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Abstract— Grounding resistance could be reduced significantly 
with the usage of ground enhancing compounds in lightning 
protection systems. This paper presents the results of a series of 
field measurements on commercially-available ground enhancing 
compounds. It is the aim of this study to assess the behavior of 
ground enhancing compounds, which are widely used in 
grounding systems, in order to decrease the grounding resistance 
value. It is well known that most of the rise of potential of the 
grounding rod is determined by the soil resistivity surrounding 
the grounding rod and the magnitude of the applied current. As a 
result, the lowest feasible grounding resistance value is desirable, 
in order to provide the lowest impede path for fault currents to 
be dispersed into the earth, in the shortest time possible. For this 
purpose, five grounding rods were driven, each one of them, in 
different ground enhancing compounds. The measurement 
results are presented in relation to time and to rainfall. 
Furthermore, several thoughts, comments and proposals are 
presented about: a) the use feasibility of ground enhancing 
compounds, b) the choice of the suitable compound, in relation 
with the cost and the achieved grounding resistance value, c) the 
time and weather conditions influence on ground enhancing 
compound behavior. 

Keywords-grounding system, soil resistivity, grounding 
resistance, ground enhancing compounds. 

I. INTRODUCTION 

Grounding plays an important role in transmission and 
distribution network for the safety operation of any electrical 
installation. A grounding system in order to be effective, its 
grounding resistance must be maintained in low levels during 
the whole year [1-2]. This is not possible all the time, as long 
as several times there is a lack of space for the installation of 
grounding system, or in case there is sufficient space for the 
construction, the cost maybe prohibitive. 

Furthermore, besides the grounding system array, the soil 
type plays a major role in determining the grounding 
resistance value, in which the system is about to be installed, 
due to its high possible soil resistivity, or its particularly 
corrosive environment. The variable weather conditions on 
grounding system site also compose a complex factor, because 
of the alteration in the soil resistivity value they may cause 
during the year [3-4]. 

For this reason, several techniques are developed for 

reducing the grounding resistance value and preserving it in 
low levels [5-13]. Due to the fact that the expansion of an 
existing grounding system, with the installation of additional 
electrodes, either is much expensive or in many cases is 
impossible, an alternative with soil enriching is widely used 
by installing ground enhancing compounds around the 
grounding electrodes. 

II. GROUND ENHANCING COMPOUNDS 

The usage of ground enhancing compounds is usually 
recommended, especially in rocky soil, which is a usual 
attribute on many sites in Greece, due to the large number of 
rocky mountains. These materials are laid inside the trench, 
where the grounding electrode is installed and mixed with the 
natural soil. In this way, a soil resistivity decrease is achieved, 
nearby the electrode, which results in a corresponding 
decrease of grounding resistance value. 

Several studies have been carried out on natural and 
chemical ground enhancing compounds in the last decades. In 
the beginning, research addressed to bentonite and his 
properties. Kutter and Lange [5] and Mc Gowan [6] studied 
the bentonite properties, by comparing the soil resistivity 
achieved using bentonite as ground enhancing compound, to 
the initial soil resistivity of natural soil, under towers of 
transmission lines. In early ‘80s, Warren R. Jones [7] 
suggested an installation method using bentonite rods. In his 
experiment, bentonite rods were field tested against driven 
rods, at three sites with different soil texture. The results 
revealed a significant decrease on grounding resistance, up to 
36% and the result was consistent during the year. In 1999, 
Kostic et al. [8] experimented on bentonite suspension, 
bentonite powder and waste drilling mud by using them as 
enhancing compounds for the improvement of the electrical 
properties of grounding loops. The measurements were 
performed at two sites and the results showed a restrain in the 
variations of the grounding resistance of the loops covered 
with these compounds. Moreover, the outcome was quite 
encouraging for the bentonite powder, as it could equally 
treated, as enhancing compound, to bentonite suspension. Yet, 
due to the high cost of this material in many countries, other 
materials were studied as close substitutes to bentonite, in 
order to be used as ground enhancing compounds, with a 
lower cost and an equal or even greater performance. 
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materials A, B and C, are still a quite reliable solution to high 
resistance problems, appeared in ground types with high soil 
resistivity values. 

In the future, a lot of work has to be done; further field 
measurements are needed to be obtained, for over a period of 
3 to 5 years, in order to observe the performance of ground 
enhancement compounds in variable conditions from season to 
season and from year to year. This is very important for the 
credibility of the comparison among the different materials 
and in order to ensure safe conclusions. 

In addition, more grounding systems with ground 
enhancing compounds must be installed in different soil types, 
aiming an integrated evaluation of their performance under 
various ground conditions. The investigation on compound 
performance in different soil types may provide valuable 
information about material shrink and loss and, more 
specifically, about the factors that cause or even contribute to 
this phenomenon. Significant improvements could be 
suggested and applied in material formation, in order to avoid 
such material failures and to achieve the most suitable 
combination “soil type - enhancing compound” with the best 
possible results. 

Laboratory tests must also be performed, in order to 
investigate, the behavior of the substances under impulse 
current and the possibility of degradation of their capability to 
maintain grounding resistance in low values, in case of 
impulse stress. 
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