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ABSTRACT: In this study, ground penetrating radar (GPR) and 3D electrical resistivity survey were performed in 

order to investigate the feasibility of identifying underground buried object. For this purpose, full-scale models of 

concrete hume pipes and polyethylene (PE) pipes were buried at 0.5 m and 1 m in depth respectively with in 

unsaturated sand with a very low moisture content. It was confirmed that GPR survey is very effective in detecting 

buried objects. It took less time in on-site survey and interpretation of the result, however, it was difficult to identify 

the type of buried object. By electrical resistivity survey, the buried object could be visualized accurately and it was 

possible to identify the type of the buried pipe, while it took more time in data acquisition and interpretation than GPR 

survey. This paper introduces the details of the model testing setup, procedures of the survey, the results, and further 

potential application in geotechnical/geophysical survey will be discussed. 
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1 INTRODUCTION  

Recently, the leakage from aged and/or deteriorated 

buried pipelines in urban area causes sinkholes and it 

becomes a serious disaster. Accordingly, in order to 

predict the possibility of these problems in advance, the 

exact locations and conditions of the underground buried 

objects need to be identified, and most these works rely 

on geophysical exploration techniques. Underground 

buried objects which are investigated and identified by 

geophysical survey technologies include pipelines, 

artificial structures, and cultural relics (Deiana et al. 

2018; Ganivu et al. 2020; Nyari and Kanll. 2007). In 

addition, these methods are applied to search illegally 

buried objects; e.g. industrial wastes. In this study, the 

effects of underground buried pipes investigation were 

analyzed by performing GPR and 3D electrical 

resistivity survey, which are most commonly applied to 

underground buried objects survey by burying concrete 

Hume pipes and PE pipes underground. 

2 MODEL SITE DESCRIPTION 

The physical model site where the model pipes buried 

is a sand fill site and the moisture content was 

maintained very low. The trenches were dug about 3.5 m 

from the ground surface in order to bury the hume pipe 

and the base of the trenches are above the groundwater 

level. Fig. 1 is a schematic diagram of the model site and 

it shows the locations of the buried pipes. The 

dimensions of the concrete Hume pipes are 0.5 m in 

diameter and 2.5 m long, and they are cut in half. The PE 

pipes are cylindrical and 0.5 m in diameter and 2 m in 

length. Both types of pipes were buried same ways at two 

different depths; one at 0.5 m and the other at 1 m deep 

from the ground surface to the top of the pipes. 

 

Fig. 1. Schematic illustration of the test model site with the pipes. 

(a) (b) 

Fig. 2. Installation of the pipes at the model site; (a) concrete hume 
pipe, (b) PE pipe.  

3 GPR SURVEY 

GPR survey method is a geophysical exploration 

technique that detects the underground geological 

structure by emitting electromagnetic waves 

underground and then receiving the reflected waves from 

various boundary surfaces such as underground 

heterogeneous surfaces, fracture zones, or underground 

objects. In particular, it has the advantage of rapidly 

acquiring underground images with a high resolution of 
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a few 10 cm to a few m in a relatively shallow depth. In 

GPR survey, the resolution and the investigation depth 

are determined by the frequency of the electromagnetic 

wave. In this study, three different frequencies were used: 

1 GHz, 500 MHz, and 250 MHz. 

3.1 GPR survey result 

Fig. 3 shows the results of GPR survey using a 

frequency of 250 MHz, and the locations of the concrete 

hume pipes and the PE pipes are identified accurately. 

Furthermore, the results of the GPR survey show very 

accurate images of underground buried objects without 

further analysis. Therefore, it could be proved that the 

GPR survey could provide reliable visual results almost 

immediately without complicated process. Not presented 

here, the results using the other two frequencies (1 GHz 

and 500 MHz) are also very accurate.   

 

Fig. 3. Results of GPR survey using 250 MHz frequency. 

4 3D EELECTRICAL REISISTIVITY SURVEY 

In the electrical resistivity survey, electric current is 

applied underground through a pair of current electrodes 

and the potential difference is measured at the other pair 

of potential electrodes. This method is generally utilized 

in order to identify anomalies that contrast with the 

background medium by continuously providing the 

underground resistivity (ohm-m) distribution from the 

measured potential difference (or apparent resistivity). 

In this study, the survey line was designed as a grid (7 

horizontal lines, 5 vertical lines) in the area where the 

concrete Hume pipe and PE pipe were buried, and the 

electrode spacing was set to 0.5 m. For the electrode 

array, a dipole-dipole array with of high quality 

resolution was adopted. 

4.1 Electrical resistivity survey result 

Fig. 4 shows the results of 3D electrical resistivity 

exploration in concrete and PE pipe buried areas. The 

electrical properties of the buried concrete pipe and the 

PE pipe are very different. In other words, PE pipe 

represent a very high resistance because it is a non-

conductive medium that does not conduct electricity, 

whereas concrete pipe a relatively low electrical 

resistivity when saturated with water. As a result of the 

electrical resistivity survey, it can be confirmed that the 

PE pipe is imaged more accurately. However, in the case 

of concrete hume pipes, the pipe buried at 0.5 m could 

be identified very accurately, but the other pipe at 1 m 

depth could not be clearly imaged. It is because that the 

sand is almost dry so that the resistivity contrast with the 

background medium is not significant enough. 

 

 

(a) 

 

 

(b) 

Fig. 4. 3D electrical resistivity survey interpretation result; (a) 
concrete hume pipes buried site, (b) PE pipes buried site. 

5 CONCLUSIONS 

GPR and 3D electrical resistivity survey were applied 

to investigate the applicability in identification of buried 

pipes at shallow depth, and it could be confirmed 

effective as a result. The buried object could be detected 

by GPR survey almost instantly, and it was confirmed 

that the accuracy was sufficient. In the case of 3D 

electrical resistivity survey, it is possible to detect buried 

objects, but it takes much longer to conduct and interpret 

the survey compared to GPR survey. Nevertheless, it 

was confirmed that the type of buried pipe (concrete, 

K-water Research Institute, K-water, Daejeon, Korea

; Ganivu et al. 2020; Nyari and Kanll. 2007).

objects; e.g. 

different depths; one at 0.5 m 

Installation of the pipes at the model site; (a) concrete hume 
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iron, PE) could be estimated by the electrical resistivity 

exploration. However, it is judged that 2D resistivity 

method is more effective than 3D resistivity survey, 

which takes a long time to perform and interpret.  

In conclusion, it is considered that it is more 

advantageous to apply the electrical resistivity survey 

rather than the GPR survey with a low investigation 

depth to detect pipes buried at a deep depth. 
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