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3D Seismic Travel-time Tomography using Fresnel Volume

Kwang Beom Ko" and Doo Sung Lee”
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Abstract : 3D seismic travel-time tomography algorithm based on Fresnel volume was developed and its feasibility was
investigated by the numerical experiments. To testify the field applicability of the developed algorithm, frequency
characteristics and array coverage of the crossholel seismic raw data were investigated and 3D velocity tomogram cube
with about 8m spatial resolution was obtained. When compared this 3D velocity cube with the conventional 2D ray
tomogram, two results were matched well. We concluded that 3D seismic tomography algorithm developed in this study

has enough potential to the field application.
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Fig. 1. Schematic presentation of a Fresnel volume for a point
source at A and receiver at B. The cross-section of the Fresnel vol-
ume by a plane Xy perpendicular to the ray at a point Og represents
the first Presnel zone at Op The point F belongs to the Fresnel vol-
ume if and only if it satisfies equation (1) (After Cerveny and
Soares, 1992).
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Fig. 2. Fresnel volume and its corresponding weighting values with the frequency of 1000 Hz in a 3D homogeneous medium (velocity 5000
m/sec). Shot is located at (0,0,20) and receiver at (10,20,20). (a) 3D homogeneous velocity model, (b} the horizontal cross-section and (c) the

vertical cross-section of the Fresnel volume for slice as shown in Fig. 2a.
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Fig. 3. Assembled Fresnel volume and its corresponding weighting values. Shot and receiver locations are (0,0,20), (10,0,20) for spread 1,
(0,0,20), (10,20,20) for spread 2 and (10,0,20), (0,20,20) for spread 3, respectively. (a) Model the same as in Fig. 2a. (b) The assembled hor-
izontal cross-section and (c) the assembled vertical cross-section of the Fresnel volume.
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Fig. 4. Result of numerical experiment for the verification of the 3D traveltime tomography algorithm. (a) Isolated velocity model (velocity

4000 m/sec, 4m X 4m X 4m) in a homogeneous medium with velocity 5000 m/sec. (b) Reconstructed vertical velocity distribution of vertical
slice section as shown in Fig. 4a.
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Table 1. Seismic crosshole data acquisition parameters

- Survey : Crosshole seismic array consisted of 3 spread.

-Data recording equipment : DAS-1™

- Crosshole data acquisition parameter setup
- Source : Sparker™
- Receiver : 12 channel hydrophone
- Sampling rate and record length : 0.5 msec and 0.5 sec
- Receiver spacing : 0.5 m
- Shot spacing : 0.5 m

- Spread parameter setup in 3D travel-time tomography

- Shot and receiver interval : 4 m interval.

-Spread 1 (borehole A and B)
- Shot and receiver spread : 60 m~100 m and 60 m~88 m.
- Number of traces used in 3D tomography : 88 traces.

- Spread 2 (borehole A and C)
- Shot and receiver spread : 60 m~100m and 60 m~92 m.
- Number of traces used in 3D tomography : 99 traces.

- Spread 3 (borehole B and D)
- Shot and receiver spread : 60 m~92 m and 60 m~92 m.
- Number of traces used in 3D tomography : 81 traces.
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Fig. 6. Comparison of the tomogram for spread 1 (borehole A and B). (a) The reconstructed tomogram by 3D traveltime tomography (left)
and conventional 2D ray tomography (right). (b) Corresponding 0 m vertical offset crosshole seismic data.
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Fig. 7. The result of the 3D traveltime tomography. Velocity distribution ranges from 4200 m/sec (blue) to 6000 m/sec (red color). (a) Volume
visualization of the reconstructed velocity cube. (b) Slice visualization of the velocity cube for the interpretation.
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