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Abstract 

Engineering site investigation is crucial to characterize the subsurface soil of 

proposed construction sites. Application of 2D Electrical Resistivity Imaging ERI 

technique pro- vides useful information about the subsurface geology and the condition 

along profiles. In this paper, numerical and field studies using 2D ERI technique were 

adopted for engineer- ing site investigation purposes. The Wenner-Schlumberger array 

was implemented along three parallel profiles at the construction site of Diyala 

University, northeast of Baghdad city, to detect buried utilities (pipes) left over in the 

area. A synthetic resistivity model of a buried pipe was designed to discuss and validate 

the field results. The 2D ERI sections of the model resolve clearly the buried structure, 

even with 5% noise level. Interpretation of the field data showed that 2D ERI technique 

was effective in delineating the buried pipes. The vertical and horizontal sensitivity of 

the Wenner-Schlumberger array for sub- surface resistivity variations made it possible 

to determine the position and geometry of the buried structures. The current work 

demonstrates the usefulness of the ERI technique as a complementary tool for 

engineering site investigation . 
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1 -Introduction 

Engineering site investigation provides a critical geotechnical and geoenvironmental 

as- sessment of the proposed construction sites. It includes detailed surface and 

subsurface studies to evaluate the suitability of the site for particular infrastructures. 

Application of ERI survey for geotechnical site characterization is useful to determine 

the subsurface geology and the condition of the proposed site [1] . 

 

Recently, ERI technique has increasingly been integrated with geotechnical site inves- 

tigations [2] [3] [4] . It offers non-invasive and cost effective information to identify the 

subsurface condition and to determine the appropriate location of test borings needed for 

site investigation [5] . 

 

Presence of natural (e.g. Cavities and sinkholes) and man- made (e.g. Pipes and 

channels) structures in the engineering construction sites brings significant geotechnical 

and geoenvironmental problems. The determination of these structures is important to 

facilitate the proposed construction site with respect to the shallow and deep foundations. 

Traditional ―ground-truth‖ test borings are commonly implemented for geotechnical site 

investigations. However, these methods are expensive and limited to a point [3] . In 

comparison, 2D ERI surveys are less expensive and can be conducted along profiles to 

obtain 2D resistivity sections [6] . 

 

Several authors have adopted 2D ERI technique for engineering site investigation to 

detect subsurface structures such as cavities and sinkholes [7] [8] [9] [10] [11] [12] , frac- 

tures [13] [14] , faults [15] , buried utilities [16] , walls [17] , cracks [18] and tunnels [19] 

. 

Recently, an extensive campaign of building of new facilities has taken place in Diyala 

University northeast of Baghdad city. Delineation of buried utilities and construction ma- 

terials left over in the area is vital to facilitate the site for future engineering projects [20] . 

Thus, in this study, numerical and field studies are adopted to detect buried utilities (pipes) 
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in the construction site of Diyala University. The resistivity measurements are collected 

using Wenner-Schlumberger array along three parallel profiles. A synthetic resistivity 

model is designed to discuss and validate the interpretation of the field data. 

 
2 -2D Electrical Resistivity Imaging Technique 

2D Electrical Resistivity Imaging ERI technique is based on using a larger num- ber 

of electrodes arranged along a profile and connected to the electrical resistiv- ity system 

via a multi core cable [21] . The apparent resistivity measurements of Wenner-

Schlumberger array, adopted in the current study, are acquired using cur- rent (C1 and 

C2) and voltage (P1 and P2) electrodes for different electrode spacing (a) and 

acquisition levels (n) Figure (1). The Wenner-Schlumberger array is a hy- brid 

combination between Wenner and Schlumberger arrays. It was chosen as it has good 

signal strength and sensitivity to resolve horizontal and vertical resistivity variations 

[22] .The subsurface resistivity values acquired are arranged in apparent resistivity 

pseudo-sections which give a qualitative approximations of the subsurface resistivity 

distribution. An inversion procedure, therefore, is required to obtain a true 2D resistivity 

section from the field data. 
 

3 -Field Work 

2D ERI survey using a Wenner-Schlumberger array was conducted along three 

parallel profiles, 1m apart, located in Diyala University, northeast of Baghdad city 

Figure (2). According to the geotechnical soil borings drilled in the area [3] the surface 

soil consists 
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of light to dark brown low plasticity clay (CL) layer up to 13m Figure (3). The study 

area has recently witnessed an extensive expansion campaign of building new teaching 

facilities. Presence of buried structures such as pipes and construction materials left over 

in the area are expected Figure (4). Geotechnical site investigation is necessary to explore 

the subsurface condition and to locate buried structures for future engineering projects. 
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2D ERI profiles were centered over an existing buried pipe to investigate the suitability 

of the Wenner-Schlumberger array for delineating shallow buried (pipes) structures. For 

each profile, twenty electrodes with a minimum electrode spacing of 0.5m was connected 

to ABEM SAS 4000 resistivity system to collect the apparent resistivity data. RES2DINV 

software ver. 3.71 [23] was used to generate 2D ERI sections from the apparent resistivity 

data. RES2DINV uses finite difference method based on the regularized least squares 

optimization procedure [24] [23] to produce a true 2D model of the subsurface resistivity 

distribution from the apparent resistivity data. The software iteratively determines the 

model blocks resistivity that will closely produce the measured apparent resistivity data. 

The software offers L1 norm (Blocky) and L2 norm (smooth) optimization methods. In 

the current study, the L1 norm optimization method was adopted as it is more suitable in 

areas of sharp resistivity boundaries [25] , such as buried pipes investigated. 

 
4 -Numerical Modelling 

Numerical modelling using synthetic resistivity model was used to simulate the 

buried pipes in the study area. ERI numerical modelling is useful to examine the method 

adopted and to validate the interpretation of the field data. The procedure consists of two 

steps [26] 

: (1) a synthetic resistivity model is designed based on the user prior information using 

forward modelling software from which the apparent resistivity section is calculated; (2) 

the model is then inverted to reconstruct the subsurface true resistivity distribution Figure 

(5). 

 

To simulate the buried pipes in the study area, a synthetic resistivity model of a buried 

pipe in clay soil Figure (6) was designed and discretized using RES2DMOD software ver. 

3.01 [27] . An air filled pipe of high resistivity (10000 Ohm.m), buried in a wet clay soil 

of low resistivity (5.0 Ohm.m) was examined. The resistivity values of the model compo- 

nents were chosen within the range of the materials reported in the literature [28] . The 

apparent resistivity section for Wenner-Schlumberger array with smallest electrode spac- 

ing of 0.5m was first calculated using RES2DMOD software. To simulate real situations, 

78 



Journal of University of Babylon, Pure and Applied Sciences,Vol.(26), No.(5): 2018   
 

a scattered 5% noise value was added to the model. Once the apparent resistivity sections 

are calculated, RES2DINV ver. 3.71 software was used to produce the inverse 2D ERI 

sections of the model from the apparent resistivity data. 
 

 

5 -Discussion and Discussion 

Figure (7) shows the calculated apparent resistivity section of the synthetic 

resistivity model. Although the resistivity signature of the buried pipe is indicated, the 

apparent resistivity section gives a qualitative interpretation of subsurface resistivity 

variations. Figure (8) presents the 2D ERI section calculated from the apparent 

resistivity data with no noise added. It can be seen that the buried pipe is clearly 

reflected in the section at the center of the profile. The high resistivity contrast between 

the modelled pipe and the sur- rounding medium made it easy to resolve the sharp 

resistivity variations. To simulate real situations, a scattered 5% noise value was added 

to the model. Figure (9) depicts the 2D ERI section of model with 5% noise level. The 

modelled object can still be resolved. The 
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Interpretation of the synthetic resistivity model demonstrates the effectiveness of 2D 

ERI methods using Wenner-Schlumberger array to detect the buried pipes in clay soil. 

In the literature, recent studies have reported the efficiency of the Wenner-

Schlumberger array for resolving buried structures such as fractures and cavities [9] [11] 

; buried utilities [16] and buried walls [17] . 

 

Field resistivity measurements were conducted along three profiles using the same 

array. For each profile, a minimum electrode spacing of 0.5m was used and the resistivity 

readings were collected for 7 (n) acquisition levels. Figure (10) shows the arrangement 

of model blocks and apparent resistivity data points of the field data. High data quality 

was achieved as shown in Figure (11). Therefore, there is no need to exterminate bad data 

points. 

 

The 2D ERI sections were calculated from apparent resistivity using L1 norm (blocky) 

optimization method. Figures (12), (13), and (14) present the 2D ERI sections of the field 

data along L1, L2, and L3 profiles, respectively. A low (Abs.) error (1.12- 1.86%) was 

achieved after five iterations which indicates a good data quality. It can be seen that the 

buried pipe at the center of the resistivity profile was resolved reasonably well in all the 

2D ERI sections. The geometry and position of the buried pipe were reflected in these 

sections. 2D ERI sections of the field data confirmed the previous findings of the synthetic 

80 



Journal of University of Babylon, Pure and Applied Sciences,Vol.(26), No.(5): 2018   
 

 
 

 
 

 

 

81 



Journal of University of Babylon, Pure and Applied Sciences,Vol.(26), No.(5): 2018   
 

 
 

Resistivity model. The Wenner-Schlumberger array of the three profiles was 

succeeded in detecting the buried pipe. The high performance of the Wenner-

Schlumberger array can be attributed to its characteristic features and sensitivity for 

detecting subsurface resistivity variations. It has good signal strength and moderate 

features that compromise between the ability to resolve horizontal and vertical resistivity 

variations [22]. 
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6 - Conclusions 

2D ERI survey was carried out using a Wenner-Schlumberger array along three 

parallel profiles to detect buried pipes at Diyala University site northeast of Baghdad 

city. The results of field data were validated using a synthetic resistivity model. Both 

numerical and field data interpretations indicated that the 2D ERI technique was 

effective in re- solving the buried structure. Geometry and position of the buried pipe 

were reasonably reflected in the 2D ERI sections. The results showed that the Wenner-

Schlumberger array was sensitive enough to the horizontal and lateral resistivity 

changes in the subsurface soil resulted due to presence of the buried structure. The 

current study demonstrated the benefits of numerical modelling using 2D ERI technique 

for planning of resistivity field surveys. The results also indicated that 2D ERI method 

can be useful if integrated with other geotechnical site investigation tools to detect 

buried pipes commonly found in the engineering construction sites. 
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