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Abstract. One way to reduce the value of grounding resistance is to replace the electrodes'
backfill material with other materials such as; gypsum, charcoal powder, and bentonite. In this
paper we report the use of zeolite powder as a backfill material to bury the electrodes of the
grounding system. The purpose of this research is to compare zeolite and pure soil to be used as
a backfill material. The type of electrode used is a single rod electrode. The parameters measured
were grounding resistance, rain intensity, moisture and pH of the backfill material.
Measurements were taken every day for 30 days. It was found that zeolite as a backfill material
is better than pure soil which is often used so far. It is seen that the resistance value of grounding
system using rod that buried in zeolite as a backfill material is lower than a half of the resistance
value of grounding system when using pure soil as a backfill material. From this research it was
also found that the moisture of the backfill material was higher by using zeolite than pure soil.
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1. Introduction
A reliable grounding system is needed to protect all electrical equipment both during normal conditions
and in fault conditions. The grounding system provides a line for the flow of electric current to the earth,
so that the touch voltage and step voltage that arise are still within a safe tolerance for humans around
the equipment. The touch voltage and the step voltage arising on electrical system equipment are
determined by the amount of ground resistance [1]. A low ground resistance value is not easy to obtain
because it depends on various types of soil conditions. In reducing ground resistance, it must consider
several factors that affect soil resistance, namely soil moisture, temperature, soil characteristics, and
chemical composition in the soil [2].
The effect of soil moisture is dominant in reducing ground resistance. Grounding electrodes
embedded in moist soil will make the grounding system resistance value is lower and more stable. In
recent decades researchers have explored the appropriateness of the use of backfill material to minimize
the grounding system resistance. The backfill material often used include gypsum, charcoal
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powder, and bentonite [2]–[7]. The backfill material is expected not only to reduce the grounding system
resistance but also to keep it low for a long time without much fluctuation. The backfill material from
the soils tends to make the grounding resistance in fluctuating according to weather conditions. In the
rainy season the grounding resistance tends to decrease, while in the dry season it tends to rise.
This paper presents zeolite powder used as a backfill material. The type of electrode used is a
single rod electrode. The single rod electrode was buried using zeolite as a backfill material, then the
grounding resistance value was measured every day for one month. In addition to the grounding
resistance value, rain intensity, humidity and pH of the backfill material are also measured. These
measurements are carried out to obtain the effect of rain intensity and humidity on changes in grounding
resistance. As a comparison, soil is also used as a backfill material. Finally, we compare the grounding
resistance value in a single rod grounding system using zeolite and soil as backfill materials.
2. Experimental Setup
2.1. Material
Zeolites are formed from volcanic ash that settled millions of years ago. The properties of zeolite
minerals vary greatly depending on the type and content of zeolite minerals. Zeolites have a hollow
structure, usually these cavities are filled with water and cations that can be exchanged and have a certain
pore size. Zeolites are hydrated alumino silicate compounds consisting of SiO 4 and AlO4 tetrahydra
bonds that are connected by oxygen atoms to form a skeleton. In the zeolite skeleton, each Al atom is
negative and will be neutralized by bonds with easily interchangeable cations. The easily
interchangeable cations present in the zeolite skeleton influence the absorption process and thermal
properties of zeolites. In addition to the type of cation, the absorption ability of zeolites is also influenced
by the ratio of Si / Al and the geometry of the zeolite pores, including the inner surface area, pore size
distribution and pore shape [8]. The physical form of zeolite can be seen in Figure 1.

Figure 1. Zeolite powder
Zeolites have chemical properties including dehydration, absorption, ion exchange, catalysts, and filters
or separators. In general, there are three activation processes that can be carried out on natural zeolites,
namely physical activation by heating and scaling down, chemical activation with acids and chemical
activation using alkalis [9].
2.2. Measurement
2.2.1. Rain Intensity Measurement. The measurement of rain intensity aims to determine the effect of
rainfall intensity on the reduction in grounding system resistance. The rain intensity measurements were
carried out using the Hasper Der Werduwen method, with measurements setup is shown in
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Figure 2. The rain that falls is collected in a standard rain gauge and measure its height in millimeter
after every one hour. The rain intensity gauge is placed close to the ground hole where a single rod
electrode is buried. The rainfall collected will be measured in mm and then the volume and intensity of
the rain is calculated according to the Hasper Der Weduwen method [10].
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Figure 2. Rain intensity measurement

Figure 3. Arrangement of the grounding electrodes
buried in backfill material

2.2.2. Grounding Resistance Measurement.The measurement of grounding resistance on a single rod
electrode is carried out using the 3 point method [10]. The holes where the electrodes are buried is made
with a depth of 100 cm and a diameter of 10 cm. Two holes are provided, namely for electrodes buried
in zeolite and soil as backfill material in respectively. Figure 3 shows the arrangement of grounding
electrodes. The first electrode is buried in the first hole with zolite as a backfill material and the second
electrode is buried in the second hole with pure soil without additives as a backfill material. Each hole
requires approximately 8 kg of backfill material. The measurement of grounding resistance is carried
out by using the Earth Tester Kyoritsu Model 4105A with a three point method. The measurement
settings for grounding resistance can be seen in Figure 4.
5 meter

5 meter

Electrode

Moisture
Tester

Auxiliary electrodes
Grounding electrode
Soil or Zeolite

Backfill Material

Figure 4. Arrangement of the grounding resistance
measurement

Figure 5. Measurement setup for moisture
and pH tester

2.2.3. Moisture and pH Measurement. The measurement of humidity and pH is performed using a 2 in
1 moisture tester that can be used to measure moisture and pH of backfill material. The arrangement of
moisture and pH measurements of the backfill material can be seen in Figure 5. The measurement of
humidity and pH of the backfill material, the intensity of rain and grounding resistance are carried out
twice a day, at 06.00 in the morning and at 16.00 in the afternoon for 30 days.
3. Results and Discussion
Figure 6 shows a comparative graph of the resistance of a single rod grounding buried in zeolite
and pure soil as a backfill material. The value of grounding resistances on the first day until the 10th
day fluctuates and tends to rise significantly. Starting on day 6 there is a tendency for an increase in
grounding resistances for electrodes embedded in pure soil to be higher than those buried in zeolites.
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On the 9th day there was rain with a very high intensity. The decrease in the grounding resistance on
10th day, both for electrodes buried in the zeolite backfill and in pure soil, are thought to be due to the
high intensity of rain on day 9. On the 10th day there was a drastic reduction in grounding resistances
with a decrease in percentage of 63%. Starting on day 10 there was a significant difference in the value
of grounding electrodes buried in pure soils and zeolites. This proves that zeolites can absorb moisture
better than pure soils.

Rain Intensity

Soil

Figure 6. Variation of grounding resistances and rain intensities for 30 days Furthermore,

Moisture (%)

Rain Intensity (mm/hour)

on the 10th to 15th day the grounding resistances tend to decrease even though the
intensities of rain are zero at all times. On the 16th day until the 23rd day the intensities of rain fluctuated
but they could not affect the earth resistance values. The grounding resistances tend to remain at all
times. The measurement results of grounding resistance with rods buried in zeolite as backfill material
for 30 days have been obtained, of which the lowest value is 86 Ω. Meanwhile for backfill materials
using pure soil, the lowest value is 190 Ω. In other words, it can be written that the resistance value of
grounding system using rod that buried in zeolite as a backfill material is lower than a half of the
resistance value of grounding system when using pure soil as a backfill material.

Figure 7. Variation of moistures of backfill materials for 30 days
Figure 7 shows the graph of the relationship of rainfall intensities to moistures of pure soil and
zeolite. In this graph, it is seen that there are correlation between rainfall intensities and the moistures
of backfill materials. The moistures of pure soil fluctuate below 10%, while the moistures of zeolite
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are stable at 10%. However it could be assumed that the moistures of zeolite sometimes above 10%, but
because of the measuring instrument used only able to measure up to the range of 10% so that the graph
of moistures of zeolite as if they seen constant at values of 10%.

Acidity Level (pH)

Figure 8 shows the measurement data for the acidities (pH) of the backfill material; zeolite and
pure soil for 30 days. In the graph is seen that the pHs level of zeolites is almost always higher than the
pHs of pure soils. In other words it can be written that the zeolite materials are more alkaline than pure
soil materials, except on the 18th day and the 25th day. It is not clearly seen the cause of the increase in
pH levels of the soil during these two days. There were only rain with low intensities on those two days.
One conclusion can be obtained that the higher the acidity of the backfill material (the lower the pH
level), the higher the earth resistance.

Figure 8. Variation of acidities (pH) of backfill materials for 30 days
4. Conclusion
This work has been carried out in order to look for the properties of zeolite as a backfill material in the
design of grounding systems in electric power systems, specifically the ground value of earth. The work
has also been done to see the relationship between rainfall intensity, humidity and pH level on ground
values. It has been found that the resistance value of a grounding system using a single rod that buried
in zeolite as a backfill material are lower than a half that of a grounding system when using pure soil as
a backfill material. During 30 days measurements were obtained that the level of Humidity of zeolite
was higher than that of pure soil. It is probably to be the reason why the grounding resistances of
grounding system which uses zeolites as backfill material are lower than pure soils. Another thing that
has also been obtained is that the higher the acidity of the backfill material (the lower the pH level), the
higher the earth resistance.
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