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Subsurface Imaging by a Small-loop EM Survey
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Abstract : A small-loop electromagnetic (EM) system using multiple frequencies has advantages in survey speed and cost
despite of limitation on its depth of investigation. Therefore, small-loop EM surveys have been frequently used on various
site investigations involving engineering and environmental problems. We have developed a subsurface imaging technique
using small loop EM data. We used a one-dimensional (1D) inversion method to reconstruct a subsurface image from
frequency EM sounding data. Tests using simulated data show that the method can reasonably recover the subsurface
resistivity structure. Also, the method was tested on field data obtained with multiple frequency small loop EM system
at a farm in Chunchon, Korea. The resistivity image obtained form field data compares favorably with the image from

the dipole-dipole resistivity survey.
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Fig. 1. (2) A two layer model and inverted images obtained from the Marquardt's 1D inversion of (b) real, (c) imaginary and (d) both real
and imaginary components. Resistivities of the first and second layer are 10 and 100 ohm-m, respectively and thickness of the first layer

linearly varies from 0 to 30 m.
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Fig. 2. (a) A two layer model and inverted images obtained from the Occam's 1D inversion of (b) real, (c) imaginary and (d) both real and
imaginary components. The true model parameters are the same as those in Fig. 1.
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Fig. 3. (a) A two layer model and inverted images obtained from the Marquardt's 1D inversion of (b) real, (c) imaginary and (d) both real
and imaginary components. Resistivities of the first and second layer are 100 and 10 ohm-m, respectively and thickness of the first layer
linearly varies from O to 30 m.
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Fig. 4. (a) A two layer model and inverted images obtained from the Occam's 1D inversion of (b) real, (c) imaginary and (d) both real and
imaginary components. The true model parameters are the same as those in Fig. 3.
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Fig. 5. (a) A three layer model and inverted images obtained from the Marquardt's 1D inversion of (b) real, (c) imaginary and (d) both real
and imaginary components. Resistivities of the first, second and third layer are 100, 10 and 1000 ohm-m, respectively. Thickness of the second
layer is 5 m and that of the first layer linearly varies from 0 to 30 m.

I glot Al 159 A7 S7Ftel wel Al 239 A7 A 7FAES] AR AT B3l Aot Wi AoE BEnt
2 F7rhe FEE Boli slntk ole Al 25¢] ArH|A g ORI AHERE (0] Aol FUF Aol BAsH,

o] v w2 10 ohm-mo]7] W& 2FFIZ AAFAR 9 FIETE ol &F e Aol Hisk 339 A7HIAF



1000
P
E
3 100
20 25 30 35 ® 10
Distance (m) oben-m

Depth (m)

20 25 30

. hrg -
Distance (m) e

Depth (m)

)8k x)8} 4235t 191

1000

100

10

ohm-m

20 25 30

Distance (m)
1000

20 25 30 38

Distance (m)

Fig. 6. (a) A three layer model and inverted images obtained from the Occam's 1D inversion of (b) real, (¢) imaginary and (d) both real and
imaginary components. The true model parameters are the same as those in Fig. 5.
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Fig. 7. Multiple frequency EM data obtained at a farm in Chunchon, Korea. Data are acquired at discrete 8 frequencies, ranging from 1,050
to 47010 Hz. Source and receiver separation is 2.05 m and the height of sensor is 1 m. Median filter was applied to suppress noise.
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Fig. 8. 2D resistivity image reconstructed from the 1D Marquardt's inversion of imaginary data acquired at a farm in Chunchon, Korea. Number

of layers is fixed at 4 in all the inversion.
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Fig. 9. 2D resistivity image from the dipole-dipole resistivity survey along the same survey line of Fig. 8.
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