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ABSTRACT

In this study, the efficiency of materials available for free, namely palm kernel oil cake, tyre ash,
wood ash and powdered cocoa shell, as conductive backfill for reducing earth electrode resis-
tance was evaluated. Earth rod of 30-cm length and 14-mm diameter was installed for each
backfilling material at a site and their performance compared with that of a reference earth rod
also installed at the same site. The results show that tyre ash provides a stable earth electrode
resistance in both dry and wet weather conditions and improvesit to about 16%.
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INTRODUCTION of dealing with high resistivity soil. It can give
Earthing is used in electrical systems to ensurenprovement in earth electrode resistance val-
personnel and equipment safety. Low eartlies up to 20% (Reeves, 1990). In Ghana, it is
resistance is essential to meet electrical safegommon practice to use materials available for
standards.The resistance value can vary frofinee instead of commercial chemical com-
10 ohms for lightning protection to below 0.1pounds as electrode backfill.

ohm for many sites where protective device
must operate in a very short time due to larg
fault currents involved (Reeves, 1990). When
driven rod is used as earth electrode, low eart
electrode resistance is achieved in practice b
using deep driven rods, or by using rods wit
increased diameter or with multiple rods. Lowt
earth electrode resistance can also be achiev
in practice by using chemical compounds o
soil of lower resistivity as earth electrode back-
fill (Reeves, 1990, Carpenter et al, 1997Methodology

Furse). Earth rod of 30-cm length and 14-mm diameter
The use of chemical compounds as earth elegras installed for each backfilling material at a
trode backfill provides a very effective methodsite. A study has shown that it suffices to limit

n this study, the efficiency of four materials
gommonly used as conductive backfill for low-
ring earth electrode resistance was investi-
ated. The materials are palm kernel oil cake
KOC), tyre ash, powdered cocoa shells (PCS)
nd wood ash. Results show that application of
fi)e ash as a conductive backfill can lower

und resistance by about 84% as obtained
ith commercial chemical compounds.
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the backfilling material to a critical resistancesoil. Therefore the rainfall during the period of
area very close to the ground rods (Okyere ehvestigation became of interest. Figure 2
al, 2006). The radius of the area referred to ashows the rainfall recorded front' Dctober,
critical resistance radius has been found to b2008 to 4' January, 2008 by a weather station
about 40% of the length of the driven rodon Kwame Nkrumah University campus close
(Okyere et al, 2006). This critical area resisto the experimental site

tance method was applied in the backfilling o
the driven rods. Earth resistance of each ele
trode was measured for a period of thre

months using the DET5/4R Digital Earth

Tester. For th f ) @[Le resistance with time. The reading taken on a
eds e'rt.h O; € pu(;pots_e Ob colir;_ﬁatnson, dan fear y is expressed as percentage of the resistance
rod without a conductive backllll lermed TeIer- ot 4o reference electrode taken on the same

fThe tyre ash was observed to have provided the
fowest and most stable resistance during the
ntire period. Figure 3 shows the variation of

Additionally, laboratory analy5|_s was Per-nrovement in earth electrode resistance value
formed on samples of the materials at the So

: . . . .Up to about 16% in the wet season and further
Research Institute in Kumasi to determine the'fmprovement of about 8% in the dry season
pH levels and water-holding capacities. .

The palm kernel oil cake and the powdered
RESULTSAND DISCUSSION cocoa shell offered significant reduction

h
The earth electrode resistances measured o frgmld October through $4November when

: . here were a number of light and moderate
number of days spanning a period of three .
P fains. However from 2% November, 2008
months are presented in Figures 1(a) and 1 (bt)ﬁrough A4 January, 2009 when the dry season

Figure 1(b) shows the readings taken off' 15 . : ;

December, 2008 and"@anuary, 2009 some of set in, their resistances _becam_e very unstgble,

which were exceptionally high and for tha,[falllng when there were light rains and soaring

matter needed to be separated from the rest afgen there. were no rains. There were days_as
own in Figure 1.b when they produced resis-

drawn with a larger scale factor. The results OEance values manv times areater than that of the
the laboratory analysis on the materials ar y 9

(%eference electrode. These materials shown to

given in Table 1. Earth electrode resistance i ave high water-holding capacity are found to
much influenced by the moisture content o 9 g capacity
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Fig. 1: Variation of resistances of earth electrodes with time
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Fig. 2 Rainfall during period of investigation
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be effective in wet weather conditions and inefCONCLUSION

fective in very dry weather conditions. TheThe efficiency of palm kernel oil cake, tyre ash,
wood ash, though relatively more stable, wasvood ash and powdered cocoa shells com-
also ineffective in the dry weather conditions.monly used as conductive backfill for reducing
These three materials, namely, tyre ash, palmarth electrode resistance in Ghana has been
kernel oil cake and powdered cocoa shell coulthvestigated. The study has revealed that the
be of interest where earth electrode could base of palm kernel oil cake, wood ash and pow-
installed deep enough to reach the water table.dered cocoa shells as backfills can result in low

Soils have a pH range of 5-8 (Corrosion-earth electrode resistance in the wet season but

source.com, 2009). The pH level of the tyre asﬁxtremely high earth resistance in th_e dry sea-
is found to be Wit?’lin thisp range. In this )r/angeson' The tyre ash on the _o_ther hand is _effeptwe
pH is generally not considered to be the domii-n both WE';t and d{% ccl)ndtltl(:jns. It c_:atn give Im-t
nant variable affecting corrosion rates. The p g;}/er_:}ﬁn tm earh Ieechro € I’?_|SIIS anlcef lépz 20
levels of the three other backfilling materials,”: . : € yre ash aiso has a pH 1evel of b.zz,
wood ash, powdered cocoa shell and palm ke vhich falls within the range of the pH of natu-

nel oil cake are very close although they aréal soil. Therefore, it is unlikely to cause dam-

outside the pH range of 5-8 age to electrodes by corrosion.
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Fig. 3 Resistance of electrode with tyre ash as backfill in per cent

Table 1: Water-holding capacities and pH levels of local backfilling materials

PKOC PCS Tyreash Wood ash
pH 4.51 4.25 6.22 8.99
Moisture holding capacity 102.35 337.52 70.59 17.96
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