DETERMINATION OF LOCATION OF VIBRATION SOURCES BY THE AMPLITUDE METHOD
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   In seismology, the phase method is generally used in determining the coordinates of seismic wave sources. This method yields good results to determine the location of sources of impulse type: earthquakes, explosions, crumps. When seismic waves are generated by sources of vibration type and it is impossible to distinguish and identify phases of similar waves, the phase method does not always give positive results. Without going into detail of the phase method one can say that numerous refracting and reflecting boundaries in the crustal thickness, as well as secondary waves of uncertain polarization, change the wavefront direction. Instead of direction to the epicenter from the direct waves, propagating from excitation source, azimuth to the reflecting boundaries is fixed. Simultaneous occurrence of several sources makes the correct determination of azimuths more difficult.

 A number of principal problems complicates application of the phase method for passive location of some sources (storm microseisms, hydrothermal sources and transport). A peculiarity of this type of sources is that they produce a field of interferential seismic waves, in which phase identification and measurement are sometimes impossible.  Deployment over an area and multichannel recording compensate, to some extent, the weaknesses of the phase method but make the system of measurements and the process of automation in determining the coordinates of moving sources more complicated. 

Use of the amplitude method in determining the location of seismic wave sources was suggested in a number of studies. The first efforts to determine the position of microseism sources, using the relationship between amplitudes of three separated in space stations, was possibly made by M. Gelmor [1]. This method has not been used extensively due to significant disagreements between the determined and the true coordinates. V.N. Tabulevich [2] suggested a somewhat different principle of amplitude location. First, the basis for choosing seismic stations is the principle of frequency synchronism, since comparison of microseism amplitudes in individual points of the earth surface is unjustified if you are not sure that they are generated by the same oscillation source. Application of geotomography yields quite good results for source location of vibration type  (3, 4).   

This method makes it possible to determine the location of vibration source and to estimate its power simultaneously. The main point of this method is the following. Let us assume that oscillation amplitudes are connected with power and distance by the following function:

 А= 
[image: image1.wmf]W

F(r)

Oscillation variation with distance can be expressed as:

 F(r)= b/rN,

where b is a constant value dependent on the medium properties and N is an efficient attenuation factor of seismic waves.

 Denoting W = w, we obtain:

 А=w b/rn,  а

А1= w F(r1)

А2= w F(r2)

А3= w F(r3)

Distances from excitation source to seismic detectors are:

R[1]2=(x-x1)2+(y-y1)2
R[2]2=(x-x2)2+(y-y2)2

R[3]2=(x-x3)2+(y-y3)2

Let us assume that a source is in the point 0 (х0, у0). It will be called the calibration source, and distances and amplitudes obtained from this source will be denoted the calibration radii and the calibration amplitudes: Kr1, Kr2, Kr3, KA1, KA2, KA3. 

Let us approximately prescribe the power of the calibration source.

  KW = А1/F(Kr1) and calibration amplitudes KA2 = KWF(Kr2), KA3 = F(Kr3)                 .

    Microseism amplitudes of microseisms in points 1, 2 and 3 are to be varied from the calibration value to the true value recorded in points of arrival, i.e., КА ( А2, КА3 ( А3.  Divide the differences of calibration and true amplitudes into M parts. Now each point of M section (A-KA)/M will have current amplitudes:

А1Т=КА1+ (A1-KA1) n/M,

А2Т=КА2+ (A2-KA2) n/M,

А1Т=КА3+ (A3-KA3) n/M,

 where n is a number on the figure section A-KA.

 Let a calibration source be the reference point. Now pass into the next cell and suggest that the amplitudes have varied over dA. 

 dА1 = (А1-КА1)/М, 

dА2 = (А2-КА1)/М, 

dА3 = (А3-КА1)/М. 

The rest of the parameters will also obtain increments. As a result:

d(A1)=dwF (r1) + wF(r1) (x-x1) dx /r1+w F(r1) (y-y1) dy /r1,

d(A1)=dwF (r2) + wF(r2) (x-x2) dx /r2+w F(r2) (y-y2) dy /r2,

d(A1)=dwF (r3) + wF(r3) (x-x3) dx /r3+w F(r3) (y-y3) dy /r3.

 Here x, y, rl, r2, r3 and w are coordinates, radii and power for the proposed source of excitation of seismic oscillations. Solutions of the system of equations for dx, dy, dw yields: WT=Kw+dw,  xT=x+dx,  yT=y+dy.

Counting is further repeated for all current amplitudes. At the end of the last iteration, W power and x and y coordinates of microseism oscillation source are conclusively derived.
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