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Abstract— Ground Potential Rise (GPR) caused by 
lightning strike is a potential hazard for electrical 
equipment inside an oil and gas refinery plant. In order 
to mitigate the risk, horizontal grounding grid is applied. 
The best mitigation is to install a grounding grid with 
mesh size as small as possible. This condition requires 
a high cost. In order to obtain the optimal mesh size, a 
series of simulation of a grounding grid with mesh size 
variations on GPR caused by lightning strike has been 
carried out. CDEGS software was used to observe the 
GPR with various mesh size from 6.5 x 6.5 m to 20 x 20 
m. Simulation results show that the maximum transient 
GPR rises as the grounding grid mesh size is increased, 
while the GPR distribution throughout the grounding 
grid area does not change much for different mesh 
sizes. In the other hand, decreasing the grid size would 
mean that more conductors are required, hence the cost 
would increase accordingly. The result shows that grid 
sizes from 6.5 x 6.5 m up to 20 x 20 m have no significant 
difference in term of GPR. In term of cost, 10 x 10 m does 
not show significant difference with 20 x 20 m, on the 
other hand, there is a significant difference for grid 
sizes 1 x 1 m to 10 x 10 m. From the results, grid sizes 
between 10 x 10 m up to 20 x 20 m are still applicable as 
stated in Petronas Technical.  To comply with proper 
GPR value, additional protection devices are needed to 
protect the electrical equipment from potential damage. 
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I. INTRODUCTION 

When a plant is struck by direct or indirect lightning, 
the lightning current will flow to the earth. On its way, 
the lightning current passes through the earthing or 
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grounding network. This occurrence will lead to the 
change of the earth potential, which furthermore will 
cause damage to the site or plant [1]. 

This potential change, which is known as the 
Ground Potential Rise (GPR) might occur since the 
grounding electrode itself has resistivity. The 
respective GPR will develop across the grounding 
electrodes with respect to remote earth [2]. Every 
electrical equipment which is located in or near the 
plant area might be damaged because the ground 
potential actually rises to thousands of volts above the 
remote earth potential [3]. However, many simulation 
works and experiments were done in the past on the 
GPR occurrence with various methods of testing and 
grounding system configurations [4-12]. 

II. GROUND POTENTIAL RISE 

GPR is defined as the maximum electrical potential 
that a ground electrode may attain relative to a distant 
grounding point assumed to be at the potential of 
remote earth [13]. This voltage, GPR, is equal to the 
maximum grid current multiplied by the grid resistance. 
GPR can be harmful to electrical equipment when a 
connection through two different appliances allows the 
current from lightning strike to flow through the 
equipment instead of flowing through the ground. 

The GPR at the point of current injection is given as 
in (1) [14]. 

GPR = IG × RG                      (1) 

IG  = Maximum grid current 

RG  = Total resistance of a grounding system 
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Although various standards consider the safety of 
human being against the step and touch voltages on a 
grounding facility, as in IEEE standard 80-2000 [15] 
and IEC 62305-(1-4) [16-19], there is yet enough 
attention on considering the safety of the power 
system, which may have a huge relationship with the 
GPR. Materials with high resistivities, such as gravel, 
cement, and crushed-rock, usually cover the top layer 
of the grounding system to improve the step and touch 
voltages limitation. The other way around is by 
increasing the density of the horizontal conductors in 
the grounding system [20]. In China, the maximum limit 
of allowable GPR of substation grounding system is 
only 5 kV [20]. 

III. GROUNDING GRID CONFIGURATION VARIATIONS 

In this paper, variations of mesh size are 
implemented for the grounding. The size of the mesh 
is changing in each case while maintaining the 
homogenous rectangular shape in the grounding grid. 
Consequently, grounding grid configuration with 
smaller mesh size will require a longer length of the 
conductor, while bigger mesh size will require a lesser 
amount of grounding conductor.  

 As mentioned before, improving the conductor 
density by decreasing the mesh size will sufficiently 
improve the grounding performance on dealing with 
step and touch voltages. A rectangular grounding grid 
can be divided into various numbers of mesh size. As 
the mesh size decreased, the conductor span will 
eventually get smaller.  Furthermore, the total length of 
a conductor will increase, and as this occurs, the 
impulse grounding resistance will decrease, which is 
confirmed by Zeng, shown in the graph on Figure. 1 
[21]. In Figure. 1, ρ is the earth resistivity. 

 

FIGURE 1. Influence of the conductor spans on impulse 

grounding resistance. 

  

FIGURE 2. Influence of the conductor spans on the maximum 

transient GPR. 

In his experiments, Zeng injected an impulse 

current, with a 2.6/50 µs and amplitude Im of 10 kA to 

the grounding grid. In Figure. 2, n is the number of 

individual grid squares inside the bigger grounding grid 

square. For example, in a 10 x 10 m grounding grid, if 

the individual grid size is 10 x 10 m, then n=1. If the 

individual grid size is 5 x 5 m, then n=4. If the individual 

grid size is 2 x 2 m, n=25. The result shows that lesser 

impulse grounding resistivity will eventually produce 

significantly smaller transient GPR for n = 4, n = 16, 

and n = 64. For n = 1, the difference with n = 4 is not 

drastic, and the graph is sloping rather gently. This is 

due to the fact that the impulse grounding resistivity is 

not reduced significantly for n = 1 and n = 4. In the 

opposite, it drops down from n = 4 onwards, causing 

the maximum transient GPR to decline significantly. 

Therefore, according to this experiment, having a 10 m 

span between the conductors will not effectively 

reduce the maximum transient. For simplicity, we may 

apply a higher span which requires lesser conductors 

and still gets a similar value of maximum transient 

GPR. 

IV.  METHODS AND SIMULATION PARAMETERS 

 As mentioned before, the modelling and 

simulation are to be carried out by using CDEGS 

software. Figure. 3 depicts how the grounding grid in 

the plant is modelled in the software. 

 

 
  

FIGURE 3. Diagram of grounding grid of the plant 

(represented by 200 x 200 m area). 

 

Later on, the soil profile, grounding grid system 
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parameters, lightning characteristics, and striking 

point are all inputted to the simulation model. The 

lightning model that is used in this simulation is 

defined in the standard made by IEC, as in Figure. 4 

[22]. The rise time of the lightning is about 10 µs, while 

the fraction time is 350 µs. Secondly, the current 

magnitude induced by lightning is 200 kA. Additionally, 

the striking point is located in the center of the 

grounding grid, 100 m in distance from each side. The 

lightning parameters in the simulation are shown in 

TABLE I. 

There are five variations of mesh size, from 6.5 by 

6.5 m to 20 by 20 m, as stated in TABLE II.  

The simulation results of current grounding grid 

system with mesh size of 10 m by 10 m are to be 

compared with the other mesh sizes to find out the 

most optimum mesh size for the oil and gas refinery 

plant. 

 

FIGURE 4. Lightning, IEC Std. 61643-11. 

 

 

TABLE 1. Lightning Strike Parameters. 

Parameter Value 

Type Standard 

Rise Time (µs) 10 

Maximum Magnitude (A) 200,000 

Fraction of Maximum 
Magnitude (p.u.) 

0.5 

Fraction Time (µs) 350 
 

TABLE 2. Grounding mesh size variation. 

Simulated 
grounding area 

(m2) 

Mesh size 
(m2) 

Number of 
ground rods 

200 x 200 

6.5 x 6.5 36 

7.5 x 7.5 36 

10 x 10 36 

15 x 15 36 

20 x 20 36 

 

V. RESULT AND ANALYSIS 

 Overall, the results are divided into two main 

subjects, which are the maximum transient GPR and 

the GPR distribution throughout the grounding grid 

area.  

A. Maximum transient GPR 

 The effects of different mesh sizes on GPR 

waveforms were measured. From Figure. 5 to Figure. 

9 show the maximum transient GPR distribution for 

mesh sizes from 20 m by 20 m to 6.5 m by 6.5 m 

mesh. TABLE III summarizes the maximum transient 

GPR for all mesh size variations, while the overall 

trend is shown in Figure. 10. 

 

 

FIGURE 5. Maximum transient GPR for 6.5 x 6.5 m mesh size. 

 

 

FIGURE 6. Maximum transient GPR for 7.5 x 7.5 m mesh size. 
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FIGURE 7. Maximum transient GPR for 10 x 10 m mesh size. 

 

FIGURE 8. Maximum transient GPR for 15 x 15 m mesh size. 

 

FIGURE 9. Maximum transient GPR for 20 x 20 m mesh size. 

TABLE 3. Maximum GPR for various mesh size. 

Mesh size Area (m) Maximum voltage (V) 

6.5 x 6.5 200 x 200 510,806 

7.5 x 7.5 200 x 200 518,493 

10 x 10 200 x 200 544,087 

15 x 15 200 x 200 559,078 

20 x 20 200 x 200 663,613 

 

 

 

FIGURE 10. Maximum transient GPR for various mesh size. 

 

The graphs show similar results with the 

experiments conducted by Rong Zeng et al. [21], even 

under different conditions and simulation parameters. 

Grounding grid with higher conductor density 

eventually produced less maximum transient GPR. In 

a 6.5 x 6.5 m grounding grid, after travelling for 20m, 

the induced lightning current dispersed into 28 

different way, and some part of it to earth. Meanwhile, 

in a 10 x 10 m grounding grid, the current dispersed 

into 20 different ways, and in 20 x 20 m grounding grid, 

they have only finished travelling 20m in 4 different 

ways. Due to this fact and the involvement of current 

already traveled to the ground, the graph would be 

non-linear.  However, the drops were insignificant, as 

both of them still potentially might cause severe harm 

on electronics devices.  

 

B. GPR distribution throughout grounding grid 

 From Figure. 11 to Figure. 15 depict the GPR 

distribution throughout the grounding grid area. The 

graphs are 3D charts which are rotated to bird’s eye 

point of view, and each point in the x and y axis stands 

for each of the horizontal conductors. 

 Furthermore, each different color in the graph 

indicates a certain range of voltage level, which is 

stated in the information below each graph. 
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FIGURE 11. 6.5 x 6.5 m mesh GPR distribution (Various color 

indicates voltage value). 

 

FIGURE 12. 7.5 x 7.5 m mesh GPR distribution (Various color 

indicates voltage value).  

 

FIGURE 13. 10 x 10 m mesh GPR distribution (Various color 

indicates voltage value).  

 

FIGURE 14. 15 x 15 m mesh GPR distribution (Various color 

indicates voltage value).  
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FIGURE 15. 20 x 20 m mesh GPR distribution (Various color 

indicates voltage value). 

 

 Typically, the GPR is smaller as the point of 

observation stand farther from the lightning striking 

point. The highest GPR level is to be found on the 

striking point. However, the GPR actually increases 

slightly by a very small amount when it reaches the 

edge of the grounding grid. The increase is less than 

1 kV. This is due to the limitation of the option for 

distributing the lightning current on the last conductor. 

Among all of the graph results, there is no significant 

difference in the GPR distribution.  

 The border between the red-colored area and the 

blue-colored area is where the GPR reaches 100 kV. 

As it seems, there is no significant difference among 

all the mesh size variations. The summarization of this 

radius perimeter of 100 kV GPR is shown in Table 4 

and Figure. 16. 

 
TABLE 4. 100 KV Radius Summarization. 

Mesh size Area (m) Distance (m) 

6.5 x 6.5 200 x 200 45.5 

7.5 x 7.5 200 x 200 45.75 

10 x 10 200 x 200 48 

15 x 15 200 x 200 52.5 

20 x 20 200 x 200 58 

 

  

FIGURE 16. 100 kV GPR radius summarization. 

  

Figure. 16 shows that grounding grid with smaller 

mesh size has a smaller area of where the GPR 

surpass 100 kV. However, all the grounding grid 

system variations are still not capable to limit the GPR 

properly, if the site is to be struck by 200 kA lightning.  

However, as shown in Figure. 17, the total 

conductor lengths from 1 x 1 m to 10 x 10 m are 

different exponentially. On the other hand, there is no 

significantly different for mesh sizes from 10 x 10 m to 

20 x 20 m. From this situation, it is recommended to 

have a mesh size between 10 x 10 m and 20 x 20 m.  

 

 
FIGURE 17. Total conductor length of 1 x 1 m up to 20 x 20 m 

mesh size. 

 The configuration of the electrical equipment 

connection very much defines how the protection 

device should be installed. The ground potential 

difference which leads to equipment damage may 

happen on separate ground electrode systems. 

Hence, a single point grounding is a must to prevent 

equipment damage.  

 Aside from the single grounding system, surge 

protection should be added on electrical equipment. 

This device works to limit transient voltages and divert 

surge current. If somehow a lightning strike induces a 

massive amount of current and causes an overvoltage 
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in the supply line, the excessive current will be 

distributed to earth through the surge protection 

device, which is connected in parallel with the load. 

 

VI. CONCLUSION 

 The rectangular grounding grid system in an oil 

and gas refinery plant with variations of mesh size has 

been modelled in order to study the effects of 200 kA 

lightning strike on GPR. The simulation results show 

that grounding grid with 6.5 x 6.5, 7.5 x 7.5, 10 x 10, 

15 x 15, and 20 x 20 mesh size has 45.5, 45.75, 48, 

52.5, and 58 m of radius where the GPR reaches 100 

kV respectively. 

 Since in most cases the GPR limit is only about 5 

kV, there is no significant difference on the maximum 

transient GPR level and GPR distribution of various 

mesh size grounding grid system. According to the 

data, grounding grid with smaller mesh size has less 

area with GPR of 100 kV, if injected with 200 kA 

lightning. 

 GPR is smaller as the point of observation stand 

farther from the lightning striking point. When the 

injected current reaches the edge of the grounding 

grid, the GPR increases slightly by a very small 

amount, less than 1 kV, as there is a limited option for 

distributing the lightning current on the last conductor. 

  Based on these results, there is no need for 

changing the ground grid system configuration in 

order to reach optimum performance on facing GPR 

from lightning strike. 
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