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RECOMMENDATIONS

for the protection of underground cables against
the action of stray currents arising from electric
traction systems

Text approved by the XVith Plenary Assembly
of the International Telephone Consultative Committee (C.C.I.F.)

(Firenze, 1951)




INTERNATIONAL TELEPHONE CONSULTATIVE COMMITTEE
(C. C. L. F.)

Modifications

. brought by the XVIIth Plenary Assembly of the C.C.LF. (Geneva, October 1954)
to the text (Firenze, 1951) of “Recommendations for the protection of underground
cables against the action of stray currents arising from electric traction ‘'systems”’

(Recommendation No. 12, Green Book, Volume II, Geneva 1954, page 30)
THE INTERNATIONAL TELEPHONE CONSULTATIVE COMMiTTEE,

Considering

that since the establishment of the “Recommendations for the protection of
underground cables against the action of stray currents arising from electric traction
systems” (Florence, 1951) as a result of newly acquired information, various correc-
tions must be made to the present text,

Unanimously recommends

that the following modifications should be made to the present text of the
“Recommendations for the protection of underground cables against the action of
stray currents arising from electric traction systems” (Florence, 1951):

1. Paragraph 1.6.2, sub-paragraph 15, page 5: replace the present text of this
sub-paragraph by the following text:

“This method of protectlon does not impose so severe a limitation of the stray
currents (coming from ‘traction networks) as the preceding one; however, the use of
this method does not exonerate Organisations operating the traction networks from
taking account of the recommendations of Chapter II, relating to the construction
and maintenance of those networks; the application of this method of protection is
on the other hand facilitated by the putting into practice, on a more or less large
scale, of the provisions relative to underground pipes and cables which involve the
application of the first method.”

2. Paragraph 2.1, sub-paragraph 24, page 7: replace the sentence under 5)
by the following: :

“b) to facilitate the return of the current through the rails by ensuring low
electrical resistance of the track and by judiciously arranging the return system, so
as to regularize in particular the potential distribution along the network of rails as
far as possible.”

3. Paragraph 2.2.3., sub-paragraph 28, page 7: replace the begmmng of this
sub-paragraph by the followmg text:




“In particular when these rails are laid on wooden sleepers, the sleepers
must be in sound condition and, if they are impregnated, they should not be treated
- with a product which gives them an appreciable electric conductivity. The ballast
must be clean...”

4. Paragraph 2.2.3., sub-paragraph 29, page 7: replace the present text of this
sub-paragraph by the following text:

“If the rails are laid on reinforced concrete sleepers, it is necessary to insert an
insulating plate between the rail and the sleeper; attention must be paid to ensure
that the ballast is sufficiently thick and well maintained, in order to ensure the best
possible insulation of the track with respect to earth. '

“In addition the bolts fixing the rails to the reinforced concrete sleepers must be
very carefully insulated.

“The provisions of sub-paragraph 28 above concerning the ballast must
also be applied to tracks laid on reinforced concrete sleepers.

”It is preferable not to use metallic sleepers on D.C. electrified lines. In the
case where the use of these sleepers cannot be avoided, attention must be given to
ensure that the ballast is sufficiently thick and well maintained because this affords
the best possible insulation of the track from earth, this condition being all the more
important since a track on metallic sleepers does not normally lend itself to the use
of insulating plates between rail and sleeper.”

5. Paragraph 2.2.4., sub-paragraph 35, page 8: delete this sub-paragraph
6. Paragraph 2.5., sub-paragraph 63, page 11:

To take account of certain forms of application of electrical protection, replace
in the last phrase “this arrangement is incompatible...” by “this arrangement may
be incompatible. . .”

7. Paragraph 5.3.2.1., sub-paragraph 158, page 22: add the following note at
the end of the present sub- paragraph

“Note.—Attention is drawn to the fact that certain metal rectifiers wh1ch are
subjected to a current which is nearly always in the same direction, can age and thus
become conducting to currents in the opposite direction; when an accidental reversal
of the-current takes place, they do not function and no longer play the part expected
of them. This fact must be taken into account when it is proposed to study a system
of electrical protection using rectifiers.”
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RECOMMENDATIONS FOR THE PROTECTION OF UNDERGROUND CABLES AGAINST
THE ACTION OF STRAY CURRENTS ARISING FROM ELECTRIC TRACTION SYSTEMS

FOREWORD

The present recommendalions have been drawn up by the Initernational Telephone
Consulialive Commitlee in the presence of ithe represenlalives of the International
Conference of Major Eleciric Systems (C.I.G.R.E.), the International Union of
Producers and Distribulors of Electric Energy (U.N.I.P.E.D.E.), the Iniernational
Union of Railways (U.I1.C.), the Initernational Union of the Gas Industry (U.1.G.)
and the National Tramways Associations, lo facililate the examinalion of the proposals
for co-exisience of underground lelecommunication cables and of direct current eleclric
traction lines, from the poinl of view of the risks of electrolytic corrosion, and, should
the necessily arise, for the consideration of what steps should be carried oul on the
exisling inslallations in order to prevent this corrosion, taking into account the presence
of other underground systems.

All questions of an adminisirative or economic nalure, and especially questions
of regulations and legislation relating to these problems do not come within the pro-
vince of the International Telephone Consullative Commiliee. Therefore, no considera-
tion whatever has been given lo the details of the rules of procedure which should be
followed in the reciprocal reporis of the Administrations and Privale Telephone Concerns
on one hand, and of the electric iraclion and olher inierested services on the other hand.
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CHAPTER 1

INTRODUCTION

1. 1. — The Recommendations concerning the prolection of underground
cables against corrosion, published by the International Telephone Consultative
Committee, in 1949, contain general indications relating to the different types of
corrosion, their processes, and different methods of remedy.

1. 2. — The dangers of electrolytic corrosion of the metallic sheaths of under-
ground cables arise in general from direct current systems; according to the
experience acquired to date, it would seem that, except in special cases, alternating
currents alone do not produce such effects. Nevertheless, where alternatlng
current is superimposed on dlrect current the conditions of electrolytlc corrosion
may be modified.

‘Electrolytic corrosion does not generally appear except in localities where
the current leaves the cable to enter the soil:

These considerations do not apply in the case of aluminium or aluminium
alloy sheaths which are attacked by current of both polarities and also alternating
current.

1. 3. — The protection of underground plant against electrolytic corrosion in-
cludes a large variety of measures; some directed towards the reduction of stray
currents, which may not only cause electrolytic corrosion in the neighbouring under-
ground plant, but may also affect the working of certain telephone, telegraph, or
signalling systems ; others towards the reduction of the magnitude of the corrosion

. which may be caused by the stray currents which it has not been possible to eliminate.

1. 4. — The measures intended to reduce stray currents should be carried
out on the electric traction system likely to produce them, and relate to its construc-
tion, its running and its maintenance. These are the subject of Chapter II.

1. 5. — The reduction of the magnitude of the corrosion is achieved pri-
marily by general measures applied in the arrangement of the cable systems and
other underground plant, so as to bring about a reduction of the exchange of
current between the earth and the cables or plant. Good construction of cables
and plant is essential.

These measures must often be completed by further special measures, depending
upon the circumstances, intended either to give the maximum protection to the
cables against stray current or to reduce the magnitude of the damage which
these stray currents may produce. Certain of these measures concern the traction
system and the neighbouring underground system of lines at one and the same
time.

The principle of these various measures is 1ndlcated in Chapter III.

1. 6. — The conditions of application of these different measures, the object
of which has been indicated, may be determined by two different principles.

1.6.1. — A first method of protection (i.e. protection by limitation of stray
current), consists in considering the electric system likely to give rise to stray
current, and the system of underground plant which may be damaged, separately
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and each independent of the other. The traction system is subjected to rules drawn
up with the intention of reducing, as far as possible, the magnitude of the stray
current which may leak into the soil in so far as technique and economy allow.

On the other hand, various measures which reduce the exchange of current
between the underground plant and the soil and so reduce the magnitude of the

-corrosion are used in so far as technique and economy allow.

This method described in Chapter IV, is that which has been in use the longest:
It has met with a certain amount of success. However, it has not yet been possible
to draw up entirely satisfactory rules, of which the application would be simple
and economic in all cases. In view of the necessarily empiric character of the
rules given in this chapter they may be, according to certain circumstances,
unnecessarily strict, or on the contrary they may still allow certain risks of
electrolytic corrosion to persist.

1.6.2. — A second method of protection (electric protection), the introduc-
tion of which is more recent, consists in preventing the harmful action of stray
current on underground plant by making the plant the cathode, by measures
established on all the systems in the vicinity which may cause stray current and
especially the electric traction system.

This method of protection does not require a limitation of the stray currents
from the traction system as severe as the preceding method ; however, its applica-
tion is easier proportionally to the amount of reduction in magnitude of the currents ;
it is also made easier by the application, to a greater or lesser extent, of measures
relating to the lines which the application of the first method requires.

However, the application of electric protection is not possible in the case of
underground plant made of aluminium or aluminium alloy.

Also, if in the region in which electric protection is applied there is any plant
made of aluminium, then special steps for its protection must be taken.

Electric protection is dealt with in Chapter V.

1. 7. — Whichever method is adopted, the measures carried out on the
system of underground plant should not be limited to arrangements made only
in the localities in which corrosion occurs. Full consideration should be given
to the whole of the system and also to other systems; any measures should be
adaptable to any changes made in the conditions of use of the traction system.

The efficiency of any protection system can only be guaranteed by frequent,
if not continual, inspection of the various installations concerned, so that adjust-
ments can be made with as little delay as possible to take account of any accidental
changes in the system which result in important changes in the stray current
distribution.

The necessity for this inspection is especially important in the case of electric
protection.

1. 8. — Experience has shown that a cable system may be considered as
being protected from corrosion by stray current, if in none of its parts it approaches
within a certain distance of the track of a direct current electric traction system
or of any works, structures, or conducting pipes metallically connected to the
track and in contact with the soil.

This minimum distance to be observed in order to remain protected from the
danger of corrosion, without special arrangements, is extremely variable ; it depends
on the make-up of the soil, the conductance of the track, the type of foundation
used, and the respective lengths of the traction and cable systems. In the case of
soil of average conductivity this distance is of the order of several hundreds of metres.
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CHAPTER II

REDUCTION OF STRAY CURRENT

2.1. — GENERAL

In order to reduce stray current arising from direct current electric traction
systems the following should be adhered to :

(a) restrict the leakage of current to the earth by ensuring the best possible
insulation of the return system (rails, negative feeders and all metallic structures
which are permanently connected thereto);

(b) assist the return of current on the rails by ensuring a low electrical
resistance of the track and the judicious disposition of the negative feeders.

2.2. — THE TRACK

2. 2. 1. — The measures concerning the track apply generally whatever the
nature of the direct current electric traction system (tramway or railway). They
should be applied whatever method is adopted for the protection of the neighbouring
cable systems.

2. 2. 2. — The rails should be placed on a foundation hairing low electrical
conductivity, placed so as to avoid stagnant water and, if necessary, well dried by
hydraulic pumping.

R.2.3. — So far as a track which is built on an independent foundation is
concerned, this condition is fulfilled by the nature of the construction and main-
tenance of the track.

In particular, if the rails are on wooden sleepers, the sleepers should be sound,
and the ballast should be clean and well aerated. It is desirable to avoid any
contact between the rail and the ballast : this latter should not cover the sleepers,
it should be levelled down below the under surface of the rail without making any
contact with it.

If the rails are on conducting sleepers (metal or reinforced concrete sleepers),
care should be taken that the ballast is sufficiently deep, and placed to ensure the
best possible insulation of the track from the soil.

2.2.4. — Special arrangements should be made at such points as level
crossings so as to avoid any direct contact between the rails including metalwork
connected thereto, and the soil.

Whatever type of track is used, it is important as a principle to avoid any
contact or any metallic connection between the rails including metalwork connected
thereto on the one hand, and all conducting structures in contact with the soil,
on the other.

It is especially desirable to insulate electrically, those sections of track not
energised by direct current from those sections of track which are so energised.

On all metallic or reinforced concrete structures it is very necessary to ensure
the insulation of the track from the metallic part of the structure. Especially
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if the track is built on an independent foundation is it necessary, at the point of

passage on to non-ballasted metal bridges, to place the rails on non-conducting
material, for example, wooden sleepers or longitudinal bearers, and care must be
taken that no fixing parts (long bolts, nuts, ties, clamps, etc.), have any permanent
contact with the bridge, nor even a temporary contact at the moment of the passing
of a train. It would be wise to make a periodic inspection, for example, once a
year, to verify that no contact exists between the rails and the structure, and this
special inspection should be made without prejudice to the normal maintenance
inspections. .

However, for the safety of maintenance personnel it may be necessary to make
a metallic connection between the rails and a conducting structure ; such a case
may occur on electric railways at metallic bridges or pylons, and locomotive sheds
located in immediate proximity to the track or to the contact rails. It is
recommended that consideration should be given to the possibility of making
the connection through a device which ensures electrical continuity when required
for safety reasons (discharge gap or similar device). Moreover every effort should
be made to insulate all external underground cable or pipe systems from the
structure. :

When it is possible, recourse to electric protection may avoid the necessity
of taking these precautions.

The only metallic connections permissible between the rails and underground
pipe or cable systems, are those which are necessary in the application of electric
protection to these pipes or cables (see Chapter V).

2.2.5. — It is advisable that the rails should have a cross-sectional area
appropriate to the intensity of the current which they have to carry.

In order to reduce the electrical resistance of the track the number of joints
must be limited and the electrical resistance of each one of them must be kept
sufficiently low. To this end, the practice of welding the rails to each other and
to other track equipment is highly recommended in the case of a tramway and is
very advantageous in the case of an electric railway.

If the rails are not welded together, use should be made of welded rail-
to-rail connections, so made that the resistance of the joint does not exceed that
of two metres of rail; but in the case of rail-sections longer than 20 metres, the
resistance of the joint should not exceed that of a length of rail equal to one tenth
of the smaller of the adjacent rails or b metres of rail whichever is the less:

The use of non-welded rail-to-rail connections is not advised ; those used
under exceptional circumstances should be specially checked to ensure that their
resistance does not exceed that of b metres of rail.

Unless special precautions in construction ensure the permanent good
conductance of the track at places where there are branches, points and crossings,
it is necessary to ensure this good conductance by means of special conductors
of appropriate cross-sectional area (transverse conductors connected between all
the rails on both sides of the branch, points or crossing’; longitudinal conductors
shunting the electrical discontinuities of the rails).

At all places where the track is interrupted and so causes a break in the elec-
trical continuity to the flow of current (swing-bridges, crossings over the track
of another network, etc.), the good conductance of the track should be ensured by
special conductors, insulated from the earth, connected to the rails on both sides
of the broken section.

2. 2. 6. — It is advisable as far as possible that there should be equal distribu-
tion of current between the rails of a track and of parallel tracks. To this end,
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transverse connections correctly spaced and of suitable size, should be provided,
except where the requirements of the signalling system in use on the traction system
preclude it.

2.2.7. — In order to maintain the track in the best possible condition from
the point of view of electrical conductance, it is desirable to check the resistance
of all the rail joints periodically, and to repalr them as soon as possible, if the
measured resistances are too great.

It is desirable to check more frequently the joints at branches and crossings
which normally carry current, as well as the joints of the sections of track carrying
heavy traffic and those of the track near to the points of connection of the negative
feeders to the rails.

If the presence of a track circuit signalling system ensures a continuous and
exact verification of the sound condition of the track it is not necessary to carry
out the periodic inspection of the rail joints.

2. 3. — RETURN FEEDERS AND BUS-BARS

2.3. 1. — The arrangement of the negative feeders of the traction system
should be such that if the electrical continuity of a negative feeder or its connection
to the rails is interrupted, the rails remain metallically connected to the bus-bars
of the sub-stations in service.

2.3.2. — It is advisable, in order to avoid risks of electrolytic corrosion,
that the negative feeders should be insulated from earth throughout their whole
length in addition to the bus-bars.

This insulation should be checked periodically and in any case whenever an
accidental change of conditions of the negative feeders is suspected.

If the rails are connected to the negative pole of the generators, it is neccesary
to select, wherever possible, for the negative feeding points, localities where the
soil 1s dry, and distant from important duct and cable networks, since it is in the
neighbourhood of these points that the danger of electrolytic corrosion is most
pronounced.

Care should be taken to maintain the connections between the negative feeders
and the rails in good condition. In the case of tramways, the welding of these
connections is advised.

When owing to the layout of the system the negative feeders are not tested
directly, it is desirable that arrangements should be made to allow the testing of
their good condition (for example, the permanent installation of an ammeter in
each negative feeder at the sub-station ; the installation of cut-outs close to the
rails in order to permit the measurement of the insulation resistance...).

2.3.3. — Except where electric protection is applied to the metal sheath
of a negative feeder, the sheath should have no direct connection with the rails,
the bus-bars or aiiy earth electrode.

2.3. 4. — The recommendation concerning the insulation of the bus-bars
may be ignored if a general electric protection scheme is applied to the whole of the
network of buried cables and ducts in the region under consideration.

2.3.5. — In the case of electric traction systems of linear configuration, in
which the sub-stations are deployed along the tracks, and more especially in the
case of long distance electric railways, it has generally been found necessary, for
safety reasons, to make a connection between the metal structure of the sub-station
and the rail return circuit.
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It is then desirable that this connection should be made through a device which
only ensures continuity at the moments when safety requires it.

Moreover, it is advisable to connect these metal structures to the rails rather
than to the bus-bars, unless the potential of the bus-bars is only negligibly different
from the potential of the rail. v

2. 4. — LIMITATION OF DIFFERENCES IN POTENTIAL

2.4.1. — It is an established practice to judge the magnitude of the stray
current exchanged between a traction system and the earth according to the values
of the differences of potential between different points of the rail system 2.

The distribution of the potential along a track depends largely upon the
configuration of the network, on the conditions of feed 2, on the traffic using the
track and finally on the characteristics of the system of negative feeders from
the sub-stations. In particular, the distribution of potential can be controlled by
modifying the negative feeding points, by regulating the current flow in them
(for example, by means of added resistance or by means of automatic voltage
control apparatus), by increasing their number and by spreading the load of the
system over several feeding sub-stations.

2.4.2. — In the case of long distance electric railways and more generally
of long electric traction systems built on independent tracks, the sub-stations of
which are very near the track, it is desirable that the variations in potential
throughout the length of the track should be limited ; however, more often than
not, the characteristics and the sites of the sub-stations and the return feeders
cannot be changed, in which case the variations in potential along the track can
only be reduced by keeping the electrical resistance of the track as low as possible.

2.5. — POLARITY OF THE CONTACT LINE

It is sometimes possible to reduce the danger of corrosion by changing the
polarity of the contact line. A triple-conductor feed system may also be used,
in which certain sections of the contact line are connected to the positive pole,
others are connected to the negative pole, and the rails are connected to the neutral
point.

When the positive pole is connected to the contact line, current leaves the
sheaths of the cables or the conduits principally in the neighbourhood of the points
of connection of the return feeders, and consequently this is where the greatest
risk of electrolytic corrosion lies. When the negative pole is connected to the
contact line the maximum points of attack move in accord with the movement of
the electric locomotives and the regions of attack are displaced and carried towards
the extremities of the feeding areas.

Sometimes the periodic reversal of the polarity of the contact line has been
made use of to increase the probable life of the underground plant exposed to
electrolysis, but this has brought about certain traffic difficulties. Moreover,
this arrangement is incompatible with the use of electric protection.

The study of each particular case will determine the possibility of adopting
one of these arrangements, instead of that generally employed, which consists
in connecting the positive pole to the contact line.

(*) Research is in progress for substituting the use of measurements of differences of
potential on the interior of a traction system by more direct measurements of the distribution

of current beyond the rai.s.
(2) With equality of power consumption, the use of a higher feeding voltage reduces

the value of the stray currents.
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2. 6. — TROLLEY VEHICLES

As a general rule, apart from localities where local and intentional earth connec-
tions. are made, all the parts of the system (contact wires, vehicles, feeders) should
be as perfectly insulated from the soil as possible. It is advisable to maintain

‘with care the good condition of this insulation.

In the case of a system, the contact wires of which are completely insulated
from earth, or which have only one single earth connection on the whole system,
the general recommendation as to the maintenance of insulation would appear
to be sufficient.

The same applies in the case of a system of which the contact wires are
completely insulated from earth, and which is divided into sections in different
parts, each of which is fed by a sub-station or a group of sub-stations having only
one single earth connection.

The earth-connections made in the sub-stations only for reasons of safety
of personnel or plani, should not be connected to the contact wires except in sub-
stations where the contact wire is intentionally earthed. In the case of a system
completely insulated from earth, i.e. a system in which a contact wire is not per-
manently connected with earth, the temporary connection of a contact wire to
earth at a sub-station may be permitted so that insulation resistance measure-
ments may be made, but such a connection should only be made for as brief a
period as possible in order to reduce the risks of the flow of current to earth in
the event of a fault such as the breaking of a conductor or the flash-over of an
insulator. '

In the case of systems making use of a metal track, in use or otherwise by
trams, for the return of part of the current, the rail network and the negative
feeders should conform to the same conditions as those of a tramway system in
active service, allowance being made for the actual running conditions. Especially,
when a trolley vehicle line is installed either to replace or to extend a tramway
line in service, is it necessary to make a study of the conditions of feed and”of
return of the currents, in terms of the new situation. The sections of rail which
are unnecessary for the return of current should be disconnected, for example by
taking up the rails over several metres at least.

2. 7. — PERIODIC INSPECTION PROCEDURE

2.7.1. — It is necessary to carry out periodical inspection measures on
existing traction systems.

In particular, the conductivity of the tracks should be regularly tested and the
magnitude of the currents in the negative feeders should be checked.

2.7.2. — It is advisable to make measurements of the average value of the
falls in potential along the tracks. '

An excessive deviation either above or below, in relation to earlier measure-
ments or in relation to the results of calculations made in accordance with Appendix I

-should be attended to. A very small fall in potential may cause a high leakage

of current into the soil. If the fall of potential is too high, this may indicate that
the conductivity of the joints is insufficient.

2.7.3. — In the case of a complicated traction system it is advisable to
make measurements of the average values of the differences of potential between

-the rails and neighbouring parts of the underground pipe or cable system.

- These measurements are of particular importance where electrolytic
action on the neighbouring underground pipes or cables is to be most expected,
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(near to the points of connection of the negative feeders, main junction points
in the underground system, etc.). If the falls of potential in the complicated
underground system are low, and if there are no insulating or high resistance joints
on the system, it can be said that the underground cable system is sensibly equi-
potential. If moreover, it is sufficiently extensive, it can be said that its potential
is that of the neutral point of the traction system. These measured values may
then be compared with the differences of potential calculated between rail and
soil. '

These measurements may be falsified, notably by the existence of galvanic
couples, for, if the voltage is low between the track and the earth, there may at
the point of measurement be a difference of potential of the same order between
the cable system and the earth as between the track and the cable system.

In spite of the assumptions made in arriving at the theoretical value used in
the calculation of the differences of potential between the rail and earth carried
out as per Appendix I, it is certain that it gives an approximate value of these diffe-
rences of potential. Thus, the origin of any anomaly between the results of the
calculation and of the measurements should be investigated. For example,
a difference of potential between the track and the cable system, which is obviously
too low, will require attention, and a search should be made for the existence of
a chance contact between the rail and the cable system even if the rail foundation
is not of conducting material. A too high difference of potential between the
track and the cable system is generally the indication of a-high resistance in the

- track, and it is desirable to improve the defective rail joints. In certain cases,

particularly bad joints may cause a complete disturbance of the voltage distribution -
between the track and the cable system.

- 2.7.4. — The results of these periodical measurements should be regularly

. compared with each other in order to draw attention to accidental anomalies and

to remedy them quickly.
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CHAPTER III

REDUCTION OF THE DAMAGING EFFECTS OF STRAY CURRENT

3.1. — LAYOUT AND INSTALLATION OF CABLES ~

3. 1. 1. — Cables should be separated as far as possible from electric traction
systems ; as localities where cables cross the track, and also those where they pass
immediately from a great to a short distance from the track, are among the places
where the exchange of current with the rail system is to be expected it is important

to reduce their number to the minimum.

3.1.2. — In considering the layout of cables it must be remembered that
the presence of water-courses and -the condition of certain kinds of soil favour
electrolytic corrosion (moisture content, alkaline substances, salts and acids in
solution). :

3. 1.3. — In cases where corrosion by stray current is expected, the use in
the soil of bare cables having sheaths of lead or of lead alloys should be avoided
as a matter of principle. Sometimes however the use of a system of electric
protection may modify this recommendation.

3.1. 4. — All metallic contact between the cable sheaths and the conducting
fittings or structures connected with the traction system should be avoided, except
where specially installed connections for electric protection are concerned.

When cables are carried by a metallic bridge or framework which is connected
electrically to the traction route, it is particularly necessary to provide special
insulation from these conducting bodies, in order to avoid any exchange of current,
both under normal conditions and at the time of a short circuit on the tractlon

- system.

The connections of the sheaths of telecommunication cables to perrhanent
earth connections (other than at exchanges or repeater stations) should be avoided
except where they form part of an electric protection system.

3.2. — CONDUITS, DUCTS, SUBWAYS

3. 2. 1. — Cable ducts, jointing chambers, etc., should be constructed so as
to avoid contact of the cable sheaths with infiltering or stagnant water. More
about this subject will be found in the Recommendations for the Prolection of
Cables against Corrosion (Chapler VI).

3. 2. 2. — Each particular case should be considered as to the advisability
of bonding together the bare cables in the drawing-in or jointing chambers, at
junction points, etc., by means of metallic connections soldered to the sheaths,
or wether it'is advisable to leave them separated from each other.

In cases where it is decided to use bare or lightly insulated cables in metallic
ducts (pipes, split metal casings, etc.) good electrical continuity of these ducts
should be ensured, except of course, at insulating joints.
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3. 3. — INSULATION OF CABLE SHEATHS

3.3. 1. — The complete protection of a cable against electrolytic corrosion
is ensured if, by insulating the whole length of the cable from the soil by means of
good and durable electric insulation, the exchange of current is practicallyeliminated.

3. 3. 2. — A certain degree of protectioﬁ is obtained when the total magni{,ude
of current exchanged between the cable and the earth is reduced, without raising

to the danger point at certain localities the density of the currents leaving the
cable sheath for earth.

This result may be achieved by insulating the cable sheath for a sufficient
length in the sections where the exchange of current with the soil would be the
greatest ; especially at the crossings of cables with electric traction lines, over
metallic bridges, when laid close to conducting structures in more or less direct
contact with the traction rails, at abrupt changes of distance between the cable and
the traction rails and in the vicinity of traction feeder stations or points of connection
of the negative feeders to the rails.

3. 3. 3. — In the zones in which stray currents tend to flow on to the cable
sheath, insulation of even a light nature, provided over sufficient length may
sometimes suffice : in these zones, insulation of rather poor quality, provided over
an insufficient length will have no bad effects.

In the zones where the stray currents tend to leave the cable sheath, even a
perfect grade of insulation, should it happen to become defective, causes a concen-
tration of current at the defective points, which may result in dangerous corrosion.
On the other hand, even in the absence of defects, a perfect insulation, provided
over an insufficient length, does not contribute to the reduction of the magnitude
of the currents leaving the cable sheath to any noticeable degree, but simply
displaces their point of leaving.

3. 3. 4. — Insulation of cables may be ensured by means of one of the
following :

(1) Insulating covering,

(2) Installation in ducts composed of low conducting material (earthenware,
asbestos cement, etc.) having sufficient thickness and constructed so as to be
completely impermeable and watertight,

(3) Installation in ducts filled with insulating material,

(4) Installation on insulating supports. (pulleys or cleats of porcelain, glass,
etc.) in ducts, conduits or subways, constructed so that water and soil may neither
penetrate into nor remain in them. :

Information concerning the specification for insulating coverings is given in
the Recommendalions for the Proteclion of Cables against Corrosion (Chapter V,
pars. 5. 2 and 5. 3). This document especially defines, under the name of coverings
of the second category, those which ensure electrical insulation of a very high and
durable quality, in the meaning intended by these terms in the present chapter.
On the other hand the coverings of the first category should be considered as only

giving light insulation. .

Although the efficacy of coverings of the second category as well as the systems
of installation quoted in (3) and (4) may be almost complete even in difficult situa-
tions, they may not owing to their high cost, be considered as normal methods of
usage, especially if they have to be applied over great lengths.
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3.3.5. — Insulating coverings may always be employed simultaneously with
one of the other means mentioned above, or their insulation may be improved by
supplementary wrappings or coverings.

3.3. 6. — Electric protection is a good method of maintaining the efficacy
of coverings.

3.4, — ARMOURED CABLES

Armouring constructed -in accordance with the instructions given in the
Recommendations for the Protection of Cables against Corrosion (Chapter V, par. 5. 4)
protects the insulating covering placed directly on the cable sheath against mecha-
nical damage during and after the installation, and thus ensures a certain durability
of its insulating qualities. Often sufficient protection of the cable sheaths against
electrolytic corrosion is obtained by the use of cables, armoured over the whole
of their length.

It is necessary to ensure the electrical continuity of the armouring (except
at insulating joints). It is also advisable to connect the armour metallically to
the cable sheath at fairly close points (for example at all joints), and to take all
steps to avoid the contact of the soil with those sections of the sheath which are
bare. When these conditions are fulfilled, the direct exchange of current with the
earth is not with the sheath but with the armouring. This latter may undergo
corrosion, but this corrosion, since it is only moderate, is not dangerous. If it is
desired, the further preservation of the armouring may be ensured by carrying out
the more appropriate protection measures, given in the present “ Recommenda-
tions ”.

3. 5. — SECTIONALISING

3.5. 1. — Sectionalising consists of the interruption of the electrical continuity
of the system of cable sheaths or pipes, by means of insulating gaps, so as to create
independent sections.

3.5. 2. — These insulating gaps should be constructed so that they are
mechanically strong and are sufficiently watertight and durable.

It is desirable to avoid that their installation should cause any appreciable
leakage of current in their vicinity. To this end it is advisable that the insulation
of the cable sheath from the earth should be high over the greatest possible length
near to the gap; it is also advisable that these gaps should preferably be installed in
localities where they can be kept sufficiently dry.

When several cables follow the same route, the insertion of insulating gaps
in each one of them should be at the same point on the route ; moreover they should
be metallically bonded to one another before and after the insulating gaps.

It is recommended that the electrical condition of the insulating gaps and their
efficacy should be tested periodically ; to this end, they should be installed so that
they are easily accessible, and proper arrangements should be made when installing
them, so that they may be brought into service or taken out of service as required.

3.5.3. — The use of a reduced number of insulating gaps wisely placed,
may be useful for the insulation from the rest of the cable system, of certain sections
particularly exposed to the exchange of current with the rail system; such a case
would occur especially in the localities where the cable crosses the track, as well
as those where it passes abruptly from a short to a great distance from the track.

3.5. 4. — The use of insulating gaps wisely placed and of sufficient number
(principally in the zones where the current tends to enter the cable sheath) may,
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in certain cases, ensure a useful protection against corrosion, by limiting the
magnitude of the exchange of current between the sheaths and the earth, in each
of the independent sections.

It may ‘be necessary for the sheath to be contmuous to alternating current, for
example in order to reduce the effects of induction. It is then necessary to shunt
the insulating gaps by capacitors or circuits consisting of an inductor and.
a capacitor in series, the values being chosen to resonate at the most troublesome
induced frequency. In the case of a cable having a second inner metallic sheath
well insulated from the outer metallic sheath, the latter may be interrupted at
regularly spaced intervals.

3.5.5. — In areas particularly exposed to lightning, the use of insulating

. gaps is madVlsable, since it 1mpedes the flow of atmospheric discharge currents

which may result in various serious forms of damage to the cables.

3. 6. — ELECTRIC PROTECTION

32

Under the general designation of “ electric protection ” are included the-use
of different means for protection against electrolytic corrosion, which are all based
on the fact that underground metallic structures (iron, copper, lead, etc., but not
aluminium and its alloys) are immunised against corrosion when they are suffi-
ciently electro-negative in relation to the surrounding medium.

The various methods of application of electric protection are indicated in-
Chapter V.

Whereas, in certain areas the existence of small defects in the covering of a
cable or duct in the presence of stray current may be very damaging owing to the
concentration at these points of leakage currents, the application of electrlc protec-
tion removes this danger.

Moreover, experlence shows that the apphcatlon of electric protectlon to a
duct or cable w1th a covering lmmedlately it is laid, may contribute. to the preserva-
tion of the insulation which the covering affords.
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CHAPTER IV

PROTECTION BY LIMITATION OF STRAY CURRENT

4. 1. — ARRANGEMENTS CONCERNING TRACTION SYSTEMS

4.1.1. — When considering a traction system, in order to verify that the
arrangements made to ensure the return of current are satisfactory (notably the
number of negative-feeders, the disposition of their points of connection and the
distribution of the current between them), it is advisable to calculate the theoretical
value of the average differences of potential between the rails and the earth, the
highest average difference of potential between points on the system and the
average falls in potential along the rails, and these values should be compared with
the results of corresponding measurements, as indicated in the earier paragraphs
2.7.2, and 2. 7. 3. .

The principle of the method of calculation is given in Appendix I. -

In the present Recommendations the terms average differences of polential
and average falls in poleniial signify the values obtained by the calculation made
for the different sections of route, taking for the power in each section of route
the average of all the working days, each day counting as 24 hours, whatever the
effective period of service each day may be.

4.1.2. — The choice of limits to be assigned to the variations of potential
ingthe traction system should be governed by the following points :

(a) situation and development of the underground metallic systems;
(b) nature of the track and its foundation ;
(¢) general layout of the traction system and its conditions of feed.

The most precise limits must be adopted in zones where the traction systems
cross over underground metallic constructions (water, gas, power cables and tele-
communication cables etc.), which are extensive and are relatively dense. In the
following, such zones will be indicated by the term Dense zones, and the other zones
will be termed Sparse zones.

Also a distinction must be made between the sections of track composed of
rails buried level with the soil, and those, which are built on independent foundations,
which are thus much better insulated from the earth.

~ In the case of systems, or parts of systems, of linear configuration, the number
of ways by which the current is able to return to the sub-stations being more limited
than in the case of the complicated systems, it is not possible to adopt such strict
limits for the former as for the latter, even in the dense zones.

- 4.1.3. — The determination of the average differences of potential between
the rails and the earth provides a complete view of the whole traction system, and
indicates the zones in which the. risks of corrosion of the neighbouring underground
systems are the greatest.

The calculations are not necessarily absolutely correct owing to the uncer-
tainty presented by the definition of the coefficient of flow itself, which appears in
the calculations, and to the fact that the relative values given to the coefficients
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of flow for the various sections of route are not always correctly known. But,
even if the values of voltage are only calculated approximately, the variations cor-
responding to a modification of one or several parameters may sometimes be deter-
mined with sufficient accuracy. For example, it is possible in this way to compare
different methods of balancing and of distribution of the return feeders, when the
other parameters (resistivity of the soil, the type of rail, etc...) remain constant.

Finally, in spite of the assumptions made in arriving at the theoretical value
used in the calculation of the differences of potential between the rails and the earth,
it should be recognised that in practice very good results have been obtained in

.certain countries where, by agreement between the managements of traction

systems and the Administrations and Organisations owning underground cable

- and pipe systems, the following principle has been applied : limitation of the negative

values obtained by calculation of the differences in potential between the rails and
the earth in those parts of the dense zone other than where the rails are well insulated
from the soil (independent foundations, etc). (1)

4. 1. 4. — Experience has shown that a limitation of the differences in potential
calculated between different points of the rail system will not suffice, in all cases,
to ensure that the stray currents arising from this system will be sufficiently low
as to cause no risks of electrolytic corrosion, and may, in certain circumstances be
needlessly too strict a limitation : the nature of the locaiity, and certain peculiar-
ities in the method of laying the tracks play a very important part, but may not
be taken into consideration in such calculations. Nevertheless, for the moment,
as there does not exist an entirely satisfactory criterion for the operation of a
traction system from the point of view of the production of stray current, it would
seem advisable, to adopt provisionally, limits which have shown themselves reason-
able.

4.1.5. — In a complicaled traction system, the average difference in potential
between any point of the system within the dense zone and the nearest sub-station
if the substations work in parallel, or otherwise the corresponding feeding sub-
station, should not exceed 2.5 volts.

In a traction system of linear configuralion, not built on an independent founda-
lion and fulfilling the conditions of pars. 2. 2.2 to 2. 2. 7, the average difference
in potential between any point of the system within the dense zone, and the nearest
sub-station, should not exceed 2.5 volts, if the distance in a straight line between
these two points is lower than 1.66 kms. For two points whose distance apart in
a straight line is greater, the value expressed in volts of this difference of potential,
should not exceed 1.5 times the value of the distance in kilometres.

In a traction system of linear configuration nol built on an independent founda-
tion, and fulfilling conditions of pars. 2. 2.2 to 2. 2.7, the average difference in
potential between any point of the system within the sparse zone, and the nearest
sub-station should not exceed 2.5 volts, if the distance in a straight line between
these two points is less than 1.25 kms. For two points whose distance apart in a
straight line is greater, the value expressed in volts of this difference in potential
should not exceed twice the value of the distance expressed in kilometres.

In the cases of traction systems of linear counfiguration, set up on an independ-
ent foundation, and fulfilling conditions of pars. 2. 2. 2 to 2. 2. 7, there is no need-
to fix a limit for the difference in potential (see par. 2. 4. 2).

4.1.6. — If certain traction networks have been constructed following more
strict rules than those of paragraph 4. 1.5, and if the application of these rules

(1) The Swiss rules limit these negative values to 0.8 volts.
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has proved satisfactory both technically and economically for all the services
interested, there is no need to adopt the limits indicated in paragraph 4. 1. 5.

If, on the contrary, it is established that owing to the-particular characterist-
ics of an existing traction network values markedly higher than the limits given in
paragraph 4. 1.5 may be permitted without damage to the neighbouring ducts
and cables, these values may be retained, instead of the limits.

4.1.7. — The arrangements made in order to ensure the return of the trac-
tion currents should be such that the value of the current ﬂowmg in the rails is
limited, which corresponds to a limitation of the average fall in potential.

4. 1. 8. — Finally, when one establishes the equ1p0tentlallty of the points of
connection of the return feeders, the maximum difference of potential on the inte-
rior of the network is. the smailest possible for the given conditions of feed and for
a fixed position of these points of connection : however it is only important to esta-
blish this equipotentiality if it leads to an improvement of the situation from the
point of view of the magnitude or the distribution of stray currents.

4.2. — ARRANGEMENTS CONCERNING UNDERGROUND CABLE SYSTEMS

Even if an electric traction system satisfies the different conditions given
in the foregoing paragraphs, and is properly maintained, the underground pipes
and cables placed in the vicinity of this system are not entirely protected from the
risk of electrolytic corrosion.

In order to prov1de against these risks it is desirable to make the general
arrangements indicated in Chapter III concerning the layout and the fixing of
cables, and also the construction of ‘ducts or conduits, the type of coverings, or the
armouring of cables.

If there is any occasion to doubt the sufficiency of these steps, particularly
at certain parts of the cable network, they may be completed by applying certain
of the special arrangements described in Chapter III (pars. 3. 3. 4 and 3. 5), within
the necessary limits, and in so far as economy allows.
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CHAPTER V

ELECTRIC PROTECTION

5.1. — GENERAL

5. 1. 1. — Electric protection of cable sheaths and of metal ducts, (iron’

copper, lead..., but not aluminium and its alloys), has for its object their pro-
tection against corrosion by keeping them electro-negative (or cathodic) with -
respect to.the surrounding electrolytic medium (soil, water,...).

To obtain this result, it is necessary to create a protective field of direct currents
in the surrounding medium, which, entering the duct or the cable sheath at each
of the points where they are in contact with this medium, flow along their length,
and are collected at certain points by metallic connections (called drainage connec-
tions or drainage bonds) and are returned into the medium by means of underground
or buried anodes, or-via a rail network.acting as an anode.

According to the case, these protection currents are produced by a direct
current generator, or otherwise simply originate from the tracks of an electric
traction system to which the metallic ducts requiring protection are connected at
proper points by suitable devices. :

5. 1. 2. — These protection currents superimpose themselves on the pre-
existing stray currents. :
In order that the electric protection may be effective, it is necessary that at
all points on the duct or cable sheath, the resultant of the stray currents and the

protection current shall tend to enter the duct or sheath, and that the resulting

potential shall be sufficiently electro-negative with respect to that of the surround-
ing medium to render the metal passive and corrosion impossible (see Appendix IV

§A.4.1).

5. 1. 3. — This result is obtained by means of protection currents the value of
which is smaller the higher the conductance of the cables or ducts to be protec-
ted and the higher their average insulation resistance from the surrounding medium,

5. 1. 4. — If small protection currents are satisfaclory, the electric field resul-
ting in the surrounding medium is less important and it is easier to avoid damaging
repercussions on other underground structures in the neighbourhood of the cables-
or ducts being protected.

5.2. — GENERAL CONDITIONS OF INSTALLATION

5. 2. 1. — The establishment of electric protection requires the examination
of the whole of the electrical and topographical situation of the traction network
and of the network of cables and ducts to be protected, taking into account, when
necessary, the presence of all the other underground ducts or metallic structures in
the area. This situation should be reconsidered whenever an important change in .
the existing conditions occur. General indications on the manner of carrying out
this preliminary study are given in Appendix IV.
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5.2.2. — In order that the currents, taken up along their length by the
metal ducts or cable sheaths to be protected, may reach the drainage connections,
it is necessary that these ducts or cables should have no breaks in their electrical
continuity, unless they are intentionally divided into sections, each having its proper
drainage connections.

With the exception of separation points between such sections, or again of
certain special points where an intentional increase of the resistance is part of the
arrangements adopted for electric protection, (see, for example, par. 5. 3. 3), it
is absolutely necessary to eliminate or to short-circuit insulating or high resistance
joints, so that the longitudinal conductance of the duct or cable sheath is the best
which can possibly be obtained.

5.2.3. — It is necessary to avoid any proximity or any direct metallic

contact between the cable or duct being protected and any external metallic struc-

ture or ducts which are not part of the protection scheme.

When an electrically protected duct or cable is fixed to a metal bridge, it is
necessary, especially if a duct or cable sheath of low linear resistance is concerned,
either to insulate it carefully from the bridge, or to separate the section fixed to the
bridge from the rest of the duct or cable by means of resistance joints, shunting it
by insulated conductors of a correct size.

The same applies if a section of duct or cable is erected on metal structures
(pylons, frames) not insulated from the earth.

5.2.4. — The drainage connections and their attachments to the cable or ducts
being protected, should be well insulated from the earth.

5.2.5. — In the case of protection against stray current due to an electric
traction network, the establishment of efficient electric protection is only possible

_if the tracks and the return feeders are constructed and maintained in good condi-

tion, as indicated in Chapter II of the present Recommendations.

This establishment is simplified in ‘proportion to the low-magnitude of the
differences of potential which may be found on the track network. Nevertheless,
according to the conditions of establishment of electric protection, it is possible to
dispense with the limits given in Chapter IV, relating to protection by limitation
of stray current.

5.2.6. — Any system of electric protection requires an effective inspection
of both the general conditions of working, and the good condition of the apparatus
installed. This inspection includes mainly a frequent checking of the magnitude
of the protection currents and a periodical testing of potentials along the ducts or
cables protected. In order to carry out these operations with ease, it is desirable -
to install accessible test points at places chosen for convenience. .

5.2.7. — If, in order to protect the apparatus inserted in the drainage
connections, or to prevent the passage of an excessive current through the ducts or
cables being protected in case of a railway accident, automatic cut-out devices
(fuses, cut-outs etc.) are installed in the connections, it is necessary to provide
an immediate alarm system to draw attention to the failure of the drainage connec-
tion, thus making the arrangement safe.

5.3. — METHODS OF INSTALLATION OF ELECTRIC PROTECTION

Electric protection is carried out according to the followihg methods, which
may be installed singly or simultaneously.

5. 3. 1. Direct electric drainage
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5. 3. 1. 1. — Direct electric drainage consists in connecting the cable sheath
or the duct to be protected, by metallic drainage connections either to the rails,
or to the return feeders, or to the negative bus-bars of the traction system.

Direct electric drainage may only be made if it is ensured that, whatever the
running conditions of the traction system may be, there will be no reversal of the
direction of the current in the drainage connections (except very rare reversals of
short duration and of low current value); therefore, it cannot be employed in all
circumstances.

Preferably the drainage connection is made to the negative bus- bar of the sub-
station from which the traction current originates or exceptionally, to a point on
a return feeder. The connection may not be made directly to the rail unless it is
ensured that the said rail is always electro-negative in relation to the earth at the
point chosen.

5.3. 1. 2. — In order to avoid a needless increase of the voltages and currents
involved, it is sometimes useful -to insert resistances of suitable value in certain
drainage connections : it is advantageous to use resistances the value of which
increases as the current increases.

5. 3. 2. Polarised Electric Drainage

5. 3. 2. 1. — Polarised electric drainage consists of inserting in certain selected
drainage connections, apparatus which restricts the flow of current to one direction
only (a contactor controlled by a polarised relay, a rectifier, etc...).

This arrangement allows the choice of the points of connection of the drainage
connections with greater freedom than in the case of direct drainage, since it is no
longer necessary that these points should always be electro-negative with respect
to the earth. The action of one or other drainage connection is eliminated during
periods in which direct connection would be harmful. This circumstance being
taken into account, the complete study which should be undertaken for the judicious
choice of the points of connection and the determination of the characteristics of
the equipment, generally leads to the simultaneous installation of several devices
distributed along the cable or duct to be protected.

5.3. 2. 2. — Since any connections which may be made between the cables
and ducts themselves are all part of the same system of protection, they should
include a unidirectional device, if it is necessary that the current flowing in them

should be unidirectional.

5.3.3. Conirolled Electric Drainage

5.3.3. 1. — This system consists of controlling the currents flowing in the
ducts or cable sheaths so that the potentials of their different sections differ from
those of the neighbouring parts of the soil by a voltage which is just sufficient to
obtain the desired protection, by means of the provision of a sufficient number of
drainage connections having suitable resistances and the insertion of resistance joints
(insulating gaps shunted by resistance) in the ducts or cables to be protected.

5.3.3.2. — The resistances placed in the drainage connections should be
adjustable so that their value may be adapted fairly closely to the changes in
conditions of the system.

5. 3. 3. 3. — Inspection of the working of the system should be permanent.
5.3.4. Forced Electric Drainage

5.3.4. 1. — Forced electric drainage consists of connecting the cable sheath
or the duct to be protected, by drainage connections to the negative terminal of
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a direct current electric generator, the positive terminal of which is connected to the
rail of the traction network.

This device functions even when the potential of the rail at the connection
point is initially higher than that of the duct.

It allows the use of the excellent anode constituted by a well maintained rail
system ; it is, in a way, a device intermediate between polarised electric drainage
and cathodic protection using a sacrificial anode (see par. 5. 3. b).

The electromotive force of the generator is in parallel with that resulting from
the difference of potential, of varying direction and value, which exists between the
rails and the duct being protected; the generator should thus at certain times
overcome the reversals due to this variable difference of potential; its working
characteristics (volts, amperes) should consequently take local conditions into
account.

In certain cases, the low slope characteristic of a normal rectifier is satisfactory ;
in other cases a special characteristic is necessary (obtained, for example, by the
insertion of an inductance in series with the rectifier in the secondary of the trans-
former feeding the rectifier).

5. 3. 4. 2. — Since the alternating currents flowing in the lead sheaths of
certain cables are likely to damage the rectifier of the forced drainage apparatus,
it may be necessary to provide a protection device (for example, a series inductance)
in the forced drainage circuit.

5. 3. 4. 3. — In the case where the protection current is derived from rectifiers
having high harmonic content, and disturbance may be caused to the circuits of
the protected cable, it is usual to insert an appropriate filter network in the drai-
nage connexion.

5.3.5. Cathodic prolection with a sacrificial anode

5. 3.5. 1. — Cathodic protection with a sacrificial anode consists of connecting
by means of a metallic connection, the cable sheath or the duct being protected to
the negative terminal of a direct current generator; the positive terminal is
connected to a mass of metal buried in the ground which serves as an anode (sacri-
ficial anode) by a connection which, as well as its point of connection to the anode,
should be well insulated from the earth in order to avoid the possibility of very
rapid corrosion, brought about by a high concentration of current at this point, caus-
ing a breakdown of the protective system.

It is advisable to separate the anode sufficiently from the cable and from the
duct being protected in order to increase its effective zone of action.

5.3.5. 2. — The magnitude of the protection current depends principally
upon the electromotive force of the generator and the resistance of the circuit, formed
by the earth, the sacrificial anode, the duct or the cable in question, and the connec-
tions between them. The resistance of the anode is nearly always greater than the
rest of the circuit, hence the importance of installing this anode with care, in order
to obtain as low a resistance as possible (about 1 ohm). A preliminary examination
of the site (electrical prospecting) often leads to the selection of a situation favour-
able in this respect. The soil immediately surrounding an anode may be further
improved by means of a suitable backfill (bentonite, gypsum).

In spite of these precautions it may happen that after a certain time the resist-
ance of the anode, after having temporarily decreased, increases progressively,
since the products of its inevitable corrosion are bad conductors and are not’
soluble. It is therefore advisable to inspect the anode periodically, with a view to
improving or replacing it when it’s resistance has become too high.
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5.3.5. 3. — Moreover, the position of each anode should be selected beyond
the sphere of influence of any other underground metallic structure likely to be
placed in danger.

" 5.3.5.4. — The recommendation made in par. 5. 3. 4. 3. also applies in the
case of cathodic protection using buried anodes.

5. 4. — PRESERVATION OF NEARBY STRUCTURES

5.4. 1. — When several metallic ducts or sheaths of underground -cables are
parallel over a long distance in an area traversed by stray current arising from a
traction network, it is often useful to extend the electric protection to all the ducts
or to all the cable sheaths. - ’

5.4.2. — When high and low voltage cables and telecommunication cables
are included in the same protection system their sheaths are electrically connected.

This connection is established naturally when in an electric traction sub-station
all the earths are connected to the negative bus-bar and when also there exists a
drainage connection between the telecommunication cables and the bus-bar.

- When local conditions require the interconnection of the cable sheaths at a point
remote from the electric traction sub-station, it is sometimes desirable for purposes
of cathodic protection to isolate from earth the cable sheaths at certain high or low
voltage sub-stations, provided appropriate measures can be taken to safeguard the
telecommunication cables in the event of break down on the high or low voltage
installations. :

When this is done, connection between the cable sheaths is generally esta-
blished through a resistance, inductance or other appropriate device ; it is necessary
to take precautions in case of accident to the high or low voltage cables to limit the
current, in the sheaths of the telecommunication cables so that no damage to the
equipment or disturbance to the telecommunication network will result.

5. 4. 3. — In the case of a short parallel length, or a convergence, or a cross-
over of routes, it is advisable to consider which of the following solutions is the most
advantageous :

(a) extension of the protection to all the ducts or cable sheaths present and
arranging for suitable sectionalising of particular ducts or sheaths;

(b) provide protection of the protected ducts or cable sheaths so that, in the
zone of convergence no risks are incurred by the non-protected ducts or cables.

For example, when an electrically protected duct passes along a route in which

" there are numerous non-drained underground cables, it may be preferable in certain

cases, rather than to extend electric protection to these cables by connecting their
sheaths to the protected duct by means of protection connections, to have recourse
to one of the following arrangements :

— improving the insulation of the protected ducts or cable sheaths in the
zone of convergence ;

— separating, from the whole of the electrically protected duct or cable sheath,
the section situated in the zone of convergence, by means of resistance joints, and
shunting this section by insulated conductors of a suitable size. :

In effect when there is, in this zone, a natural entry of stray current into the
cable sheaths, the only risks of electrolytic corrosion of these sheaths, at this point,
arises from too large protection currents in the duct. If, to eliminate these risks,
the whole of these sheaths, (which generally constitute a good local earth connection),
were connected to the duct, the potential of the duct being protected would be
needlessly raised necessitating the augmenting of the protection installation, and
possibly of making new drainage or forced drainage connections.
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APPENDIX 1

PRINCIPLE OF CALCULATION

OF THE DISTRIBUTION OF THE VOLTAGES IN THE RAIL NETWORK OF
A TRACTION SYSTEM :

IDEAS ON DIFFERENCE BETWEEN THE POTENTIAL OF THE RAILS AND
THE CONVENTIONAL POTENTIAL OF THE EARTH

For consideration of the measures to be carried out in order to reduce the
intensity of stray current arising from traction systems, it is desirable to know,
at least approximately, the distribution of the voltage in the rail system ; it may
be equally desirable to determine the influence of the disposition of the return
feeders on this distribution. Finally, it is useful to discover, at least roughly, the
zones in which the current leaves the rails and enters the soil, and those in which
the current returns to the rails.

Further, in certain countries, according to theories which will be indicated
hereafter, a certain value of potential is defined as being the conventional potential
of the soil and of the underground systems, and effort is made to limit the differences
between the potentials of the rails and this conventional potential.

The object of this appendix is to indicate on which hypotheses these different
calculations may be based, and to show the principle of the method which enables
these calculations to be carried out. :

A. 1. 1. — DISTRIBUTION OF VOLTAGES IN THE RAIL SYSTEM

Since the effects of electrolysis depend not on instantaneous values of currents
but on their integral with respect to time, it is justifiable to calculate either the
integrals with respect to time of the currents or the voltages or—which amounts
to the same thing—the average values of these magnitudes with respect to time,

In the Recommendations (chapter IV, paragraph 4.1.1) it was agreed to
consider as average values, those which relate to the total of a large number of
working days, each of these days counting as twenty-four hours, whatever may be
the actual duration of service in a day.

The calculations are made using, for simplification, the following hypotheses.

(a) The losses of current along the rails or the relurn feeders, are negligible.
This hypothesis is the better satisfied as the system is well constructed and
maintained : moreover, in adopting it, values are obtained near to, but exceeding,
the fall of potential along the length of the rails.

(b) The average value of the current fed into the rails via the locomolives, per
unit length of the track, remains at a uniform value at all points of any one section
of route. (The term section of route denotes any continuous portion of route where
no crossings, no junctions and no return feeder connections are made).

This value may, when it concerns a route in use, be deduced from the readings
of the meters installed in the vehicles. . If it concerns a projected route, it may be
deduced from the empirical relationships giving the specific load of the machines
as a function of the weights carried, of the speed of running, of the gradient of the
line, etc. :

The other data of the problem are the general configuration of the rail system,
and of the return feeders, and the value of the resistances of these various elements
of the system.
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The calculations may be carried out as follows :

1. At each point of the rail system the average value of the feed current is
known. I, the total current entering the whole ‘of the system may be determined.

The currénts entering the rail system can only leave it by the return feeders;
therefore, the sum of the currents leaving by these return feeders is equal to I.

2. When there is a single return feeder F1 having a known position, and if at
each point of the route, the value of the entering current and also the value Ir:
of the current leaving by the return feeder (a value equal to I in this particular

case) are known, by application of the laws of Kirchoff and Ohm it is possible

to determine, on one hand the value of the voltage at each point of the route,
and on the other hand the value of the fall in potential along the rails.

This result may be obtained either by numerical calculation, or graphical
equations, or by electrical measurements on a model. :

M being any point of the rail system, it is assumed that

In; is the-average value of current flowing past this point M,

Vi is the value of the average voltage between the route at this point and
a reference point chosen at will, in the system.

(The second indices 1 mean that In: and Vu: have been calculated allowmg
that the whole of the current I has been carried away by the feeder Fi).

3. . Now, taklng the case of a system comprising p return feeders F1, Fe ... Fp
the positions of which are known, the preceding calculations may be repeated
for each return feeder supposing that it is the only one.

Thus,

Invz, Imz, ... IMz, ... Imp, the different values of current whlch would flow

- at one single point M in the rail system ;

Vi, Vmz, ... Vi, ... Vup, the different values of the voltage between a
single point M and a point chosen at will, but the same in all cases, each calculated
on the theory of the existence of one single return feeder.

It is important to note that these quantities may be calculated once and for

- all, from the values of entering current, and from the positions of the feeders,

independently of any other electrical characteristics of the feeders.

Finally let : Irz, IFz, ... IFi, ... Irp, be the values of the currents leaving
respectivély by the feeders F1, Fe, ... Fi, ... Fy.
Then ,
. ' t=p » .
(1) | | Z Ii=1
. i=1

The value of the current at peint M will be :

i=p

2 Iri Imi

i=1
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The value of the voltage at point M will be, in the same way:

i=p

E Iri Vi

(3)  Vu= e

i=p

2 I

i=1

Thus, in the theories elaborated up to the present, the knowledge of the values
of the currents leaving by each feeder would allow the complete determination of the
distribution of currents in the rail system, as well as the distribution of voltages.

4, For the application of these formulae, different data may be assumed
according to the object of the study.

4. 1. — For example, one may stipulate “a priori ” the value of the current
which should leave the rails by each return feeder. In order to obtain this result
effectively it is necessary to determine the-electrical characteristics of the feeders,
so that they may fulfil certain conditions. '

Let R:, Rs, ... Ri, ... Rk, ... Rp be the resistances to be given to each
of these feeders.

Let Vi, Ve, ... Vi ... Vi ...
points 1, 2, ... i, ... Kk, ...
and the point of reference.

According to the general equation (3), the expression of these values is :

i=p
Z Ifi Vi~

<

Vp be the values of the voltages between the
p, where these feeders are connected to the rails,

i=1
Vi — 48—
: i—p
Z IFi
i=1
() B
i=p
, 2 Iri Vi
i=1
VI(':

i=1

i} 2 IFi

Since all the return feeders are connected to the same bus-bar at the generating
station, it follows :
(5) Vi—RiIri= ... =Vek—Ri Irk = ... = Vp— Rp Irp.

The whole of the ‘p equations (4) and the (p — 1) equations (5) would not
suffice to determine the 2p unknowns (values of Vi, and values of Rx). The value
of one of these unknowns may be fixed at will, therefore.
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It s Tnecessary to remember however, so that the analytical result should

' have a physical meaning, that the values found for the dlfferent resistances should

be positive.

4.2. — It may also be proposed to determine the distribution of return
currents in the different feeders, so that the points where all the feeders are connected-
to the rails should be at the same potential.

The system of equations to be resolved thus comprlses

the relation (1)
the p equations (4), :
~ to which must be added the (p — I) equations (6):

© Vi=Vem .. =Vi= .. =V,

or, altogether, 2p equatlons to calculate 2p unknowns (values of Ik and of Vk)
The result of this problem is thus completely determined.

4. 3. — It may be proposed to discover what is the distribution of currents
in a rail system, when the return feeders have a defined resistance in advance.

Again let Vi be the value of the voltage between the point of connection
of the feeder % and the point of reference, and let Ry be the resistance of this feeder.

The system of equations to be resolved then includes,

the relation (1),
the p equations (4),
the (p — 1) equations (5)

or 2p equations to calculate 2p unknowns (values of Irk and of Vi). The solution
of the problem is completely determined.

- 5. Whatever the result may be, when the values of the currents leaving
by each feeder are determined, it is possible by means of the equations (3), to
calculate the distribution of potential along the rails, the potential of reference
being that of a point chosen at will at the beginning. This ensures that the

- average potential drop per metre, and the average differences in voltage between

any two points of the system, do not exceed the limiting values.

A.1.2. — IDEAS ON THE DIFFERENCE BETWEEN THE POTENTIAL OF THE RAILS AND

THE CONVENTIONAL POTENTIAL OF THE EARTH

It is possible to determine in a rough manner the zones in which the current
leaves the rails and enters the earth, and those in which the current returns to the
rails, on the basis of the following theory

Let i be the current, at any point M on the rails, leaving the rails and entering
the earth (if, at the point considered, there is a return of current into the rails,
iM 1s negative);

V. is the value, calculated earlier, of the voltage between the point M and

~a reference point, chosen at will;

Vo is the value of the voltage between a point in the earth 1nﬁn1te1y distant
from the traction system, and the same point of reference. ' :

It is admitted that it is possible to write at each point :

(7) . : M = Cm (Vi __‘_Vo)’.
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Cm being a coefficient of the nature of a conductance called the coefficient of
flow at the point M, and principally depending at each Jdocality on the nature of
the rails, the manner of their mounting, and of the electrical qualities of the neigh-

_bouring conductive surroundings (foundations and ground).

By means of this theory, and supposing the values of Cm to be known along
the whole length of the route, it is possible to calculate Vo when it concerns a
traction system, of which the feeders are perfectly insulated from the earth, especially
at the generating stations.

In this case, in effect, the sum of the currents leaving the rails into the earth
is equal to the sum of the currents which return to the rails. In other words, the
algebraic sum of all the exchanges of current between the rails and the earth is nil.

Thus :

(8) fCM (VM — Vo) dl = 0,
the integral being extended along the whole length of the rails :
it follows
f CuVud
9) Vo=

The knowledge of Vo then allows, by application of the relation (7), the
determination of the zones of entry or of emergence of current.

It is useful to note that for the application of the formula (9), it is not necessary
to know the absolute values of Cx but that it is enough to know their ratios to one
of them. Particularly, if Cnx were constant for all the points of the system, the
relation (9) would become

/ Ve dl

fdl

Experience seems to show that this theory of calculation gives results which
are sufficiently accurate for the object of the investigation, when it concerns a
system composed of rails of a uniform type, set up everywhere in the same manner,
and when the foundation of the track presents no anomalies anywhere in
conductivity.

Furthermore, it has been shown by the experience of certain countries that
if the foundation of thé track nowhere presents any anomalies in conductivity,
the calculations lead to sufficiently accurate results for the object of the investiga-
tion, when relative uniform values of the coeflicient of flow are adopted for sections
of track in which use is made of the same type of rails mounted in the same manner.

(9B) | Vo

Here, for example, are some of these relative values :

C =1 for a double track with grooved rails;
C = 0.7 for a single track with grooved rails;
C = 0.1 for a single track with Vignole rails.

Because of this, a more developed expression may be given to the formula (8).



— 29 —
231

Given a section of track or more exactly a part of a section of track for
which a uniform value may be attributed to C, then :

A & B are the extremities of this part of the section,
L = length of this part,

J = the average value of the total feed current entering the section,

Vi and Vg the voltages between points A & B and the point of reference as
previously given.

232 For this part of the section, the integral is:

- B
/ Vm di,
A JA :

where [ is the distance of the point. M from the point A.
From Ohm’s law : k

; M [ '
VM=VA+r/(IA+J~) |
A L

r representing the resistance of the track per unit of length,
Ia the current flowing along
direction B to A.

Then,

233

the track at point A, taken positively in the

12

J
VM=V 11 — =
M A+T’A+I‘L2

In particular ) J L?

Vi = V rL.1 r——
Vs A+ A+ 7 2
Whence

Ble L(V IL'JLJ LV 1% LQJ
) M (Va+r la +rL6)—2(A+ B)_'zz"

234 In general, even for a somewhat long sectlon the. term of the second degree
in L is negligible. It remains then :

B
/ VMm dl = — (Va + VB)
A 2

And the expression Vo, may be written :

t~

Z CL (Va + V3)

222‘;

the sum being extended to all sections of the traction system.

AVo"—'
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Vo is the conventional potential of the whole of the soil and underground
system (mentioned above) with respect to the arbitrary point chosen as the reference
point.

It is desirable to note that if imperfect knowledge of the values of C leads to
an erroneous estimation. of Vo, the error which would result would be to fix
incorrectly the neutral points, where there is no exchange of current between
the rails and the earth, however, the parts of the zones where there is a large
exchange will generally be well defined.

APPENDIX II

ELECTRICAL MEASUREMENTS

A.2.1. — INTRODUCTION

A.2.1. 1. — The making of electrical measurements may have as its object
the collection of the necessary facts for the consideration of the different problems

- on the protection of cables, or other metallic underground pipes, against electro-
ytic corrosion due to stray current arising from direct current traction systems.

Amongst these various problems, very Varled in complexity, may be cited,
for example :

— Study of the nature of corrosion, and subsequently, the origin of the stray
currents having caused it.

— Determination of the magnitude of stray currents dlscharged or collected
in a short or a long length of electric railway track, or underground cable.

— Study of the general situation on a traction system from the point of view
of the stray currents produced by it. :

— Study of the general situation concerning the systems of underground
cables or pipes within the field of the stray current.

— Determination of the requirements of a system of electric protection.

On the other hand, electrical measurements may simply be intended to
ensure that certain conditions of co-existence of a traction system and a cable
system are satisfied, and particularly that certain parts of the installations remain
in a good condition.

A.R2.1.2. — The electrical characteristics to be considered first of all, are
on one hand the magnitudes and densities of current, and on the other hand the
differences in potential. As will be pointed out, when describing them, the direct
measurements of the magnitudes and densities of current are often difficult or
delicate. Thus it is often preferred to use indirect determinations, calculated
from various measurements of the differences of potential, carried out with the
necessary precautions.

The measurements of differences of potential are also those to which recourse
is most often made, either for the control of a general situation, or for preliminary
tests, espemally if no special prov1310n has been made prev1ously for the connection
of ammeters in the circuits.

The testing of the good condition of the rail joints is by the measurement of
or comparison of resistances.
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A.2.1.3. — Most frequently, the interpretation of the results of measure-
ments rests on the comparison of values of two or more different magnitudes
(currents densities of current, differences of potential) which depend, according
to more or less complex laws, on the distribution of the currents throughout-the
tracks of the traction system. Now, this distribution varies, continuously as a
function, of the volume of traffic and of the movements of the vehicles. Hence, it
follows that special precautions should be taken to obtain data which can be
correlated. The comparison of instantaneous values is not possible unless they
have been obtained by means of simultaneous measurements. It is often
necessary to work out average values from measurements taken over sufficiently
long periods. These considerations play a part in the choice of the best methods
and of the most useful equipment.

A. 2.2, — APPARATUS FOR GENERAL USE

With the exception of certain methods depending on the use of special appa-
ratus or equipment which will be described when their employment is necessary,
the greater part of the measurements are taken by using instruments or accessories
having common characteristics which will be indicated hereunder :

A.2.2. 1. — Ammelers

Ammeters are generally used for the measurement of current flowing along
a metallic pipe or cable system, a rail, or a metallic connection, or the exchange
of current (between rail and earth).

It is essential that the resistance of an ammeter, with its shunt, includin
the resistance of the connections between the shunt and the conductor through
which the current to be measured will flow, should be very low in order that the
insertion of the apparatus should not tend to change the value of the said current

As a general rule, the resistance should not exceed 0.01 ohm.

Ammeters should be for measuring direct current only, they should be suitably
sensitive, should give a rapid indication and preferably have a centre zero unless
it is certain that the current to be measured is unidirectional.

A.2.2.2 — Voltmeters and Galvanomelers
Voltmeters are generally used for the measurement, of differences of potential :

a) between two points, relatively distant (from a few metres up to several
kilometres) on a single conductor, or on conductors of a single system, connected
metallically to each other;

b) between conductors (or between a conductor and a metal electrode)'
buried in, or in good contact with, the earth but not connected together metallically ;

¢) between a non-polarisable electrode and a conductor, buried in or in’
contact with the earth;

d) between two points very close together (for example, a few decimetres)
on a single conductor, in order to determinate the current flowing in it ;

_e) between two points on a system which are to be made equipotential
(using a centre zero instrument).

These instruments should be for measuring direct current only, and should
give a rapid indication ; it is generally useful for them to have a centre zero. Their.
resistance and their sensitivity should be chosen having regard to their conditions
of use. Particularly, assuming the measurement of similar voltages, the resistance

‘necessary for taking measurements (b) is much higher than that which would
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suffice for taking measurements (a) and, for example, should be in the region of
10,000 ohms per volt at the maximum voltage measured. In the case of measure-
ments (c¢) the resistance of the apparatus should be even higher; an electronic
type of instrument is generally used.

In the case of measurements (d) and (e) where it may be desirable to measure
fractions of a millivolt, and even of a microvolt, the resistance of the instrument
(in ohms per volt at the maximum voltage measured) may be much lower. The
voltmeter may often be replaced by a galvanometer provided that this instrument
is sufficiently dead-beat.

As an illustration, descriptions of various different apparatus used more
especially for the takmg of measurements (d) and (¢) are given below.

a) Unipivot Volimeter. — The instrument has three scales each with a centre
zero (from — 1.25 to + 1.25 mV; from — 25 to + 25 mV; and from — 250 to
4+ 250 mV). It has a resistance of 8 ohms per millivolt. This instrument, using
suitable shunts, may also be used as an ammeter.

b) Millivolimeler using a mirror galvanomeier. — The millivoltmeter used
in the “ Tester SA 9069 ” of the British Telephone Administration is intended to
measure the difference of potential between two points on a cable sheath, separated
by about a metre. '

The apparatus is a mirror galvanometer having a single loop of 10 ohms,
and which has a sensitivity such that a deflection of 1 millimetre on a graduated
scale, placed 17 centimetres from the mirror corresponds to 10 microvolts. This
galvanometer may be connected to the cable sheath directly, or by means of shunts
so that the sensitivity of the instrument may be one half or one fifth of full sen-
sitivity. The maximum differences of potential which may be measured are,
according to the sensitivity, + 500 p. V, 4+ 1 000 . V, or+4 2 500 p. V. The scale
is marked with three ranges corresponding to these sensitivities.

c¢) Loop Galvanomeler. — This galvanometer consists of a loop of fine alu- .
minium tape (of about 6 ohms resistance), suspended between the poles of two
permanent magnets. The loop is extremely light, so that its deflection is aperiodic,
it is enclosed within a glass globe in order that it may not be influenced by draughts.
Its movements are observed by a micrometer microscope.

It is also possible to project on to a photographic film placed in a dark chamber
the optical image of a small part of the loop lighted by an incandescent filament
lamp, a single edge of the tape being focussed with precision on the film through
the optical system : when the film is unrolled at a suitable speed a record is obtained.

The loop may be set up in two ways ; according to the arrangement the apparatus
will record several fractions of a microvolt or several microvolts. Its sensitivity
may be decreased by adding a series resistance. Calibration is carried out by the
application of a known voltage taken from a potentiometer.

In spite of its great sensitivity, the apparatus is but little influenced by
mechanical vibrations, and may be used out of doors.

d) Valve Vollmeler. — The valve voltmeter, a schematic diagram of which
is given in Fig. 1, is essentially composed of two high slope thermionic valves,
of low grid current connected in bridge and fed by dry batteries, with an indicating
instrument connected between the two anode circuits.

The difference of potential to be measured is applied to a resistance of several
megohms, connected to the grid of the first valve. The second valve connected
symmetrically is used to balance the bridge and to compensate for unavoidable
variations in supply voltage, as well as possible over-voltages.
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Figure 1

VALVE VOLTMETER

Pi: Zero balance , o
P2 : Scale adjustment
U : Difference of potential to be measured

The apparatus works as follows : when the voltage to be measured is applied
to the resistance RI1, the grid of the first valve is brought to a greater negative
potential, which causes the anode current flowing in the resistance R3 to decrease.
The anode of valve 1, which was initially at the same potential as that of valve 2
is made more positive, and the difference of potential between the two anodes gives
rise to a current proportional to the voltage to be measured, and which is measured
by the indicating instrument G.

" The resistances R3 and R4, acting as anode impedances are arranged so that
the valves work on the linear part of their characteristic. It thus follows that
the deflections of the indicating instrument are proportional to the differences of

‘potential applied to the resistance R1.

The apparatus is balanced to zero before it is used, and 'a source of direct
voltage incorporated in the voltmeter serves as a standard and provides for the
instrument to be calibrated at the maximum reading of the scale.

These two adjustments can be readily checked durlng use by the operation of
a switch.

The calibration is carried out on'the 1.5 V scale and no correction is necessary
for the other scales which are automatically brought into line.

To allow for changes of polarity of the voltage to be measured, a reversing
switch provides for the instantaneous reversal of the reading, this is necessary to
keep the chassis of the voltmeter (positive terminal) at earth potential. |

For certain measurements it is possible to change the zero, so as to have a
central zero, while retaining the same scale readings.

The 1nput resistance is 1 megohm per volt for the scales 0-15V;05V;0-15 V
0-50 V. ‘
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. The resistances comprising the voltage dividers to give different sentitivities
are chosen to be as stable as possible.

The framework enclosing the batteries is carefully insulated and comprises a
copper covering formed in one piece, so as to avoid, in wet weather, any leakage
of current from the batteries to the case itself and thence to the earth, which would
cause variations in the measurements.

A. 2.2.3. — Recording Apparalus

The use of recording apparatus of the most common types is not possible
except in a fairly limited number of cases. This type of apparatus is generally
less sensitive than the indicating type, and the resistance is often too small : these
disadvantages may be remedied by the use of direct current amphﬁers (electronic,

- bolometric...).

The comparison of the instantaneous values given by recording apparatus is

-only permissible if the recordings are made on one and the same paper, or if the

rates of movement of the recording papers are synchronised.

As typical examples, details of various special recording instruments are given
below :

a) Recording instrument which has been used by the British Telephone Adminis-
Iration — The apparatus is composed of two loop-galvanometers placed side by
side, and the movements of the loops are recorded on one photographic film under

"the conditions previously indicated. The film is driven by an electric motor, at a

speed of between 3 cms and 10 cms per minute. This motor, as well as the projection
lamps of the galvanometers, are fed by portable batteries, and the whole of the
mechanism is easily transportable.

In order to equalise the loops, a resistance is provided in series with them, so
that the same deflection is obtained when the same voltage is applied to them.

With these arrangements, it is possible to determine with pre01s1on the differences
between the instantaneous values of the recorded Voltages in two different places,
even if they are varying rapidly.

b) Schlumberger recording instrument — The difference of potential to be mea-
sured 1s applied to two terminals O and L ; it is connected in series with a moving -
coil galvanometer G having a centre zero, in parallel with a difference of potential
obtained from the two sliding contacts U and D on a double decade resistance placed
in the circuit of a battery (fig. 2). By means of auxiliary resistances in series and
parallel, the apparatus has four sensitivities and allows measurements from 0.05
mV to 500 mV.
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The potentiometer is a.rranged in the recording instrument as follows :

A hand operated dial moves the units knob in a continuous movement, by a
mechanism similar to that of a revolution counter, so that each time the unlts
knob makes a turn, the tens knob is given one tenth of a turn.

The dial has on its underside a grooved Archimedian screw. A fixed catch
on a horizontal guide slides in this groove. When the dial is turned, the guide
advances or retires proportionally to the number of turns and therefore to the
indications of the knob of the potentiometer, i.e. to the differences of potential
measured. These displacements are recorded by a pencil fixed at the end of the
guide, on a band of paper moving in a uniform manner perpendicular to the move-
ment of the guide, under the action of a spring motor.

The synchronisation of the recordings made simultaneously on several ins-
truments is ensured by the simultaneous periodic inscription of periods of time.

The sensitivity of this method is due principally to the fact that :

1. The operator may change instantaneously to the most favourable scale,

2. The power necessary for the working of the recording instrument is supphed
by the operator and not by the current in the galvanometer.

This method of recording has shown itself perfectly adaptable to the measure-
ments of stray currents.

A.2.2.4. — Inlegraling apparatus.

It is possible to obtain an average value relatwe to a certain duration, by
determining, for example by means of a planimeter, the average ordinate of the
curve resulting from either sufficiently regular readings, or from the record fur-
nished by a suitable recording apparatus. Integrating apparatus of the common
type (ampere-hour meters, volt-hour meters, watt-hour meters) may be used within
the limits which their characteristics allow, for carrying out the measurements
in question, subject of course, to it being certain that the direction of the magnitude
being integrated does not change during the period of each operation.

A. 2.2.5. — Poinis of connection
 A.2.2.5.1. — Melallic conneclions

The connections by which a voltmeter is connected should be stable and should
have as low a resistance as possible. They should be of the same metal as that
to which connection is made in order that, should there be any moisture present,
the formation of a galvanic couple is avoided. In the case of cast-iron or steel
rails or ducts, use may be made with advantage of spiked, knife-blade, or saw-
toothed contacts either tightly fixed together or magnetised ; the rail or the duct
is first scraped clean. In the case of cable-sheaths, preferably soldered or tlghtly

fixed connections are used.

A.2.2.5.2. — Earlh connections.

The contact of the soil with a simple metallic electrode, even chemically inert,
gives rise to an extremely uncertain polarisation electromotive force, generally
varying as a function of the current passing through the electrode and also having
very variable values according to the part of the ground where the electrode is
placed.

However, for rough and ready measurements, an earth spike made of metal
not easily polarised (for example, a copper spike) may be used. In the case of
cable-sheaths of lead, or lead-alloy, acceptable results are obtained by using an
electrode of the same material as the sheath, and placed in contact with the damp
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soil ; if the measurements are made in a duct or chamber, it is possible to use an
electrode consisting of a lead sleeve, containing a sponge saturated with water
taken from the duct or the chamber and kept in contact with the floor of the latter.
Where necessary, it is possible to use as an earth connection, a buried metallic
structure provided it is not connected to any other metallic pipe system.

In every case, the contact area between the earth electrode and the soil should
not be too small in order to avoid excessive polarisation.

For precise measurements a non-polarisable electrode should be used.

A.2.2.5.3. — Non-polarisable electrodes

The use of non-polarisable electrodes was at first confined to research work ;
for some time now simple types of electrodes have been available for making
measurements on the surface or for drawing through a duct with a view to making
measurements at points otherwise not directly accessible.

Non-polarisable electrodes have an electromotive force depending on their
composition, but which remains sufficiently stable provided that precautions are
taken when they are used. This electromotive force is added to the difference in
potential being measured ; therefore it must be previously known.

-The contact resistance of non-polarisable electrodes with the soil or with the
wall of a chamber or duct is often very high, and moreover indefinite. Also, the
electromotive force of the electrode is not independent of the value of the current
flowing through it. These two causes of uncertainty may be eliminated by measur-
ing the differences of potential using a potentiometer, or by using a voltmeter
of sufficiently high resistance.

a) Calomel Elecirodes — The Calomel Electrode is a standard of reference for
determining the magnitude which in electrochemistry is designated by the term
« potential ».

1) The laboratory apparatus is constructed in a tubular form. At the base
of the tube there is placed a bath of pure mercury covered by a layer of pure calomel
(mercurous chloride). The electrolyte placed above is a pre-determined solution
(usually a normal solution) of potassium chloride saturated with calomel. The
contact with the mercury is made through a platinum wire sealed through the glass.
The other contact is made by a liquid connection made up of a saturated solution
of potassium chloride contained in the glass tube:

The agreed “absolute potential ” of the normal calomel electrode is -+ 0.24
volt at 25° C.

A calomel electrode has been used by the British Telephone Administration for
measurements in ducts, under the following conditions : two electrodes protected
against shock and variations of temperature by rubber and cotton were mounted in a
box. Contact with the water of the duct was established, by lenthening the glass
tube used normally for making the liquid connection, by means of a rubber tube,
itself filled with a saturated solution of potassium chloride, and terminated by
a probing attachment of ebonite, filled with a thick jelly of agar-agar and of water
taken from the duct in question, in order to reduce to a minimum the magnitude
of the liquid junction potential. The probing attachment was connected to a
number of probes pushed into the duct-way containing the cable in question, or into
a neighbouring duct-way.

2) In the United States of America, a calomel electrode has been produced
which may be drawn into a duct. It is placed in a support formed from a strip of
lead which serves as a mechanical protection for the electrode.
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b) Lead chloride elecirodes — This type of electrode, made for drawing into
ducts, consists of an ebonite shell, perforated, and filled with an agar-agar jelly
containing a saturated mixture of lead and potassium chlorides, with an addition
of glycerine to prevent the too rapid dehydration of the agar-agar. Lead rings
placed on the exterior of the shell provide mechanical protection. (figure 3).

3‘

um

7 ~

Figure 3

LEAD CHLORIDE NON-POLARISABLE ELECTRODE

A : Connecting wire to lead electrode
B, B’ : Lead rings surrounding the electrode
C -~ : Perforated ebonite shell

D : Paste: PbCl, + Kl

¢) Copper sulphale electrodes.

1) The electrode is composed of a tube of metallic copper fixed in a porous pot
containing a saturated solution of copper sulphate, with an excess of crystals, made
with distilled water.

The electrical contact of this electrode with the soil is through the moisture
filtering through the porous wall. Normally it has a high resistance,

The agreed “ absolute potential ” of this electrode is + 0.32 volt at 250 C.

The electrode may also be made up as follows. A sponge soaked in copper
sulphate solution is placed in a moulded box ; a copper stem is fixed on the base of
the box and penetrates the sponge. ‘A certaln quantity of copper sulphate crystals
is placed between the sponge and the bottom of the box. During transport the
box is covered with a lid thus enclosmg the sponge..

2) Figure 4 shows a model made by the British Telephone Administration
which can be drawn into a duct.

3) The model described below, employed in special cases, was designed to
have a relatively low resistance (some tens of ohms). The electrode is essentially
composed of a wooden tube as porous as possible (about 50 to 60 cms in length
and 4 to 5 cms internal diameter). On this tube are fixed, first a winding of textile,
and then a winding of ten copper wires in parallel (altogether 55 metres of.copper
wire of 45/100 mms. in diameter, under two layers of cotton). The whole is covered

by a plaiting of whipcord. The wooden tube is closed at one end by a cork through
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which the cable passes which is soldered to the copper wire and intended to provide
the connection of the electrode to the measuring apparatus. Precautions are
taken to avoid contact between the tin of the solder and the electrolyte in passing

. the cable through the cork.
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Figure 4

COPPER SULPHATE NON-POLARISABLE ELECTRODE
(FOR DRAWING INTO A DUCT)

Ebonite spacer
Flexible connection
Copper Rod

gowe

: Porous Pot

Filled with saturated copper sulphate and china clay paste
Marine glue

Solder ' ‘
Copper

Rubber

Ebonite.

o Ol A W

When the electrode has been set up, it is soaked in two successive solutions
of copper sulphate.

The interior of the wooden tube is filled with a mixture of equal volumes

of finely powdered copper sulphate and of sawdust.

~ The electrode is normally kept in a solution of copper sulphate.

When using these electrodes in very wet soil or other wet situations the copper
sulphate solution has been found to spread in a short time to the middle part of

‘the electrode. Thus the solution concentration may change without it being

brought to notice.

This inconvenience can be avoided however by mounting this electrode in
a perspex base, the bottom of which is a porous pot which serves as an electrolytic

. diaphragm. The perspex allows one to see very easily the state of the copper

sulphate solution and verify the presence of the crystals.



309
310

311

312

313

314

315 -

316

317

318

319

— 39 —
A.2.3. — MEASUREMENT OF DIFFERENCES OF POTENTIAL

A. 2.3.1. — Measurements between different p;Jints, either on the same metal
structure or duct, or between different melal struclures or ducls.

For these measurements a voltmeter connected to two contact points is used.

The precautions to be taken in choosing the instrument, and in making contact
have been given above. When the two points, between which the difference of
potential is to be measured, are distant from one another, pilot wires are used :
unless the resistance of the voltmeter is large as compared with the resistance
of these wires, it is necessary to correct the measurements to make allowance for
their resistance. '

A.2.3.2. — Measuremenis between one poinl of a melallic siructure or duct
and earth. '

It is generally not possible to give absolute values to the results of measure-
ments of differences of potential between a metal structure or duct system and
earth, since the results depend largely on the nature of this earth connection
(polarisation), on its position (potential gradient due to stray- currents possibly
exchanged between a nearby structure and the earth) and the points of contact
(galvanic couples). :

However, when the value of the measured difference of potential greatly
exceeds the limits of uncertainty due to these causes, the measurement of the
difference of potential between a metallic structure or duct system and a nearby
point in the earth indicates the direction of the exchange of current between the
metal and the earth and also gives an idea of the magnitude of this exchange.

On the other hand, if causes of uncertainty in the measurements of the diffe-
rences of potential do not vary, the values of the variations of this magnitude,
which may be deduced from the measurements, retain their full value.

Furthermore, useful information may be drawn from the comparison of either

" the results of such measurements carried out at different times, at the same places

and under the same conditions, or from the results of such measurements and
those of other measurements carried out simultaneously.

A.2.4. — DETERMINATION OF -‘THE MAGNITUDE OF CURRENT, EXCHANGES
OF CURRENT AND DENSITIES OF CURRENT

A.2.4.1. — Measuremenls of the current flowing in a melal cable sheath.

These measurements can only be carried out in places where the cable is
accessible (chambers in the case of cables drawn into ducts, or excavations in the
case of buried cables).

Except in the case of direct measurements, the cable must be accessible at
least over a length of the order of several decimetres or a metre.

In the case of armoured cables, if it is desired to measure the total current’
flowing in the sheath and the armouring, these should be bonded to each other
on both sides of the points of attachment of the measuring apparatus.

A.2.4.1. 1. — Direct measurements. — The measurement is made by interrup-
ting the continuity of the cable sheath and by inserting an ammeter, satisfying
the requirements specified earlier; the resistance of the ammeter with its shunt
should never exceed 0.01 ohm.

A.2.4.1.2. — Measurements by compensation. — The stray current circula-
ting in the cable sheath may be measured by compensating the stray current, by
means of another current, derived from an auxiliary battery as shown in figure 5.
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Figure 5

COMPENSATION METHOD FOR THE MEASUREMENT OF
CURRENT FLOWING IN A CABLE SHEATH

"A: Cable ' B : Centre zero galvanometer
C: Ammeter -  D: Rheostat
E : " Auxiliary battery

The current flowing from the auxiliary battery passes through an ammeter,
a rheostat, a reversing switch and a short length of the cable under test. A centre
zero instrument (voltmeter or galvanometer) is connected across the length of the
cable sheath preferably by soldered connections placed at some centimetres from

“the compensation circuit connections and between them ; the rheostat is adjusted

until the pointer of the voltmeter indicates zero, and then the reading is taken on
the ammeter, of the stray current flowing in the cable sheath.

The use of this method is only possible when there are no frequent reversals
or very rapid variations of the current in the cable sheath under test.

A.2.4.1.3. — Voltmeler method. —, It is possible to. determine the current
flowing in the cable sheath by measuring "the voltage drop in a short section, the
resistance of which is known.

This voltage drop may be measured either by means of a sensitive voltmeter,
whose resistance should be much greater than that of the section of cable sheath

- under consideration, or by means of a potentiometer using an opposition method.

The use of the opposition method is only possible when there are no fre-
quent reversals or very rapid variations of the current in the cable sheath under
test.

The electrical resistance of the short section of cable sheath may be:

a) either calculated (if the sheath is uniform), according to the cross-

. sectional area and the resistivity of the metal;

b) or measured by means of an appropriate ohmmeter, using an interrupted

~or alternating current,

c) or measured, by paésing a known current obtained from an auxiliary
battery, and measuring simultaneously the fall of potential on the section of

‘cable sheath. It is important, that either the current used should be much greater

than the stray currents ﬂowmg in the sheath, or that the measurements should be
taken when no stray current is flowing in the sheath. If the stray current is suffi-
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cientlyrconstant during the measurement, a smaller auxiliary current may be
used and the effect of the stray current can be eliminated by taking two successive
measurements with the auxiliary current reversed.

Methods (b) and (c¢) are sufficiently accurate even-if the cable under test is
bonded to other cables of the same underground system or is connected to earth
nearby but outside the short section in question, provided that the bond or the
earth connection exists on one side only of the said short section.

A.2.4.2. — Delermination of exchanges of current between a cable and earlh
or belween a track and earth.

The determination of the total value of the current exchanged between a
certain section of cable or track and the earth, may be deduced from the result
of measurements of current in the cable or the track, made at the ends of the said
section. These measurements should be made at one and the same time, so that it
is possible to determine the difference between simultaneous measurements. Direct
measurements may be taken in the case of cables, either by the interrupted sheath
or the “test-sleeve ” method which require a special treatment of the section in
question, or by the method of the double bridge with constant arms, or with variable
arms, which makes use of special apparatus. This last method may also be used
in the case of traction routes.

The preceding methods require access to the cable. Owing to their lack of
sensitivity they are only applicable in practice in cases of long sections, except
for the interrupted sheath or the “ test-sleeve ” methods. They give an
overall result and do not provide the exact value of the exchange of current, nor even
the direction in the different points of the section.

On the other hand in the case of cables buried direct in the ground, this latter
information may be obtained by the application of the Schlumberger and Gibrat
method which only requires measurements to be made on the surface of the earth
in the vicinity of the cable, and which may be quite accurate, at least as far as
variation of current is concerned. In the case of cables drawn into ducts the
method will only give the value and direction of the current exchanged over the
whole length of the duct.

Measurements of exchanges of current with the earth are generally taken over

a more or less extended period (fifteen minutes at least, and even several hours, or
a day), with the object of obtaining average values. '

A.2.4.2. 1. — Method of simultaneous measuremenis. — Measurements of
current should be taken by means of identical apparatus well balanced with respect
to each other, and sufficiently dead-beat ; more often than not these measurements
are made by a voltmeter method.

a) Measurements may be made by two operators, who, for example, take
readings every ten or fifteen seconds : this method should be carried out by expe-
rienced operators, and only gives satisfactory results when the graphs of the results

. obtained differ considerably.

b) It is also possible to use two synchronised recording instruments having
suitable sensitivity.

The recording instrument used by the British Telephone Administration,
previously described, was specially designed for such measurements : a few milli-
amperes of current flowing in the sheath of a large cable is sufficient to give a legible
reading on the film when the galvanometer is connected across about a metre of
cable. Synchronisation of the records is effected by recording on a single film.

A.2.4.2 2 — Interrupted sheath method. — This method may be used in
the case of non-armoured cables. At each end of the section under consideration
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a breakis made in the cable sheath.” The cable sheaths on either side of the section
thus made, are connected to each other by an insulated conductor the resistance
of which should be approximately equal to that of the section of cable sheath
between the breaks. Current measuring apparatus is connected across one of the
breaks ; this indicates the value and the direction of the current exchanged between
the section of sheath and earth (see figure 6).

Figure 6

MEASUREMENT OF THE EXCHANGE OF CURRENT BETWEEN
A CABLE AND EARTH BY BREAKING
THE CONTINUITY OF THE CABLE SHEATH

A.2.4.2.3. — “ Tesi-sleeve > method. — a) A metal sleeve, or “ test sleeve ”
is placed all round the sheath of the cable being measured, and is separated
from this sheath by an insulating layer. The excavation necessary for putting
this arrangement into place is reinstated so as to reconstruct the previous
conditions as far as possible. Insulated conductors A and B soldered respectively
to the sheath and to the tube, emerge from the soil, and current measuring

- apparatus is connected between these conductors (see Figure 7).

Figure 7

“ TEST-SLEEVE ” METHOD OF MEASURING THE EXCHANGE
OF CURRENT BETWEEN A CABLE AND EARTH

o : Insulator Z . Test-sleeve
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The external diameter of the “test-sleeve ” should be as nearly as possible
the same as that of the cable under test ;.its surface should be of the same metal,
and should present, as far as possible, the same conditions of contact with the
soil as the cable, so that the conditions of exchange of current with the earth are
the same as those of the cable. If these conditions are complied with this method
will give information on the magnitude of the current exchanged between the
cable and the earth. T

b) In the case of armoured cables, use may be made of the armouring to
constitute the “test-sleeve ”. The armouring wires are cut at the ends of the length,
along which it is desired to measure the exchange of current with the earth ; at one
end they are connected-together, for example by means of a soldered wire, and
connected to the current measuring apparatus. On either side of the said section
the armouring wires are connected together, and also connected to the lead cable
sheath. ‘

A.2.4.2.4. — Melhod using a double bridge wilh fixred arms (figure 8). —
Let A1 B1 and Az Be be the ends of two sections of cable, chosen so that they
have the same electrical resistance R. These points are connected to a double
bridge of four resistances r; and r’1, rz and r’z, each equal to the other, in the
diagonal of which is connected a galvanometer of resistance ry.

Figure 8

METHOD USING A DOUBLE BRIDGE WITH FIXED ARMS
- FOR MEASURING THE EXCHANGE
OF CURRENT BETWEEN A CABLE AND EARTH

The common value r of these four resistances should be such that the double
bridge does not divert a large current from the cable.
- If I;is the current flowing in the section of cable A1 Bi,
I is the current flowing in the section of cable Ag Be,
and I, is the current flowing through the galvanometer, it follows that :

.

—2(r+rg) v
I —Ip = 1,

R

If R, r and ry are known, the loss of current between the two sections is
obtained from the galvanometer reading.
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If the resistance ry of the galvanomieter. is large with respect to the resistance.
r of each of the four arms of the double bridge we have simply :

—_— 2Ug
In— I, = —

R

. vg-being the voltage at the terminals of the galvanometer, Whieh.m‘ay then
be a millivoltmeter, having for preference a centre zero.

A.2.4.2.5. — Method using a double bridge with variable arms {figure 9). —
This method -provides for the direct determination of the ratio of the currents
ﬂowmg in two short sections of cable, or the ratio of the currents flowing in two
short: seetlons of track. -

Figure 9

METHOD USING A DOUBLE BRIDGE WITH VARIABLE ARMS FOR MEASURING
THE EXHANGE OF CURRENT BETWEEN - V
A CABLE OR RAIL AND EARTH

C: Cable or rail

s

Let A, and B;, A2 and B2 be the . ends of two elements of cable of the same
resistance R, the equality of which may be verified by measuring these resistances
by one of the numerous suitable methods.

These points are connected, as shown in the ﬁgure, to the ends of a double
bridge of four resistances r; and r’;, and rz and r’z chosen so that the current
diverted by the bridge is negllglble with respect to that flowing in the cable or the
track. A galvanometer is connected in the diagonal.

The resistances r; and r’; are fixed and equal to each other. The resistances
re and r’z are variable but are so arranged that their variations are simultaneous
and their values are always equal to each other.

This being so, the principle of measurement is to adjust the current ﬂowmg
through the galvanometer to zero by suitably adjusting the ratio

r: I"z

reg. vy
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In these circumstances,

if I; is the current flowing in the element A; B, and I; is the current ﬂowmg in
the element A, B,,
I; ri

Iz rz

If the values of the resistances of the arms of the bridge are known and the
potential drop in one of them is measured, it is possible from the results of the

‘measurements on the double bridge, to deduce the exact value of the loss of current

between the sections A, B, and A, B

As described above the method is only applicable if I; and I: are in same
direction. In the case of measurements made on an electric traction system,
this excludes the possibility of taking measurements when there are vehicles between
points A; and B,.

On the other hand, a section of route has at least two rails and sometimes four.
In order that the measurements should have any meaning, it is necessary, in the
sections under consideration, that the distribution of the current should be uniform
between the rails. To obtain this result, transverse welded connections; of suffi-
ciently low resistance are made on each side of the sections A, B; and A, B,.
Figure 10 shows the dispositions of these connections, and indicates an order of
magnitude of the lengths of section and of the distance between sections regarded
as suitable. In these conditions, tests have shown that the distribution of the
current between the rails was sufficiently uniform so long as the moving vehicles
were some dozens of metres distant from the transverse connections.

‘e
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Figure 10

METHOD USING A DOUBLE BRIDGE WITH VARIABLE ARMS
FOR MEASURING THE EXCHANGE OF .
‘CURRENT BETWEEN RAILS AND EARTH, IN THE CASE
WHERE THERE ARE SEVERAL RAILS

A = Rails

This easily applied method permits the determination of the dispersion of
current along a short section of rail and also the characteristics of dispersion in
a traction network and permits the periodic control of such sections of rail or of
the complete network.
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A.2.4.2.6. — Method of Schlumberger and Gibral.

a) Object and principle of rméasurements. — The object of the measurements
is to determine the value of exchanges of current between a buried pipe system
and the surroundmg earth. The principle of this determination is based on the
differences in potential at the surface of the earth and the resistivity of the ground
and from them the value of the exchanges of current is deduced.

Between two points on the surface of the earth, the difference of potential
may be resolved into three elements :

«) A difference of potential arising from the exchange of current between
the pipe system and the earth;

g) a difference of potential arising from currents having other origins (other
pipe systems, tramway tracks, earth currents, etc.);

v) a difference of potential arising from the electrochemical effects due to
Varlatlons in the nature of the ground.

If the sources of disturbance are sufficiently distant and if in the locality of
the measurements the soil is homogeneous, the second field considered will be

-practically uniform over a short distance, and the corresponding variations of

potential, in any one direction will be linear.

b) Description and use of differential apparatus (figure 11). — The differential
apparatus is intended to eliminate the effects of uniform fields. It is composed
of three equidistant copper sulphate non-polarisable electrodes M, O, N, placed
in a straight line. ‘

Figure 11

DIAGRAM OF DIFFERENTIAL APPARATUS FOR MEASURING
THE EXHANGE OF CURRENT WITH THE SOIL

P : Galvanometer and potentiometer R : Resistances
’ C: Cable or Pipe

The full arrow indicates the general stray current ; the broken arrows indicate the
exchange current.
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The centre electrode O is connected to a Schlumberger potentiometer recording
instrument (see par. A. 2. 2. 3.b.), the second terminal of which is connected to
electrodes M and N, through two resistances. These resistances are very high in
order to obtain a very low current between M and N which is negligible in regard
to stray current in the region MON ; furthermore, a special arrangement provides
for the variation of one of the resistances R so as to compensate the difference
which may exist between the contact resistances at M and N. The potential of the
second terminal of the potentiometer is thus made equal to the average of the
potentials of the soil at M and N ; therefore if the general stray current in the soil
between M and N is uniform, and if the soil is sufficiently homogenous over this
distance, the potential of the electrode in the centre will also be equal to the average
potential of the outer electrodes; the reading on the measuring apparatus will
be nil.

In practice, the distance between consecutive electrodes is either 0.5 m. or
1 m. and the uniformity of the field of general stray current can be assumed in the
majority of cases. But, if in the neighbourhood of the centre electrode there
exists a conductor exchanging current with the soil, the potential of this electrode
will no longer be equal to the average potentials of the outer electrodes. It is
possible therefore to observe, by means of a galvanometer, the effect of this current

* distinct from any other effect.

In most cases a sufficient approximation is obtained by calculating the
exchanged current as if the exchange were uniform along an infinite length of pipe
or cable.

When various discharging underground pipe or cable systems are in such
close proximity to each other that it is impossible for the differential apparatus
to be influenced by one to the exclusion of the others, it is possible, by moving
the three electrodes across the underground systems, to draw a “ transverse
outline ” of the measurements taken and to calculate the discharge of the different
systems.

¢) Measuremenils of resistivily. — The calculation of the linear density of the
current exchanged requires a knowledge of the resistivity of the soil. This is
determined, for example by the four-electrode method.

d) Simultaneous recordings. — In practice, it nearly always happens that
the measurement of exchanges due to rapidly varying stray current arising from
a nearby electric traction route, is involved ; in which case measurements should
be carried out successively in different places. Furthermore, it may be that the
differences of potential between electrodes and various points of the soil are
not negligible with respect to the values of the voltage generated only by the
stray currents between the points L and O of the differential apparatus. Compar-
able measurements are obtained and moreover the constant voltages which are
not due to stray currents can be eliminated, by recording simultaneously the voltage
between the track and the earth and the differential measurement. In most
cases, the variations of the two quantities are approximately proportional; the
proportion between the variation in the differential measurement and the variation
in the voltage between track and earth is characteristic for each measurement.

A. 2. 4. 3. — Determination of the densiiy of current in the earth.

Certain methods (Haber, Mc¢ Collum) based on the same idea, have been
proposed to determine the density and the direction of current in the soil. -In
principle the conditions of exchange of current between the earth and a conductor
buried directly in the earth are considered.
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'In the case of a cable in a duct, only the area in which the current passes from
the duct into the earth can be determined : in practice, this area is often different
from that where the current passes from the cable sheath to the body of the duct.

These methods necessitate excavation, in order to put the underground elec-
trodes in place, which has the effect of changing the conditions it is desired to
consider, and to affect seriously the results of the measurement.

A. 2. 5. — MEASUREMENT AND CHECK OF THE RESISTANCE OF RAIL JOIN;IS

It is agreed that the term rail-joint resistance, shall be the resistance
measured between two contact points placed on a line of rails, on either side of
a joint, at a distance apart of some 0.5 m. or 1 m. a deduction being made for the
resistance of the sections of rails included.

The methods indicated below determine the length of rail the resistance
of which is equal to that of the joint. '
. On fairly extensive systems having a sufficient number of rail joints,
a vehicle can be equipped for the rapid and frequent testing of the track by
detecting joints which appear to have a high resistance. These can be checked

and measured in due course.

A.2.5.1. — First method (figure 12).

A

I | \

L——u‘mm—wwrm —
I

e F G
Figure 12

MEASUREMENT OF RAIL JOINTS BY THE COMPARISON METHOD

Note. — The connections shown in the lower part of the diagram are not made
unless current is supplied from an auxiliary source.

A: Voltmeter A G : Joint E : Auxiliary battery
B: Voltmeter B D: Rail F : Rheostat
G: Ammeter
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a) A millivoltmeter A is connected across the joint to be measured. A
second millivoltmeter B is connected across a length of rail I, not including a
joint, of some metres in length ; when a current is flowing in the rail, readings
are taken on the two meters.

If Va and Vg are respectively the measured potential differences, = the
length of rail with resistance equal to that of the joint, increased by the sum
of the lengths of the sections of rail enclosed, we have :

Va
x =Ilp —
VB

It is desifable that the section Ip should be within a short distance of the
joint under consideration, and of such length as aceuracy in reading the millivolt-
meter B allows.

This method may make ‘use of either the traction current itself, or a current
produced from an auxiliary source, of the same order as the traction current.

b) A variation of this method, using current from an auxiliary source, consists
in using a simple galvanometer, connected across a fixed length of continuous
rail, instead of millivoltmeter B and by fixing the current so that the millivoltmeter
readings have a pre-determined value. The millivoltmeter A may then be appro-
priately graduated to show directly the length of rail equal to the joint, from the
point of view of electrical resistance. This method is quite accurate.

¢) Another variation of this method uses two galvanometers, of which the
pointers cross each other above a special scale. The position of the point of
crossing indicates directly the length of rail of resistance equivalent to that of the
joint. The measurement is taken without any adjustment by making use of the
traction current, or of a current supplied by an auxiliary source.

A.2.5.2. — Second method (Wheatstone bridge) (Figure 13).

RAIL

Figure 13

MEASUREMENT OF RAIL JOINTS BY THE WHEATSTONE BRIDGE METHOD

The figure indicates the principle of the method which may be applied in two
ways : ; :
a) The distance BC representing a known length of rail, the resistance of
the other arms of the bridge are adjusted so that the galvanometer indicates zero ;
knowing the ratio of these resistances it is possible to determine the length of rail,
which has a resistance equal to that of the joint.
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b) The resistances of the arms of the bridge being equal and fixed, the
contact C is moved along the rail until the galvanometer is again at zero. The
length BC is the length of rail having a resistance equal to that of the joint increased
by the sum of the lengths of the sections of rail enclosed in the part AB. '

The two variations indicated may be applied while the system is in use the
current necessary for measurement being already present in the rails.

However, if this current has rapid and frequent variations so as to make this
method of measurement impracticable during the hours of traffic, the method may
still be applied by passing a large and stable current, supplied by an auxiliary
source along the rail from A to C, in place of the traction current.

A.2.5.3. — Third method.

This method of which the conditions of use are the same as those of the

" Wheatstone bridge, consists in replacing the two arms and the galvanometer, by

a differential galvanometer, the two windings of which have a common point,
connected at B.

a) One winding being connected across BC, length fixed and known, the
value of a resistance connected between the second winding and the point A is
adjusted to bring the galvanometer to zero. A calibrated scale indicates the
equivalent length of rail and the value of the resistance placed in series.

b) It is also possible to use two equal windings without adding a resistance
and to obtain the zero on the galvanometer by moving the contact C along the
rail.

A.2.6. — CHECK OF THE GENERAL CONDITIONS OF A TRACTION SYSTEM

It is desirable to determine the average value, over a long period (for example
a day, or even a certain period of operation during a day) of:

a) the current flowing in the different return feeders,

b) the differences of potential between a reference point, chosen arbitrarily,
and different points on the rail system, particularly the points of connection of the
feeders, the ends of routes, or the points where they are broken . ..

Where in the vicinity of a rail network, there is a system of underground
metallic cables or ducts which are good conductors, and of which the electrical
continuity is ensured, it may be assumed that along the length of this cable or duct
system, the variations of potential are generally much lower than are the differences
of potential measured between a point on the rails and a nearby point of the cable
or duct system. Thus one may assume as a fairly rough approximation, that the
cable or duct system is equipotential, and also if the length of the system is sufficient,
that its potential is little different from that of the earth at an infinitely distant
point : this potential may then be adopted as reference potential.

On this hypothesis, it is possible to compare the results of the calculation
of the differences of potential between the rails and the earth carried out as indicated
in Appendix I, with these measurements. Experience shows, in practice, that if
the joints of the track are in good condition and if the estimate of the relative
values attributed to the coefficients of flow is good, the measured and calculated -
values agree satisfactorily : a disagreement is generally explained by the fact that
the values attributed in the calculations to the coefficients of flow do not corres-
pond to the real values in some sections of route (for example owing to the existence
of a metallic connection between the rail and an underground duct or cable system -

- the existence of which was unknown at the time of calculation).
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When it is desired to obtain an average value over a long period of the current
or the difference of potential and it is impossible to carry out measurements over
a sufficiently long period of time, sometimes the following method may be adopted :
the tests are carried out over a period of twenty minutes or half an hour during
the peak traffic period. In order to relate the results observed during the tests to
the whole of the period under consideration, it is necessary to measure, at the
same time, the load of the electric traction route. Then the average of the voltages
measured during the tests is multiplied by the ratio between the average load of the
route considered over the whole of the period on the one hand, and the average load
during the tests, on the other hand. These average loads are easily found by noting the
different readings on watt-hour meters placed in the sub-stations or in the feeders.

Nevertheless, it is very important that the load values used in the calculations
only concern the power supplied to the section of route under consideration. By
the same argument, it is important to avoid the possible errors should one or more
sub-stations not be running during part of the long period for which the average
is sought.

A.2.7. — CONTROL OF THE GENERAL SITUATION OF A CABLE SYSTEM FROM THE -

POINT OF VIEW OF EXPOSURE TO ELECTROLYTIC CORROSION

The determination of the zones in which cables are most exposed to electrolytic
corrosion may be made from the measurement of the current flowing in the cable
sheaths, at different points on the route. These measurements may be supplemented
and, if their execution is very difficult, even replaced by measurements of the differen-
ces of potential between the cable and the earth.

It is desirable to correlate these measurements with those of the load of the
nearby traction systems. On the other hand, these measurements should be
taken over a period of time to allow the calculation of an average value.

In certain cases it may be an advantage to install permanent apparatus for the
measurement of voltage between a cable sheath and a nearby buried electrode
in order to discover if the situation of the cable remains static or changes from
the point of view of exposure to electrolytic corrosion.

When it is suspected that the stray currents due to one or more electric traction

- systems are affecting cables placed at a great distance from the tracks from which

they originate, the determination of the electrical condition of theses cables from
measurements made under normal operating conditions of the systems is made diffi-
cult by the fact that the stray currents change continually in intensity, in direction,
and in polarity. Good results have been obtained by the use of the following
method :

At night, when the tramway or electric railway services are not operating,
or may be temporarily interrupted, currents of known value are fed from the electric
traction system, between the contact line and the rail, at a certain number of points
chosen in advance. At the same time, at suitable points, the currents appearing
simultaneously in the cable sheaths are measured. These experiments may be
supplemented by measurements (made at particular points) of the currents and
voltages appearing when the traction system is running normally.

In the case of a tramway system, the “artificial ” loads, mentioned above,
are generally obtained by means of resistances connected between the contact
line and the track for a period of half a minute to two minutes. In the case of
an electric railway system, it has been found suitable to start up slowly a loco-
motive, the brakes of which have been applied, at the point where it is desired
to produce the “ artificial ” load. The starting current is recorded on a suitable
recording instrument mounted in the locomotive.
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APPENDIX III

INVESTIGATIONS TO BE CARRIED OUT WHEN CASES OF CORROSION
IN TELECOMMUNICATION CABLES ARE DISCOVERED

A. 3.1, — NECESSARY DOCUMENTS

The authority in charge of the investigation should assemble the followmg
plans, if possible all to the same scale :

1) plan of the telecommunication cables in the area being considered, with
indications of their types and manner of installation ;

2) plan of the electric traction network, with the positions of substations,
feeders, track crossings or other special features, such as tracks on bridges or metal
structures ;-

3) plan of any direct current distribution system (sub-stations, ducts, etc);

4) plan of any other cables or metallic pipes (water, gas, electricity, etec.)
which may play a part in the exchange of stray current.

It is also necessary to collect facts relating to methods of protection already
applied. , :
In addition, it is desirable to collect the following information relative to the
electric traction network : polarity of the contact line, existence or not of earth
electrodes at sub-stations, nature of the rails, the track (buried rails, rails on slee-
pers etc.), state of the joints, existence of independent feeding sections, output of
sub-stations, capacity of feeders, the parts of the system carrying the greatest and
the least loads, duration of service, any changes effected at various times to the
feeding conditions, etc.

Also data on former cases of electrolysis should be collected over a large area
including that under immediate consideration : the positions of these cases should
be recorded on a map kept readily available.

A. 3. 2. — PRELIMINARY MEASURES OF INVESTIGATION

The object of these measurements is :

1) to determine if stray currents exist which would be likely to have caused
the corrosion damage observed ;

2) if such is the case, to dlscover which traction or power supply system may
be the cause ;

3) to determine, by simple means, the conditions of exchange of stray current
between the cables, pipes or traction lines concerned and the earth, in order to
decide, as far as possible, if these arise from the normal operation of the system
producing the stray currents, or from a fault condition which it will be necessary
to remedy at once.

These investigations are carried out by means of different measurements which
will be described separately, although it is often necessary to carry out several of

‘them simultaneously.

Certain of the measurements involve the connection of apparatus to the trac-
tion rails. The measurements should not be carried out without taking precautions
against adversely affecting the running of the system; it is therefore desirable to
carry them out by agreement with the authority controlling the system.
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A.3.2.1. — Measurement of diﬁerences of polential between the cable and
the earth.

These measurements should be taken near the points where corrosion has
occurred and also extended further afield.

In general, abrupt and frequent variations in the voltage indicate an interchange
between the cable and earth of stray currents arising from a traction system, or less
likely, from a direct current distribution system.

When the cable is distinetly positive with respect to the earth electrode, this
indicates that current is leaving the cable and entering the soil. Conversely when
the cable is distinctly negative to the earth electrode, this indicates that current
is entering the cable. )

When using an earth electrode, consisting of a metal mass or metal spike a
distinct measurement is one in which the readings exceed one volt (in one direction
or the other).

A more precise measurement, can be obtained by using an electrode of the same
material as the cable sheath.

Measurements of the highest precision with non-polarisable electrodes are not
necessary for preliminary investigations.

A 3.2.2. — Me’asurement of current in the cable sheatlh.

When circumstances allow, the current flowing in the cable sheath is measured.
Comparison of readings taken at relatively close points, such as successive jointing
chambers may allow the section to be determined where current enters or leaves

the sheath.

A. 3. 2. 3. — Measurement of fall in polential along a cable.

Simultaneous measurements of the fall in potential at points along cables are
made with the object of determining where current enters or leaves the cables. Such
measurements should be carried out where electrolytic corrosion has occurred. It
may be informative to extend the measurements until places are found where the
direction of the exchange of current between the cables and the earth is opposite to
the direction originally observed. It is desirable to make measurements where large
exchanges of current with the earth, in one direction of the other, are suspected.

These measurements are most conveniently made on cable lengths of about
100 to 150 metres (the distance between two jointing chambers). Maximum infor-
mation is obtained if between the points of attachment of the apparatus, the cable
is free from contact with other cables or metal pipes and if, in successive measure-
ments, there is the same value of resistance between the points of attachment,
or at least a value of resistance proportional to their spacmg (this latter condltlon
is met if in the area under consideration the cable sheath is uniform).

When there are several cables not insulated from each other, (as for example
in a single duct), it is desirable to treat all the sheaths as one conductor by bonding
them together where the test leads are attached. Measurements cannot be made
between two points if a cable branches off between them.

If these conditions are observed, sound deductions can be drawn from the
measurements referred to above. They indicate, in fact, the direction, and with
a fair degree of accuracy, the average value, in the section studied, of the current
flowing in the cable sheath. By carrying them out simultaneously on consecutive
cable lengths and noting differences, it is possible to deduce the direction and the
magnitude of currents exchanged between the cable and the earth.
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If, for example, at the ends of a particular length, the falls in potential measured
correspond to diverging or converging currents there is.pick up or loss of current
in the length. Similar conclusions can be drawn if on either side of a section the
falls in potential are in the same direction but different in value.

It is necessary to take measurements over a sufficiently long period for it to
be possible to compare average values.

A.3.2. 4. — Tracing the system from which the siray currents originate.

This is done by comparing the electrical conditions of the cable sheaths in
the area concerned, both when all the systems suspected are in use and again when,
on one or more of them, the service is shut down for a defined period.

1) Let the case be considered of a direct current electric traction system,
and a direct current power distribution system in the same locality.

A series of measurements will first be made by day during the service of the
traction system : a graph of the variations over a quarter of an hour (this duration
to cover at least one circulation on the lines where the passing of cars is infrequent),
and under the conditions indicated in pars. A. 3. 2. 3. and A. 3. 2.1, of the fall
in potential on a selected length of cable or the difference of potential between
the cable and earth, should be drawn.

Simultaneously, recordings should be made, under similar conditions, of varia-
tions in the potential difference existing between the rails and an earth electrode
close to the point where the preceding measurements were taken.

A second series of measurements will next be carried out under the same
conditions, but after (if possible several hours after), the traction service has been
shut down.

If, in the second series of tests, the fall in potential observed along the cable
is almost negligible or much lower than the average of those in the first series, the
electric power distribution system may be eliminated, as not being concerned.

If the opposite is the case there may be some doubt.

On the other hand, if in the first series of tests the fall in potential along the
cable, or the potential difference between the cable and earth show abrupt varia-
tions simultaneously which are more or less proportional to the variations in poten-
tial difference betwen the track and the earth, the conclusion may be drawn that

- the electric traction system is definitely concerned

2) When there are in the same locality two electric traction systems and a
direct current power distribution system and it is possible to make observations
when service on the two traction systems is shut down, similar deductions may be
made as to whether or not the power distribution system is involved.

When there are two traction systems, one in which service is shut down during
a part of the night, and the other where there is a continuous service (as is likely
in the case of a railway), tests are carried out when service on the former is shut
down and when there is movement of trains on the latter. If there is no abrupt
variation in the fall of potential along the cable, or in the difference of potential
between the cable and the earth during the movement of trains, it may be pre-
sumed that the second system is not involved. If, on the other hand, there are
variations corresponding to the movement of tralns but of a very much smaller
magnitude than the variations observed during the day, it may be recognised pro-
visionally that the greater part of the stray current in the area under consideration
originates from the system on which service is shut down at night and tests may be
continued as if it were alone concerned.
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A. 3. 2. 5. — Delermination of the areas in which current flows from the rails
to the earth, and those in which current from the earth enters the rails.

This investigation should be made when it has been established that the
electrolytic corrosion experienced can be attributed to the operation of a traction
system.

It can be made by measuring the difference in potential between sections of
the rail system, and sections of the underground cables, metal pipes etc., in the
neighbourhood (as for example telecommunication cables and water pipes).

In order to avoid excavation, the measuring apparatus is connected between
the rail and an accessible metallic part (a junction box, or stop-cock, etc.).

When the average of the readings taken at one point, over a period of ten
minutes, shows the rails to be distinctly positive with respect to the neighbouring
metallic pipe systems, it is highly probable that at this point stray current flows
from the rails into the soil.

On the other hand, it may also be assumed that leakage of current on to the
sheaths of the telecommunication cables takes place in localities where the cables
are distinctly negative with respect to the track, and that emergence of current
takes place where the cables are distinctly positive.

A distinct measurement is one where the average of the readings exceeds one
volt.

The foregoing measurements should be made at points about 100 to 200 metres
apart where there has already been electrolysis, or where there is reason to suspect
a large interchange of current between the cable and the earth. They should be
extended on each side of these points as far as may be necessary to discover the
areas in which the exchange of current between the track and the earth changes in
direction from that first observed.

The picture given by these results may.be completed or made more precise

‘in so far as the exchange of current between the cables and the earth is concerned,

by carrying out at selected points the tests referred to in paragraphs A. 3. 2. 1. and
A.3.2.3.

A. 3.2.6. — General interpretation of the foregoing measuremenis.

The measurements just described when considered together allow the areas-
in which there are exchanges of stray current with the earth to be determined.

When there is concentration of stray current in a relatively restricted area, one
should try to discover if there is a fault condition in the area which should be
remedied as a matter of urgency (bad condition of the track, broken fishplate, poor
bonding connections on the track at such points as crossings and moving bridges, etc.,
insulation defects or defects in the continuity of return feeders or in their connections
to the rails, chance contact of the track or telecommunication cables with buried
metal structures). :

When the stray currents vary in a sensibly continuous manner along the
length of the track or the pipe system, it may be assumed that the effects observed
depend on the general disposition of the system producing the stray currents and
that an improvement can only be expected from rearrangement of the whole system.

A. 3.3. — COMPLEMENTARY STUDY

If the preliminary investigations described do not trace the origin of the stray
currents giving rise to the corrosion, or if they are not sufficient for determining
the remedies, a complementary investigation should be undertaken by specialists
with more ample measuring equipment at their command.
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APPENDIX IV

THE APPLICATION OF ELECTRIC PROTECTION

A.4.1. — GENERAL

To ensure the electric protection of a metallic structure buried or immersed,.it
must be made sufficiently negative with respect to the surrounding medium.

The value generally used for lead is—0.55 volts, when measured to a copper
sulphate electrode. For iron the corresponding value is — 0.85 volts.

It is not possible to fix a rigid method for the steps to take, with a view to the
application of electric protection. In fact, conditions vary greatly according to
the magnitude of the stray currents, the nature of the soil, the longitudinal conduct-
ance of the cable or pipe to be protected, the presence of and the quality of the

.protective covering and the existence of other buried cables or pipes.

In general, the installation of a scheme of electric protection has the three
following-successive phases :

1) the preliminary study of the ground through whlch the plpes or cables

. to be protected are laid or will be laid (resistivity, potential gradient,...)

2) The making of special tests to determine the practical method of the
application of electric protection and the determination of the precise scheme of
protection, testing the efficacy of the protectlon applied, and adJustlng the distri-
bution of the potentials and currents.

3) The adoption of complementary arrangements having regard to the pre-
sence of other nearby structures.

A. 4. 2. — PRELIMINARY CONSIDERATIONS

It is generally useful to prepare a diagram showing the average and the maxi-
mum values of the differences of potential between the rails of the electric traction
system and the earth. It is also necessary to collect sufficiently complete infor-
mation on the power feeding and return arrangements of the system.

If the protection of an existing underground system is under consideration,
it is desirable to prepare a diagram showing the differences of potential between
different points on the said system and the earth (see Appendix II).

. These preliminary measurements will eventually be completed by measurements
of the differences of potential between nearby buried structures.

Finally, the important resistances between the rail system and the under-
ground system and between nearby -underground systems, will be measured.
The preliminary study thus made leads firstly to the determination of :

1) sections of cables or ducts to be protected which must be insulated from
certain important metallic structures (bridges, frameworks...);

?) branching cables or ducts which must be insulated from the main system
to be protected
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and secondly, to the preparation of a programme of tests, arranged with a

view to bringing the electric protection scheme into use, i.e. :

1) the establishment of one or more connections between the cable or duct
to be protected and the traction system,

2) the installation of connections between nearby underground systems.

" A.4.3. — TESTS OF DRAINAGE OR FORCED DRAINAGE

These tests generally include recordings over 24 hours of :

1) the difference in potential between rails and underground systems close
to each point selected for the installation of a drainage connection ;

2) the magnitude of the current flowing in each of the drainage connections.

The instrument records indicate the maximum value of current in the direction
of drainage and in the reverse direction. A planimeter may be used to obtain the

average value.

During the recording of the flow of current in the drainage connection, readings
of the differences of potential between the cable or duct systems and the earth
are taken at different points, so as to fix the approximate average minimum values
of the current drained which will ensure suitable protection over most of their
length of the cables or ducts to be protected. :

The successive readings of the difference of potential and the short-circuit
current at the different points chosen, permit the fixing directly for them of the
apparent resistances between the rails and the underground system.

If reversals of the direction of the current are recorded in one or more drainage
connections it is useful to insert a unidirectional device (polarised drainage), unless

only very rare reversals of short duration, and having a low mtensmy of current,
are concerned.

When protection is not ensured over the whole of the length of the cables or

. ducts to be protected, other arrangements must be made, such as either an increase

of the number of drainage connections, or the replacement of one or more drainage
connections by forced-drainage.

If, bearing in mind the desired result, the current in a drainage connection

is too high, a suitable resistance is connected in circuit.

In order to make a forced drainage test, a high capacity battery is inserted
in the drainage connection, and the same recordings and readings are taken as above,

by successively inserting in the drainage connection different electromotive forces

viz. 2 volts and 4 volts.

The measurement of potential (with respect to the earth) of cables or ducts
to be protected allows the exact predetermination of the characteristics of the forced-

drainage apparatus in order to ensure a suitable distribution of the protection
potential.

However, if it is impossible to find favourable points of access on the rails for
the drainage connections, which do not have too high a potential, it is possible to
abandon the use of rails as anodes and to have recourse (in spite of the higher
resistance to the flow of current to the earth) to mdependent anodes placed at
judiciously chosen points.

To improve the distribution of protection potential along the cables or ducts
to be protected, in certain cases the insertion of some resistance joints at appropriate
points on the cables or ducts may be considered.
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A. 4. 4. — PROTECTION _CONNECTIONS BETWEEN UNDERGROUND CABLE
' s OR DUCT SYSTEMS '

It is frequently useful to extend the electric protection to neighbouring structures
by joining them by special connections to directly protected cables or ducts. A
simple graphical method enables the resistance of these protection'connections to
be determined taking into account primarily the different nature of the metals of
which the structures consist. »

Sometimes it is necessary to insert one or more rectifiers into these connections
when appreciable reversals of current are noted in them. In such cases it is necessary
to take into account the characteristic of the rectifiers when determining the resist-
ance of the protection connections.

It is also possible that it may become necessary to insert an inductance coil
in the protection connection if it is desired to avoid the flow of alternating currents,
which might damage the rectifiers or the telecommunication cables.
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