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The components that are part of a grounding system, SPT, such as the copper
conductor, lose their effectiveness after a few years, due to corrosion, damage
caused by ground or residual faults, mechanical effects and even atmospheric
discharges. The maintenance of an SPT is important, even if the grounding
designer has taken additional precautions to the requirements of the standard,
such as protection against corrosion and over-dimensioning of the
components. Any maintenance program must ensure that the SPT is
continually updated to meet the standards through periodic inspections. If an
inspection shows that repairs are necessary, they should be carried out without
delay and not be postponed until the next maintenance cycle.

The frequency of maintenance and recommended practice, in any
installation, depends on the type and size of the installation, its function and
voltage level. For example, the Chilean standard NCH ELEC. 4/2003 in its
point 10.4.4. says, textually: "The responsibility for the correct design and
construction of an earthing system shall be the responsibility of the designer
and/or installer in charge of the installation's assembly. The maintenance of
the operating characteristics of the earthing system shall be the responsibility
of the user of the installation, as shall be damage to persons, and damage or
malfunction of the installation or equipment, which is attributable to
deterioration or absence of the earthing system'. However, the Chilean
standard, NSEG 20 Ep 78, in its points 10.4.1 and 10.4.2, also states:
"Periodically, measurements should be made in the installations to observe if
the design conditions are maintained” and "In addition to the measurements,
the state of the grounding shall be controlled, in periods not exceeding five
years if possible, using the inspection cages for this purpose or, failing that,
making excavations in different points of them", respectively. In addition,
Procobre Chile's journals, "Earthing Systems™ and "Earthen Meshes", based
on the English BS standards, recommend the following: In domestic
installations it reports that tests are carried out every 5 years and in industrial
installations every 3 years. More frequent inspections are carried out on public
access premises, with gas stations, theatres, cinemas and laundries being
inspected annually.
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1. Maintenance plan

Maintenance, like any administrative function, requires analysis
activities to know the failures and their remedial measures, planning to
determine the necessary resources and a schedule to estimate the timing
required

When carrying out maintenance work on an electrical system, involving
grounding systems, the following recommendations should be taken into
account:

e Any modification to the grounding system must be approved by a
qualified person.

e Grounding connections not involving electronic equipment or
interconnected units, all cables must be bare and accompany the active
conductors of the system and along the same duct.

e In the grounding connections of electronic equipment, all cables must
be insulated in green or green/yellow.

e Grounding conductors accompanying electrical circuits must comply
with the ratings specified in Table 10.23 of NCH ELEC:4/2003 or 250-
122 or 250-95 of the NEC.

e All ground connections must be exothermically welded or with certified
connectors

e Nowhere shall the equipotential network of electronic equipment be
allowed to lose its insulation

e The plugs of electronic equipment must have an insulated and identified
grounding point for the regulated network

e If it is required to make grounding conductor disconnections, as a first
step, the circulating current in the conductor must be measured and
recorded and if it is different from zero, the disconnection cannot be
made, without taking alternative measures, such as temporary bridges,
by means of connectors. In the latter case, the intervention must be
assisted by suitable personnel.
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e The installation of telecommunication antennas or elevated structures
must be the subject of a shielding and equipotentialization design,
which specifies the mounting conditions that include the existing
protection components

e Any electrician who is to intervene in the grounding system must
inform the management in writing and take responsibility for his work.
Thus, any changes made must be updated in the plans, which must
indicate the date of modification

e A copy of the plan must be given to the electricians who are going to
intervene in the SPT

Table 1 shows the maintenance actions to be carried out in the SPT

Table 1. Maintenance of a grounding system

Item. Perform to:

Preventive action

1 Six months

Review, tightening and adjustments as necessary.
Review of anchor structures, insulators and connectors

2 Every year

Grounding resistance measurement.

Measurement of equipotentiality.

Review and adjustments required.

Review of anchor structures, insulators and connectors

3 Five years

Resistance evaluation of each grounding.

Measurement of equipotentialization of each SPT

Grounding resistance measurement of the whole interconnected
SPT.

4 Ten years

Exploration of ground electrode connections, a sample.
The activities of each year

5 Twenty years

Diagnose
Evaluate
Redesign
Projecting corrective actions

2. Parameters that account for a grounding installation

The parameters presented below can be calculated from relationships,
sometimes empirical, that take into account the characteristics of the
installation, or determined by means of tests or trials on an already constructed
installation. These parameters can be used to size the elements of the earthing
system, or to determine whether it is working properly.
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2.1. Ground voltage, V:. This is the difference in potential that is established
between and ground electrode and a point that has a zero potential (unaffected
ground), when a residual fault current flows through the electrode, 4. Figure 1
shows, schematically, the ground voltage, V;, and two contact voltages, V
and V..

Vi

Vet Ve

\

Fig. 1. Ground voltage and contact voltage

When and ground system is in operation, the voltage of all metal parts
connected to the electrode is practically equal to the electrode's ground voltage

2.2. Grounding resistance, R:. It is verified that, for a given electrode, with a
specific configuration and dimensions, buried in a given soil, the residual
ground fault current, lq, is proportional to the voltage applied to the electrode,
Vi

The proportionality constant between these two quantities is called the
grounding resistance, R;.

1)

A detailed study of the current distribution, in industrial frequency, 50
Hz, shows that capacitive and inductive phenomena are irrelevant, except in
exceptional cases, so that the defined constant effectively has resistance
dimensions.
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2.3. Contact voltage, V.. This is the difference in potential that appears, as a
result of the breakdown of the insulation, between two simultaneously
accessible parts, which under normal conditions of use present a zero potential
difference. The simultaneously accessible parts can be:

Two masses.

One mass and ground.

A mass and an active conductive element.
One active conductive element and ground.

Figure 1 shows two examples of contact voltage: V., V.., voltage
between mass, M, and voltaje between mass and a conductive element, Ec. It
IS important to say that the Chilean standard NSEG 20 Ep 78 defines the term
Contact Voltage as the voltage rise of an electrode to which a person may be
subjected, so that the current path passes between one hand and the feet or
between one hand and the other

2.4. Step voltage, V,. This is the difference in potential between two points in
the floor, one metre apart, which can be bridged by the feet of a person
walking on a piece of land affected by the operation of an groung system.
Figure 2 shows, in a schematic way, the step and transfer voltages.

2.5. Applied voltages. When a person comes into contact with two
simultaneously accessible parts that have different potentials, the voltage
applied to his body is somewhat less than the difference in potential between
the two simultaneously accessible parts. This is because there is always a
voltage drop in the contact resistances that appear between the skin and the
live parts.

2.5.1. Applied step voltage, Vya. It is defined as the part of the step voltage
directly applied between the feet of a person, taking into account all the
resistances involved in the circuit. The Chilean standard NCH Elec. 4-2003
considers 2.000 Ohm, the NEC 1.000 Ohm.

2.5.2. Applied contact voltage, V. It is defined as the part of the contact
voltage that is directly applied between two points of the human body,
considering all the resistances involved. The Chilean standard NCH Elec. 4-
2003 considers 2.000 Ohm, the NEC 1.000 Ohm.
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Fig. 2. Step and transfer voltage

According to the definitions indicated between the step and contact
voltages, with the corresponding voltages applied, these can easily be deduced
from Figure 3, considering the resistance of the human body Ry = 2.000 Ohm.

V,

V, =R, =——2——2000 2

PP 2000+ 2R, @)

Vo = 1R, = e 2000 ®)
2000+ R,

where R. is the foot-to-land contact resistance. To determine the R, the foot is
considered as a flat plate electrode of approximately 200 cm?, so if we assume
that the electrode is circular, with a radius r, its value is.

R,=16-=16——P  _3p 4
2mr /200~1o-4
27
T

Substituting the expression (4) in (2) and (3) you have the expressions
of the step and contact voltages applied as a function of the contact and step
voltages:

2000 )
P~ 2000+6p "
2000
(6)

“~ 2000+15p °
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Fig. 3. Voltage request between foot and hand foot.

Of course, the applied voltages are always lower than the corresponding
step and touch voltages

2.6. Voltage transfer. Figure 2 shows two different grounding installations,
whose respective electrodes E; and E, are located at a distance d. If the
distance d is not very large, when a fault is drained through E1, a potential V4
appears at point A, located at electrode E,, which is transmitted to all the
masses and metallic elements connected to E,. The voltage to be transferred,
V4, is the voltage that appears on the ground and metal elements of a ground
system as a result of the operation of another, nearby, grounding system. In
figure 2, the operation of installation 1 has all the elements of installation 2
with a transferred voltage, Vir= Va. In the same way, transferred contact
voltage, V., is defined as the contact voltage at a ground or element of an
grounding system, caused by the operation of another grounding system.
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3. The role of grounding in electrical systems

In an electrical system, the elements that are connected to the ground
are classified as

1. Generator and transformer neutrals

2. Masses

3. Protection elements (surge suppressors, lightning arresters and ground
switches)

3.1. Neutral grounding of generators and transformers

In the systems of generation, transport and distribution of electrical
energy, the masses, which are the cover of the generators and the
transformers, hardware of the overhead lines, are always grounded; however,
the neutrals of the generators and transformers can be isolated or connected to
ground.

If the neutrals are kept isolated, the voltages between the active
conductors and the masses are not defined, as shown in figure 4a. In the event
of an ground fault between a phase and ground, the faulted phase becomes
zero potential, with respect to ground, while the voltage in the other healthy
phases and ground becomes the voltage between phases, as shown in figure
4b. Then, in the systems with isolated neutral, all the phase-mass insulation
must be sized to support the voltage between phases or lines.

On the contrary, if the neutral is connected to the ground, by means of
an grounding electrode, with a negligible resistance, R; (fault circuit
resistance), the phase-mass voltages are fixed to the magnitude of the phase-
neutral voltage, Vx=Vs, even if a single-phase earth fault occurs, due to an
insulation fault, in one of the phases, as shown in figure 5. The connection to
ground of the neutral allows to reduce, substantially, the thicknesses to the
isolations, diminishing the cost of the electrical systems. The cost reduction is
greater the higher the magnitude of the nominal voltage of the electrical
system.
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Fig. 4. Electrical system with isolated neutral and ground fault
However, in systems with a grounded neutral, a ground fault
protection systems.

causes residual currents that determine where they flow. However, these
ground currents are easy to detect and make it possible to operate residual

Fig. 5. Electrical system with grounded neutral and ground fault
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In several electrical systems an intermediate solution is adopted, which
consists of connecting the neutral to the ground, through an impedance. With
this configuration, an insulation failure causes lower magnitudes of ground
fault currents than in a system with a solidly grounded neutral, and lower
overvoltages than in systems with an isolated neutral.

3.2. Grounded masses

In an electrical installation with the neutral grounded, if an ground fault
occurs in an mass ungrounded, the mass is at a voltage, with respect to
ground, equal to the phase-neutral voltage, Vs, since no current flows to the
ground, as can be seen in figure 6.

If the mass is grounded, the fault causes a residual fault current, Iq,
shown in Figure 7, given by the expression:

— Vin ~ Vin
Ry+Rg+Z.,4 +Ry RA+Rz+R,

()

Id
Con

Y'Y YN Py
A2 Ven
N
R V=V

Fig. 6. Insulation failure in a mass not grounded
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Fig. 7. Insulation fault in a grounded mass

where Ra is the ground resistance of the masses, 1 Ohm < Ra < 100 Ohm, Rg
Is the ground resistance of the neutral, 1 Ohm < Rg < 10 Ohm (In the I
Region of Chile this value is generally higher), Zcong. is the impedance of the
conductors crossed by the ground current, of the order of the MOhm, and Ryis
the resistance of the insulation that breaks down. The maximum ground
current in the case of insulation failure can be considered negligible, Rq = 0.

Lamax, = L (8)
" RA+R;
The maximum contact voltage that can occur at ground is valid:
- InRa oy ©)

V(;=IdMéx. A_R R
A B

which is always less than the isolated ground mass. In addition, the ground
fault current is easily detectable and is used to activate protective devices,
differential, overcurrent, which disconnect the installation from the network as
soon as an insulation fault occurs. For all these reasons, grounding is used
almost universally in electrical installations.
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3.3. Grounding of protective devices, surge suppressors, lightning
arresters and electrical protection switches

In the case of surge suppressors, lightning arresters and protective
switches, grounding must be carried out in accordance with their protective
function.

The function of surge suppressors and lightning conductors is to facilitate
possible atmospheric discharges affecting the electrical system and to present
a low impedance path between the active parts and the ground. The aim is to
prevent the insulation from being perforated, due to atmospheric origin and
the appearance of high potential differences in the ground, which arise if the
current of the discharge to ground is produced through elements whose
grounding resistance is not sufficiently low

The grounding switches set the active parts of the electrical system at
zero potential when they are out of service, protecting the personnel who are
checking them from possible electrical charges accumulated in the
underground cables or capacitors and from unexpected voltage returns or
reconnections.

4. The grounding in the design of an industrial plant.

In general, in an industrial plant, with its own transformation centre,
there can be three different grounding installations, with three different
electrodes, with no electrical connection between them, and independent,
where the operation of any one of them does not affect the others. These
installations, which are shown schematically in figure 8, are as follows.

e Low voltage grounding, Ra.
e Transformer neutral grounding, Rg.
e Transformer grounding, Rr.

The grounding system of the neutral of the medium voltage network, Ry,
which feeds the industrial plant's substation is also described. Although this
grounding is not part of the plant's installation, its characteristics influence the
design of the grounding of the masses of the industrial plant's substation.
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Fig. 8. Grounding installations to be considered in the design of an industrial plant

4.1. Grounding of L.V. masses

This grounding system has the objective of protecting people in the L.V.
installation from the appearance of contact voltages in the masses, as a result
of the breakdown in the insulation. The objective is to minimize the voltage
differences between the different masses and, between masses and ground, in
the event of a ground fault at any point of the L.V. installation. All the
elements located in the installation area that are considered masses are
connected to this grounding system, such as

Metal covers and metal enclosure for electrical appliances.
Metallic structures of buildings, metallic supports of protections.
Metal ducts, such as water, gas, heating, etc.

Metallic elements close to the masses or active parts.

Metallic armatures of L.V. cables.

Some elements of the L.V. installation that are not grounded, such as
grounding switches and the secondary parts of instrument transformers, can
also be connected to this grounding system. If lightning arresters or surge
suppressors are connected to the L.V. network, they are connected to an
appropriate grounding system.
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4.2. Transformer neutral grounding

In installations that are fed from a substation, the neutral of the substation
can be grounded using a proprietary system.

4.3. Grounding of the substation masses

In installations where there are substations, all the masses, located inside
the substation, including the tank and the core of the transformer, the surge
suppressors installed in the H.V. overhead connections and the secondary ones
of the metering transformers, must be grounded, using an grounding system
that must be independent of the H.V. masses grounding system.

It should be borne in mind that a fault in the substation insulation gives
rise to contact voltages in the masses of the order of kV, during the time it
takes for the protections to operate. If the MV and LV grounding installations
are not independent, when a fault occurs in the substation insulation, high
contact voltages will appear in the LV installation masses, which is
unacceptable.

When certain conditions, of very low grounding resistance, are met, it is
permissible to unify the transformer neutral grounding systems with the
medium voltage grounding, having only one grounding installation in the
substation.

4.4. Grounding of the neutral of the M.V. network feeding the user's
substation

This grounding installation is located at the origin of the M.V. line, in the
substation of the electricity distribution company, which feeds the industrial
plant's transformer.

Usually the neutral of the H.V. distribution network is connected
through a reactance, Xy, or resistance, whose purpose is to limit the ground
fault current, Iy, in case the insulation in the H.V. network fails. An
overcurrent relay is usually mounted on the connection of the neutral to
ground, which gives the order to disconnect when a residual current greater
than or equal to the minimum operating current of the protection is detected.
The operating time of the relay can be fixed or can depend on the magnitude
of the ground current, decreasing as it increases.
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In the most general case, in order to design the grounding of the M.V.
masses, it is necessary to know the following data, which must be provided by
the electricity distribution company

e Value of the resistance or reactance, Xy, current limiting

e Value of the grounding resistance of the neutral of the high voltage
network, Ry.

e Value of the minimum operating current of the relay

e Time of operation or characteristic Current - Time of the relay over
residual current.

5. Soil resistivity characteristics

Usually in the calculations of grounding resistances the terrain is
considered to be homogeneous and the average value of the resistivity is used.
After this approximation, the resistivity of the soil depends on the following
factors:

e Nature of the terrain. Table 2 shows indicative values of volumetric soil
resistivities of different compositions, incorporating soils from the
Atacama Desert, Il Region of Chile. It can be seen that, for each type of
soil, the resistivity can vary over a wide range, which depends on
factors discussed later in Table 2.

Table 2. Indicative average solil resistivity values for different soil types

Nature of the terrain Volumetric resistivity (Ohm-m)
Swamp terrain From a few units to 30
Lyme 40a 100
Humus 10 a50
Wet peat 5a100
Plastic clay 50
Marls and compact clays 100 a 200
Jurassic marls 30a40
Clayey sand 50 a 500
Silica sand 200 a 3.000
Stony soil covered with grass 300 a 500
Stony soil 1.500 a 3.000
Soft Limes 100 a 300
Compact Limestones 1.000 a 5.000
Cracked limestone 500 a 1.000
Boards 50 a 300
Mica and quartz rocks 800
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e Salt content. The conduction of the electric current through the soil is
mainly done by the electrolyte formed by the salts and the humidity that
normally exist in the soil. The higher the salt content, the lower the
resistivity.

e Moisture. The higher the humidity in the soil, the lower its resistivity,
since increasing the water content favours the formation of electrolyte.

e Soil temperature. As the soil temperature increases, the solubility of
salts increases and, therefore, the resistivity decreases. When the
temperature falls below zero degrees the resistivity increases sharply,
since the solubility of salts in ice is much lower than in water

e Stratigraphy. In stratified soils, resistivity can vary substantially when
passing from one layer to another of different composition. In these
cases, the electrodes should be buried at the depth corresponding to the
layer with the lowest resistivity

e Seasonality. Throughout the vyear, the variation of the climatic
conditions produces alterations in the humidity and temperature of the
soil, which are translated into a cyclical, seasonal variation of the
resistivity of the soil. The variation of resistivity is more affected in the
superficial layers, where it can vary between + 30 % of its average
value, than in the deep layers

The above considerations show that the resistance value of a grounding,
calculated by the method of using Table values, is subject to a considerable
margin of error, due to the uncertainty introduced by the estimation of an
average value.

The calculated grounding is a guide value, which serves to define the
dimensions of the electrodes in the design phase. The calculated value must be
much lower than the value of the minimum resistance required by the
installation, in order to ensure that even under the most unfavourable
conditions, dry ground, low temperatures, the grounding resistance has an
acceptable value.

Once the grounding system has been built, the actual value of the
resistance should be measured and, if the discrepancy with the expected value
IS excessive, corrective measures should be taken, for example: adding new
electrodes, improving the terrain.
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5.1. Soil resistivity measurement methods

Whoever does not measure soil resistivity, in the place where a
grounding is to be built, is gambling, as it may or may not be useful, since
resistivity is a parameter directly involved with grounding.

The number of measurements should be greater where there are strong
variations in resistivity, both vertically and horizontally. It is recommended to
carry out measurements at several points in the terrain under study and in
perpendicular directions, in order to compare them and thus be able to identify
those erroneous due to the presence of metallic objects

In the IEEE 81-1983 and ANSI/IEEE 80-1986, 2000 standards, the
following soil resistivity measurement techniques are presented in detail:

Non-rectilinear tetra-electrical arrangement
Straight tetraelectronic arrangement.

From A.L. Kinion.

By Lee.

By Palmer.

Modified Schlumberger.

Schlumberger or Gradient.

From Wenner or from the Potential.

Dipolars (6).

By resistance measurement, with the Fall of Potential method, with the
depth of a vertical electrode technique, dR/dL.
e By sampling.

6. Corrosion on groundings

One of the requirements that grounding electrodes must meet is to
adequately support corrosion, due to the fact that they are buried.

Galvanic corrosion occurs when two different metals are electrically
connected and immersed in an electrolyte, known as the galvanic corrosion
cell effect, as shown in Figure 9 (a).
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In grounding installations, galvanic corrosion cells can occur when metal
elements are buried in the ground and connected to the grounding system. The
two metals, the metal element and the electrode, act as the anode and the other
as the cathode, the soil being the electrolyte, as shown in Figure 9 (b).

Grounding

conductor
element

Cooper electrode Steel electrode Electrode |
G

B
— 1O

(a. galvanic battery (b) Grounding point

Fig. 9. Corrosion mechanism in grounding systems

e Buried steel corrodes by electrochemical reaction, very easily. As this
material is widely used, electrodes with materials that cause galvanic
corrosion to the steel should be avoided. The corrosion behaviour of
different materials is as follows:

e Magnesium, zinc and aluminium corrode rapidly on contact with steel,
so they are not suitable for use as grounding agents.

e Copper corrodes very little, but, on the other hand, it creates serious
corrosion problems to the buried steel, being this an aspect to consider,
when making an grounding.

e When unprotected, steel corrodes quickly, making it unsuitable for use
as an grounding electrode.

e Chromium-nickel corrodes less than copper and has little influence on
the corrosion of the steel connected to it, making it a good grounding
electrode.

e Mild, chrome-nickel-shielded steel behaves like the above material,
with the advantage of being more economical.
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7. Grounding improvement techniques

When low grounding resistance values are available there are several
advantages, including better protection of people and equipment. Among the
practices to achieve a good decision in this parameter, the following can be
named:

7.1. Installation of counterweights (horizontal electrode) in the towers

Many authors, in the case of the towers of transport of electrical energy,
recommend to always use them of 30 m, others of more than 100 m and, in the
practice they have been seen even of kilometers. Counterweight type
groundings do not require extensive lengths and are a good procedure that can
drain up to 80% of the current from an atmospheric discharge. However, they
cease to be effective if the actual electrical connection to the ground is not
durable or if they are very long, 100 m.

7.2. Ring around the tower

A practice recommended by the communications industry, but with poor
response to high frequencies. These rings in cable or wire are made as a
complement to the counterweights, but their effectiveness is still linked to the
effective connection with the ground.

7.3. Extensive Grounding Grids

They have been used in extreme cases with high costs and great
difficulty. In the case of the towers, some articles cite the fact that they have
built 50 m x 50 m grounding grids as a solution.

7.4. Use of special concretes

Wet concrete behaves, in essence, like an electrolyte, with a magnitude
of the order of 100 Ohm-m. On the other hand, kiln-dried concrete has a
resistivity of approximately 109 Ohm-m, which indicates that it is a good
electrical insulator. This great increase in resistivity, which the concrete
achieves by removing the water, means that the electrical current circulates
through the wet material, mainly by electrolytic means, that is, by means of
the ions contained in the evaporable water. Therefore, any increase in water
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and ions present can be expected to decrease the resistivity of the cement
paste. Although the vast majority of admixtures do not reliably and
significantly reduce the resistivity of concrete, there are some that are
effective for this purpose. One case, already studied, to decrease the resistivity
of concrete is the acetylene carbon black aggregate, between 2% to 3% of the
weight of the cement.

7.5. Conductive Concrete

Concrete is a mixture of cement, sand, gravel and water. When a
reinforced concrete foundation is built, the electrical conduction mechanisms
are electrolytes and electric arcs with evident polarization effects. Everything
indicated says that if a critical energy is exceeded, damage to the concrete will
occur, so it is important to determine the current densities if grounding is
desired in the concrete. It is known that a current density lower than 5 A/cm?
does not damage the foundations in the concrete, but if it exceeds 15 A/cm?
there is damage.

7.5.1. Electrodes in concrete

This system is known as UFER and consists of introducing long copper
wires, 10 m or more, inside the reinforced concrete, and joining them to the
reinforcing steel of the foundation. This technique was developed by Herb G.
Ufer, a US Army officer, during the Second World War, for the bomb storage
sheds in Arizona, who in 1942 before the IEEE presented results of 124
groundings, with resistance of groundings less than 5 Ohm, which were
measured during 18 years. This technique today is complementary to
counterweights, that is, where UFER land is mounted, counterweights must be
placed.

7.6. Chemical electrodes
These types of electrodes have been used since 1987. They are perforated

tubes filled with salts, which have proven to be very effective at the
beginning, with a short life span.
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7.7. Chemical additives for backfilling or artificial soils

In some circumstances, due to the high resistivity of the soil, mainly in
the Atacama Desert, Region Il of Chile, it is necessary to use special filling
materials or chemical additives. In these situation additives are placed around
the electrode with the intention of reducing the resistivity of the soil in the
vicinity of the electrode, which reduces its grounding impedance. The
reduction of the grounding impedance depends mainly on the value of the
original resistivity of the soil, its structure and the size of the grounding
system. The backfill material should be non-corrosive, of relatively small
particle size and, which helps to retain moisture. If the material that has been
excavated is suitable for backfill, it should first be harneted and then
compacted.

Some backfill materials, which reduce the soil resistivity around the
electrode, are as follows:

7.7.1. Bentonite

Sodium bentonite is alkaline, Ph of approximately 10.5. It absorbs almost
five times its weight in water, retaining it, in this way it expands up to thirty
times its volume, approximately. Being on the ground it absorbs the humidity
of the soil, as long as there are no ground faults, since it becomes
hydrophobic. Its resistivity with a 300 % of humidity is of 2,5 Ohm-m,
approximately.

7.7.2. Vegetable or mineral coal

Although coal mixed with sodium chloride, salt, is of low resistivity,
unfortunately, it has the low pH, that is corrosive, but does not allow to
substantially lower the resistance of grounding, especially by the size of the
particle. A very fine particle carbon has a volumetric resistivity of
approximately 1.8 Q-m.
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7.7.3. Artificial soils.

This is the response to the industry's need to obtain low grounding
resistances. There are several products, in different countries, with different
trade names such as: Amelioterre, Aterragel, Backfill, Chem-rod, Conducrete,
Earthron, Electrofiill, Elprex, Erico-Gel, Exogel, Favigel, Gal, Gap, Graf,
Gem-25, KAM, Laborgel, Marconita, Mitronite, Parres, Polyrod, Power Fill,
Quibacsol, Quibacfill, Sanick-gel, Sankosha, Stockosorb, Terracero, Terrafill,
Thorgel, Vra, X-lit, TRITROLLITO, etc. In this regard, it is important to
clarify that there is still no international standardization to specify an artificial
soil.

8. Grounding resistance measurement

Today's technology clearly states that there is no substitute for direct
measurement of the grounding resistance. In addition to being very important
in verifying the effectiveness of a newly constructed grounding system or to
confirm changes as part of a maintenance routine, these measurements require
specialized knowledge on the part of the person responsible so as not to cause
accidents or damage to the equipment.

8.1. Grounding resistance measurement methods

Within the known methods of grounding resistance measurement, the
following can be named:

e From the potential drop curve.
e From the 62% rule.

e Of the slope.

e Of the four potentials or Tagg.
e Of the curve intersection.

e Of the triangle or of Nippold.
e Star triangle.

e By injected current.

e By induced voltage.

¢ With natural reference

e Selective.
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8.1.1. Method of the potential drop curve.

It is based on obtaining a curve as shown in Figure 10. If in a ground
measurement a current electrode (bar) is buried at such a distance that it is
outside the zone of influence of the grounding to be measured and then
resistance values are measured by varying the distance from the voltage
electrode, it can be seen that there is a flat zone of resistance, equivalent to a
fixed value. This is the true value of the grounding resistance.

Ohmetro
de tierra
{—
C1 Pl P2 C2
Q

Valor de
resistencia

61,8 % 100 %

Fig. 10. Potential drop curve method

To make the method easier, three measurements can be made. If these are
averaged and the value of each is in an acceptable error, for example 5%,
compared to the average, then this value can be given as an official value.
Knowing the largest side of a grounding, it can be said that a distance, far
enough away, for the current electrode, is within 5 to 10 times the largest side.

When the greater side of a grounding is determined, which in a mesh is
the diagonal, or the depth in the bars, this is multiplied by five and at that
distance the current electrode is nailed or buried, distance known as C. Then
the three measurements are made, it is verified that the error is below the
expected error, determining that this is the value of the resistance of the
grounding. Now if the results are not within the error, the current electrode
must be further distanced, since it means that the curve has no flat or potential
zone. If the distances do not allow to extend further, another method should be
applied.
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In urban areas where sometimes it is not possible to buried measuring
bars, plates, sheets or even a wet cloth can be used to make contact with the
soil, as long as the earth ohmmeter is of good quality. Figure 11 shows, in a
schematic way, the way of measuring with the curved method of drop of
potential, in places where it is not possible to buried bars.

Ohmetro
de tierra
| —

c1 Pl P2 C2
(]

Fig. 11. Decay curve method in urban areas

8.1.2. 62% rule method

This method was developed by G.F. Tagg and published on December
12, 1964, in the Proceeding of Tech IEEE Vol. The author states that the
zones of influence of the grounding can be so large that in order to avoid the
overlapping of these areas, the person who is going to measure must take
considerable distances between the current electrode and the ground to be
measured. It is essential in this method that the areas of influence do not
overlap with each other. It is based on considering the grounding as a semi-
sphere.

The distances between the current electrode and the ground should be
three to five times, or more, the larger side of the ground or its equivalent
diameter. The difference is that the place where the true value of the
grounding resistance should be taken is with the voltage electrode located at
the distance of 0.618 times C from the ground.

In his book "Earth Resistance", Tagg, publishes a table of current and
voltage electrode distance values that do not follow the 62% rule, but
introduces some more empirical values for use especially in large grounding
systems.
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Slope method

This method, also, was Tagg's idea, to be applied in large grounding
systems, where the electrical center of the mesh is not clearly defined, being
simple, since it is enough to make the measurements indicated in figure 12,
providing good results, not being so vulnerable in non-homogeneous soils.

Ground Ohmmeter

—
c1P1 P2 C2
()

Fig. 12. Slope method

The sequence of measurement and calculation is as follows

1.

» g 0N

O oo ~

—

The resistance value is measured, with P2 at 20%, 40% and 60% of
distance C.

. Consider R1, with P2 at 20% of C.

. Consider R2, with P2 at 40% of C.

. Consider R3, with P2 at 60% of C.

. Determine the slope coefficient, M=M
(Rz - Rl)
. According to the calculated p value, find the corresponding k-value
from Table 3.
. Determine the magnitude of P+, through: P, =k-C.
. Nail in or Bury the voltage electrode P, in Pr.
. Measure in this new arrangement the resistance, which should be the

rue value.
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10. Perform the entire process again for a higher value of C. If the true
resistance value decreases significantly, it means that C must be
increased even more.

Table 3. Values of k as a function of u for the slope method

W k W k W k u k u k

0.01 0.6932 0.39 0.6446 0.77 0.5856 1.15 0.5071 1.53 0.3740

0.02 0.6921 0.40 0.6432 0.78 0.5838 1.16 0.5046 1.54 0.3668

0.03 0.6909 0.41 0.6418 0.79 0.5821 1.17 0.5020 1.55 0.3635

0.04 0.6898 0.42 0.6404 0.80 0.5803 1.18 0.4994 1.56 0.3580

0.05 0.6886 0.43 0.6390 0.81 0.5785 1.19 0.4968 1.57 0.3523

0.06 0.6874 0.44 0.6375 0.82 0.5767 1.20 0.4941 1.58 0.3465

0.07 0.6862 0.45 0.6361 0.83 0.5749 1.21 0.4914 1.59 0.4304

0.08 0.6850 0.46 0.6346 0.84 0.5731 1.22 0.4887 1.60 0.3342

0.09 0.6838 0.47 0.6331 0.85 0.5712 1.23 0.4859 1.61 0.3278

0.10 0.6826 0.48 0.6317 0.86 0.5693 1.24 0.4831 1.62 0.3211

0.11 0.6814 0.49 0.6302 0.87 0.5675 1.25 0.4802 1.63 0.3143

0.12 0.6801 0.50 0.6287 0.88 0.5656 1.26 0.4773 1.64 0.3071

0.13 0.6789 0.51 0.6272 0.89 0.5667 1.27 0.4743 1.65 0.2997

0.14 0.6777 0.52 0.6258 0.90 0.5618 1.28 0.4713 1.66 0.2920

0.15 0.6764 0.53 0.6243 0.91 0.5598 1.29 0.4683 1.67 0.2840

0.16 0.6752 0.54 0.6228 0.92 0.5579 1.30 0.4652 1.68 0.2758

0.17 0.6739 0.55 0.6212 0.93 0.5559 1.31 0.4620 1.69 0.2669

0.18 0.6727 0.56 0.6197 0.94 0.5539 1.32 0.4588 1.70 0.2578

0.19 0.6714 0.57 0.6182 0.95 0.5519 1.33 0.4556 1.71 0.2483

0.20 0.6701 0.58 0.6167 0.96 0.5499 1.34 0.4522 1.72 0.2383

0.21 0.6688 0.59 0.6151 0.97 0.5479 1.35 0.4489 1.73 0.2278

0.22 0.6675 0.60 0.6136 0.98 0.5458 1.36 0.4454 1.74 0.2167

0.23 0.6662 0.61 0.6120 0.99 0.5437 1.37 0.4419 1.75 0.2051

0.24 0.6649 0.62 0.6104 1.00 0.5416 1.38 0.4383 1.76 0.1928

0.25 0.6636 0.63 0.6088 1.01 0.5395 1.39 0.4346 1.77 0.1797

0.26 0.6623 0.64 0.6072 1.02 0.5373 1.40 0.4309 1.78 0.1658

0.27 0.6610 0.65 0.6056 1.03 0.5352 1.41 0.4271 1.79 0.1511

0.28 0.6597 0.66 0.6040 1.04 0.5330 1.42 0.4232 1.80 0.1352

0.29 0.6583 0.67 0.6024 1.05 0.5307 1.43 0.4192 1.81 0.1183

0.30 0.6570 0.68 0.6008 1.06 0.5285 1.44 0.4152 1.82 0.1000

0.31 0.6556 0.69 0.5991 1.07 0.5262 1.45 0.4111 1.83 0.0803

0.32 0.6543 0.70 0.5975 1.08 0.5239 1.46 0.4068 1.84 0.0588

0.33 0.6529 0.71 0.5958 1.09 0.5216 1.47 0.4025 1.85 0.0353

0.34 0.6516 0.72 0.5941 1.10 0.5193 1.48 0.3980

0.35 0.6502 0.73 0.5924 1.11 0.5169 1.49 0.3935

0.36 0.6488 0.74 0.5907 1.12 0.5144 1.50 0.3888

0.37 0.6474 0.75 0.5890 1.13 0.5121 1.51 0.3840

0.38 0.6460 0.76 0.5873 1.14 0.5096 1.52 0.3791
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8.1.4. Curve intersection method

This method, also, was developed for large groundings, more than 20.000
m2, solving several inconveniences, on the one hand, it no longer requires
locating the current electrode at considerable distances, it eliminates doubts
about the mutual influences between the electrodes and it does not force to
determine an electrical center. It consists of obtaining several dispersion
resistance curves and different positions of the electrical centre, by means of
an electrical procedure the real grounding resistance is obtained.

The procedure of the method consists of:

1. A distance C, for the current electrode should be selected by taking a
series of resistance measurements at each X; between 0% and 90% of
C,

2. Select another distance C in the same direction and repeat the
procedure.

3. For each X;, the position of the potential electrode is calculated with
the following equation:

P =0,62(C+X,)—X, (10)
4. In each P; take the value of R;, graph R; according to Xi.
5. At the point of intersection of the curves R; = f(X;) you can read the

official value of ground resistance. If more curves are made, more
exact will be the solution.

Figure 13 shows a graph with three resistance measurement curves as a
function of X;.

-
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-
o
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e
2
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Fig. 13. Intersection of the curves
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8.2. Comparative summary of grounding resistance measurement
methods

Table 4. Summary comparing the methods used in measuring grounding resistances

Method Place of use Advantages Disadvantages Remarks
Potential drop | In small or more | It's easy to | In large grounding | It's a teaching method.
curve complex groundings, | understand. It | systems,  extensive | The curves of the
if the complete curve | requires few | cable lengths are | graphs are used to
is made calculations required apply other methods
62% rule In groundings of any | It is simple and | Requires knowledge | It is the most applied
size quick to apply of the power center. | method
Requires long
distances
Of the four | In medium and large | No need to | It demands great | It is a method that is
potentials groundings determine  the | distances. It requires | rarely used. Results
electrical center | quite a few | are accepted when
calculations large distances are
considered
Intersection of | In large groundings | Allows shorter | You need more | It is a distance-saving
curves as in power S/E distances than | calculations and | method that allows to
previous graphs determine the value of
methods the resistance, where
others, due to lack of
space, cannot do it
From the | In large groundings, | It's more | More care should be | It can be wused in
slope such as in substations | graphic,  with | taken when using on | combination with the

few calculations

non-homogeneous
soils

curve intersection as a
check

Triangle Star | In small groundings, | No long | You need enough | Itshould be used when
in urban sites distance calculations, the error | conventional methods
required being high with small | cannot be applied,
distances used in urban areas
Current In large substations | High current | A portable unit or a | There may be
injection or high resistivity soil | intensity is | distant power source | interference with other
guaranteed is required low-frequency
electrical power
systems
Induced In  single-electrode | It is a solution | It has large errors | These are clamps
voltage grounding in cases where | when  there  are | designed for ground
the error is not | unbalanced currents loops. They're only
vitall used as an
approximation
Natural Use, in the last | It solves the | It can be confusing if | Big mistakes can be
reference instance, by a | disadvantage the result is | made, being used only
qualified person that it is always | unreliable if another method
possible to cannot be used
measure
Selective or | In power | No need to | High cost It's not regulated. Soil
four-clamp transmission towers disconnect the with high resistivity
guard wire may not work
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8.3. Measurement of grounding resistances of high voltage electricity
transmission towers

Measuring the grounding resistance of an overhead line power tower by
conventional methods is complicated, since the towers are electrically
connected through the guard wire; what is actually measured is the system
formed by all the groundings, which are connected in parallel. Therefore, the
value obtained is small, more so if the areas of influence are not taken into
account, not representing the true state of an grounding system, in particular

A correct method, to measure the grounding resistance of a tower, is to
disconnect the guard wire, keep it insulated, be concerned about the
magnitude of the voltage that exists at the point where the potential electrode
is installed. As this operation is done, most of the times with the line
energized, it turns out to be a complex, expensive and high risk task. Even
with the line de-energized or out of service it is a slow and tedious job.

There are commercial 5 kHz and 25 kHz ground ohmmeters that offer a
comprehensive solution, but in the Atacama Desert, Chile, they are not
capable of delivering sufficient current intensity, so they do not measure
directly.

At the high frequency used, the inductive reactance of the guard wire, in
a normal extension span, is high, thus minimizing the effect of the grounding
of the adjacent towers, to which it is being measured. The instrument only
measures the grounding resistance of the tower considered, including the
foundation, so that the magnitude read represents the behavior, in front of a
pulse wave, as an atmospheric discharge, approximately.

In the conventional method, although to measure the grounding
resistance of a tower, the guard wire has to be insulated, the influence of
ground or residual voltages depends on their relative magnitude. Generally,
residual voltages have a magnitude and phase angle that varies over time. This
variation is produced with greater or lesser speed, depending on the origin and
the characteristics of the electrical system.
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One way to minimize the effect of residual voltages is to inject
measuring current of such a magnitude that the measured voltages are greater
than the residual ones. Sometimes this is not possible, because the current
intensity is limited by the resistance of the current electrode and the
availability of voltage, which is solved by increasing it. Figure 14 shows a
circuit used to measure grounding of energized towers.

Step-up
transformer
~220/3,000 V

Single-phase
autotransformer

7 W 777&7077?

Current electrode

Potential electrode

Grounding
Fig. 14. Energized grounding resistance measuring circuit with current injection

The technique used to measure the resistance of the energized grounding
is indicated in the ANSI/IEEE Std. 81 of 1991 and, consists of minimizing the
influence of the residual voltage, Vo, through the injection of measurement
currents of a magnitude, such that the voltages that are measured between the
grounding and the potential electrode, P, V1 and V5, are displaced by 180°, and
that, in addition, they are greater than the residual voltage that exists, when no
current is injected, as can be seen, in a schematic way, in figure 14.

In relation 11, the equation used to determine the impedance (resistance)
of the grounding is presented.

V7 + V7

21- -V, 11)
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9. Measurement of step and touch voltages

Once the installation has been assembled, it must be checked that the step
and touch voltages are within the permissible limits.

This means that before putting into service, the contact and step voltages
applied, Ve and V., respectively, have to be measured at the points
considered most unfavorable and check if the following restrictions are met:

10K

Vpa < Vpa.AdmissibIe = t—n (12)
K
Vca < Vca,AdmissibIe N t_n (13)

where t is the fault duration time and K and n are constants given in Table 5.

Table 5. Constants K and n, for the calculation of permissible touch and step voltages

t (s) K n
0,9>t>0,1 72 1
3>t>0,9 78,5 0,18

5>t>3 64 0

t>5 50 0

It should be noted that, in the process of calculating the installation, the
criterion used is that indicated in point 2.5.

However, once the installation is installed, the quantities measured are
the applied step and touch voltages, and from these it is decided whether the
grounding is correct from the point of view of the safety of people.

9.1. Measurement of applied step voltages

Figure 15 schematically shows the way in which the step voltages are
measured. Basically, the test consists of injecting a test current intensity, Iy,
through the grounding to be measured. The voltmeter measures the voltage
between two electrodes, V, representing the feet, separated by 1 m, which are
connected by a resistance Rx=1,000 Ohm, which simulates the human body
and, located in the place where the applied step voltage is to be measured.
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The applied step voltage is determined from the expression:

|
vV, = v°|ﬂ’ (13)

p

where le.14 1S the single-phase fault current to ground, considering the
resistance of the grounding. In order to inject the test current, I,, a current
electrode is needed, sufficiently far from the measured grounding, to avoid
altering the distribution of the potentials of the grounding being tested (areas
of influence). In practice, it is advisable to distance yourself 3 to 5 times from
the larger side of the groung electrode. The grounding of another installation
can also be used as a current electrode, provided the distance is adequate.
Most of the regulations say that the test current, l,, must be at least 1% of the
single-phase fault current to ground, being not less than 50 A (for short time),
in power plants and substations and 5 A in distribution systems.

A

R =1, 000 Potential Electrodes
Y Current electrode

d>5 times the larger side of the grounding

Fig. 15. Measurement of applied step voltages

Ip

Mass Current source

In the Il Region of Chile, it is difficult to meet the requirement of the I,
because the resistivity of the ground is very high, which limits the test current
too much.

The following conditions are specified for potential electrodes:

e Each potential electrode must have a contact surface of 200 cm? with the
ground.

e The minimum force exerted on the ground by each of the potential
electrodes must be 250 Newtons, 25 kg
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Before starting the measurements, people or animals must be prevented
from staying or passing through the area of influence of the ground electrodes,
because if the grounding resistance is high, dangerous voltage differences may
appear in the ground

9.2. Measurement of applied contact voltages

The test for measuring the applied contact voltage between a mass and
ground, shown in Figure 16, is analogous to that of paragraph 9.1, with the
following differences:

e The potential test electrodes are spaced 20 cm apart and electrically
connected to each other.

e The electrodes must be located 1 m from the metal part, whose applied
contact voltage is to be measured, connected to this element through a
1,000 Ohm resistance.

Under these conditions the test current intensity, I,, is injected into the
tested grounding.

The applied contact voltage is determined from the reading on the high

impedance voltmeter, V, which is connected between the electrodes and
ground, through the following equation:

|
V, =V (14)

current source .

Potentlal electrodes current electrode

;/

== -

d>5 times the larger side of the grounding

Fig. 16. Measurement of applied contact voltages
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The specifications for the test current and the potential electrodes are the
same as for the applied step voltage.

10. Grounding and Protection in a photovoltaic system

The concept of grounding applied to a photovoltaic (PV) electric system
can refer to the conductive parts, which are exposed, for example: the metal
frames of the panels, as well as to the electric power generation system, such
as the active parts of the PV system, for example the cells.

A PV system can only be grounded if it is galvanically separated from
the power grid, e.g. by a transformer.

10.1. PV plants with transformer

In PV plants with a transformer, for protection against indirect contacts,
it is necessary to differentiate between the concept of upstream and
downstream masses of the transformer, which is understood by the direction
of the electrical power produced by the PV plant.

10.1.1. Plant with IT system

In the case of masses upstream of the transformer, Plants with IT
grounding system, the active parts are isolated, while the exposed conductive
parts are grounded, however, for safety reasons, the grounding system, SPT,
of the PV Plant is shared with the user, but for the proper functioning of the
inverter isolation controller and supervision of the PV generator, it is
necessary that the frames and structures, which support the panels, are
grounded, even if they are class Il. Figure 17 shows, in a schematic way, a PV

plant, with IT system, with upstream bodies. .

WH
HOH

& O
Load

|

QRE

Fig. 17. Plant with SPT, type IT, with masses upstream of the transformer
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In this type of SPT, the resistance, Re of the masses must comply,
according to the CEI 64-8 standard, with

120

l;

R

e (15)
where lq is the current intensity of the first ground fault, which is not known in
advance, but which is usually of very low magnitude in small installations.
Consequently, the grounding resistance, Re, of the user's installation, which is
sized for a network fault, generally only satisfies equation 15. In the case of a
double ground fault, since PV generation is a current generator, the voltage at
the interconnected masses must be in compliance with the following
inequality:

g - Regp. <120 V (16)
where Iy is the current of the PV cells involved in the fault, while Rgqp is the
resistance of the conductor interconnecting the masses affected by the fault. In
large installations it is necessary to reduce the admissible limits in the event of
a second residual fault, eliminating the first ground fault through an insulation
controller, both internal and external to the inverter.

10.1.2. Plant with TN system

In Plants with TN grounding system, the active parts and the exposed
conductive parts are connected to the same SPT, of the user. In this way a TN
system is obtained on the DC side.

In the case of one ground fault, a short circuit is produced as in the usual
TN systems, but this current intensity cannot be detected by the maximum
current protections, because the PV plant is characterized by the generation of
high currents, with values not much higher than the nominal current intensity.
As for the dangerousness of this fault, the considerations indicated for the
second fault of an IT system can be applied, where the IEC 60364-7 Standard
recommends that for the complete installation on the DC side, class Il devices
or an equivalent insulation should be used. However, proper operation of the
inverter insulation controller and monitoring of the PV generator requires that
the frames and panel structures, even if they are class Il, are grounded, as
shown in Figure 18.
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Fig. 18. Plant with SPT, type NT, with masses upstream of the transformer

10.1.3. Masses downstream of the transformer

If the system is considered to be a Network - User system, with SPT,
type TT, the power supply is grounded at a single point and the exposed parts
are connected to the ground via a separate electrode, independent of the power
supply, where the masses belonging to the user's installation, protected by
differential circuit breakers, set at the beginning of the installation, as shown
in Figure 19, are protected, both from the Network, and from the PV
generator.

In this type of system, the masses of the PV installation are connected to
a ground that is independent of the neutral of the distribution company. There
must not be a ground between point A-B and the grid because, in this case, the
regulatory requirement that all the grounds of a user, in a TT system, must be
protected by a differential circuit breaker is not met

With regard to the masses upstream of point A - B, such as the
transformer or inverter, when the transformer is incorporated, a device must
be inserted, with differential protection, where the nominal differential

current, Idr, must be coordinated with the grounding resistance, Re (R, s?—o :

dn

in compliance with the ratio, typical of TT systems, as shown in Figure 20.
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PRODUCTO PROTEGIDO POR LA LEY DE PROPIEDAD NDUSTRIAL N 10.03%
DEL MINISTERIO DE ECONOMIA. REGISTRO DE PATENTE 42660

AN
Y

[dPV l l Idr (:)I Netwotk

= IdPV

o o
| Load

Fig. 20. Plant with SPT, type TT, with masses downstream of the transformer and
differential protection
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On the other hand, if the system Network - User, is of the TN type, for
both supply possibilities, both from the network and from the PV generator,
differential switches are not required, as long as the fault current on the AC
side causes the operation of the overcurrent protections in the times that do not
damage the elements being protected, as shown in Figure 21.

[)Lfﬁwnﬁ

En

SR
Load |-

i————

Fig. 21 PV plant with SPT, type TN, with masses downstream of the transformer

10.2. PV plants without a transformer

In the absence of a separating transformer between the PV installation
and the network, the PV plant itself must be isolated from the ground in its
active parts, becoming an extension of the supply network, in general, with an
earthed point, for either TT or NT system.

With regard to the masses of the user's installation and upstream of the
point in parallel A-B, what is indicated in point 10.1.3 continues to apply,
from the conceptual point of view.

On the DC side, a ground fault involves operation of the differential
switch downstream of the inverter, as shown in figure 22. After operation of
the device, with differential protection, the inverter goes into standby mode,
due to the lack of voltage on the network, but the fault comes from the PV
generator. Since the PV system is of the type IT, the considerations in section
10.1.3 apply.
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For ground faults on the DC side and on the masses upstream of the
parallel point A-B, the differential switch downstream of the inverter is
crossed by a non alternating residual current. Therefore this device must be
class B (device with differential protection detecting alternating residual
currents up to 1 kHz, pulsating unidirectional and direct), unless the inverter,
by construction, does not inject direct fault current to ground (IEC 60364-7).

A

LT 7 |

y o« i Netwotk

|

Fig. 22. PV plant with SPT, type TT, with masses downstream of the transformer

11. Bibliography
[1] NCh Elec. 4/2003. "Electricity, low voltage consumption installations.

[2] ANSI/IEEE Std 81, 1983, "IEEE Guide for Measuring Earth Resistivity,
Ground Impedance and Earth Surface Potentials of a Ground System".

[3] ANSI/IEEE Std 80, 1986 and2000 "Guide for safety in AC substations
grounding"

[4] P. Ortuondo, "Manual para proyecto y analisis de puestas a tierra”, Own
edition, 1997

[5] Procobre Chile. Unit 4. "Grounding systems". 1998.

Es un aporte del aditivo “Tritrollito” al mantenimiento de las puestas a tierra

39 de 40



SCM COMPANIA MINERA CONSTANZA S.A

TRITROLLITO

ADITIVO REDUCTOR Y MANTENEDOR DE
RESISTENCIAS DE PUESTAS DE TIERRA.

[6] Favio Casas O. "Tierras, Soporte de la seguridad eléctrica”. Editorial
Icontec. 2008.

[7] J. Roger F., M. Riera G., C. Roldan P. "Tecnologia Electrica”. 2nd Edition.
Editorial Sintesis. 2007.

[8] ABB, “Plantas fotovoltaicas”, Cuaderno de aplicaciones técnicas N° 107,
2011.

[9] NEC, National Electric Code Handbook. Mac Graw Hill. 1997.

Hugo E. Martinez D. (1953) He is a Doctor of Industrial Engineering from the
Escuela Técnica Superior de Ingenieros Industriales, Polytechnic University
of Madrid, Spain. He has a Master's degree in Electrical Engineering from the
University of Chile. He is an Execution Engineer and a Civil Electrician, by
the Universidad Técnica del Estado de Chile. His areas of interest are the
Grounding Systems and the Pollution of the High Voltage overhead lines
insulators. He is an associate professor in the Department of Electrical
Engineering at the University of Antofagasta, Chile, since 1978.

Es un aporte del aditivo “Tritrollito” al mantenimiento de las puestas a tierra

40 de 40



