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ABSTRACT
Environmental site characterization efforts can benefit greatly from a “co-
interpretation” or integrated-synergistic approach to defining an accurate 
subsurface model. Where available, historical aerial photography forms the 
initial data platform for understanding of waste disposal practices and 
subsequent site layout. These data are then integrated with the results of both 
geophysical and intrusive subsurface investigations at the site. This type of co-
interpretation of data platforms generates a better understanding of site 
conditions than any one data set alone when portions of the data sets show 
evidence of agreement regarding the presence of subsurface features. 

We present results of application of this method in a Cambro-Ordovician 
carbonate valley of southwest Virginia. Integration of the data sets begins with 
comparing and contrasting available boring data from locations with downhole
geophysical data. During this assessment 1) apparent excavation limits are 
chosen from historical air photos, 2) lateral geophysical anomalies are chosen 
from initial surveys, 3) depth to weathered bedrock and depth to competent 
bedrock are selected from site lithologic and downhole geophysical data.  These 
data are then used to design a physical and geophysical exploration program. 
Data for weathered and competent bedrock are subsequently transferred into a 
data set for seismic tomography, resulting in selection of the depth to these two 
horizons across the site. These depth-to-horizon selections are then integrated 
into data sets for resistivity by plotting depth-to-horizon selections on selected 
resistivity profiles. By using this integrated method, a more accurate assessment 
of the sometimes ambiguous meaning of resistivity signatures can be 
completed. Finally, these data are ground-truthed by comparing and contrasting 
the results to subsequent borings conducted across the site. 

Results of application of this method indicate that any one method alone does 
not provide an adequate representation of subsurface conditions and may lead 
to erroneous conclusions. Traditional site characterization based on borehole 
advancement may over, or under, represent subsurface irregularities. Moreover, 
attempts to characterize the subsurface using only geophysical methods can 
lead to erroneous interpretations of zones of high or low resisitivity. This is 
especially true in areas underlain by carbonate aquifers, where identification of 
conduit versus diffuse flow regimes is crucial to adequate site characterization.
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• Valley and Ridge province of Virginia;

• Cambro-Ordovician thrust sheet;

• Karst landscape; well-developed epikarst
system, sinkholes, solution-enhanced 
conduits, pinnacles;

• Former Sanitary Landfill (1970’s & 1980’s);

• Heavily industrialized area; and,

• Groundwater present 100-200 feet below 
ground surface.
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• 1971 Aerial photographs are the ONLY historical representation of waste disposal practices at the site;

• Interpreted by USEPA (1992) as Cut & Fill type trenches for the disposal of waste;

• Additional trenches may have been constructed subsequent to photograph; and,

• Waste material reportedly only sanitary waste.
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• UPPER SOIL 
LAYER;

• MIDDLE 
WEATHERED 
BEDROCK LAYER; 
and,

• LOWER 
COMPETENT 
BEDROCK LAYER 
WITH ABUNDANT 
EPIKARST 
FEATURES.

GEOPHYSICAL 
ANOMALIES

GEOPHYSICAL 
ANOMALIES

NOTE LIKENESS OF AERIAL 
PHOTOGRAPH TO VERTICAL 
MAGNETIC GRADIENT DATA



- 1 0 0 - 5 0 0 5 0 1 0 0 1 5 0 2 0 0 2 5 0 3 0 0 3 5 0 4 0 0

1800

1820

1840

1860

1880

1900

1920

4 0 M W - 2

4 0 M W - 4

4 0 M W - 2

4 0 M W - 4

Seismic
Tomography

Model

Ground Surface

Ground Surface

Ground Surface

E
le

va
tio

n
(ft

.m
sl

)
E

le
va

tio
n

(f t
.m

sl
)

E
le

v a
t io

n
(ft

.m
sl

)

Distance (feet)

Natural Gamma
Borehole Log

Resistivity
Borehole Log

Seismic
Velocity Log

• Traced velocities are 
transferred to 
Schlumberger plot; and,

• Schlumberger appears 
sensitive to vertical 
variations at this site.
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• Top of weathered and competent bedrock 
can be picked on all three platforms

• Only top of weathered bedrock can be 
picked on all three platforms;

• Velocities low; likely not competent 
bedrock in borehole.

INTEGRATION OF ADDITIONAL BORINGS (DIRECT PUSH)9
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• Boring refusal depths shallower 
than depths suggested by 
tomographic interpretation;

• Refusal on objects other than 
bedrock?

• Highly developed epikarst
horizon not imaged with 
tomography?

• Modeled regions <~20 ohm-m 
appear to correlate to areas of fill 
represented on boring logs.

Composite Dipole-Dipole &
Schlumberger Modeled Results
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PROJECTED INTO X-SECTION Waste Boundary Based 
on Borings Only

SUMMARY & CONCLUSIONS10
• Data from aerial photographs, hollow stem auger and mud-rotary 

drilling, vertical surface and subsurface geophysical techniques and 
direct-push borings have been used to characterize the subsurface 
at a former military landfill;

• Modeled Schlumberger resistivity signatures correlate roughly with 
seismic tomographic results with respect to depth to weathered and 
competent bedrock;

• Dipole-dipole results appear sensitive to lateral variation at the site;

• Correlation of direct-push borings with resistivity signatures suggests that areas 
of <~20 ohm-m are potentially representative of buried waste at the site;

• Seismic tomography suggests that weathered and competent bedrock are 
substantially lower than boring refusal depths; 

Seismic tomography may overestimate depth to these horizons or boring 
refusal may underestimate depth to these horizons

• The use of any single technique (e.g., surface resistivity only, or direct-push 
borings only) would be insufficient to explain variations observed at the site 
using additional techniques; and,

• These data can now be combined with geotechnical and geochemical data to 
complete a detailed subsurface model for the purpose of fate-and-transport 
modeling.

• Three-component geophone, implementing 40Hz receiver elements; downhole geophone was moved in 5 ft increments within 
the borehole (5 ft receiver spacing); sledgehammer was used as the energy source, and is placed at offsets up to 15 ft from 
the borehole; three additional geophones were placed on the surface at offsets up to 20 ft from the borehole, and are required 
to resolve any shot-timing variations that occur when using impact sources. 

• Data processing consisted of the following:
Picked first arrival energy for the downhole and reference geophones; sorted the arrival-time data by depth point; computed 
and apply shot-timing corrections using the arrival time picks obtained from the reference geophones; computed the average 
velocity to a receiver station using the straight-line distance from the shot to the receiver and the corrected arrival time; 
converted to vertical travel-time using the depth point for the receiver and the computed average velocities; and computed 
interval velocities using least squares line-fitting algorithm to estimate the slope (inverse of velocity) between measurement 
points.  The least-squares operator has the advantage of smoothing over small time-picking errors.
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