VOL. 1.Ne 1 /2020

UDC 519.6, 004.93'1 10.23947/2587-8999-2020-1-1-31-36

The investigation of the ice field influence on the seismic prospecting works in
the Arctic region *

P.V. Stognii *

! Educational Scientific and Experimental Center of Moscow Institute of Physics and Technology,
Russian Federation

Different ice constructions, such as ice fields, ice ridges, icebergs, are of great interest for the research,
for example, in the seismic prospecting works. Ice constructions, especially ice fields, bring in lots of
extra reflections into the seismograms, which are very difficult to differ from the reflections, coming
from the hydrocarbon deposits, which are of great importance for the geologists. For the decrease of
the influence of the reflections from the ice field, the seismic source of impulse is often established
deep into the ice cover, approaching the contact border between the ice and the water layer. In this
work, the results of mathematical modelling of the seismic waves spread through the geological layers
of the Arctic region with the help of the grid-characteristic method are presented. The analysis of
influence of establishing the source of impulse on the border between ice and water on the decrease
of the seismic wave velocities, on the wave fields is carried out. The model with the seismic source
of impulse, located on the contact border between ice and water, makes worse the final result, while
the model with the source of impulse on the surface of ice demonstrates a decrease of the seismic
wave velocities.
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Introduction. Today the Arctic region is one of the most important regions for the Russian
Federation as large hydrocarbon deposits are located there [1]. Such gas fields as Murmanskoe,
Ledovoe fields are among the largest hydrocarbon fields of the Arctic shelf. Each of the fields
contains more than 100 mird. m? of gas.

The hard climate conditions and the presence of a great amount of ice constructions, such as
icebergs, ice ridges, ice fields, make the process of conducting the seismic works very difficult. The
ice constructions bring in extra reflections into the seismograms, the result of the seismic works [2].
These reflections are difficult to distinguish from the seismic waves, reflected from the other
geological layers, water, soil layers, gas deposits [3].

The ice field brings in lots of reflections into the seismograms as a result of the multiple wave
reflections between the contact borders of ice-water and ice-air. There is the specific way for the
decrease of these multiple waves, which is used during the real seismic works on the investigated
territories with the ice field on the surface. The ice field is the slice of ice with the height up to 3 m.
Then, the geologists construct a cavity, where they establish the seismic source of impulse and the
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receivers of the reflected waves. This way of establishing the system of source-receivers inside the
cavity is supposed to stop the spread of the seismic waves spread along the ice surface.

In this work the results of the mathematical modelling of the seismic waves spread through
the geological media with the ice field on the surface are presented. The influence of deepening the
system source-receivers on the result wave fields is investigated. The main equations, describing the
behavior of the seismic waves in the linear-elastic medium, are described. Then, the description of
the grid-characteristic method, used in all the computations, is presented. The analysis of the wave
fields with the deepened system source-receivers and with the system source-receivers on the surface
of ice is carried out.

Mathematical model. For describing the dynamic behavior of the seismic waves, the system

for the linear-elastic medium was used [4]:
]

pyv=(V-0) )
EO'_A(V I+ uVxv+ (Vxv)h) (2)

In the equations (1), (2) p is the medium density, v is the seismic velocity, o is the Caushy
stress tensor, t is the time, A, u are the Lame parameters, characterizing the properties of the elastic
medium.

Numerical method. For solving the system of equations (1), (2) numerically, the grid-
characteristic method was used [5, 6]. For this, the system of equations (1), (2) is rewritten as:

WA ip, Dop DA 3)
ot Y ox
In (3) the vector g consists of three components of the Caushy stress tensor and two

xx 1~ xy !

components of the velocity: q = {0 Oy Oy Vi V } The matrixes A,, A, are constructed out of

the coefficients of the system of equations (1), (2).
Then, the equation (3) is split into the coordinates and turns into two 1D systems of equations:

0 0
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Now, the system (4) is examined only for the coordinate x. The system (4) is hyperbolic, then
it can be rewritten as:

Moo =g, (5)
ot OX

where the matrix Q, is constructed out of the eigen vectors of the matrix A . The matrix A,
is constructed out of the eigen values of the matrix A_ . The eigen values of the matrix A _ are equal

to {—c .Cy, cs,cS,O} , where ¢, ¢, can be found from ¢, =/(2+2u)/ p,c,=\ul p . After the

variable change p = Q.'q , the system (5) will transfer to:
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The Rusanov scheme of the 3™ order of accuracy was applied for solving the system (6), which
consists of five independent equations [7].

For calculating the points on the borders of the models, the following border conditions were
established. The free boundary condition was established on the upper border. The non-reflecting
boundary condition was used on the side and lower borders of the models.

Results. The spread of the seismic waves in the ice field was modelled for the 3D case. The
model consisted of two layers: the water layer and the ice field on the surface. The ice density was
equal to 917 kg/m?®, the water density was 1000 kg/m®. The longitudinal sound velocity in water was
1500 m/s, the longitudinal sound velocity in ice was 3940 m/s. The transverse sound velocity in the
ice field was 2493 m/s. The water depth was 100 m, the ice depth was 3 m. The overall area was
4x10* m?. The coordinate step was equal to 0.2 m. The time step was 107 s.

The seismic source of the Reiker impulse with the central frequency of 30 Hz was used for
modelling the initial impulse. The seismic receivers in number of 100 were located in the center of
the modelling area at distance of 1 m from each other. The calculations of two cases of the system
source-receivers were carried out. In the first case, the system source-receivers was situated on the
surface of the ice field. In the second case, the system source-receivers was situated on the contact
border between the water layer and the ice field.

The spread of the seismic waves from the impulse source was modelled during 150 msec. The
graphs in fig. 1, 2 depict the wave fields for the model with the system source-receivers, located on
the surface of the ice field (fig. 1) and for the model with the system source-receivers, located on the
contact border between the ice field and the water layer (fig. 2). It follows from fig.1, 2 that the
seismic signal possesses a more expressive form in case of its location on the surface of the ice field,
fig. 1. In addition, the multiple waves are properly distinguished for the case, when with the system
source-receivers is located on the surface of the ice field. If we examine the model, where with the
system source-receivers is situated on the contact between water and ice, the waves in the ice layer,
obtained as a result of reflecting from the border ice-air and the border ice-water, are hardly identified.

Fig. 1. The wave field for the model with the ice field when the system of the source of impulse and

the receivers is located on the surface of ice.
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Fig. 2. The wave field for the model with the ice field when the system of the source of impulse and
the receivers is located on the contact border ice-water.

Conclusion. In this work the results of the numerical modelling of the seismic waves spread
in 3D models with the ice field were presented. The mathematical model was described in detail. The
system of the main equations, describing the dynamic behavior of the seismic waves in the media,
were described. The grid-characteristic method of the third order of accuracy, used in all the
computations, was described.

The results of influence of establishing the system of the source of impulse and the receivers,
on the surface of the ice field and on the contact border between the ice layer and water layer, on the
wave fields were obtained. The wave fields showed the better results for the case, when the system
of the source of impulse and the receivers was established on the surface of the ice field.
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HccaenoBanne BJIUSHHUA JIEA0BOr0 MOJsI Ha ceilicMOpa3Belo4HbIe padoOThI B
ApkTuke *

I1.B. Croramii

MockoBckuii pU3MKO-TeXHUYECKUI HHCTUTYT, [lonronpynusiii, Poccuiickas deneparus

Paznuunble ne0BbIE KOHCTPYKIIMHM, Taku€ Kak JIEASHBIC TOJsA, JIeJsSHbIE XpeOThl, aiicoeprw,
MPEACTABIISIIOT OOJIBIION WHTEpEC NJIsi MCCIEAOBaHHUI B CeMcMOpa3BeIOUYHBIX paboTax. JlemsHbie
MOJI, BHOCAT JOTIOJIHUTEJIBHBIE OTPAXEHHS B CEUCMOTPAMMBI, KOTOpPBIE TPYAHO OTJIMYUTH OT
OTPaKECHUM, TTOCTYMAIOIIUX OT MECTOPOXKIEHUN YIIEBOJOPOI0B, UMEIONTUX OOJIBIIOE 3HAYCHUE IS
reosjoroB. JlJisi yMEHbIIEHUS BIMSHUSA OTPAXKEHUH OT JIEASHOrO MOJsA CEUCMUYECKHI HCTOYHHK
HMMITYJIbCAa YACTO YCTAHABIIMBAETCS TITyOOKO B JICASTHOM IMOKPOBE, MPHUOIMKASCh K TPAaHUIIE KOHTAKTa
JBJIa ¥ ¢J10s1 BOJIbI. B taHHO# paboTe mpeacTaBiIeHbl Pe3yabTaThl MAaTEMATHIECKOTO MOICTUPOBAHUS
pacrnpoCTpaHEHUsI CEMCMUYECKUX BOJH B I'€OJIOTMYECKHX CIOAX APKTHUKH C MOMOUIIBIO CETOYHO-
XapakTepUCTUYECKOr0 MeToa. [TpoBeneH ananu3 BIUSHUS YCTAaHOBJICHUSI HICTOYHUKA UMITYJIbCAa Ha
TPAHULIE MEXY JIbIOM U BOJION HAa CHUKEHHE CKOPOCTEN CEHCMMYECKUX BOJIH, HA BOJHOBBIE ITOJISL.
Moienp ¢ ICTOYHUKOM CEMCMUYECKOTO UMITYJIbCA, PACHOJIOKEHHBIM Ha TPaHUIE KOHTAKTa MEXKIY
JBJIOM M BOJIOW, JA€T XYW KOHEYHBIA PE3ylbTaT, B TO BpeMsS KaK MOJEIb C MCTOYHUKOM
MMIYJbCA Ha TOBEPXHOCTH JIbJIa IEMOHCTPUPYET YMEHBIIEHHE CKOPOCTEN CEMCMUYECKUX BOJIH.

KualoueBble cjioBa: JeasHbIe TOJSA; JIEASHBbIE TpsAbl; ailcOepru, AapKTUYECKUW PpPErvoH;
CEHCMHUYECKHUI UCTOYHUK UMITYJIbCA; CETOYHO-XapaKTEePUCTUUECKUI METO/I.
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