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ABSTRACT 

Gas pipeline network is the foundation and guarantee of urban energy transmission. Accurate 

pipeline location and buried depth are important information for gas company operation 

management and establishment of GIS system. In recent years, PE (polyethylene) pipelines have 

been widely used in medium and low-pressure town gas transportation due to their strong anti-

corrosion capabilities. Because PE pipes are inert materials, non-metallic, non-conductive, and 

non-magnetic, determining their location in underground spaces has always been pipeline 

detection difficulties in the field. By analyzing the detection principle and positioning method of 

ground penetrating radar, the imaging characteristics of PE pipes without tracers in the ground 

penetrating radar and the method of distinguishing them from steel pipes and cables are analyzed. 

The research results have improved the detection accuracy of the PE pipeline, established a gas 

pipeline network information system, and ensured that the pipeline detection operation has 

theoretical and practical significance. The aim of this article is analyzing the working principle of 

GPR, and also efficiency of GPR for detecting the gas PE pipeline in three districts at Iranshahr. 

Due to the huge number of radargrams obtained in the area, some of them were selected to present 

in this article. 
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INTRODUCTION 
Polyethylene (PE) pipelines are widely used because of their advantages such as convenient 

construction, good corrosion resistance, and good environmental protection. The detection of 

metal pipelines is mainly based on underground pipeline detectors. Most of its working principles 

are based on electromagnetic field theory and electromagnetic induction theory. However, PE 

pipelines made of polyethylene, which is an insulating material, are difficult to detect using these 

methods. In recent years, PE pipeline detection has become the focus of research in the fields of 

geophysical exploration and mapping. Xiao etal. successfully detected the PE160 and PE110 gas 

pipeline using ground penetrating radar [1]. These methods can detect the approximate location 

of the PE pipeline; however, there are problems of low accuracy, low efficiency, and difficulty in 

determining characteristic points such as inflection points and branches [2].  The lack of efficient 

pipe management may potentially lead to the dangerous situation in which the underground pipes 

are destroyed during engineering excavation. Damage caused by destroying gas pipe, power line 

or water pipe during excavation are gradually increasing. This phenomenon reflects that it is 

necessary to efficiently locate the position of underground pipes before excavation. The 

development of a non-destructive and efficient technique to locate underground pipes has 

therefore become important. This article is related to application a light-weight, easy to use ground 

penetrating radar (GPR) system to track PE gas pipes. The probing device is a portable GSSI 300-

800 utility Scan pro which indicates the the location and depth of anomalies when it goes over a 

target (metal, plastic, concrete, etc.). This is the first tool known to locate PE gas pipes in real 

time and map their location. 
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GROUND PENETRATING RADAR (GPR)  
 

Ground Penetrating Radar (GPR), is a high resolution electromagnetic method of surveying that 

is designed primarily to investigate the presence position of targets below the surface. GPR is 

effective at locating pipes and objects that are non-conductive and undetectable by 

electromagnetic locating techniques, or metallic pipes that do not emit a signal due to insulation 

between joints and poor conditions. GPR is a non-destructive technique that its use in public areas 

and means there is no need to barricade or block off footpaths or walkways and work areas. The 

physical properties of ground penetrating radar in pipeline detection are based on the fact that the 

dielectric constant and electromagnetic wave propagation speed of the target pipeline and the 

surrounding medium are different. The commonly used medium and dielectric constant of 

pipeline detection engineering are shown in Table 1 [3]. 
 

Table1. Propagation speed and Relative permittivity of some media  

Media Name   Propagation speed / 

(km / s) 

Relative 

permittivity εr 

air 0.3 1 

water 0.033 81 

Wet clay 0.077 15 

Soil (20% water 

content) 

0.095 10 

Concrete 0.12 6.4 

PE particles 0.0224 1.5 

PVC power 0.0254 1.4 

metal 0 300 

 
GPR is able to detect non-metallic as well as metallic pipes. It will also give an indication of the 

location and depth of buried services but will not identify them. GPR has proved impressive 

potential as an effective non-destructive tool for detecting underground objects. The reflections 

from underground pipe have very particular diffraction pattern because of the size of a pipe. 

 

DATA ACQUISITION, PROCESSING AND INTERPRETATION 
Since the traditional underground pipeline detection theory mainly focuses on metal pipelines, 

ordinary pipeline detectors are difficult to detect PE-based pipelines. The ground penetrating radar 

used by the author uses the principle of impedance interface difference to realize the detection of 

underground non-metallic pipelines [4]. Figure 3 shows the cross-sectional waveform of the radar 

antenna perpendicular to the road. The left side of the figure is an image of a medium pressure 

PE gas pipe with a pipe diameter of 630 mm and the right side is an image of a PVC water pipe. 

From the comparison of the two, it can be found that the radar profile of the PE tube is weak and 

there are no multiple reflections, while the PVC tube has multiple reflections. This is because the 

signal transmitted by the radar penetrates the PVC pipe, propagates to the soil layer below the 

pipe, and is formed by successive reflection. 
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Figure 1. Radar section of the PE pipeline with velocity of 0.0224 nm/s 

 

There are many underground pipelines, and sometimes multiple pipelines are laid side by side on 

a road, such as telecommunication pipelines, PE pipelines, power pipelines, and water supply 

pipelines. As the graph displayed by the radar after ground detection is a waveform diagram, it is 

difficult to distinguish the same pipeline, but it is possible to distinguish non-metallic pipelines 

from metallic pipelines. To determine the line of sight, the experience of line inspectors and 

design materials are needed to make judgments. 

The distinction between PE pipelines and water supply pipelines. It can be seen from Figure 6 

that the water supply line is much brighter and clearer than the radar profile of the PE channel, 

because the water supply line is filled with water and the dielectric constant of the water is very 

large, the dielectric constant difference increases, so the radar The wave reflection is very obvious. 

In comparison, PE pipelines are much darker. Based on this feature, these two types of pipelines 

can be distinguished. 

By analyzing the GPR in the close-space parallel pipeline detection, it is found that the waveform 

must show different shapes within the range that the GPR can detect in order to distinguish the 

PE pipeline from other pipelines. This requires that the burial depth of the two types of pipelines 

cannot exceed the detection range of the selected antenna, and that the range is based on the clear 

detection; on this basis, the dielectric constant of the two types of pipelines or the dielectric of the 

filling material inside the pipeline must be met.  



330 
 

 

 

Figure 2. Radar section of PE pipeline and water pipeline. The anomalies in 1, 9.2, and 10.4 meters are water 

pipes line, and the anomaly in the 8.2-meter distance is PE pipe line. 

 

CONCLUSION 
The author analyzes the peculiarities of urban gas PE pipes and the problems existing in current 

detection, and starts with the principle and dielectric constant of the ground penetrating radar to 

analyze the feasibility of the ground penetrating radar detecting PE pipes. This research shows 

that the ground penetrating radar method is feasible for the detection of urban gas PE pipelines. 

The location of the PE pipeline can be better determined. This method has the advantages of non-

destructiveness, high efficiency, and high accuracy for detecting PE pipelines, and has broad 

application prospects in urban underground PE pipeline detection. Due to such technique, there 

will be less impact on environment also the unnecessary costs that are incurred in digging are also 

reduced. This is a best solution to find the buried pipes, if properly implemented in the future. 
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