3, the longitudinal sound speed 
– 5000 m/s, the transverse sound speed – 
3150 m/s.

The computational parameters were the 
following: the time step was equal to 10-4 s, 
the coordinate step was equal to 1 m. The 
influence was conducted with the help of  
the source of  the Reiker impulse with the 
central frequency equal to 30 Hz, which 
was located on the surface of  the models 
in the center of  the computational area. 
In addition, the row of  40 receivers was 
situated on the surface of  the models for 
detecting the reflected signals.

Fig. 1 presents the wave pictures of  
the seismic reflections from the methane 
cavities at time moment 0.3 s: in the 
left picture – for the model with three 
methane cavities, in the right picture – for 
the model with four methane cavities. The 
reflections of  the seismic waves from each 
of  the methane cavities can be detected in 
both wave pictures.

In Fig. 2, there are seismograms of  the 
recordings of  the reflected signals from 
the methane cavities on the receivers for 
different models. All the seismograms 
were collected after the subtraction the 
corresponding seismograms for the model 
without methane cavities. Figures 2a, 2b 
present the seismograms of  the recordings 
of  the Vx component of  the velocity on the 
receivers, Figures 2c, 2d – the seismograms 
of  the recordings of  the Vy component 
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of  the velocity on the receivers for the 
models with three and four methane 
cavities, correspondingly. The differences 
between the seismograms are present, 
but it is rather difficult to identify them. 
In Figures 2e, 2f the differences in the 
seismograms for the models with three 
and four methane cavities for the velocity 
components Vx and Vy are depicted, which 
are simpler for the interpretation and give 

the opportunity to detect the differences 
between the models.

4. CONCLUSION
In this work we presented the results of  
the investigation of  models with different 
numbers of  the  methane cavities: with 
three and four cavities. The wave pictures 
of  the velocity modulus distribution in 
the models demonstrated the opportunity 
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The seismogram of  the recording of  the X-component of  
the velocity for the model with 3 methane cavities

The seismogram of  the recording of  the X-component of  
the velocity for the model with 4 methane cavities

                                        а                                                                                   b

Fig. 1. Wave pictures of  the velocity modulus distribution for the models with three and four methane cavities at time 
moment 0.3 s.
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to identify the reflected waves from each 
methane cavity. The seismograms of  the 
recordings of  the reflected signals for the 
Vx, Vy velocity components in the models 
with three and four methane cavities 
showed the differences between the 
models, however, the differences of  the 
seismograms for different models turned 
to be more informative and presentative 
by the differences between the models.
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The seismogram of  the recording of  the Y-component of  
the velocity for theс model with 3 methane cavities.

The seismogram of  the recording of  the Y-component of  
the velocity for theс model with 4 methane cavities.

                                        e                                                                                    f

The seismogram of  the difference of  the X-component of  the 
velocity between the models with 3 and 4 methane cavities.

The seismogram of  the difference of  the Y-component of  the 
velocity between the models with 3 and 4 methane cavities.

Fig. 2. The seismograms of  the recordings of  different velocity components and anomalous seismograms (subtracting 
the seismograms for the model without methane cavities) of  the recording of  the reflected signals from the methane 

cavities on the receivers for the models with three and four methane cavities.
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