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Although geophysical methods are useful and generally provide valuable information about the subsurface, it is impor-
tant to recognize their limitations. A common limitation is the lack of sufficient contrast in physical properties between
different layers. Thus, multiple methods are commonly used to best constrain the physical properties of different layers
and interpret each section individually. Ground penetrating radar (GPR) and shallow seismic reflection (SSR) methods,
used for shallow and very shallow subsurface imaging, respond to dielectric and velocity contrasts between layers, respec-
tively. In this study, we merged GPR and SSR data from a test site within the Cheongui granitic mass, where the water
table is ~3 m deep all year. We interpreted the data in combination with field observations and existing data from drill
cores and well logs. GPR and SSR reflections from the tops of the sand layer, water table, and weathered and soft rocks
are successfully mapped in a single section, and they correlate well with electrical resistivity data and SPS (suspension PS)
well-logging profiles. In addition, subsurface interfaces in the integrated section correlate well with S-wave velocity struc-
tures from multi-channel analysis shear wave (MASW) data, a method that was recently developed to enhance lateral res-
olution on the basis of CMP (common midpoint) cross-correlation (CMPCC) analysis.
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Fig. 2. (a) Dielectric and velocity interfaces. Open arrow indicates the dielectric interface; solid arrow indicates the velocity
interface. (b) Integrated section using coincident SSR and GPR data.
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Fig. 3. (a) Concept of the MASW-CMPCC method. Open circles indicate receiver locations and the solid circles indicate
the midpoints of cross-correlation. (b) Calculation of cross-correlation from one shot gather (i. e., shot position 148 m and
trace spacing 10 m). (c) Stacking of cross-correlations that have identical spacing (i. e., 10 m) (modified from Hayashi and

Suzuki, 2004).

(a)

BH- ~40m  MASW
\fuwey line
Y
BH

50m . );$Zm elevation

ﬁy Seismic/GPR

& survey lines

Fig. 4. (a) Survey lines for the site. (b) Land streamer (4.5 Hz geophone) deployed in the MASW survey.
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Table 1. Data acquisition system.
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SSR GPR
System ABEM Mark6 Pulseekko 1000 series
Receiver 100 Hz geophone 225 MHz antenna
Sampling interval 1 ms 0.33 ns
Record time 512 ms 100 ns
Number of stack 5 1
Spacing 0.5m 0.2m

Distance (m)

Time (ms)

60

Fig. 5. Field record showing the waveforms of (D the direct wave (approximately 1100 m/s), @ the air wave (330 m/s), 3
water table refraction (approximately 1450 m/s), @ water table reflection, (5 weathered rock reflection rock reflection, ®

soft rock reflection, and (@ the surface wave.
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Fig. 6. (a) Interpreted SSR/GPR section. (b) Expanded GPR section down to 5 m depth.
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Fig. 10. (a) Suspension PS logging profile (after Lee at el, 2010). (b) S-wave velocity profile from MASW, CMPCC and
SPS logging (BH-2). Light gray bar indicates the location of the water table, whereas the dark bars represent the top of
weathered rock, as determined using the SPS and CMPCC methods.
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