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Abstract  This paper mainly introduces VSP reverse time migration (RTM), based on the
pseudo-spectra method to solve the two-way wave equations. RTM is a well known imaging
method which takes advantage of all the wave phenomena to image complex structures. Recently,
with the rapid development of high performance parallel computers and efficient storage devices,
RTM becomes a practical imaging technique and has drawn a lot of attentions. The pseudo-
spectra based RTM is an accurate algorithm which does not suffer from spatial numerical
dispersion problem as conventional finite difference methods do. In this paper, to remove the
wraparound noise caused by the periodic boundary conditions imposed by the Fourier transform,
we adopt an efficient technique which is called antiperiodic extension. The diffractor model test
shows that VSP RTM introduces migration artifacts in the vicinity of the well. We compare the
RTM image from the full VSP data with the image from its up-going wave component only, and
we confirm that the first break and down-going wave are both imaged at the locations of shots and

receivers. The graben model and the semicircular model are well imaged by VSP RTM. Finally,
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the comparison of RTM and Kirchhoff migration of field VSP data shows that RTM provides

superior image near the well. As a conclusion, VSP RTM is a good candidate to image complex structures.
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Fig. 2 Boundary condition of pseudo-spectral method

(a) Periodic shots caused by using the traditional Fourier differentiation scheme; (b) Snapshot of Fig. 2a displayed at t=0.5 s; (c)

Vertical periodic shots were eliminated using the antiperiodic extension method; (d) Snapshot of Fig. 2c at t=0.5 s; (e) Horizontal

periodic shots were eliminated using the antiperiodic extension method; (d) Snapshot of Fig. 2e at t=0.5 s; (g) All periodic shots

were eliminated using the antiperiodic extension method; (h) Snapshot of Fig. 2g at t=0.5 s.
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Fig. 3 Comparison of two kinds of boundary conditions

(a) Absorbing boundary condition; (b) Antiperiodic extension method.
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(d) VSP RTM impulse response to Ricker wavelet
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(a) The model of a diffraction point near the well; (b) A single shot VSP RTM image;

(¢) Migrated amplitude map
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(a) The model of a diffraction point far away from well; (b) A single shot VSP RTM image;

(¢) Migrated amplitude map
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(d) The RTM image using the separated upgoing wavefield only
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