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REPORT ON GROUND PENETRATION SURVEY FOR PROPOSED  

TUNNEL BETWEEN CHANDPOLE AND BADI CHAUPAR 

(JAIPUR) 
 

 1.0 INTRODUCTION 

 Ground penetrating radar survey is a nondestructive geophysical method that produces a 

 continuous cross-sectional profile or record of subsurface features, without drilling, probing, or 

 digging. Ground penetrating radar (GPR) profiles are used for evaluating the location and depth of 

 buried objects and to investigate the presence and continuity of natural subsurface conditions and 

 features. It is a high-resolution geophysical method, which is based on the propagation of high 

 frequency electromagnetic waves. The GPR method images structures in the ground that are related 

 to changes in dielectric properties. In sediments, the water content primarily causes the changes in 

 dielectric properties. 

 Ground penetrating radar operates by transmitting pulses of ultra high frequency radio 

 waves (microwave electromagnetic energy) down into the ground through a transducer (also called 

 an antenna). The transmitted energy is reflected from various buried objects or distinct contacts 

 between different earth materials. The antenna then receives the reflected waves and stores them in 

 the digital control unit. 

 It provides 3-D pseudo image of the subsurface with accurate depth estimations. The GPR 

 technique is being extensively used for engineering, geological, archeological, sedimentological 

 and other near surface investigations like hydrological and geotechnical purposes GPR can be used 

 in a variety of media, including rock, soil, ice, fresh water, pavements and structures. It can detect 

 objects, changes in material, and voids and cracks. 

 The depth range of GPR is limited by the electrical conductivity of the ground, and the 

 transmitting frequency. As conductivity increases, the penetration depth also decreases. This is 

 because the electromagnetic energy is more quickly dissipated into heat energy, causing a loss in 

 signal strength at depth. Higher frequencies do not penetrate as far as lower frequencies, but give 

 better resolution. Optimal depth penetration is achieved in dry sandy soils or massive dry materials 

 such as granite, limestone, and concrete. In moist and/or clay laden soils and soils with high 

 electrical conductivity, penetration is sometimes only a few centimeters. The resolution depends 

 upon the frequency of the antenna used and the electrical properties of the rocks in the subsurface. 
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 Ground-penetrating radar antennae are generally in contact with the ground for the strongest 

 signal  strength; however, GPR horn antennas can be used 0.3 to 0.6 m above the ground. 

 GPR uses the principle of scattering of electromagnetic waves to locate buried objects. The 

 basic principles and theory of operation for GPR have evolved through the disciplines of electrical 

 engineering and seismic exploration, and practitioners of GPR tend to have backgrounds either in 

 geophysical exploration or electrical engineering. The fundamental principle of operation is the 

 same as that used to detect aircraft overhead, but with GPR that antennas are moved over the 

 surface rather than rotating about a fixed point. This has led to the application of field operational 

 principles that are analogous to the seismic reflection method. 

 The practical result of the radiation of electromagnetic waves into the subsurface for GPR 

 measurements is shown by the basic operating principle that is illustrated in Figure 1. 
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Figure 1: Transmitted electromagnetic wave front scattered from a buried 

Object with a contrasting permittivity 
 
 The electromagnetic wave is radiated from a transmitting antenna, travels through the 

 material at a velocity, which is determined primarily by the permittivity of the material. The wave 

 spreads out and travels downward until it hits an object that has different electrical properties from 

 the surrounding medium, is scattered from the object, and is detected by a receiving antenna. The 

 surface surrounding the advancing wave is called a wavefront. A straight line drawn from the 

 transmitter to the edge of the wavefront is called a ray. Rays are used to show the direction of travel 
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 of the wavefront in any direction away from the transmitting antenna. If the wave hits a buried 

 object, then part of the waves energy is “reflected” back to the surface, while part of its energy 

 continues to travel downward. The wave that is reflected back to the surface is captured by a 

 receive antenna, and recorded on a digital storage device for later interpretation. 

 The equipment used for the scanning includes SIR-3000 (GPR) of Geophysical Survey 

 Systems Inc. (GSSI), USA, 100 MHz paired antenna with other peripherals as shown in the 

 Figure 2. 

     
 

   

Figure 2: Equipments used for GPR survey 

 Continental Engineering Corporation (CEC) entrusted us to carry out subsurface survey to 

 identify sub surface lithological variation as well as to locate artifacts in the proposed tunnel from 

 Chandpole Metro Station to Badi Chaupar Metro Station using trench less survey viz., Survey using 

 Ground Penetration Radar (GPR). The objective of the survey was to identify lithological variations 

 and artifacts of considerable dimension in order to see if rock or any artifacts are intercepted during 

 the course of excavation done by TBM. It is understood that the Tunnel Boring Machine (TBM) 

 being used for carrying out tunnel work has the capability for cutting soil and it would not be 

 possible to cut rock using the present TBM. It is therefore, becomes imperative to know the 

 subsurface details before excavating and if the GPR scan indicates rock, the alignment would be 

 required to be looked into for any change. 

 This report presents the GPR scanning results for Underground Metro Line between proposed 

 Chandpole Metro Station to Badi Chaupar Metro Station. 

100 MHz antenna 

 
SIR-3000 
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2.0 STUDY AREA 

In order to prioritize the scanning work, the entire stretch between Chandpole & Badi Chaupar has 

been sub-divided into following sectors: 

Sector-1: Along the tunnel alignment for the stretch between Chandpole Metro 

station to Chhoti Chaupar.  

Sector-2: Chhoti Chaupar Metro station. 

Sector-3: Along the tunnel alignment for the stretch between Chhoti Chaupar to 

Badi Chaupar. 

Figure 3 presents the location of entire stretch between Chandpole Metro Station to Badi  Chaupar 

Metro station. Survey was carried out drawing two longitudinal lines on the roads on both 

the sides of the divider. Transverse profiles were also taken at 50m interval in order to see if there 

are any artifacts. The present report is aimed to provide the scanning results for the whole 

alignment. 



Figure 5: Location of Anomalous Zone
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Anomalous Zone 

Figure 6: Scan showing Anomalous Zone
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Figure 7: Longitudinal section showing different litho units
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Figure 8: Longitudinal section showing different surfaces
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Figure 9: Block Model showing different litho units
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4.0 CONCLUSION: 

Survey using Ground Penetration Radar with 100 MHz paired antenna has provided scanning down 

to a depth of 22m.  

The interpretation of all these scans shows that two distinct layers exit upto the scanned depth for 

the entire stretch between Chandpole and Badi Chaupar. This is depicted in the scans provided at 

Figure 10 to 27. The 3-dimensional model (surface and block) provides variation in terms of depth 

for the two layers. The drill hole core too in the area indicates presence of two layers of silty sand / 

sandy silt as defined by grain size analysis of the soil as per geotechnical report.  A small portion in 

the entire stretch indicates more reflective zone which could be on account of anomalous material 

such as presence of metallic substance, high moisture content or an object.  

A part of the entire stretch was also taken up for utility survey. This indicates the importance of 

GPR survey for locating utilities before excavating the area. This helps in planning the excavation 

work without damaging the existing utilities. 
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Figure 29:
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Figure 30: Utilities as identified on scanning using 400 MHz antenna
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