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 EXECUTIVE SUMMARY 

 

Six independent geophysical data sets were acquired along predetermined traverses at the 

Drumanard Estate Site, Louisville, Kentucky.  

 

 conventional seismic refraction 

 gravity 

 self-potential 

 ground-penetrating radar 

 electrical resistivity 

 multi-channel surface wave  
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Figure 1:     Base map showing locations of the seismic refraction, seismic   1 

reflection and refraction microtremor arrays. Seismic refraction 
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The upper 700 ft of the velocity curve was generated using 

refraction microtremor data and corroborating reflection and  

refraction seismic control.  The lower 1300 ft of the velocity curve  

was generated following the extrapolation process described by  

Herrmann et al. (2005) and  Kociu et al. (2003). 
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approach. The upper 700 ft of the velocity curve was generated 
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was generated following the extrapolation process described by  

Herrmann et al. (2005) and Kociu et al. (2003). 
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hyperbolic travel time curves, the curvature of which can be  
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Figure 13:  Refraction microtremor surface wave dispersion data are    12 

transformed into vertical shear-wave velocity profiles. 
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1. SCOPE OF WORK        

  

Six independent geophysical data sets were acquired along a total of nine traverses immediately adjacent 

to the Drumanard Estate Site, Louisville, Kentucky (Figures 1 and 2) as part of a pilot program designed 

to field-test subsurface imaging technologies. The following six geophysical methods were employed and 

evaluated: 

 

 electrical resistivity 

 multi-channel surface wave (MASW) 

 conventional seismic refraction 

 ground-penetrating radar (GPR) 

 self-potential (SP) 

 gravity 

 

 

 
 

Figure 1: The Drumanard Estate Site is located at the intersection of 

Highway 841 and Route 42. 

 

The primary objective of this pilot study was to determine which of these six imaging methods should be 

used in the planned follow-up detailed geophysical investigation of the Drumanard Estate Site (Figure 2). 
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2. DATA ACQUISITION AND PROCESSING  

A B C D E F 

A B C D E F 
G 

G 

H 
H 

I 
I 

Figure 2: Six independent geophysical data sets were acquired immediately adjacent to the 

Drumanard Estate Site (Residential Area and Intersection Area) as part of a pilot program 

designed to evaluate the utility of available geophysical technologies.  The nine geophysical 

traverses are designated by the letters A-I, inclusive. 

 

The residential area  The intersection area 
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Six independent geophysical data sets were acquired along nine flagged traverses (A-I, inclusive) 

immediately adjacent to the Drumanard Estate Site, Louisville, Kentucky (Figures 1 and 2) as part of a 

pilot program designed to evaluate the utility of geophysical imaging technologies. The following 

methods were field-tested and evaluated. 

 

 electrical resistivity 

 multi-channel surface wave (MASW) 

 conventional seismic refraction 

 ground-penetrating radar (GPR) 

 self-potential (SP) 

 gravity 

 

The acquired geophysical data were processed, interpreted and evaluated. Evaluations of each of the field-

tested technologies are presented sequentially in this section (Section 2) of the Report. The processed data 

themselves are presented in Appendix A.  

 

Electrical Resistivity Data: The electrical resistivity data were acquired using a SuperSting R8 resistivity 

unit equipped with 40 electrodes (Figure 3). An electrode spacing of 10 feet was used to acquire all 

resistivity data (Figures A1–A9), with the exception of traverse I. For comparative purposes, two 

resistivity profiles were acquired along traverse I; Electrical resistivity profile I was acquired using a 10 ft 

electrode spacing, whereas electrical profile I-2 was acquired using a 5 ft electrode spacing (Figure 4). 

 

 

 
 

Figure 3: Electrical resistivity data were acquired using a SuperSting R8 resistivity unit 

equipped with 40 electrodes. 
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Line I

Profile I-2: 

5 ft 

electrode 

spacing

Profile I: 12 

ft electrode 

spacing

 

 

Figure 4: Electrical Resistivity profile I was acquired using a 10 ft electrode spacing; 

 electrical resistivity profile I-2 was acquired using a 5 ft electrode spacing. 

 

The acquired resistivity data were processed using the commercially available software package 

RES2DINV. 

 

Two example resistivity profiles are presented in Figure 4.  Profile I was acquired using a 12 ft electrode 

spacing; profile 1-2 was acquired along a segment of traverse I, using a 5 ft electrode spacing. The 

bedrock surface is readily mapped across both of these profiles (approximately coincident with 318 ohm-

m contour).  As illustrated in Figure 4, the I-2 profile (with 5 ft electrode spacing) provides markedly 

superior resolution. 

 

Unfortunately, the bedrock surface is not as well-defined on many of the other resistivity profiles (see 

resistivity profile B; Figure 5).  In our opinion, the complexity of resistivity profile B, and many of the 

resistivity images acquired at the test site, is indicative of the complexity of the bedrock surface, which 

appears to be intensely weathered and fractured, and in-filled with soil, in places. 

 

Based on our evaluation of the acquired test data, we recommend that electrical resistivity data be 

acquired on the Drumanard Estate site. However, because of the apparent complexity of the bedrock 
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surface, we recommend that data be acquired using an electrode spacing of 5 ft and penetration depths on 

the order of 50 ft. 

 

 

 

 

 

 
 

Figure 5: Electrical Resistivity profile B. 

 

 

 

 

Multi-channel Surface Wave Data (MASW): MASW data were acquired using a  

 

SuperSting R8 resistivity unit equipped with 40 electrodes (Figure 3). An electrode spacing of 10 feet was 

used to acquire all resistivity data (Figures A1–A9), with the exception of traverse I. For comparative 

purposes, two resistivity profiles were acquired along traverse I; Electrical resistivity profile I was 

acquired using a 10 ft electrode spacing, whereas electrical profile I-2 was acquired using a 5 ft electrode 

spacing (Figure 4). 

 

 

 

 

 

 

 

different slopes) on the travel time curve (Figure 8).  The slopes of the travel time segments can be used 

to calculate the acoustic velocity of each layer.  The extrapolated intercept times can be used to estimate 

the depth of each lithologic contact.   
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Figure 8:  Seismic Refraction: field set up and data recorder. 

The seismic refraction method works well at shallow depths (<100 ft) and in areas where the acoustic 

velocities of successive layers increases significantly (such as soil to bedrock). The refraction technique 

does not work as well for depths greater than 100 ft, especially in “acoustically noisy” areas where the 
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subsurface is not characterized by layers with significant velocity increases.  Under such conditions, it is 

very difficult to generate interpretable data because the refractions from deeper horizons are relatively 

low amplitude and are commonly masked by background noise.   

 

  Figure 9:  Example of a seismic refraction interpretation. 

 

 

Figure 11:  Example seismic reflection record. Reflections are characterized by hyperbolic travel time 

curves, the curvature of which can be used to calculate layer velocities. 
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Line A

 
Figure A1:Caption A: electrical resistivty profile A; Caption B: MASW profile A;  

Caption C: conventional seismic refraction profile A. 
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Figure A1 (continued):Caption D: GPR  profile A; Caption B: SP profile A;   

Caption C: gravity profile A. 
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