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A Field Application of 3D Seismic Traveltime Tomography (I)
- Constitution of 3D Seismic Traveltime Tomography Algorithm -

Moon, Yoon-Sup, Ha, Hee-Sang, Ko, Kwang-Buem, Kim, Ji-Soo

Abstract In this study, theoretical approach of 3D seismic traveltime tomography was investigated. To guarantee
the successful field application of 3D tomography, appropriate control of problem associated with blind zone is
pre-requisite. To overcome the velocity distortion of the reconstructed tomogram due to insufficient source-recetver
array coverage, the algorithm of 3D seismic traveltime tomography based on the Fresnel volume was developed
as a technique of ray-path broadening. For the successful reconstruction of velocity cube, 3D traveltime algorithm
was explored and employed on the basis of 2nd order Fast Marching Method(FMM), resulting in improvement
of precision and accuracy. To prove the validity and field application of this algorithm, two numerical experiments

were performed for globular and layered models. The algorithm was also found to be successfully applicable to
field data.

Key words 3D seismic tomography, blind zone, source-receiver coverage, Fresnel volume, Fast Marching Method(FMM)
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Fig. 1. Schematic diagrams of the step of computing first
arrival by FMM: (a) Find the nearest neighbors of the origin:
(b) Compute the arrival time of the neighbors: (c) Find the
point of minimum arrival time A: (d) Freeze A and compute
the arrival time of its neighbors: (¢) Find the point of
minimum arrival time D: (f) Freeze D and compute the
arrival time of neighbors(After Sethian, 1999).
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Fig. 2. The FMM ﬂlustrated in two dlmensmn. Solld circles
indicate the point already computed, grey circles forming a
neighborhood of a wavefront(narrow band), and open circles
corresponding to the downwind points to be computed at
current stage or later(After Sethian, 1999).
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Fig. 3. Schematic presentation of a Fresnel volume for a
point source at A and receiver at B. The cross-section of
the Fresnel volume by a plane i} perpendicular to the ray
at a point Or represents the first Fresnel zone at Og. The
point F belongs to the Fresnel volume if and only if it
satisfies equation (10) (After Cerveny and Soares, 1992).
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Fig. 10. Globular and Layered numerical model to verily
the feasibility of the field application of 3D ftraveltime
tomography on the basis of Fresnel volume.
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Fig. 11. Results from numerical experiment as shown in Fig.
10(a) : 3D result after 50th iteration and (b) relative error.
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Fig. 12. A vertical slice at inline 60 m for the experiment as shown in Fig. 11: (a) numerical model with velocity information,
(b) reconstructed velocity contour after 50th iteration and (¢) velocity error((a)-(b)).
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Fig. 13. A vertical slice at crossline 60 m for the experiment as shown in Fig. 11: (a) numerical model with velocity information,
(b) reconstructed velocity contour after 50th iteration and (c) velocity error({a)-(b)).
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