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High Precision Time Domain Forward Modeling for Crosshole
Electromagnetic Tomography
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Abstract: In order to improve the resolution of crosshole electromagnetic tomography, high precision of forw ard modeling is
necessary. A pseudo-spectral time domain (PSTD) forw ard modeling w as used to simulate electromagnetic wave propagation
betw een two boreholes. The PSTD algorithm is based on finite difference time domain (FDTD) method and employs fast Fourier
transform (FFT) to calculate spatial derivatives in Maxwell s equations. Besides having the strongpoints of FDTD method PSTD
algorithm also demonstrates higher calculation precision than FDTD method under the same calculation condition. The PSTD for-
ward modeling has laid important foundation of crosshole electromagnetic high- resolution tomography.

Key words: finite difference time domain method; pseudo-spectral time domain algorithm; forward modeling; tomography.
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Fig.2 Snapshot of electric field when transmitter is at 5 m in hole

a. PSTD, ~=70ns; b. PSTD, = 140ns; . PSTD, /=210ns; d. FDTD, /=70ns; e. FDTD, /= 140ns; £. FDTD, =210 ns
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Fig. 3 Waveform of array receivers when transmitter is at 5 m in hole
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Fig. 4 Snapshot of electric field when transmitter is at 12 m in hole
a. PSTD, t=70ns; b. PSTD, t=140 ns; c. PSTD, t=210ns; d. FDTD, t=70 ns; e. FDTD, t=140 ns; f. FDTD, t=210ns
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