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Abstract— Grounding System design is very Important aspect 

for ensuring Safety of System & Operating Personnel. The Soil 

resistivity is the most important parameter in governing the 

design of earthing system. It is often high soil resistivity being 

encountered in the field and coupled with limited Substation 

Plot area, leading to the problem of attaining the safe Touch and 

Step potentials within the permissible limit as per IEEE-80. 

Usage of Groundwater Table and establishing contact with 

groundwater by deep-well electrode is one of the methods 

suggested in IEEE-80 to overcome this difficulty 

A clear methodology/procedure in modelling of Grounding Grid 

using water table in Grounding analysis software such as 

CYMGRD for providing economical solution is explored in this 

article. 

The same can be validated through the field test, by measuring 

Grounding Grid Resistance, Step & Touch Potential to confirm 

that the measured value is within acceptable limit as per 

software calculated values.  
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I. INTRODUCTION  

Grounding System design is very Important aspect for 
ensuring Safety of System & Operating Personnel. The Soil 
resistivity is the most important parameter in governing the 
design of earthing system. It is often high soil resistivity being 
encountered in the field and coupled with lower Substation 
Plot area, leading to the problem of attaining the safe Touch 
and Step potentials within the permissible limit as per IEEE-
80[1]. 

There are multiple methods suggested in IEEE 80 [1] to 
overcome this difficulty. In the clause No 9.5 of IEEE-80 
“Design in Difficult Conditions”, One of the methods suggests 
using “Deep-driven Ground Rods and drilled ground wells”.  

However, in order to obtain the overall grounding system 
design in optimised way, using Deep-driven Vertical 
Electrode contacting with the Groundwater Table in high soil 
resistivity area is explored here.  

Due to the presence of dissolved minerals in groundwater, the 
conductivity of water is better (i.e.) its resistivity is far lower 
than resistivity of natural soil surrounded in the upper layers.   

The concept of using Groundwater is explored to find a 
feasible solution for implementing the grounding design. This 
concept is being adopted in Mid-Eastern Region where desert 
soil offers very high resistivity 

 

 

II. PROCEDURE FOR ASSESSING THE LENGTH OF DEEP 

VERTICAL ELECTRODE 

The resistivity is measured by using 4-point Werner method 
as per IEEE 81[2]. The Horizontal spacing between the 
adjacent electrodes defines that depth up to which the 
resistivity of the soil is measured. This method may not be 
able to detect the presence of water table preciously. 

The water table is detected using conventional Bore-hole 
method. The water table obviously varies with seasonal 
conditions like Spring, Summer, Autumn and Winter. During 
summer season the water table level goes to the lower depth, 
while during rainy period the water level tends to rise towards 
the ground surface. Hence, to obtain a conservative design 
(i.e.) Vertical Ground Electrode surface having contact with 
water during the Summer season water table level is taken into 
consideration. 

 Once the presence of water table is detected, the water is 
taken out for sample and same is sent to Chemical Laboratory 
to check for its electrical conductivity property. Based on 
result, the water’s electrical resistivity can be calculated. 

The typical value of resistivity of groundwater is in the range 
of  2.5 to 7 ohm-meters, as per IEEE 80 [1]. 

It is recommended to use two bore holes at diagonally 
opposite in the Substation Plot corners, in order to ensure that  
the contact of deep-well electrode with the water table would 
be ensured during all seasons. 

In some regions the availability of water table and monsoon 
period can also be checked with local municipality authorities. 

The presence of Groundwater enables the Design engineer to 
achieve proper Grounding system design by making use of it. 

Having detected water table, the length of vertical electrode 
shall be determined such that at least 2 metres length of 
electrode shall be penetrated into the water. 

III. MODELLING OF  GROUNDING SYTEM IN COMPUTER 

SOFTWARE 

Computer Software Program facilitates using Finite element 
analysis for earthing Grid. Two-layer Modelling of Soil is 
selected in the Finite Element model approach in the popular 
Grounding system software like Cymgrd, ETAP, etc. Cymgrd 
is used in the case study.  

mailto:aksm@lntecc.com


 

 

Sensitivity: LNT Construction Internal Use 

Measured field resistivity values, as shown in Table-1, are 
considered for modelling of soil.  

Two-layer Modelling requires determination of Upper layer 
soil Resistivity, Lower layer soil resistivity and Height of 
upper layer soil. 

 Soil Resistivity Value determined through 4 point Wenner 

method is considered as upper layer as ρ1, the Lower layer is 

considered as water table and therefore resistivity of water 

would be ρ2. The depth at which  Summer water table is 

traced shall be considered as top soil height (H) and an  
additional margin (say 10%) may be considered, on 
conservative basis, against dip in summer water table  

The Horizontal Mesh Grid is formed at 600 mm (typical) 
depth below the surface of the earth. The Deep Vertical 
electrodes are connected to the Grid. It is preferable to locate 
deep-well electrodes at the Corner of the Plot, while they may 
also be located at the mid of the earth grid. 

Further other associated parameters like Fault current, Shock 
duration, Surface gravel resistivity, Surface Layer thickness, 
Ground Conductor Material & its Cross Section, Split factor, 
Body weight of person are considered as per requirement of 
IEEE-80 and client Specification requirement.  

Finally, the Mesh size (i.e. Spacing between horizontal 
conductors) and Quantity of Deep Vertical Electrodes are 
varied until the required optimization is achieved, while 
satisfying the following basic objectives: 

 

o Ensuring GPR within the acceptable limit 

o Ensuring attainable Step & Touch potentials within 
the Tolerable Limits estimated. 

o Ensuring Ground grid resistance value within the  

         permissible limit. 

IV. VALIDATION OF THE RESULT 

Once the above designed Ground Grid system is executed 
at project site, it can be validated through field test at site. 

Ground Impedance, Step Potential and Touch Potential 
can be measured at site, as per the procedure 
recommended in IEEE 81 [2] 

The actual measured result can be compared against 
permissible value for validating the implemented design.  

V. CASE STUDY 

Case Study for one of the projects executed by Larsen & 
Toubro Construction, Power Transmission & Distribution 
IC is described below. 

A. Case Study  

GIS Grid S/S is considered for case study. The rated 
system fault current is 50kA for 1 sec.   

Substation Plot Area: 123 Mtr X 99 Mtr and the shape of 
plot is of irregular, as shown in Fig- (1). 

 

Fig. 1. Substation Plot   

(NOTE: ALL Dimensions are in Mtr]. 

The resistivity measured at 4 different locations of Plot as 
per Wenner 4-point method, and the values are Tabulated 
in Table- (1).  

The average resistivity of Soil is 270 Ohm-Mtr 

Water table is taken in the S/S Plot, and same was found 
at a depth of 28.30 Mtrs. The Laboratory Chemical tests of 
water shows that the conductivity of water is 5.12 mS/Cm 
and the resistivity is 1.953 Ohm-Mtr. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Table- 1. Soil Resistivity Values Measured at Site 
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B. Modelling of Soil 

The soil is modelled as user defined model with Two-layer 
approach. The Upper layer soil Resistivity is considered as 
270 ohm-Mtr, and the lower layer is considered as 1.953 
Ohm-Mtr. The Height of upper layer is considered as 
28.30 Mtr, after considering necessary margin for summer 
water table allowances. 

The Resistivity Plot is Shown in Fig - (2) 

 

 

Fig. 2. Soil Resistivity Model (user Defined) in CYMGRD 

 

 

C. Modelling of Grid Conductor 

The Horizontal conductors are buried in ground. The 
conductors are modelled according to the profile of the 
Plot area. The 10# Nos of Deep vertical electrodes (30 Mtr 
Long) are inserted into the Grid at desired location as 
shown in the Grid [ Fig- 3]. 

 

 

Fig. 3. Mapping of Horizontal Grid and Deep Vertical 

Electrode within S/S plot 
 

 

D.    Other Parameters 

Single Line to ground Fault Current: 50kA for 1 Sec 

System Ground: Solidly Grounded  

Split Factor: 0.45 

Effective fault current:  50 x 0.45 = 22.50 kA 

(considered for computing Step & Touch Potentials) 

 
Shock Duration: 0.50 Sec 

Surface Gravel Resistivity: 5000 Ohm-Mtr 

Surface Gravel layer thickness: 100 mm 

E.   Analysis 

When the fault current is injected into the Grid, the 

Surface potential on the plot is obtained as shown in     Fig 

- (4) . Further Surface potential can be obtained in section 

of PLOT as shown in Fig (4) and Fig (5) 

 

From the surface potential Plot, the attainable Step & 

Touch potential is well within the Limit of Tolerable 

Potential as per IEEE-80. 

  
The Ground Grid resistance calculated is 0.065 Ohms, 
which is within the stipulated requirement of 0.25 Ohms. 
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Fig. 4. Contour of Surface Potential on the Plot 
 

 

 

 

 

 
 

Fig.5 Potential Profile plot 
 

 

F. Validation of Results 

i) Measurement of Grid Resistance 

The earth grid resistance was measured using Fall of 
Potential Method, as per IEEE 81 [2]. The actual value of 
Earth Resistance obtained is 0.189 Ohm, which is within 
designed value of 0.25 Ohms. 

 

Table -2 : Measured Ground Impedance values  

 

 

       Fig. 6.  Ground Impedance values - Plot. 
 

ii) Measurement of Step Potential 

The Step Potential was measured as per IEEE 81 [2]. The 
Maximum actual value of Step Potential Measured is -
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54.12 Volts, which is within tolerable limit of 4927.42 
Volts.  

 

Table -3 : Step Potential Measured 

 

          Fig. 7. Step Potential for various Fault current  
 

iii) Measurement of Touch Potential 

The Touch Potential was measured as per IEEE 81 [2]. 
The Maximum actual value of Touch Potential Measured 
is 156.30 Volts, which is within tolerable limit of 1398.38 
Volts. 

 

Table -4 : Indicate the Touch Potential Measured 

 

 

 

Fig. 7. Indicates the Touch Potential for various Fault current  
 

G. Conclusion 

It is seen that when high resistivity soil encountered in limited 
Substation Plot area, it is difficult to achieve the Grounding 
Grid Resistance, Safe Step & Touch Potential within 
acceptable limits as per IEEE-80, by using conventional 
methods.  

IEEE-80 – 2013, clause 9.5 “Design in Difficult Conditions” 
recommends using deep driven ground rods and drilled 
ground wells.  

Configuration like Deep-well Ground electrode having 
contact with groundwater, which acts as current sink, as water 
resistivity is much lower due to the presence of dissolved 
minerals in water, is one of the viable solutions for effective 
grounding system. 

 This advantage is explored and analysed through Computer 
Ground Grid modelling using Cymgrd software and 
calculated values of attainable Step & Touch Potential and 
Ground Grid resistance, within limits as per IEEE-80 / 
specification. 

From the case study it is noted that after implementation of the 
Grounding Grid, necessary Field test like Ground Grid 
Resistance, Step & Potential were measured and compared 
against computed result and found that the measured values 
are within limits as per IEEE-80 / Specification. 

Thus, the results are validated. 

Hence, it can be summarised that this solution would work 
satisfactorily, when consistent water table level is ensured.  
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