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PRACTICAL ASPECTS OF EARTHING 

I N a paper contributed by Messrs. E. Fawssett, 
H. W. Grimmett, G. F. Shatter, and H. G. 

Taylor, to the Institution of Electrical Engineers 
on February 14, a very thorough discussion is given 
of the practical aspects of earthing. 

The practice of earthing is as old as that of 
electrical engineering; in fact it is older, as it dates 
back to the days when electricity was only a scientific 
study which scarcely interested the engineer. Earth
ing was then effected by touching the charged body 
with the finger, whereupon the charge leaked to 
earth. From then the practice has passed through 
many phases, though customs die hard, as shown by 
the 1937 report of electrical accidents in factories 
and workshops, which states that "another instance 
was found where the end of the earthed wire was 
put into a bucket of water, the bucket being specially 
purchased for the purpose and usually placed on a 
piece of wood 'to avoid leakage' ". 

At the other extreme, and typifying the very 
latest practice, may be cited the proposal to install 
eight 32 ft. x tin. diameter copper rods at a 
Central Electricity Board substation to secure a 
resistance of less than one ohm, in soil having a 
resistivity near the surface of 15,000 ohm-em. 
Before 1914 such a resistance would not have been 
obtained in such soil ; in more recent times it might 
have been obtained, but at a cost at least several 
times greater than is required to-day ; it is now a 
relatively simple matter. Earthing practice is a 
good example of the well-known fact that until a 
quantity can be measured and expressed numerically 
knowledge is restricted and improvement is slow. 
For this reason great credit is due to those firms 
which have produced simple forms of earth-testers 
which can be used as readily as an insulation-tester. 
By their use engineers have realized in some measure 
the limitations of methods of earthing which had 
been used for many years, they have realized the 
important effect of the resistivity of the soil, and 
finally they have found by a few tests that some 
methods of earthing are far more economical than 
others. 

American engineers profited by a comprehensive 
publication on earthing issued by the Bureau of 
Standards in 1918. The recommendations of this 
report, which are still quoted, were well in advance 
of British practice at the time, though much has 
been done to make up the leeway during the last 
few years. Driven electrodes are now being widely 
used, and in two important fields, namely, voltage 
gradients on the ground surface around electrodes 
and current loading capacity of electrodes, the 
principal progress has been made in Britain. Research 
by theElectrical Research Association (E.R..A.) has 
also shown how the earth resistance of overhead
line towers may be measured without disconnecting 
the earth wire-a problem in measurement the solu
tion of which is actually of greater importance in 
other countries than in Great Britain. 

All the information necessary to design electrodes 
economically on a resistance basis is now available 
and is being used to an appreciable extent. All the 
research work also that is necessary that has been 
done on the problem of voltage gradient is available, 
though it is not as widely known as it should be. 

The loading capacity problem is still under examina
tion ; sufficient information is available to provide 
a lead in all soils and to give a good guide in clay ; 
when this problem has been completely solved, it will 
be possible to design electrodes for any condition 
with as much precision as that of the electric ap
pliances which they protect. 

For several years past the E.R.A. has been carrying 
out investigations into the fundamental problems 
connected with earthing, and a number of reports 
have been published. It is considered that the 
present time is an appropriate one to review the 
work that has been done, with particular reference 
to the practical problems of supply undertakings. 
All the four authors have been closely associated 
with the E.R.A. researches; most of the work is now 
published for the first time. 

It must be strongly emphasized that the value of 
the earth has an important bearing on the operation 
of high-voltage fuses and the protective gear installed. 
Earth leakage protection installed at. the main points 
of an overhead ring main will ensure the safe opera
tion of the switches by a high-resistance fault. If 
when the conductor falls the line is not cleared, such 
a fault may result in a serious accident. 

Resistance earthing and so-called 'solid earthing' 
are general in Great Britain. R-eactance earthing of 
the type practised in America is practically unknown, 
but tuned resistances (for example, Petersen coils) 
are now being installed to an appreciable extent. 
These coils are short-circuited occasionally, and con
sequently the earth resistance must be such as is 
required on an ordinary earth system. 

In rural areas where the villages are far apart, 
and where each village is as a rule fed from one 
substation, the question of low-voltage neutral 
interconnexion does not occur, and it is here that 
the difficulty of earthing arises. On urban low
voltage systems it is generally easy to secure low 
resistances to earth, but in rural areas where water 
mains are frequently not available for earthing, 
there are serious difficulties. If it is proposed to 
work according to the regulations with just one 
earth, it is necessary to have the substation earth 
resistance very low (something less than five ohms), 
and this is frequently very difficult to secure. 

In practically all instances in Great Britain where 
overhead lines have latticed steel towers for supports, 
these lines carry a continuous earth wire, the function 
of this wire being to ensure that all extraneous metal 
work is at earth potential, to act as a release for 
fault current, and as a protection against lightning. 
It has now been generally accepted that to make a 
line secure against lightning it is essential that the 
continuous earthed wire should be earthed at each 
tower and that this resistance should be less than 
about ten ohms. The foundations alone of these 
towers sometimes have a sufficiently low resistance 
for other protective purposes. 

The earth resistance at consumers' premises should 
be sufficiently low to blow the largest fuses, but 
from the economical point of view this is not always 
possible. This has led undertakings to consider 
protective multiple earthing, neutralizing or earth
leakage circuit-breakers. The ordinary 18-in. square 
earth plate or the 3-ft. earth rod is of very little use 
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in the majority of soils found in rural England. 
Ordinary earthing-that is, one system earth at the 
substation and the consumer's earth utilizing the 
public water mains or the cable sheaths-has proved 
quite satisfactory in urban areas and has been the 
general practice in Great Britain. The main difficulty 
with ordinary earthing occurs when the system is 
overhead and is situated in a district without a piped 
water supply. The use of strip electrodes has been 
the means of reducing substation earth resistances to 
a reasonable figure and deeply driven rod electrodes 
have also proved useful. 

The chief disadvantage of protective multiple 
earthing is the danger arising from a broken neutral 
conductor. To minimize the risk the earth resistance 
of the neutral is made as low as possible, and earths 
are provided at all consumers' premises. Where the 
soil resistivity is high (as would generally be the 
case) this represents a serious expense. The money 
might be more advantageously expended in ensuring 
that in the event of only a neutral breaking it would 
make contact with a live wire and so blow the fuse 
and disconnect the supply from the faulty section. 

In order to determine the reduction of resistance 

effected by salting, and the frequency with which it 
is necessary to re-salt electrodes, tests have been in 
progress over a period of five years in five different 
sites where various extremes of soil conditions and 
rainfall exist. Tables are given showing the seasonal 
change of resistance of electrolytes and the 'effect of 
salt and coke treatment. Whilst salting reduces the 
resistance of earth electrodes it is generally recognized 
that it increases the rate of corrosion. The following 
conclusions are of practical importance. Failure of 
all electrodes in clay soil is caused by the attainment 
of a temperature of 100° C. at the electrode surface. 
At this temperature the moisture present evaporates, 
and the resistivity of the soil increases to a very 
high value. In clay soil with alternating currents, 
small leakage currents flowing for a long time do not 
impair the characteristics of an electrode, since they 
reduce its resistance. On the other hand, they 
seriously impair an electrode's characteristics if the 
electrode is connected to a positive lead. New work 
is now planned on the behaviour of different types of 
soil, the requirements of Petersen coil earth electrodes, 
and the behaviour of long electrodes and electrodes in 
parallel. 

FIRE FIGHTING EQUIPMENT FOR ELECTRICAL 
INSTALLATION 

L AST year the Electricity Commission requested 
the Electrical Research Association (E.R.A.) to 

consider what steps should be taken to try to prevent 
a repetition of one or two disastrous fires that had 
taken place in connexion with electric power stations 
and electrical installation. The E.R.A. appointed a 
committee to consider the whole matter and its report 
was discussed at the Institution of Electrical 
Engineers in Ilondon on January 25. 

Mr. H. W. Swann, H.M. senior electrical inspector 
for the Home Office, presented the report and opened 
the discussion. Mr. Swann pointed out that when his 
committee first took the matter in hand there was 
a dearth of information available as to the perform
ance of certain media used for fighting fires, and, 
hearing that a good deal of work had been done in 
Paris on this subject, the committee paid a visit there 
and obtained a great deal of information. But it 
was felt that something more should be done in Great 
Britain. Luckily, the co-operation was obtained of 
the County of London J<Jlectric Supply Co. at its 
power station at Barking, and also the help of the 
London Fire Brigade and the manufacturers 
of various proprietary media for dealing with 
fires. 

Mr. McMahon introduced the report of the Com
mittee and showed some colour films illustrating in a 
striking manner the starting and progress of the 
experimental fires and how they were extinguished. 
The length of the films taken amounted to l! miles, 
about ten per cent of which were shown. The films 
were very instructive and many lessons were obtained 
from them. All the fires were artificially created and 
tests were carried out with methyl bromide gas, 
carbon dioxide, mechanical foam, chemical foam and 
water, as extinguishing media. 

The recommendation made by the E.R.A. Fire 
Committee is that, for outdoor oil risks, the most 
suitable form of fixed installation is the atomized 
water type, or, if local conditions prevent this, then 
foam should be used. Failing either of them, inert 
gas media should be used, although. when other media 
are available gas is not recommended. For indoor oil 
risks, it is stated that where weatherproof metal-clad 
gear is installed, atomized water will provide adequate 
protection, subject to precautions being taken to 
ensure that any apparatus not of the weatherproof 
type is not liable to suffer serious water damage. 
Where there are no draughts, gas protection can be 
applied, and although protection can be obtained 
with foam, there is the disadvantage that it leaves 
deposits which may hinder repair operations. For 
cables in enclosed spaces not liable to draughts, inert 
gas protection is effective under conditions of rapid 
operation. Difficulties may be encountered with 
water and foam. Much the same remarks are applied 
to cable galleries exposed to the atmosphere, and 
where gas is not safely applicable then water or foam 
installations will afford adequate protection. Certain 
recommendations are also made with regard to port
able apparatus, and it is also recommended that 
back-up protection by means of water hydrants 
should be provided in case of emergency. 

Mr. Nimmo, one of the Electricity Commissioners, 
remarked that whilst an examination of the films 
showed that the risk from oil is obviously so great 
that some might think that the use of oil-less switch
gear should be enforced, yet it has to be remembered 
that there is a great deal of oil gear in everyday use, 
and steps have to be taken to protect it. In his 
opinion, water properly applied is the best medium ; 
with the other media used in these tests, experts had 
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