
Selsmlc ReflectIon and Ground 
henetratlng Radar for EnvIronmental 

Site Characterization 

There are well-established needs for 
aeoohvsica, technbues to assist in 
i;ydiolbgic site cha&terization and in non- 
Invasive testing at DOE facilities. The 
arimarv obiective of the work-in-~loaress 

g&logic imaging resulti using both 
seismic reflection techniques and ground- 
penetrating radar (GPR). Although various 
seismic and GPR SWY~YS have been used 
for near-surface imagin$ little is known 
about how the two ,echn,q”es might work 
in concert for very-high-resolution surveys 
when both techniques work well. 



The primary ob,ect,“e of the work-in- 
progress reported here 18 to compare “ear- 
surface imaging results using seismic 
reflection techniques, and ground- 
penetrating radar (GPR), at a site where 
both techniques work well. As part of an 
effort to evaluate what each geophysical 
method rweals, we will repeat the seismic 
and GPR surveys se”eral times on a 
seasonal basis to establish how the 
complementary information gleaned may 
vary over time. For example, we know that 
the 2-3 meter-deep water table at our 
primary te*t site fluctuates on a SeaSOnal 
basis and that this fluctuation can be 
expected to result in temporal variations in 
the two types 01 data. 

The authors are aware Of only 0~ The authors are aware Of only 0~ 
example in the refereed scientific literature example in the refereed scientific literature 
(Cardimona et a,, ,998) that reports (Cardimona et a,, ,998) that reports 
successful work involving both shallow successful work involving both shallow 
seismic-reflection data and GPR data seismic-reflection data and GPR data 
obtained from the same “o,“me of shallow obtained from the same “olume of shallow 
earth at depths of less than 20 “I. Although earth at depths of less than 20 “I. Although 
various seismic and GPR surveys ha”e various seismic and GPR surveys ha”e 
been used for near-surface imaging, little Is been used for near-surface imaging, little Is 



know” about how the two techniques 
might work In concert for very-high- 
resolution surveys when both techniques 
work well. In fact, most environmental 
geophysicists regard seismic-reflection as 
a “deep” imaging technique and GPR as a 
“shallow” technique. 

A,tho”gh GPR and selsmlc signals 
respond to different physical parameters in 
the earth, as well as to various changes In 
them, in some cases the two techniques 
can be expected to yield similar results. In 
cases in which the two techniques work 
well and respond to the same geologic and 
hydrologic phenomena, the advantage in 
revolution would usually go to GPR. I” 
other instances, however, the techniques 
may yield substantially different geologic 
information as each may respond to 
changes in different parts of the volume of 
material under investigation. For example, 
seismic reflections arise from changes in 
acowtic impedance, which means that the 
product of seismic-wave velocity and 
density must change for a seismic 
reflection to occur. 



In contrast, ground-penetrating radar 
responds to changes I” the co”stltutiYe 
electrical parameters of the soil. These 
parameters are permittivity, permeability, 
and conductivity. When any of these 
electromagnetic parameters changes at a” 
interface, a radar reflection may be see”, 
but a seismic reflection might not occur. 
An opposite example might be envisioned 
in which the constitutive electrical 
parameters would be constant across a” 
interface at which either bulk density or 
seismic-wave velocity vary. 

In sum, selsmlc data and radar data can 
give us distinct but complementary 
information about different physical 
parameters in the earth volume surveyed. 
In practice, important geologic and 
hydrologic interfaces often are 
characterized by changes in density, 
seismic velocity, and dielectric permlttivfty. 



SelSmlc Da 

We have selected a test site I” central 
Kansas at which both hlgh-quality, shallow 
P-wave selsmlc-reflection and GPR data 
have been collected. We have 
demonstrated that both techniques work 
well In the depth range of 0.5 “I to 
approximately 8 m at our te*t site. 
Although not environmentally sensitive, 
the test site offers the advantage of acting 
as an outdoor mesoscale laboratory, Le., it 
is larger than a core sample or a 
manufactured sandbox, but smaller than a 
typical environmental remediatio” site. The 
combined seismic-reflection and GPR data 
collected in the upper 8 m at the site will 
contribute to a better understanding of the 
relationships between seismic and radar 
signatures in the shallow subsurface. 

The site is adjacent to the Arkansas 
river, “ear the geographic center of 
Kansas. The upper portion of the test area 
is composed mostly of sand and gravel 
several meters thick. This combination 
allows good penetration of radar energy. 



An unprocessed example of field 
setsmograma (Figure 1) shows three htgh- 
quality *eismic P-wave reflections from 
layers at 0.6 meters, 1.5 meters, and 2.1 
meters deep, respectively. The reflection 
from 2.1 meters deep is from the top of the 
saturated zone. Birkelo et al. (19871 were 
able to follow the deepest of ihese’seismtc 
reflections downward in space during a 
seven-day pumping test in 1985. They 
found that the reflector was the top of the 
saturated zone at 2.6 m. On the date of our 
,997 data collection, the water table was at 
a depth of 2.1 m. 

Figure 2 shows both a layered model 
and a synthetic seismogram resulting from 
interpretation of the data in Figure 1. 
Figure 3 shows the left halves of three real 
seismograms matched with the right 
halves of three synthetic seismograms. 



GPR Test Data 

Ground-penetrating radar data were Ground-penetrating radar data were 
acquired using a Sensors and Software acquired using a Sensors and Software 
PulseEKKO 1000 GPR unit with a 225 MHz PulseEKKO 1000 GPR unit with a 225 MHz 
antenna. lnttial GPR data are shown In antenna. lnttial GPR data are shown In 
Figure 4 (a CMP spread to establish the Figure 4 (a CMP spread to establish the 
time/depth relationship from the time/depth relationship from the 
hyperbolic-moveout curve) plotted against hyperbolic-moveout curve) plotted against 
relative permittivity measured in a hole with relative permittivity measured in a hole with 
a network analyzer. The CMP spread a network analyzer. The CMP spread 
shows that the water-table reflection at 2.1 shows that the water-table reflection at 2.1 
m arrives at about 38 ns. m arrive* at about 38 ns. Figure 5 is a Figure 5 is a 
GPR profile line showing data collected In GPR profile line showing data collected In 
March and in June of 1998 along the same March and in June of 1998 along the same 
line. The GPR section shows the water line. The GPR section shows the water 
tablefairly clearly at the 38-m reflection tablefairly clearly at the 38-m reflection 
time. time. 



CONCLUDING SUMMARY 

Because the water table fluctuates at 
thfs site on a seasonal basis, variations in 
the two types of data over time can be 
observed. Consequently, when we have 
established optimal field parameters with 
seismic and GPR techniques, we will 
repeat the surveys seasonally, when the 
water table is at different depths. 
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RESEARCH OBJECTIVES: 

1. To examine the complementary 
site-characterization capabilities of 
modern, three-component shallow- 
seismic techniques and ground- 
penetrating radar (GPR) methods 
at depths ranging from 0.5 to 8 m; 

2. To demonstrate the usefulness 
of the two methods when used in 
concert to characterize the cone of 
depression of a pumping well, 
which will serve as a proxy for 
fluid-flow at a polluted site; 

3. TO “se the slte as a” outdoor 
meso-scale laboratory to validate 
existing three-dimsnslonal ground- 
penetrating radar and selsmic- 
reflection computer models 
developed at the University of 
KS”SSS. 












