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SUMMARY 
 
Soil resistivity is one of the main factors influencing the earth grid design. Soil resistivity 
measurement is carried out to determine the actual value for the in situ soil under the 
prevailing weather conditions. Although it is known that the soil resistivity varies annually 
with the seasonal change no correction factors are known to be available for use in South 
Africa.  It is therefore necessary to determine a set of “seasonal soil resistivity correction 
factors” to be applied as necessary. Practical constraints limit the development of a set of 
nationally applicable correction factors and a single correction factor cannot be applied 
nationally.  This paper documents the work done so far in the Gauteng area in relation to 
measurements carried out, initial conclusions arrived at and the development of an initial 
correction factor. The correction factor has been proven to meet the minimum safety 
requirements (i.e. touch and step potentials) in the earthmat design for all seasons.  
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1. INTRODUCTION 
 
Soil resistivity is defined as the resistance between opposite faces of a cube of soil having 
sides of length 1 m [1]. This value is expressed in ohm meter (Ωm). Soil resistivity is one of 
the main factors influencing the earth grid design.  
 
The soil resistivity data is used in the calculation to assess the Rise of Earth Potential of the 
earthing system under earth-fault conditions that enables the determination of the Step, 
Touch and Transfer Potentials [2]. Soil resistivity which is a measure of how much the soil 
resists the flow of electricity varies not only with the type of soil but also with temperature, 
moisture, salt content, and compactness [3]. Variations in soil resistivity have considerable 
influence on the performance of most earthing systems, affecting both the value of earth 
resistance and ground potential rise as well as the step and touch potentials [4]. A good 
earthing system is the fundamental insurance to keep the safety of operators in the 
substation and for reliable operation of controlling equipment in the power system [5].  
 
Soil resistivity measurement is carried out to determine the actual value for the in situ soil 
under the prevailing weather conditions. Seasonal variations will also affect soil resistivity, 
primarily due to changes in soil moisture content [2]. Although it is known that the soil 
resistivity varies annually with the seasonal change, no correction factors are known to be 
available for use in South Africa.  It is therefore necessary to determine a set of “seasonal 
soil resistivity correction factors” to be applied as necessary. Practical constraints limit the 
development of a set of nationally applicable correction factors and a single correction factor 
cannot be applied nationally. 
 
 

 

Figure 1: Site location, MWP, Sunninghill, South Africa. (S1T1 – Site 1 Traverse 1) 
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For the purpose of this study, two sets of traverses were selected at the Eskom Mega Watt 
Park (MWP) premises in Sunninghill, South Africa. The chosen site location is shown in 
Figure 1. This site was chosen on the basis of ease of access and cost saving. Different soil 
composition gives different average resistivity but moisture has a great influence on 
resistivity value of the soil [12]. In this paper, variation of soil resistivity due to seasonal 
change is analysed, as well as the impact of applying the correction factor to an earth grid 
design. 

 

2. SEASONAL INFLUENCE ON SOIL RESISTIVITY 
 

Soil resistivity is one of the important key parameters when designing the earthing system, 
resistance of the earth grid is heavily influenced by the resistivity of the soil.  
 
Soil resistivity not only depends on the moisture content but also on salt content, dissolved 
substances, porosity of the soil and soil temperature [7]. Soil resistivity varies widely by 
region due to differences in the soil type and changes seasonally due to the variations in the 
soil’s electrolytic content and temperature.  
 
The soil resistivity may vary with high resistivity values in the dry season and lower values 
during the wet season. The resistivity of the soil varies widely throughout the world and 
changes seasonally. Since there is a variability of soil resistivity, IEC standards require that 
the seasonal variation in soil resistivity be accounted for in transmission system design [14]. 
Studies indicate that during rainy season, soil resistivity decreases abruptly, when moisture 
content accounts for less than 15% of soil weight. However, the effect becomes negligible 
when the moisture content exceeds 22% [5][6]. Soil resistivity increases very slowly, when 
temperature decreases from 25 0C to 0 0C. Below 0 0C, moisture content in the soil starts 
freezing and the resistivity increases in winter season [5] [8] [10]. Studies show that soil 
resistivity varies by a factor of ten or more in areas where the soil freezes. This may result in 
significantly higher values during the winter season of the year. Freezing, like drying, 
increases resistivity by one to two orders of magnitude, but the effect is generally restricted 
to the top surface layer 0.1 m - 1 m deep [9]. During summer, the upper layer becomes dry 
and hence the resistivity of this layer increases. 
 
In South Africa, earthing systems are installed in widely differing soil types and geological 
context, and majority of the areas are subject to a range of climatic conditions. Soil resistivity 
is usually measured at the ‘Greenfield’ site at the design stage. This soil resistivity data will 
be used in the calculation to assess the Grid Potential Rise of the earthing system under 
earth-fault conditions that enables the determination of the Step, Touch and Transfer 
Potentials [4]. 
 
3. CLIMATE OF SOUTH AFRICA 
 
South Africa is situated between two oceans, Atlantic and Indian in the Southern 
Hemisphere’s subtropical zone. It has a wider variety of climates than most other countries 
in Sub-Saharan Africa, and it has lower average temperatures than other countries within 
this range of latitude, because much of the interior including the site on this research is at 
higher elevation. Winter temperatures may reach freezing point at high altitudes, but are at 
most, mild in coastal regions, particularly the Eastern Cape. The weather is also influenced 
by El Niño-Southern Oscillation (ENSO). South Africa experiences a high degree of 
sunshine, with rainfall about half of the global average, increasing from west to east, and 
with semi-desert regions in the north-west. While the Western Cape has a Mediterranean 
climate with winter rainfall, most of the country experiences summer rainfall. The seasonal 
calendar for South Africa is shown in Table 1. 
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South Africa does not really experience four distinct seasons. Throughout South Africa the 
transitional seasons of autumn and spring tend to be very short. The mid-summer is in 
January and mid-winter in July [13]. 

 

Table 1: Seasons of South Africa 

Season Month 

Summer December - February 

Autumn March - May 

Winter June - August 

Spring September - November 

 

 

4. MATERIAL AND METHODS  

 
This study was carried out from December 2015 and will continue until November 2017. The 
method used was the conventional four electrode method (the Wenner method). 
Measurements were done at two selected sites for the probe spacing 0.5m, 1m, 2m, 3m, 
4m, 5m, 10m, 15m, 20m, 30m, 40m and 50m. The measurements were done as per the 
guidance given in the Eskom standard [1].  
 

    
 

Figure 2: Site 1.                                                     Figure 3: Site 2. 
 
Two sites were chosen for the measurement purposes, viz. measurement comparison and 
error corrections. Site 1 (Figure 2), an open land covered with grass whereas site 2 (Figure 
3) is sandy with blue gum trees all around which adversely affect the retention of moisture. 
For this study, effects of geology, temperature and moisture were not monitored; the focus 
was merely on the varying seasons. 
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5. RESULTS 
 
Soil resistivity measurements on a monthly basis were conducted for a period of one year. 
Two perpendicular 150 m long traverses per site was selected. The measurements from the 
two traverses at site 1 correlated very well with each other compared to that at site 2.  The 
difference in measurements from the two traverses at site 2 can be attributed to the 
presence and growth of blue gum trees which adversely affect the retention of moisture. An 
average value of the measurements from the traverses 1 and 2 at site 1, for different probe 
distances, over the period December 2015 until November 2016 is shown in Table 2. A 
graphical representation of this information is depicted in Figure 4. Measurements 
represented by a bi-logarithmic graph are shown in Figure 5. 
 

 
 

Figure 4: Soil resistivity variation for the year at different probe distance at Site 1. 
 

 

Figure 5: Bi-logarithmic representation of measurements. 
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6. DISCUSSION 
 
For the purpose of analysis, average measurements of Traverses 1 and 2 from site 1 have 
been chosen (Table 2). The results of these measurements provide us with a broader picture 
on the variation of soil resistivity with the seasonal change. On average a 22% variation in 
soil resistivity has been observed through the 12 month period.  
 
It was found that the maximum resistivity was reached in July/August (winter) and the 
minimum in September (spring). It is further observed that the soil resistivity measured for 
probe distances 0.5 m, 1 m and 2 m (upper layer) is much more variable as compared to 
larger probe distances (bottom layer). The resistivity variations are more pronounced in the 
upper layer than the bottom layer. Study results show that soil resistivity changes more 
significantly in the upper surface over various seasons. A graphical representation of the 
minimum and maximum values measured over a year for the given probe distances, are 
depicted in Figure 6. It shows that the variation in soil resistivity of the upper soil layer is 
more than four times that of the lower soil layer. 
 

 

Figure 6: Extend of the variation in soil resistivity. 
 
                        

Table 2: Average Soil Resistivity for a year at Site 1. 
 

 

Probe 
dis tance

Dec 
2015

Jan 
2016

Feb 
2016

Mar 
2016

Apr 
2016

May 
2016

Jun 
2016

Jul 
2016

Aug 
2016

S ep 
2016

Oct 
2016

Nov 
2016

0 .5  m 686.44 353.59 664.45 578.37 804.25 535.64 725.71 730.42 683.30 734.19 489.93 424.27
1 m 535.96 294.68 468.73 256.67 405.58 411.55 485.69 564.54 469.98 457.42 444.85 321.70
2 m 381.39 287.14 355.63 247.87 316.04 336.15 381.39 415.32 388.93 269.93 390.19 277.09
3 m 368.41 315.82 366.44 304.14 327.04 355.60 402.06 426.00 410.92 263.52 399.61 296.79
4 m 383.53 331.63 380.26 296.06 342.31 359.15 397.60 419.47 421.85 275.45 401.37 330.12
5 m 355.47 328.61 369.77 294.21 372.12 349.03 371.49 384.53 386.10 230.91 373.38 327.51

10 m 276.46 275.83 301.91 273.00 307.88 277.40 286.20 280.54 303.16 181.58 300.34 280.54
15 m 273.32 266.25 272.38 272.85 317.62 363.80 276.62 281.80 291.23 197.45 281.33 275.20
20 m 302.22 299.08 327.98 307.25 386.42 303.48 309.76 313.53 319.19 237.44 363.17 305.99
30 m 371.62 358.42 368.51 360.87 452.39 365.49 378.40 376.99 382.93 290.38 410.92 362.76
40 m 390.56 368.19 385.16 380.64 408.28 386.29 400.24 405.01 410.04 290.79 406.02 370.58
50 m 402.60 355.79 390.66 375.11 432.13 402.75 407.15 421.76 433.07 280.86 397.88 351.39

Mean 394.00 319.59 387.65 328.92 406.00 370.53 401.86 418.33 408.39 309.16 388.25 327.00

Median 376.50 322.22 369.14 300.10 379.27 361.47 389.49 410.17 399.48 272.69 398.75 324.61

S D 115.00 34.94 99.83 90.19 134.43 64.29 117.31 124.50 102.00 150.42 56.23 44.68

CV 29.19 10.93 25.75 27.42 33.11 17.35 29.19 29.76 24.98 48.66 14.48 13.66
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As per Table 2, it can be concluded that several layers of soil exists at the site, each having 
a different resistivity.  The variations of the soil resistivity from the average value also 
indicate existence of multilayer soil.  
 
From this analysis it is obvious that development of a set of seasonal soil resistivity 
correction factors are necessary. A correction factor is any mathematical adjustment that is 
to be applied to account for deviations in either the sample or the method of measurement 
[11].   
 
7. DERIVATION OF CORRECTION FACTOR 
 
Correction factors are drawn from the measurements conducted. With the fact that the soil 
resistivity measured for the upper surface is much more variable, separate correction factors 
are derived for the upper layer and lower layer. Upper layer includes probe distances 0.5 m 
to 2 m and lower layer, 3 m to 50 m. The high resistivity value for each probe distance has 
been considered as 1 p.u. and the rest converted to this unit as a ratio.  
 

Table 3: Derived Soil Resistivity Correction factors per month. 
 

 
 

Correction factors were derived for each probe distance/depth (Table 3) and mathematical 
adjustment hence made possible to account for measurements done in other months. 
Separate correction factors are derived for upper layer and lower layer based on the 
observation that the seasonal influence is different on these layers (Table 4). 
 
Various sites across South Africa are to be identified to conduct a similar measurement 
exercise since the soil resistivity varies widely by region due to difference in soil type and 
seasonal change. 
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distance 
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n-
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-1
6

Se
p-

16

O
ct

-1
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N
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0.5 1.17 2.27 1.21 1.39 1.00 1.50 1.11 1.10 1.18 1.10 1.64 1.90
1 1.05 1.92 1.20 2.20 1.39 1.37 1.16 1.00 1.20 1.23 1.27 1.75
2 1.09 1.45 1.17 1.68 1.31 1.24 1.09 1.00 1.07 1.54 1.06 1.50
3 1.16 1.35 1.16 1.40 1.30 1.20 1.06 1.00 1.04 1.62 1.07 1.44
4 1.10 1.27 1.11 1.42 1.23 1.17 1.06 1.01 1.00 1.53 1.05 1.28
5 1.09 1.17 1.04 1.31 1.04 1.11 1.04 1.00 1.00 1.67 1.03 1.18
10 1.11 1.12 1.02 1.13 1.00 1.11 1.08 1.10 1.02 1.70 1.03 1.10
15 1.33 1.37 1.34 1.33 1.15 1.00 1.32 1.29 1.25 1.84 1.29 1.32
20 1.28 1.29 1.18 1.26 1.00 1.27 1.25 1.23 1.21 1.63 1.06 1.26
30 1.22 1.26 1.23 1.25 1.00 1.24 1.20 1.20 1.18 1.56 1.10 1.25
40 1.05 1.11 1.06 1.08 1.00 1.06 1.02 1.01 1.00 1.41 1.01 1.11
50 1.08 1.22 1.11 1.15 1.00 1.08 1.06 1.03 1.00 1.54 1.09 1.23

MEAN 1.14 1.40 1.15 1.38 1.12 1.20 1.12 1.08 1.09 1.53 1.14 1.36
Normalised 1.06 1.30 1.07 1.28 1.04 1.11 1.04 1.00 1.01 1.42 1.06 1.26

1.10 1.88 1.19 1.76 1.24 1.37 1.12 1.03 1.15 1.29 1.33 1.72
1.07 1.82 1.16 1.70 1.20 1.33 1.09 1.00 1.12 1.25 1.29 1.67
1.16 1.24 1.14 1.26 1.08 1.14 1.12 1.10 1.08 1.61 1.08 1.24
1.07 1.15 1.05 1.17 1.00 1.05 1.04 1.02 1.00 1.49 1.00 1.15
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Mean Upper layer
Normalised
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Normalised



 

Christy.Thomas@eskom.co.za 

 

 

 
Table 4: Seasonal Soil resistivity Correction factor (Gauteng). 

 

 
 
 
8. VARIATION OF SAFETY PARAMETERS 

 
To evaluate the impact of the annual change in soil resistivity on the safety parameters it 
was decided to test it on typical Distribution (sub-transmission HV/MV) and Transmission 
Substation Earth grids. The Earth Grid analysis was conducted in CDEGS to determine the 
Grid Potential Rise, Touch and Step potentials. To indicate the importance of a normalised 
Earth mat, touch voltage for the different soil measurement results over the period of 12 
months has been tested. To indicate the impact on operator safety it was decided to report 
the Touch Potential results only (Step Potential was lower than the required limit in all 
cases).  
 
A distribution (sub-transmission HV/MV) substation with dimensions 51.5m x 68.2m was 
used for the first case study. The measured soil results for January 2016 were used to 
optimise the earth grid for touch potential when a fault current of 5kA is injected. This earth 
grid was then used to determine the impact of the varying soil resistivities on the expected 
touch potentials for each of the remaining eleven months. Figure 7A gives the expected 
maximum touch potential per month together with the maximum touch limit. It can be 
observed that the maximum touch voltage is lower than the touch limit for only two of the 
twelve months (January and March).  This can be expected if the measurement results as 
given in Table 2 are evaluated closely, because it increases with the increase in soil 
resistivity. 
 
Next the correction factor for January was applied to the January measured soil results, and 
these corrected soil resistivity values were used to optimise (modify) the earth grid design 
and again ensure it is safe with regards to touch potential. This modified earth grid was then 
used to determine the impact of the soil measurements done for the other eleven months. As 
can be seen in Figure 7B, the maximum expected touch potential per month is lower than 
the corresponding touch limit for all twelve months.  

Weather / Ground 
conditions

Upper layer 
(0.5m, 1m, 2m)

Lower layer       
(3m to 50m) 

December Sunny / Dry 1.07 1.07

January Sunny,rained / Dry 1.82 1.15

February Cloudy,rained / Dry 1.16 1.05

March Sunny / Dry & dew 1.70 1.17

April Sunny,hot / Dry 1.20 1.00

May Sunny,cold / Dry 1.33 1.05

June Sunny,rained,cold / Dry 1.09 1.04

July Sunny,rained,cold / Damp 1.00 1.02

August Sunny,warm / Dry 1.12 1.00

September Sunny,hot / Dry,hard 1.25 1.49

October
Sunny,rained,hot,humid / 

Damp
1.29 1.00

November Sunny,humid, hot / Dry 1.67 1.15
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Figure 7: Variation of Touch Voltage in a typical Distribution Substation:  
(A) Measured soil for 12 months (B) Corrected soil (in January) 

 

 
 

Figure 8: Variation of Touch Voltage in a typical Transmission Substation:  
(A) Measured soil for 12 months (B) Corrected soil (in September) 
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A similar study was conducted on a Transmission Substation Earth grid with a size of 440m 
x 280m. The soil measurement results for September 2016 were used and the earth grid 
optimised for an injected fault current of 15kA. The Touch Potential safety limits and 
resultant maximum Touch Potentials for the 12 months period is shown in Figure 8A. It can 
be seen that the earth grid is only safe for September which the only month with a maximum 
Touch Potential less than the associated limit. 
 
Next the correction factor for September was applied to the September measured soil 
results, and these corrected soil resistivity values were used to optimise (modify) the earth 
grid design and again ensure it is safe with regards to touch potential. This modified earth 
grid was then used to determine the impact of the soil measurements done for the other 
eleven months. As can be seen in Figure 8B, the maximum expected touch potential per 
month is lower than the corresponding touch limit for all twelve months. 
 
From this study it is clear that the Earth Grid designed for a particular month’s soil resistivity 
measurement need not to be safe over all seasons of the year. The soil resistivity Correction 
Factor is a prerequisite to design an Earthmat which will make the Substation safe for 
human beings and equipment over all seasons. 
 
9. CONCLUSION 
 
In this brief review it has been demonstrated that the seasonal variation has a considerable 
impact on the soil resistivity. As a result it is reasonable to conclude that the resistance of 
the earth grid system will vary throughout the different seasons of the year.  
 
The earth grid must cater for the expected worst case seasonal conditions and for this 
reason the wort case expected soil model should be used for its design. A multiplicative 
correction factor is therefore required to be applied for the month in which the measurements 
to be used for the design are done. Such a correction factor has been proposed for use in 
the greater Gauteng area of South Africa, and the impact thereof tested on typical 
Distribution (sub-transmission HV/MV) and Transmission Substation Earth grids.  The impact 
of designing with the uncorrected soil has been compared with the scenario of designing 
with the corrected (or adjusted) soil. 
 
It has been shown that for both the typical Distribution and Transmission Substation Earth 
grids it is of the utmost importance to make use of the corrected soil to ensure safety 
requirements are met for all seasons.  
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