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1. Introduction

Seismic refraction techniques have been widely used to man regional velocities and structures and
to delineate the shallow subsurface. In particular, refraction data inversion has been used for a long
time to calculate static corrections(Russell, 1989) and to estimate the shallow velocity-depth model
{(Hampson and Russell, 1984 ; Dochertv,1992 ; Landa et al.,1993).

In this paper, we propose a way to reduce the picking procedure for the inversion of refraction
data. The first step is to pick rough refraction events {(We do not have pick exact arrival time,
and mute the seismic events following the rough picks). The second step is to estimate the wavelet
by selecting first arrival waveform of some traces and use it for deconvolution in the frequency
domain. In this way, we can obtain the frequency component of head wave data and use them for
the pseudo waveform inversion.

We used the damped least-squares method (which is the Gauss Newton method) for the inversion
of head wave data. We calibrate this inversion method by using both synthetic and real data cases.
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2. Theory

To calculate the traveltimes of a head wave, we assume that the subsurface can be divided into
blocky regions consisting of straight-line segments and that the head waves travel along the
interface, as shown in Figure 1. We obtain the traveltime of the head wave from source to
receiver to be

= ,.21( v(r:k)) W

where, K is the number of ray path segments, v( Vk) is the velocity of the medium through which

the ray passes, 7 is the distance defined as

Vi = \/(ka—xk)Z + (Z/H,I_Zk)z k = 1,2,3,"',K

where, K is the number of ray path segments, and X; and Z; are the coordinates of the points

indicated in Figure 1. Figure 2(a) and 2(b) show the head wave ray paths computed using our
shooting algorithm.

The key point to note is that we will take the Fourier transform of Equation (1) to obtain a
representation for the head wave in the frequency domain. Fourier transforming of Equation (1
gives

Uw) = exp(i o T) = exp( iwg(‘i)) (2)

v(7y)

The partial derivatives of Equation(2) with respect to interface coordinates are given by :

ow) _ ( Xp = Xp—1 Xl T xk)
axk Lo U(rk—l) Yie—1 U(?’k) Vi U((l)) (3)
and
ow) _ iw( Zp = Rp-1 _ Rk+] — Zk) U w) )
0z, U(Tk—l) Ye—1 U("k) Y

where £ = 1,2,3,, K.
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Fig. 1. Ray path in a model with irregular interfaces. Interfaces are assumed to consist of
straight line segments.

:o DISTANCE (m) ;

(b)
Fig. 2. Diagram of raypaths. Source is located at (a) Om, (b)500m.
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3. Examples

Figure 3(a) shows a curved layer model with an irregular surface. Input data consisting of six
shot records are used into the seismic inversion. One hundred receivers are located at a three meter
interval. As a initial starting model, two horizontal layers are taken, as shown in Figure 3(b). The
unknown parameters for each layer are the velocity and the nine interface coordinates. After the
31st iteration, the velocity and depth model has converged to the true model. Figure 3(c) shows the
inverted interface of the model. Flgure 4 shows traveltime curve of synthetic seismogram provided
by AMOCO production company. Figure 5 shows the inversion result for Figure 4.

(c) (km/s)

Fig. 3. A three-layered model with irregular surface boundaries and its inverted result.
(a) The true model (B) the initial model and (¢) the final inverted model.
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Fig. 4. Travel time curve of synthetic seismogram.
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Fig. 5. The model obtained by pseudo waveform inversion.
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4. Conclusions

In this paper, we have proposed a new tomographic method for the determination of the
velocity-depth model using seismic refraction data.

One of the advantages over other methods is that, unlike the traveltime inversion, the inversion
technique can be performed in the frequency domain using the damped Gauss Newton method. Also,
we can reduce the traveltime picking procedure by rough picking and muting the refraction data.

The proposed algorithm can be easily applied to real seismic refraction data. Not only can we
use low frequency data when the initial model is far from the true model, but we can also refine
the resolution limit by increasing the frequency band of the seismic data.
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