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Abstract. The proposed simplified version of the original solution for the actual problem of
removing multiple reflections from a curved interface at common-source seismogram is
suggested. The solution to this problem is complicated in the framework of the approach based
on using a reflected wave's hodograph. The proposed solution is based on the analytical
expression for describing a reflecting interface structural form. The expression is obtained
using the location algorithm based on solving only direct kinematic seismic problems. There is
an analytical expression; one can calculate the propagation paths of the multiple reflections and
its arrival times at the receivers of the observation base. If a seismic wavelet is detected in a
limited range, including a multiple reflected wave arrival time, it is possible to remove the
detected wavelet for eliminating its distorting effect to the direct reflected signal.

1. Introduction

Multiple reflection waves are called waves which have more than one reflection event before they
have been registered at the surface of observation. There is pure multiple reflection when the wave
reflects from the interface and the ground-to-air interface or the bottom of the low-velocity layer
repeatedly. A complex multiple reflections are called the wave which reflects from different interfaces
during a travel path besides from the ground-to-air interface or the bottom of the low-velocity layer.

Multiple waves are considered as noise that interferes with the primary reflection waves and
obstructs a distinguish detection lineups in seismograms. Therefore, it is necessary to take measures to
eliminate their distorting effect on reflection registration.

The hodographs of primary and multiple reflections are the hyperbolas. That is why multiple waves
can create a wrong representation of a deep structure, being accepted as typical reflections from the
interfaces [1].

Various attempts are made to remove lineups of multiples on the preprocessing stage. The exact
formulas of the hodographs of multiple reflected waves are derived, which can ensure lineups
removing in the seismogram for plane interfaces and a homogeneous medium. A multiples hodographs
research is difficult for the curved interfaces. In the case of the curved interface line, the hodograph
broke up into separate branches with the formation of cusps and closed loops [2, 3].

This work shows the possibility of eliminating multiple reflection lineups from the common-source
seismogram from a curved interface. This opportunity arises due to the processing of seismograms
based on location technology for constructing seismic images [4].
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2. Problem definition

Mention above original location technology uses smoothing the sequence of small linear segments of
the interface for layered approximation interfaces of the depth profile model. The sequence is obtained
due to the coordinated location of several closely spaced seismic sources of reflection pulse (SSRP).
Location is carried out with seismic digital antenna array which uses the superresolution SSRP
location algorithm [5-8]. An algorithm uses only unambiguous and structures sustainable solutions of
direct kinematic seismic problems (DKSP) [9].

The layered sub-homogeneous medium is taken as the base velocity-depth 2D model. Monotypic
plane reflected P-waves propagate from the point of seismic source along the straight-line ray paths in
this model. It means that propagate seismic wavelet velocities along with incident and reflected ray
paths are constant. However, for different seismic pairs: point source (PS) — point receiver (PR),
seismic wavelets velocity in a layer may vary depending on the reflecting interface basic form [10].

The processing which can give away to remove lineups for multiple reflections from a curved
interface is considered on synthetic seismogram containing lineups of double reflection. For more
complex multiple reflections, the approach is the same in the case, then it is possible; only the
calculations and modelling complexity increases.

The depth profile model is shown in figure 1. It contains horizontal observation site, first curved
interface and second horizontal interface. The primary reflection ray paths are depicted with dotted
lines and multiple reflection ray paths with solid lines. That simplified model was selected to facilitate
the perception of image details. However, the model does not limit the generality of the proposed
solution.

Notice that the lineup of double reflection has a concave shape, which corresponds to a synclinal
disruption of the interface structure form.

Depth, m

| | | | | )
o 500 1000 1500 2000 2500 3000 3500
Distance, m

Figure 1. The fragment of the depth profile model

The fragments of two common-source seismogram models are shown in Figure 2 for the part of depth
profile model from Figure 1. The left model contains the double lineup reflection from the first
interface. The right model does not contain this lineup.

The processing problem is searching for the proper conversion from the left model into the right
model.
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3. The construction of the reflection interface line

The problem of SSRI location which is settled on interface reduces to the problem of finding the
tangent point coordinates of the line that imitate lower interface of a layer, and the isochrone line of
reflection (further — the isochrone). Suppose that the interface line is such that it has a single point of
contact with one isochrone.
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Figure 2. The fragments of common-source seismograms before and after processing

The isochrone is a curve even order, symmetrical about the middle of the interval that connects its
focuses. The isochrone focuses are determined by pair coordinates SP — RP in the first interface. In the
more buried interfaces, the isochrone focuses are the interception points already known line of the
previous interface with the incident and reflected rays.

Within the confines of the general deep-velocity model of the medium, each isochron connects
with one specific RP (receiver) and represents ellipse, whose parameters are determined by the
kinematic parameters of the layer.

Within the confines of general deep-velocity model of medium, each isochron connects with one
certain RP (receiver) and represents ellipse, whose parameters are determined by the kinematic
parameters of the layer.

The DKSP solve-based SSRP location algorithm is used for estimation the main kinematic
parameters each layer of a medium. It estimates the reflection P-wave velocity in the current layer, the
path from source to receiver and coordinates of all reflection and refraction points on it. Reflection
point coordinates of current layer lower interface is the desired coordinates of the isochrone tangent
point.

Suppose that interface line segment, which is located between the tangent points of two adjacent
isochrone lines is a small size (~25m with a distance between receivers 50 m) straight segment. The
adjacent isochrones have the one common focus (wave source) and different focuses, which are
represented by neighbor receivers (the first and the second receivers on Figure 1). Reflection point
coordinates are calculated based on the following relationships and reasoning for the major horizontal
axis of the ellipse. Canonical equations describe two adjacent ellipses
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where a; and b; are major and minor axes respectively, ci is focal distance, (X, ,z,. ),(% .z, )are

focus coordinates, v is the wave velocity in the medium, ti is wave arrival time on receiver, L; is
distance between source and receiver.

The equations give the corresponding tangents

Ix

a b a b;

where (I;,h,), (I,,h,) denote the coordinates of touch points.
Substituting the equation (2) into (1) and demanding coincidence of tangents, we obtain

%31, ﬂzzgsl;
o (vitg — I — L) + (&7 -tV - 4(L - L)*v't}
{L(L - L) VLY + (L - 2L)E 1Y ’
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where ¢ denotes the angle of incidence for a tangent to the horizontal axis.
The equations (1) - (5) contain unknown parameter v = const. The second wave source and receivers 2
and 3 are used for its estimation. Here ellipses are denoted with equations

a(1-o?) +d* 28l = (8, + d\1-a ), o =

(3)

h,=ba; I, =d +a3\/1—a2 ; 19(p) :—%; (4)
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The estimation of v for a linear interface is calculating with formulas
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After substituting (3) into (6) and bicubic simplification, the equation is obtained:
Ve +rvt+sv? +1=0, ©)

The real solutions of this equation following v2 can be found by applying the Cardano formula.

The depth profile model fragment with two isochrones is shown in Figure 1.

In the case, when the major ellipse axis is inclined to the horizontal surface of land with angle 0,
the reflection point coordinates are calculated with the rotation of coordinate axes. In the coordinate
system z0x, which is shown in Figure 3, the tangency point coordinates are (l1,h:) and (ls,hs). In the
coordinate system Z0'X, where axis 0'X is parallel to the horizon, we have

X =xcos(d) + zsin(0) + X,;
Z =—-xsin(@) + zcos(0) + z,,

where (Xo,20) isapoint 0 coordinates. Substituting (l1,h:) and (Is,hs) into the equations for X and Z, we
obtain the tangency points coordinates in X0'Y coordinate system
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A, =1, cos(8) + h;sin(@) + x,; H, =-1,sin(8) + h, cos(0) + z,,
A, =1, cos(0) + h,sin(8) + x,; Hy =—1,sin(8) + h, cos(6) + z, .

Thus, after calculating the tangency point coordinates of the interface line by all isochrones, we
have a sequence of small linear segments of the interface. Smoothing these linear segments, we can
approximate the interface line with good accuracy and obtain its analytical expression in the form of
the corresponding polynomial.

Figure3. The coordinate system rotation scheme.

4. The construction of the double reflected wave propagation path

The propagation path double reflected wave can be made with knowing the equation of the first
interface. Seismic wave path must correspond with the Fermat principle (in this case for minimizing
the travel time) and enforce the Snellius law (the incidence angle is equal to the reflected angle). Such
paths are shown in Figure 1.

The wave propagation ray tracing is the most straightforward task of parametric optimization. It is
necessary to minimize the wave propagation time when varying the position of reflection points on the
interface line given by the corresponding equation. In this case, it is necessary to monitor the
compliance with Snellius law, which requires calculation and ensuring the correctness of the gradients
of all reflecting interfaces, including the ground-to-air interface or the bottom of the low-velocity
layer.

One can calculate the arrival times at all geophones of the observation base and construct the
propagation paths of a double reflected wave. In the case of seismic wavelet detection in a limited
range in the trace, which includes the arrival time of double reflected wave, the removing of wavelet
eliminates its distorting effect on the registration of primary reflections.

Thus, the propagation paths construction and the arrival time’s calculation of double reflected wave
to all geophones of the observation base makes it possible to eliminate the lineup related to this wave.

5. Conclusion

The proposed simplified version of the original solution for the actual problem of removing multiple
reflections from a curved interface at common-source seismogram is suggested. The solution to this
problem is complicated in the framework of the approach based on the use of reflected wave
hodographs.
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In full, the problem is solved with processing data of the seismic digital antenna array which
uses super-resolution SSRP location algorithm. The algorithm based on finding the solutions of
DKSP, it allows approximating interfaces of the depth profile model by the polynomial. To do this, it
constructs and smoothes layer-by-layer the sequence of small linear sections of the recurrent interface
line of the geological medium. The result of approximation is the analytical expression (polynomial)
which describes interface lines of depth profile.

With this information, it is possible to calculate the reflected wave propagation paths of
different multiplicity and their arrival times at all geophones of the observation base.

If a seismic wavelet is detected in a limited range, including a multiple reflected wave arrival
time, it is possible to remove a detected wavelet for eliminating its distorting effect to primary
reflected signal.
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