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ABSTRACT In this papersuch amethod is pesented via a case study
When an earth faulbccurs at a high voltage installation, ~ and the results compared to those obtainedm fro
the flow of return current through the sailso impacts commercially available earthing simulation software [3].
upon adjacent installations. We are particularly  The implications to LV earthing system desigre then
interested innearby low voltage installations because  discussed and future work identified.

these are used to supply places like homes, factories,

shops, transport facilities etc., where people can usually NEW CALCULATION METH OD

directly contact the earth conductor.

One of the methods of achieving safety in a low voltage
installation, particularly when the high voltagone has

high fault current orEarth Potential RisqEPR), is to
separate the respective earthing systemSafety
calculations for this arrangement were previously based
upon conditionssolely at the boundary area anthe
authors have previouslyshown that this was an overly
cautious approach.

Since that time significant additional studies and
measurements at live electrical installations have been |

UK [2] and othe International $andards contain
different approximate formulae to calculate the earth
resistance(R) of different shaped electrodessich as a
hemisphere (Equation 1). There are afsomulae to
calculate thesurface potentia(Vy) at a given distance
away from different electrode shapes such as an
equivalent circular plate (EquatioB). The equations
reproduced heréhave been includetlecause they have
been found to beuitablefor this application.

carried out and show that the effects described by the P T {Equation }
authors do occur. . .
This latest paper presés additional data via a case ! LS !:_I! { Equation2}

studythat adds further proafJust as importantly a new

(r:nagigla;?crzjrgtgltcogstﬁn gtrsstehnetetorla:?s fglrlo&tgﬁtsignteors&;) Where ! is soil resistivity("m) andr is the radius of the
hemisphere ocircularplate (m).

earthing networkshat have a number of distributed earth P plate(m)

elegtrodes The.lessons learnt can be applie_d to the 11 existing approach is to calculats at the LV
dg5|gn of earthing systems such that they_ach|eve.both Aelectrodenearest the HV electrodend assume thahis
hlgher degree _Of SafetY and algo allow the introduction of potentialis transferred to the entire LV network. In the
a high voltage installation relatively close by. new method Vis calculated athe location ofeach
individual electrode irthe distributed LV networKor a

INTRODUCTION representative samplef electrodes and the overall
We showed previouslyl] that the preent calculation transfer potential calculated using a potential divider
methodin UK standards [2] significantly overestimates ~Circuit. If each LV electrode is of a similar size, e.g. a
transfer potential between H¥lectrodesand multiply number of distributed LV earth rods in a PME system, it
earthedLV systems (including TNC-S or PME) The may be assumed that they each have the same earth

method invariably creates aoverdesigned earthing resistance.The overall .transfer potentials then the
systemwith theunnecessarinstallation and maintenance ~ @verage of the potentials calculated on each of the
costs associated with achieving largseparation mdw_@ual electrodes. If one of the LV electrodes has a
distances. The overestimatide primarily due toan significantly lower resistance, comparéd the oth.ers .
incorrect assumption that the surface potential on the LV connected to the network, then the overall potential will

electrode nearest to the Hfectrode is transferred to the ~ P& more influenced bits potential. This effectanalso
entire LV earthing network. Calculations and be estimatedusing the new method prowd thatthe

measurements have shown that the lower surface individual LV electrode resistanceseknown (either by

potential experienced byther more remote electrodes in ~ calculaton ormeasurenent)
the LV network are important and redaithe overall The new method can theoretically calculate the overall
transfer potentiato a lower Oaverage® valughere is potential on any number of interconnected LV electrodes.

preseniy no method available istandards to calculate !N Ppractice the arrangement can be simplifieby
concentrating first on the areas bfghest electrode
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densityand at the extremitieof the networkto achieve assumptionthat an electrode with a low resistance

sufficiently accurate results occupies a large area and hence extends surface potentials

To illustrate the abovecalculations using the new  around itfor a considerable distancEhe valueobtained

method and computer simulation software have been using Equation1l and detailedsimulation software are

applied to a simple case study. shown in Table land are in good agreement for this
particular HV electrode

CASE STUDY

. Table 1. HV Electrode Resistances Calculated Using
One of he most common HV to LV substation

Different Methods.

arrangerants in the UK consists of anintegrated Calculation Method Calculated BV Electrode
transformer / switchunit on a concrete plinth within a Resistance
fibreglassenclosureA typical PME LV network consists Equation 1 11.8"

of a number of distributed earth rods or horizontal Detailed Simulation3] 12.0°

electrodes (tapes) interconnected via an overhead or
underground neutral / earth conductor. This theoretical Results
case study is a simplified representation @afch a
network but with the LV electrode systermdesigred to
helpreduce transfer potentidh this case we hawa@mply
connectedb0% of theelectrodetowardsthe remote end

In Figure 2, the calculated transfer potential, obtained
using thethree different methodsre compared.

of the LV feederi(e.in areas of low surface potential)
NI
. <
Arrangement Considered & ‘lo12
. . . S 34456,-78/9:
The case study arrangement is shown in Figure 1. ;'% 1 916<
ij & =9/8->9<2
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Figure 1. Case Study Arrangemen{Top View)

Figure 2. Comparison of Calculated Transfer
Potential Using Different Methods

The results iFigure2 showgood agreement between the
new method and detailed simulatiand of course both
show a much lower transfer potential than ehésting
method For larger separations 8m), there is very close
agreement with detailed simulation as surfaoteptials
around thesimulatedsquare HV electrode approximate
more closely the circular equipotential contours assumed
by the hemispherical formula

The largest Oerror® occurs for small separation distance of
Im. It is in this area that the standdodmula has not
adequately represented the shape of the contours
emanating from the electrode. Here, the existing method
overestimates the transfer potential by a factor of almost
8, compared to just over 2 using the new method.

The HV Electrode is standard design typically used in
the UK [4] and is buried at 0.6m below the surface
(coppertape or stranded conductor), with a few vertical
earth rods A 70mnf copperneutral earth conductor has
been assumednd auniform soil of 100"m resistivity
With this size neutral/earth, the LV service cable has a
self impedance that is negligible compared to the
electrode resistances.

Methodology

Three calculation methods are compaitbe existing UK
standardapproach[2]; the proposed new method and
detailed ompuer simulation[3]. For each methothe
transfer potential is calculated over a range of HV to LV

electrode separation distances (1m, 3m, 9m, 12m and Calculating the Effect of a Low Resistance LV

18m) which are typical of those used by electricity Electrode at the Extremity of a Distributed
distribution companieghroughout the worldEquaton 2 Earthing Network

is used for the existing and new methods. .
Previous work on how to best represent the HV electrode UP 0 now the case study has considetfeat all four
individual LV rod electrode have the same earth

in standard calculations revealed thla¢ hemispherical g .
approximation (Equation 1) provideke lowest values  resistancgR.y). We now consider a case whefe rod
located furthestaway from the HV electrodéas a

and hence aconservative and satisfactorytransfer X ) i >
potential This is becausehis formula is based on the  'esistance five times lower than the other th(e).
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Figure 3shows the results obtainddr the new method
and detailed simulatioaver the same range of HV to LV
electrode separation distances as in previous sections
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Figure 3. Calculated Transfer Potential Using
Different Methods for Reduced LV Rod Resistance

The new method provides results which aregimod
agreement with detailed simulationdut are still
conservative The existing approximate method would
not include the effect of the low resistance electratdall

and wouldprovide the same results asFigure 2 i.e. a
very largeoverestimationof the transfer potentialThe
much lower transfer potentiathieved using the new and
detailedsimulationmetlods demonstrates theffect that
including low resistancelectrodesemote from the HV
installation has and this is an important design lesson.
From the detailed simulation results in Figure 3 the effect
of the low resistance electrode can be seen toceethe
calculated transfer potential Hyetween 45% and 30%
over the range of separation distances considered

Where a low resistance LV electrode exists close to a HV
electrode the opposite effect will be observed, i.e. the
overall transfer potential will increasie is for this reason
that this type of arrangement should be avoided in
practice.

To implement thenew calculatiormethodit is necessary

to calculate (or measure) each of the individual LV
electrode resistanceBormulae areavailable for thig2]

but approximationsanbe madeBecause the relative LV
rod resistance is effectively a weighting factor
calculating the overall transfer potential it is only the
ratio of resistances between the different rods which is

Soil Model

The new calculation method is based on the assumption
of uniform soil conditionsWhilst this is consistent with
the present approach included in most international
standards it is recognised that it isituation which rarely
exists in practice. Initial studies suggest that the proposed
method is conservative for uniform soils and where there
is a lower resistivity deeper layer. Where thera fggh
resistivity layer beneath the surface, e.g. underlyird,

then additional safety factors would need to be introduced
as the transfer potential would be underestiméigd
standard calculations

LV Electrodes Near to HV Electrodes

From Figure 2 and 3, it is evident that the new
approximate method is leastcurate for small separation
distances. This is because the surface potentials close to
the HV electrode are least consistent with the circular
shape assumed by the approate formulae. Although
significant error can be introducedfor separation
distancs below 3mglectrodes closer than this will rarely
be used in practice. If they are used, then detailed
computer modelling is probably needed to get results of
the required accuracy.

Extended HV Electrodes

An extended HV electrode(such as a substation
connecéd to a large underground cable network with
bare sheaths / armouring in contact with the swil)
have the effect of increasing transfer potenfats a
percentage of the HV ERRWhilst this would initially
indicate an unerestimation by the new methodhet
actual transfer potential would be expected to reduce
because of the much lower HV electrode resistaamse
EPR, i.e. in a OGlobal Earthing SystemO

IMPLICATIONS TO LV EARTHING SYSTEM
DESIGN

The work has important imightions for future LV
system earth electrode design, particularly close to a HV
installation with a high EPR. Significant reductions can
be made to the LV transfer potential by biasing electrode
installation to areas remote from the HV Electrode where
the surface potentials are lower. For example, up to a
45% reductionwas achieved fothe simple case study
considered.

required. For example, in an area of reasonably consistent | v/ earthing design practices should be reviewedthe

soil resistivity this could be estimated by comparison of
relativerod depths phorizontal electrode lengths.

Discussion ofLimitations

The previous sections have indicated results for a simple

case study arrangement which are generally in good
agreement with detailed simulation softwaturther
calculations have identifielimitationssome of which are
discussed below.
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new calculation method described in this report
developed to assist designers irapplying the new
approach For new installations this would be considered
at the planning stage where LV electrodes close to the
distribution substation would be designed to have the
highest resistances (approaching the minimum
requirement to allow adegigaprotection to operate, e.g.
20"). At the end of each main LV feeder, where
practicable, a larger electrode would be installed,
designed to achieve a lower resistance, e.g. 10" or 5".
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The approach could also besedretrospectively at an
existing subst@n where there was an unacceptably high
transfer potential onto the LV system. The existing LV
network would be examined and locations identified for
installing additional LV electrodes in areas remote from
the HV substation.

There will inevitably be abnmal situations where
detailed simulation and measurements will still be

The above work is planned or in progress and it is
anticipaed that the authors wilbe able toupdate
conference delegatesith the key findings at CIRED
2011
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FUTURE WORK

The next stge of this research will be to investigate the
effect ofmorefactors on the transfer potentidhese will
include electrod burial depth, electrode routing
extended HV electrode systems and -noiform soil
resistivity conditions. The intention will b use these
results to further test the new calculation method
proposed in this paperquantify its limitations and
introduce correction factors where necessahe method
will also be applied to horizontal LV electrodes which are
often installed in préate instead of vertical rodStudies
arerequired to determine theptimumnumber of vertical

electrodes required to provide a reasonable representation[3]

of a complex LV network including a mixture of vertical
and horizontal electrodes.

The method mayhen be automated with a udeendly
interface such that it can be used by electricity company
planners as a design tool.

In conjunction with theabove theoretical evaluatign
actual measurements are planned at real 11kV
distribution substations in thekUwhere the location and
size/resistance of all the electrodes are known. This will
allow a direct comparison between real and predicted
results and allow further verification of the technique.
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