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Three-Dimensional Borehole Radar Modeling

Byung-Ju Ye* and Howoong Shon*#*

ABSTRACT : Geo-radar survey which has the advantage of high-resolution and relatively fast survey has been
widely used for engineering and environmental problems. Three-dimensional effects have to be considered in
the interpretation of geo-radar data for high-resolution. However, there exists a trouble on the analysis of the
three dimensional effects. To solve this problem an efficient three dimension numerical modeling algorithm is
needed. Numerical radar modeling in three dimensional case requires large memory and long calculating
time. In this paper, a finite difference method time domain solution to Maxwell's equations for simulating
electromagnetic wave propagation in three dimensional media was developed to make economic algorithm
which requires smaller memory and shorter calculating time. And in using boundary condition Liao absorp-
tion boundary condition instead of PML boundary condition was used to effectively reduce the effect of arti-
ficial boundary. The numerical result of cross-hole radar survey for tunnel is compared with real data. The
two results are well matched. To prove application to three dimensional analysis, the results with variation of
tunnel's incident angle to survey cross-section and the result when the tunnel is paralle]l to the cross-section
were examined. This algorithm is useful in various geo-radar survey and can give basic data to develop data-

processing and inversion program.
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Fig. 2. Variation of phase velocity in FDTD algorithm accor-
ding to the number of grid and propagation angle.

o
8

—e—R=20 cellsA,

Normalized Phase Velocity, v /c

—a— R<10celsh,

4
®
o

——+— R=5celie/A,

0.94
90



33 AFE gelr) mdgy 45

Art. o]E Yee YEEAME F3 &=} HIE
el g e 4 & A, B AR 7]
7} AREFE FRRAIA)T AZE AN F Sk
AT 20708 AxLE 7 e gt eXEReat
0.32%°Ith. A2 AAs| WAeE exke S8
HEa 33T AAeE 2000 oS Hojof Fthe
e ¢ T Ut

w3, Fig 2014 2 w3 #Azlgrt ZaE
7} Avzinic PgEsrt AAHoR HoRg ¢
ot ole Zzlel vls] WE & T AR 2
AzME O o) Asix] @A Brke A& oy
git}, &, FDTD ¢ 5A Yee's staggered grid
2 23 dho] Aule SXRAIQA ] 23 £314 A
Fulg el g3t vk

@ % of
EALEHeHol CHEF Bl AP0 o E 3t

Ejdo] gAkgle] $8o] obd 9o YARARS)
ol ola) 4ol ol Bk YO B 5
ARLE 2319 7P g Roleh. ah} YAz
e Waluas JHNE e SARdge] iy
olt. & ATl TEE ATeES ol§3led Fig 3
3 2 2ol theled FARUABL STk Fig. 3
& $ARY BEe FUOE ¥ FYUAS AT
Zoloh. wiAE ANT s g FH FAE

o

Fig. 2. Variation of phase velocity in FDTD algorithm accor-
ding to the number of grid and propagation angle.
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Fig. 4. The results of numerical modelling when tunnel's
incident angle to survey cross-section is 90°. (a) wiggle
trace, (b) amplitude plot.



46 o= .

Flg. 5. The results of real survey data when tunnel's inci-
dent angle to survey cross-section is 90°.
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Fig. 6. The results of numerical modelling when tunnel's
incident angle to survey cross-section is 80°. (a) wiggle
trace, (b) amplitude plot.
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Fig. 7. The results of numerical modelling when tunnel's
incident angle to survey cross-section is 70°. (a) wiggle
trace, (b) amplitude plot.
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Fig. 10. The cross-section of model for studying the effect
of tunnel when tunnel is parallel to the cross-section.
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Fig. 12. The results of real survey data when tunnel is
parallel to the cross-section.
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