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UNDERGROUND SYSTEM TERMINOLOGY
Ampacity
Current carrying capacity, expressed in amperes, of a
wire or cable under stated conditions.
Ambient
Conditions existing at a test or operating location
prior to energizing of equipment (e.g., ambient temperature).
American Wire Gauge
A standard used in the determination of the physical
size of a conductor determined by its circular mil
area. Usually expressed as AWG.
Ampere
The unit used for measuring the quantity of an electric
current flow.
Anti-oxidant
A substance which prevents or slows down oxidation
of a material.
Apparatus
All equipment pertaining to the generation,
transmission, distribution and use of electricity.
Barrier
A device or procedure that effectively keeps a worker
away from a hazard.
Bend Radius
The minimum bending radius for underground cables
as per manufacturers’ specifications.
BIL
Basic Insulation Level – the voltage the equipment will
accept before sparkover.
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Bushing
A receptacle that allows cables to be connected to
apparatus.
Cable Rack
A device, usually secured to the wall of a maintenance hole, cable raceway, or building, to provide
support for cables.
Capacitive Charge
Electrical energy that remains in conductive and
insulated components of a primary cable after it has
been disconnected from all sources of dynamic energy.
Circular Mil
A term used to define cross sectional areas using a
mathematical shortcut in which the area of a round
wire is taken as a diameter in mils (0.001 in.)
squared.
Concentric Neutral Cable
A cable with a concentric, composed of metallic wires
applied over the insulation or insulation shielding. The
concentric wires perform the function of a neutral.
Conductivity
A term used in describing the capability of a material
to carry an electric charge. Usually expressed as a
percentage of copper conductivity – silver being one
hundred per cent.
Conductor
That part of a cable, overhead line or apparatus
intended to conduct the flow of electrical energy.
Cross Linked
Manufacturing process that significantly improves the
overall performance of polyethylene insulation.
7

Current Carrying Capacity
The current a conductor of given size is capable of
carrying safely without exceeding its own insulation
and jacket temperature limitations.
Cutout
A fused switch either overhead or underground.
Dead-end Plugs — Insulating Cap
A manufactured device to insulate an open receptacle.
Dead Front or Elbow Connected
Any type of equipment (transformers, multi-taps and
switching cubicles) that utilize elbows. The term dead
front means that no full line potential parts are
exposed (e.g., submersible and padmount transformers). Elbow connected equipment has no exposed
components when in the normal operating position.
Dielectric
An insulating (non-conducting) medium.
Direct Buried
An underground cable that is installed in the ground
with no protective covering other than sand and fill.
Disconnect(ing) Switch
A switch used for closing, opening, or changing the
connections in a circuit or system, or for isolating
purposes. It has no interrupting rating, and is intended to be operated only after the load has been disconnected by some other means.
Drain Wire
In a cable, an uninsulated wire laid over the component or components and used as a ground connection.
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Duct
A tube used to install and protect underground plant.
Its material may include plastic, PVC, fibres etc.
Elbow
Loadbreak or non-loadbreak, a manufactured device
which allows cables to be connected and disconnected to underground components (e.g., transformers).
Electromagnetic
Referring to the combined electric and magnetic fields
caused by electron motion through conductors.
EPR
Ethylene propylene rubber. A form of material used in
the cable industry either as insulation or when carbon
particles are added as a semi-conducting material.
EUSR
The Electrical Utility Safety Rules, published by the
Infrastructure Health and Safety Association.
Ferroresonance
A high voltage phenomenon which may occur on
three phase applications when the inductance of the
ferrous core of a transformer and the capacitance of a
high voltage underground cable are equal and connected in series. As much as ten times the normal
voltage may be present.
Grounding
Connecting the components of an electrical system to
ground potential using approved equipment.
Ground Bus
A bus to which the grounds from individual pieces of
equipment are connected, and that in turn, is connected to ground at one or more points.
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Ground Grid
A system of bare metallic conductors on or below the
surface of the earth, connected to ground.
Insulation
A material having good dielectric properties which is
used to separate close electrical components, such as
cable conductors or circuit components.
Insulation Rating
The property of an insulating material which resists
electrical current flow when a potential difference is
applied.
LIS
Load interrupter switch. A device that interrupts the
flow of electricity while under rated loads.
Live Front
Any type of transformer, switch gear, or load centre
where full line potential is exposed when the door is
opened (e.g., pole transformer and load centres).
Load
A device that consumes or converts the power delivered by another device.
Lug
A term commonly used to describe a termination,
usually pressed or soldered to the conductor, with
provision for bolting to a terminal.
Maintenance Chamber/Vault
A chamber or enclosure used in an underground
electrical distribution system to house electrical
apparatus, or the entranceway thereto.
Metal Clad
Station equipment with a metal enclosure around it
(e.g., station breakers and bus tie).
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Mil
One one-thousandth of an inch.
Nitrogen Gas
A gas that is often used as a blanket over oil in a
power transformer to keep moisture and oxygen from
contaminating the oil.
Ohm
A unit of electrical resistance, specifically the amount
of resistance overcome by one volt in causing one
ampere to flow.
Oxidation
A chemical reaction that occurs when metal reacts
with oxygen, producing a layer of oxide on the surface. The oxide layer resists the flow of electricity and
can create heat.
Polyethylene
A thermoplastic material derived from polymerization
of theylene gas. Basically, pure hydrocarbon resins
with excellent dielectric properties.
Pot Head
A type of termination usually used in conjunction with
lead cable (PILC), either single phase or three phase.
It seals against moisture and leakage of compound.
PVC
Polyvinyl chloride. A general purpose thermoplastic
used for wire and cable insulations and jackets.
Riser (Dip Pole)
A transition installation between underground cable
and the overhead system.
Splice (Joint)
The process by which cables are joined together to
manufacturers’ specifications.
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Stress Cone
A means of providing extra insulation at the point of
greatest stress in the cable.
Stress Lines
Invisible lines of force set up in a cable by electromagnetism which act to break down insulation unless
controlled.
Submersible
Constructed to be successfully operable when
submerged in water under specified conditions of
pressure and time.
System
Physical layout of an underground plan (e.g., loop or
radial, overhead or underground).
Termination
The method of providing a weatherproof transition
from the cable to equipment, while relieving stress
and
controlling tracking.
Thermoplastic
A classification of resin that can readily be softened
and re-softened by repeated heating.
TDR
Time domain reflectometer. Equipment used to locate
faults and display the fault distance on a graph.
Transformer
Equipment designed to either step up or step down
voltage levels as required.
TR-(XLPE)
Tree retardant. An additive to cable insulation
designed to slow the growth of cable trees (insulation
breakdown).
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URD
Underground residential distribution. Commonly
refers to all underground installations.
UWPC
Utility Work Protection Code. The written procedures
to establish an isolated tagged and/or locked out condition for work.
Voltage Drop
A term expressing the amount of voltage loss from
original input in a conductor of given size and length.
XLPE
Cross linked polyethylene – a common form of
insulation used on underground cables.
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SECTION I
TYPES OF UNDERGROUND SYSTEMS

100
INTRODUCTION
The growing use of underground electrical systems
means that today's utility personnel should understand both the theory behind and the practical use of
underground equipment. As these underground systems become more complex, utility workers will
require more training to keep abreast of the continually changing technology and to avoid unsafe acts
and work practices.
Depending on the location, underground systems may
be supplied directly from a substation or an overhead
line. If energized from a substation, the underground
cables will be connected at the station by a stress
cone/termination and protected in the event of a
short circuit or overcurrent by a station breaker.
If energized overhead, the pole where the underground cable taps onto the line is called a riser or dip
pole. The cable running down the pole is either protected by a cable guard or enclosed in a conduit.
The underground cable makes the transition to the
overhead line via a switch, lightning arrestor and a
cable termination called a stress cone or pot head.
101
RADIAL SYSTEM
Usually the simplest and least expensive type of system, radial circuits are supplied from one source only
and are susceptible to relatively long interruptions to
service in case of cable failure. (See Figure 1)
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Figure 1: Radial System

102
LOOP SYSTEM
The preferred underground system has a loop feed,
as shown in Figure 2. The loop system consists of a
single circuit run successively to a number of transformer installations and returned either to the original
source or to a different source, provided it is compatible. It is common practice to operate the midpoint or
the "loop open point" – thus the term "normally open
loop."
While more costly to install, this system can be divided
into sections, making for easier maintenance and
shorter outage time in case of cable failure, as well as
better voltage regulation and system reliability.
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Figure 2: Loop System
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SECTION II
THEORY AND UNDERGROUND CABLES
200
INTRODUCTION
High voltage cables used in underground systems are
selected on the basis of the ampacity and voltage
requirements of the circuit in which they are to be
installed.
Cables used for underground installation are generally either paper insulated lead covered (PILC) or a solid
dielectric type. Examples of a solid dielectric cable
may be of a cross linked polyethylene (XLPE) construction or ethylene propylene rubber (EPR).
The conductor, which makes up the core construction
of the cable, can be either copper or aluminum and
may be supplied with stranded or solid wire. For specific details, contact the manufacturers of the product.

201
CABLE AMPACITY
The ampacity requirements of cables and conductors
used are fairly straightforward, regardless of the
operating voltage. The ampacity will depend on
whether the conductor is in duct, direct buried, or in
the air. (See Cable Ampacity Chart)

202

CABLE SHIELDING

High voltage cables must be shielded to ensure the
cable is protected. Power cable shielding can be
defined as the practice of controlling the electro-magnetic field of the cable.
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Shielding in the high voltage cable is done in two
parts. (See Figure 3) The first is the conductor shield,
which smoothes out the irregularities of the conductor
so that the insulating material is not subject to a nonuniform stress pattern. The second shielding is extruded over the insulating material surface to act as a bed
for the metallic ground. Both materials used for the
shielding are usually polyethylene with carbon particles added to make it semi-conductive.

Stress lines with the
shields

Stress lines without
shields

Figure 3: Stress relief using the insulation and conductor shield.

203
CABLE COMPONENTS
Conductor
The purpose of the conductor is to support up to its
rated amount of current flow. The conductor may be
either copper or aluminum. Most are stranded but a
solid conductor is also available.
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CABLE AMPACITY CHART
Cable Rated < 28 kV
Size
(Awg/kcmil)

Buried

In Duct

Duct
In Air

In Air

4 Cu
4 Al

135
130

115
110

100
95

125
120

2 Cu
2 Al

210
165

180
140

155
125

195
155

1 Cu
1 Al

240
185

205
160

180
140

225
175

1/0 Cu
1/0 Al

275
215

230
180

210
165

2/0 Cu
2/0 Al

310
245

265
205

3/0 Cu
3/0 Al

355
275

4/0 Cu
4/0 Al

Cable Rated > 35 kV
Buried

In Duct

Duct
In Air

In Air

260
205

275
215

230
180

210
165

260
205

245
190

300
135

310
245

265
205

235
190

295
235

300
235

280
210

345
265

355
275

300
235

275
210

345
265

395
315

320
270

315
250

390
310

385
315

330
275

305
250

380
310

250 Cu
250 Al

420
330

345
290

340
265

420
330

425
330

350
295

335
265

420
330

350 Cu
350 Al

470
400

395
340

380
325

475
405

470
400

395
345

380
325

475
405

500 Cu
500 Al

515
460

420
385

435
385

535
480

520
460

440
395

430
385

540
480

750 Cu
750 Al

580
525

475
430

505
455

625
570

590
525

495
450

510
455

640
570

1000 Cu

640

525

580

715

625

525

555

695

1000 Al

570

470

510

635

570

485

510

635

Knowing the conductor size and whether the conductor
body is of a standard round construction, compressed
construction or compact is important. This has an impact
on the type of terminations or sleeves used.
Conductor Shielding
The primary function of conductor shielding is to provide
a smooth surface and straighten any irregularities of the
22

conductor. Another function is to assist with electrical
stress relief on the cable. The physical properties of
this material make it semi-conducting by adding carbon particles to a cross-linked polyethylene material.
Insulation
The insulating materials most commonly used are:
- Thermosetting cross-linked polyethylene (XLPE)
- Tree retardant cross-linked polyethylene (TR-XLPE)
- Ethylene propylene rubber (EPR)
The insulation is extruded to a thickness required to
withstand the voltage at which the cable will be
energized, above ground or phase potentials.
Insulation Levels
The insulation for primary underground cables is
generally constructed to two insulation levels, and
manufactured for specific applications:
100 per cent level: the cable manufactured to this
specification is best applied in a system with relay
protection to provide ground fault clearances as rapidly as possible, in may cases within one minute.
133 per cent level: a cable manufactured to this
specification may be applied in situations where the
clearing time of the 100 per cent level cannot be met.
Below are examples of cables manufactured for specific voltage levels but that have different insulation
diameter thicknesses due to the different insulation
levels:
15
15
28
28

kV
kV
kV
kV

-

100%
133%
100%
133%

Ins.
Ins.
Ins.
Ins.

Level:
Level:
Level:
Level:
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4.45
5.46
7.11
9.54

mm
mm
mm
mm

(0.17
(0.21
(0.28
(0.37

in.)
in.)
in.)
in.)

Insulation is generally measured in mils. It is important to know the insulation level of the cable, as this
will determine which termination or splice kit should
be used.
Insulation Shield
The insulation shield is made of the same material
used for the insulation shield. The main purpose of
the conductor shield is to ensure uniform electrical
radial stress relief at the insulation surface. (Refer to
Figure 3)
Concentric Neutrals
Concentric neutral strands provide a return path for
the system neutral. The concentric neutrals will also
provide some mechanical protection for the insulated
conductor and become the return of current path to
station relay protective system or some other form of
over-current protection (fusing). This will aid in the
event of a dig-in on the cable.
Jacket
Polyvinyl chloride (PVC) and polyethylene are thermoplastic materials commonly used in jacket construction. The jacket will provide protection against
mechanical and chemical damage. It is also meant to
hold the concentric neutrals against the insulation
shield. Cable construction can also include unjacketed
cable applications.
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SECTION III
INSTALLATION OF UNDERGROUND CABLES
300
INTRODUCTION
Ensure proper work area protection (in compliance
with current legislation) is used to protect workers
from vehicular traffic.
Accurate phase markings are essential. Ensure that all
workers understand the phase markings that are to
be used and that those markings match the engineered drawings of the project.
When cables are to be installed in proximity to energized apparatus, work area protection must be in
compliance with the Utility Work Protection Code and
the Electrical Utility Safety Rules.
Setting and following high quality standards is particularly important when installing underground plant
due to the high cost of maintenance and repair.
Proper installation procedures improve system reliability, which reduces outages and the hazards associated
with repair.
Most incidents that result in serious injury (or have the
potential for serious injury) occur on underground
plant during after hours "emergency" situations (i.e.,
when cable has failed). By limiting exposure to those
situations through proper installation, we also limit
the possibility of an incident.
When trenching for underground plant installation, it
is very important to observe proper sloping techniques. Many installations require only a relatively
shallow trench (less than 1.29 m / 4 ft.). However,
when final grades must be altered or other installa26

tion circumstances dictate, deeper trenching may be
required. All trenches must comply with current legislation. Particular attention should be given to trenches with high water content.
Water is the primary cause of reduced cable life.
When installing any type of underground cable, be it
primary or secondary, it is very important to keep the
cable dry. To do so, make sure all ends of all cables
are sealed with heat shrink caps or SAPT tape for
waterproofing during installation and storage.
Avoid damaging the cable by subjecting it to rough
treatment. For example, the outer jacket can be
damaged when the cable is dragged across the
ground.
Do not bend the cable in too tight an arc. Always follow the manufacturers’ minimum bend radius specifications. They are designed to prevent the layers of the
cable from separating and creating voids, which may
provide an area for moisture to gather.
301
RECORDS/MAPPING
It is important to maintain the records and mapping
of your system. At minimum, you should include the
following:
- Duct size
- Duct material
- Cable size
- Number of cables
- Cable type
- Bends and radii
- Tensions experienced during installation
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302
DIRECT BURIED
Direct buried installations have specifications that
need to be followed. A typical installation will have
many utilities using the same trench, thus the name
joint use trenching. Generally, industry practice is:
TOP:

Telecommunications (phone and
CATV)
MIDDLE: Secondary conductors
BOTTOM: Primary conductors
Gas may also be included in the trench.
Take nothing for granted when excavating a joint use
trench for repairs. Never assume that a particular
cable is your target. Always follow proper spiking tool
procedures before cutting into any cable.
Unlike the duct and maintenance hole installation, the
direct buried system offers no protection from sharp
rocks and other debris that may come into contact
with the cable when the trench is being backfilled. To
avoid potential problems, a layer of bedding (sand,
limestone screening, etc.) is required to protect the
cable.
NOTE: To ensure best protection, the layer of
bedding should be a minimum of 15 cm /
6 inches around the entire cable.
The bedding has other benefits. It allows moisture to
pass through it to the bottom of the trench, away
from the cable and provides a visual indication to
those excavating that they might be in proximity to a
cable or trench.
Other methods to indicate proximity include buried
warning tape and marker balls. (See Figure 4)
When installed above the bedding (before the original
soil is used to backfill the rest of the trench) warning
tape offers a visual indicator to those excavating that
28

there is buried service in
proximity. Marker balls
are also meant to be
buried. They offer an
advantage as they can
be programmed. This
means their location and
any information you
choose to include, can be
retrieved with a locating
device.

Figure 4

303
CONDUIT INSTALLATION
Installing underground cable in conduit generally
requires two separate operations: a method of
installing a pull rope or line into the conduit, and the
actual installation of the power or communications
cable into separate conduits. Each operation entails a
specific safe work practice. In both the roping and
pulling operations, it is imperative that only appropriate equipment in good repair be used by competent
personnel. Effective communication is essential
between workers at the rodding and pulling end and
the cable reel end.

304
CONDUIT ROPING
There are two ways to install a rope or pull line:
- manually or mechanically rodding the conduit
- using compressed air
In either case, the rod or the rope should not contact
any existing or adjacent conductors already in the
maintenance chamber/vault. (Existing cables should
be moved and/or appropriately covered.)
29

305
MECHANICAL RODDING
Mechanical rodders generally use a high strength
spring steel rod approximately 11 mm / 0.46 in. in
diameter which is truck or trailer-mounted.
Hydraulically-driven rollers push the rod through a
temporary conduit guide set built from the underground conduit to the back of the rodder. The guide
set must be securely connected to both the underground conduit and the rodder, and cannot contact
any adjacent cables. Additionally, the rodder truck or
trailer should be properly grounded, and the operator
should stand on a platform or a properly grounded
mat.
Steel “fish” consist of flat, high-strength steel tape or
rod that is manually pushed up the duct. Although
strong, they are heavy and electrically conductive. To
avoid incidents, workers should take care when lifting
and lowering the fish into maintenance
chambers/vaults and avoid contact with energized
equipment when the fish came out the duct at the far
end.
Due to its lightweight and dielectric properties, the
fibreglass duct rodder gradually replaced steel fish.
Today’s duct rodder consists of a fibreglass core with
a plastic jacket (see
Figure 5) wound into
a dispensing storage
reel equipped with a
brake.
NOTE: Never use a
bare fibreglass rod.
If it breaks, the
sharp end can
injure whoever is
pushing the rod.
Figure 5
30

Whenever the rod is fully retracted, pull the end out
of the feeding eye, and insert it into the cage to prevent the rod from self-dispensing. Likewise, if the rodder will be unattended while the end of the rod is in
the conduit, make sure the reel brake is engaged.
This will prevent any remaining rod from self-dispensing.

306
PNEUMATIC RODDING
An alternative method
is to use compressed
air to blow the pull
rope into the conduit.
Two methods are
available: low
pressure/high volume
(see Figure 6) and
high pressure/low
volume (see Figure 7).

Figure 6

Figure 7

Both utilize a missile to propel the lead end of the
rope through the duct.
The low pressure/high volume method typically
involves a small handheld device with two to three
fan motors (similar to a shop vacuum), operating at
about 3-5 psi at 300 cubic feet per minute air. To
avoid taking the electrical apparatus into a wet location, a 5 cm / 2 in. diameter hose is fed into the cable
31

chamber. A tapered seal-off is held in the duct by a
technician while the rope is blown into the duct.
At this low pressure, a technician can safely remain in
the vault during the roping, as long as he/she
remains to one side of the duct and is wearing hearing
protection and either safety glasses and/or a face
shield to protect against any debris or water that may
be expelled from the duct.
The high pressure/low volume method uses an air
compressor that typically produces 100–125 psi at 90
– 185 cubic feet per minute of air. They are gasoline
or diesel powered and usually trailer or truck mounted.
An expanding device installed in the duct seals the air
and allows free passage of the rope. These expanding
ring(s) can be rubber, similar to a duct plug, or a rubber bladder.
NOTE: The duct plug style is generally rated for
only 10–15 psi air pressure.) No one
should remain in the vault while the
compressor is operating. Anyone looking
into the vault should wear appropriate
eye and hearing protection.
First, introduce compressed air into the duct and
make sure it exhausts out the duct at the reel end.
This will prevent the creation of a pressure vessel in
the duct.
Winch manufacturers now offer winch line blower kits
that operate as high pressure/low volume units capable of blowing a steel winch line into the conduit as
described above. (See Figure 8)
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Figure 8

These units use a seal-off with a gripping system that
embeds in the duct and can withstand air pressure of
60–100 psi. No one should remain in the cable
chamber while these devices are operating.
NOTE: To determine the maximum pressure that
could develop, multiply the duct diameter by Π (3.14) to find the area of the
duct. Then multiply the duct area by the
air pressure.
For a four-inch duct, this would be:
4 X 3.14 = 12.56 square inches x 100 psi
= 1,256 psi of air in the duct.
If the duct is blocked, the seal-off and hose will eventually exit the duct at high speed. This has the potential to significantly damage equipment and/or severely injure workers.

307
CABLE INSTALLATION
Winches typically consist of three designs: drum style,
capstan and constant tension planetary style. (See
Figures 9, 10, and 11)
In all styles, it is essential to ensure that the wire or
synthetic rope is in good repair and free of any kinks
or broken strands.
33

Use an appropriate
swivel to avoid
introducing torque
from the twisted
rope to the cable
(see Figure 12).
This torque can
damage the cable
and present a hazard when the tension is released.

Figure 9: drum winch

Figure 10: capstan winch

Pull a mandrel
through the duct
before installing the
cable to make sure
there is enough
clearance to avoid
cable damage. A
trailing rope should
follow the mandrel
in order to withdraw it if the duct
is blocked.

Install appropriate
hardware in the
vaults or panels to
ensure that the
pulling rope cannot
rub against anything located nearby. Ideally, at the
feed end, the cable
Figure 11: constant tension
should be totally
enclosed in the duct with a flexible cable guide or
“elephant trunk” to provide mechanical protection
34

Figure 12

and allow controlled application of a suitable cable
lubricant to minimize pulling tensions. (See Figure 13)
At the pull end, sheaves or
travelers should be installed to
avoid the winch line rubbing
on the duct face, vault ceiling,
or lid collar. Travelers should
be of sufficient diameter to
avoid exceeding cable minimum bend radius.
Ideally, the winch should
incorporate a tension display
and/or limiting device to
avoid exceeding the rope limits and cable manufacturer’s
Figure 13
pulling tensions. The cable
should be installed slowly until
the pulling eye or grip is up the duct to avoid any
hang-ups.
If the winch has no distance counter, consider wrapping phase tape or spraying locate paint on the winch
line several metres ahead of the cable. When the
operator sees the tape or paint come out the duct at
the pull end, he/she can slow the pull down to ease
the swivel/pulling eye/grip assembly out of the duct
and around the travelers to the street. This avoids
shock loads that can damage the cable or strike personnel.
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If the cable is not ordered with a pulling eye,
technicians usually install a cable grip or sock on the
end. (See Figure 14) The grip should be carefully
inspected for frays that can pierce safety gloves during
installation or removal. Grips should be installed
according to manufacturers’ instructions. If a grip slips
off at the wrong time, the end of the winch line can
flail about
freely, presenting a
considerable
hazard to
personnel
Figure 14
and adjacent equipment.
Pulling eyes are available that can be field-installed
and that fasten onto the conductor, providing a higher
safety factor. They are smooth, which reduces friction
in duct bends, and do not fray. In addition, cable
manufacturers specify pulling on the conductor.
These pulling eyes consist of three components: a
sleeve nut with a tapered bore, a tapered plug (driven
or screwed into the centre of the conductor), and the
pulling eye (screwed onto the sleeve nut over the
plug). (See Figure 15) Make sure you use the correct
size and leave the proper amount of conductor
exposed.

Figure 15

To avoid the eye pulling off under tension, make sure
the plug is fully inserted into the conductor and centred. When properly installed, the eye will be slightly
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loose on the conductor, but will seat once tension is
applied. Properly installed, the eye will withstand 200300 per cent of the cable’s tension limit, or the cable
will break behind the eye.
The eyes are colour-coded by size. Once the cable is
installed, the eye can be removed by cutting it off
directly behind the sleeve nut, and stored until the
next use. Avoid taking the eye assembly apart and
removing the conductor pieces left inside, as they will
keep the tapered plug captive, ensuring that this component is not lost.
Crimp-on pulling
eyes are also
available. (See
Figure 16) They
are inserted onto
the end of the
single
Figure 16
conductor cable
and crimped on with a tool that uses a wire rope to
choke the eye into the cable by distorting the conductor/insulation. This is done three or four times along
the length of the eye.
Follow the manufacturers’ instructions: the wire rope
must be embedded into the eye to a depth equal to
its own diameter. Otherwise the pulling eye may pull
off under tension.
A similar crimp-on eye with a convoluted spike in the
centre is used on
PILC three conductor cables.
(See Figure 17)
In this case a
Figure 17
portion of the
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conductors are exposed before the eye is installed,
and the conductors closest to the end are crimped
and distorted by the spike in three places. The eye is
also crimped in three places onto the lead jacket,
making the eye assembly watertight. Again, the
crimper cable must be embedded into the pulling eye
to a depth equal to its own diameter to avoid failure
under tension.
Using either the reusable or the crimp-on eyes to
install three separate single conductor cables requires
the use of a pulling harness that staggers the cables
to avoid having all the cable ends in one place in the
conduit. (See Figure 18) This lessens the chance that
the cables will hang-up at a bend or joint in the duct.

Figure 18

The eyes are directly attached to each leg of the harness and a swivel of sufficient load rating is attached
to the sling link. If a large diameter synthetic pulling
rope is used, a rope to swivel clevis can be used
between the swivel and the braided eye of the rope.
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MAINTENANCE CHAMBER/VAULT
HARDWARE
Various travelers or sheaves are available to insert in
maintenance chambers/vaults to safely direct the
winch rope and the cable out of the conduit and up
the chimney toward the street. In most cases a sheave
38

with two arms or yokes can
be lowered into the vault to
the proper height of the conduit, then chained back to a
pulling eye or iron embedded
into the wall. (See Figure 19)

Figure 19

Once tension is applied to
the winch rope, it is important to check that the winch
line is still exiting the duct
without rubbing on the wall
of the vault. If necessary, the
chain to the pulling iron may
have to be shortened or
lengthened to avoid contact.
If a pulling iron is not available, or in the wrong
location, a jamb skid can be
used to mount the sheave.
(See Figure 20) It consists of
a base section equipped with
a foot on a rotating cam, and
an upper extension that
slides into the top of the base
and pins into place. The
extension has a lip that
engages on the roof of the
vault into the side of the
chimney.

Once loosely installed, the
cam can be actuated, which
raises the base section and jams the assembly in
place. A sheave or quadrant is then inserted into the
assembly at the proper height so that the winch rope
and cable exit the duct without contact.
Figure 20
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The jamb skid is designed so that
the more tension applied during
cable installation, the tighter the
jamb skid locks into place. If the
duct bank is not in the centre of
the vault wall, the jamb skid can
still be used in conjunction with a
cable feeding sheave inserted in
the duct to direct the cable toward
the jamb skid. (See Figure 21)
Figures 22 and 23 show other
examples of chamber hardware.
If the winch truck cannot be positioned directly over the vault
chimney, quadrant blocks or corner cable guides can be installed
on the lip of the cover ring to
direct the winch rope and cable
over the lip. This improves safety
by minimizing pulling tensions,
and also minimizes damage to the cable sheath.
Try to avoid spilling cable
lubricant, as it creates a
slip hazard.

Figure 21

Figure 22
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INSTALLATION
ON POLE
The place where the
Figure 23
underground system
transfers to the overhead
plant is referred to as a "riser" or "dip" pole. (See
Figure 24)
The underground conductor can be terminated in one
of two ways. The most common is to apply the termi40

nation on the ground, then
install the equipment on the
pole. Alternatively, the cable
may be installed on the pole
and the termination applied in
the air.
The method of termination you
choose depends on the size of
the conductor, the type of termination being applied, and
the proximity of other apparatus. In either case, detailed
instructions for installation
should be followed to ensure
proper operation and prevent
premature aging.
Work on riser locations should
be in compliance with current
regulations if energized conductors are in proximity.
It is important to support the
Figure 24
cable as it runs the length of the pole. Any number of
different methods (depending on the type of cable
being used) are acceptable as long as they do not
damage the cable.
To complete the cable installation on the riser pole,
provide protection by using steel/PVC cable guard or
steel/PVC piping.
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CABLE TERMINATIONS
Follow instructions exactly and use only approved
tools and equipment when installing these kits.
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Improper installation starts the premature aging
process of the cable and components. This is caused
by moisture that is allowed to breach the cable and
improper control of stress that is present in an underground primary cable.
With all terminations, splices, and elbows, all of the
layers of the underground primary cable must be
stripped to the exact measurements and the components applied in accordance with the manufacturers’
specifications.
An underground primary cable will heat up and cool
down with the demands of the system. This cycling
causes the cable to expand and contract and if the
cable components are not installed properly, moisture
can be drawn into the component when the cooling
cycle is contracting the cable. This contracting effect
will draw moisture into the cable if it has not been
properly waterproofed.
Remember, adding a termination, splice, or elbow to
the cable creates a weak spot. Such installations must
be constructed to specifications to maintain cable
quality.
The four functions of a termination are:
1. To offer a waterproof transition from the cable to
another component of the system
2. To control stress
3. To control tracking
4. To conduct a nominal system current
1. Transition
Any transition should be waterproof to prevent moisture from entering the cable. (Follow the manufacturer's instructions for a good quality termination.) When
hand taping a termination, ensure the transition from
the conductor lug is waterproofed using recommend42

ed sealing tape.
Lug selection should fit the conductor size. Ensure the
installer knows the size of the conductor and whether
it is solid, compressed, or standard round. All of these
conditions alter the physical size of the conductor and
will effect the operation of the lug connection. A loose
or improperly compressed lug will create a high
resistance connection that will, in turn, create heat
and contribute to premature aging and failure.
2. Electrical Stress Control
Electrical stress can be controlled in two different
ways. Stress created at the termination must be controlled where the insulation shield is cut back. This is
done using a stress ball that can be either hand taped
or pre-moulded.
The basic theory is that a stress ball adds insulation at
the point where the insulation shield is terminated.
The extra insulation at the stress ball allows for the
lines of stress to find a ground reference at the insulation shield cut without breaking down the insulation.
This is known as geometric stress control.
An alternate method of stress control is using cold
shrink technology. Instead of a stress ball, which
relieves stress at one point, this method uses a semiconductive sleeve to redirect the lines of stress
throughout the termination. This is known as capacitive stress control.
Both technologies require that exact measurements
and installation procedures be adhered to, to ensure
proper contact with the insulation shield and that the
other layers are stepped properly so as not to interfere with the stress relief.
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3. Tracking Control
When terminating a cable, there is full line voltage at
one end of the termination (lug) and ground reference at the other end. The distance between these
two points is called the tracking distance. To effectively control tracking, make sure that an adequate distance exists between these two. (Remember that as
voltage levels increase, tracking distance increases.)
Rule of thumb for the tracking distance is 2.5 cm / 1
inch per kV phase to phase. This will have to be
determined and incorporated into the calculations for
stripping when installing a hand taped termination.
The kits will have voltage ratings on them and the
instructions must be followed exactly.
To reduce the physical size of the termination, skirts
are added. These skirts add the required distance to
control tracking and reduce the overall length of the
termination. Limits of approach should be maintained
to grounded structures and other voltages.

311
SPLICES
Splices offer an opportunity to repair damage, connect old plant to new plant, or connect different sections of new construction.
All splices, whether hot or cold kits or hand tapes,
need to be waterproof to prevent moisture being
drawn in during cycling of the cable under different
loads.
To maintain stress relief, waterproofing, and overall
safety, a splice should replace all layers of the cable
(conductor, conductor shield, concentric neutrals,
insulation, insulation shield, jacket).
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Pay particular attention to the following:
Conductor:
ensure the proper sleeve is used.
Consider material: (copper, aluminum), size, type
(standard round, compressed,
solid).
Concentric neutrals: ensure that all strands of the
neutral are replaced and
connected so as not to compromise the current carrying capacity of the conductor. Always
waterproof the splice when
replacing the concentric neutral
around the splice.
Jacket:
After a splice, the jacket should
continue to offer waterproofing
properties and mechanical
protection.
NOTE: Continuity of concentric neutral or cable
shielding must be maintained by using
an approved portable jumper prior to
cutting or connecting those conductors.
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INSTALLATION OF ELBOW CONNECTORS
Elbow connectors are designed and engineered for
specific applications. It is therefore critical to follow
the manufacturer's installation instructions. When
selecting elbow connections consider insulation rating,
conductor size, amperage rating, and loadbreak versus non-potential elbow application.
Ensure the cable is trained into position before starting the installation. It must not interfere with other
apparatus that may be in proximity to the elbow
installation.
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Consider how the elbow will operate once the system
is in operation. Ensure that there is enough slack to
allow for elbow installation on an approved parking
stand or feed through.
Elbows and inserts are methods of transition between
pieces of equipment. As with any component, follow
the manufacturer's instructions. Unauthorized additions/deletions to the installation of the elbows may
compromise the integrity of the operation.
Elbows are an opportunity to switch the system. They
can be switched under load and on potential if they
are designed to accommodate such operations.
The operator must positively identify the type of elbow
before such operations are completed. Operating a
non-loadbreak elbow while it is on potential or under
load places the worker in immediate danger from
elbow failure and may damage the equipment
Again, waterproofing the connection is extremely
important. If moisture is present when the cable is
cycling, it can be drawn into the cable at the elbow
connection if it not sealed properly.
Drain wires should be installed to maintain a bond
between areas that are made of semi-conductive
material. Typically there is a silicone seal that has
been added between these areas and the connection
between the semi-conductive elbow material and the
semi-conductive insulation shield is compromised. To
ensure those two surfaces remain at the same ground
potential, the drain or bonding wires must be in
place.
The same applies for the insert/transformer connection. Ensure the inserts are bonded to the grounding
grid in the transformer for the same reason.
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If these drains or bonds are not in place, tracking
caused from a difference in potential could damage
the equipment and put the worker at risk.
Remember, when the cable is manufactured, the
conductor shield, insulation and insulation shield are
extruded onto the conductor under extreme heat and
pressure. When the cable is cooled, these layers are
under mechanical stress. When the cable is cut, the
mechanical stress is relieved, causing “shrink back”
(the effect of the layers recessing).
That is one of the reasons that the manufacturer's
instructions should be followed. The manufacturers
factor that shrink back into the cable design.
When selecting the manufacturer and the technology
for terminations, splices, and/or elbows, ensure the
equipment addresses these issues: waterproofing,
stress control, tracking control, load make and break
capabilities, custom tools that may be required,
versatility for cable size.
The use of a utility knife to step back the different layers of primary underground cable is not recommended. Special tools are available to strip back encapsulated jacket, semi-conductive insulation shield, and
insulation. These tools ensure that the underlying layers are not damaged during the installation of components.
Step the layers of the cable back to the manufacturer's requirements so as not to compromise their technology. The basic technology is the same across the
industry but each manufacturer will have specific
requirements for their products. Make sure to read
and follow these requirements. Never apply one manufacturer’s procedures to another manufacturer’s
product.
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WORKING ON UNDERGROUND
CABLE INSTALLATIONS

Once repairs to any cable system have ben completed, check these items:
-

Cable radius bends are gradual

-

Duct boots or shoes are installed if removed or
damaged

-

Inspect permanent duct for damage

-

Sharp objects aren't left in the trench to damage
the cable

-

Cables or splices are covered above and below
with clean sand/fill
NOTE: Do not use brick sand on high voltage
cables as it will capsulate primary
cable. Limestone screening is preferred.

-

Document the required measurements of the
splice/repair for future locating
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SECTION IV
TRANSFORMERS AND SWITCHGEAR
400
GENERAL
Transformers and switchgear are divided into two
categories when referencing the method by which the
primary cable is connected to the apparatus.
Live front identifies those connections that have
exposed components when in the normal operating
position. Elbow connected equipment has no exposed
components when in the normal operating position.
When operating live front or elbow connected
apparatus, it is imperative that approved equipment is
used to prevent flashover and undue mechanical or
electrical stress on the apparatus. The proximity of
grounded cases to the energized apparatus can be
greatly reduced depending on the type of equipment.
Steel pole encased transformers, live front equipment
and 28 kV rated elbow switches are examples of
energized components in proximity to grounded
cases.
Switchgear or transformers may or may not be suitable to be used as switching and grounding locations.
An elbow connection may not offer the appropriate
location to install temporary parking stands to establish open points or to perform grounding procedures
before removing any electrical apparatus.
Application of after market equipment may impede
the operation of an elbow switch.
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401
SURGE PROTECTION
Whenever an underground system is supplied from an
overhead system or vice versa, surge arresters should
be installed on the riser poles. Surge arresters should
also be considered at any normally open point in the
underground system [for example, where doubling of
a voltage surge (e.g. lightning strike), may exceed the
equipment’s basic insulation levels].
402
TRANSFORMERS
Transformers are a location to step voltage up or
down. On an underground system, they can also be
used as switching locations.
Figure 25 shows a live front transformer. It has live
exposed energized components in both the primary
compartment and secondary compartment.

Figure 25

These types of transformers have two cables in the
primary compartment. One will be the feed and the
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other will continue to the next transformer and
become the feed at the next location. The cables are
connected to arc-strangling switches and are appropriate locations to switch the system.
NOTE: Before opening this style of switch, make
sure the arc-strangler has been activated. There should be no visible gap
between it and the switch holder.
The top of the switches are connected to a bus bar
and there is a third switch that controls the feed to
the transformer location.
Always follow approved procedures and use only
appropriate switching equipment due to the proximity
of energized equipment to the grounded case.
Figure 26 shows an elbow-connected transformer. As
with the live front padmount transformer, there are
two cables that enter the vault. One will be the feed
and the other will continue to the next location.

Figure 26
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Typical vault locations will have the elbows connected
to a three-point feed-through rack. The third position
is the cable that will connect to the transformer. As in
the minipad application, switching the system can be
performed at these locations. (These locations can be
used as grounding locations for the system.)
In a submersible transformer application, the system
is an elbow connected application with no exposed
energized components. Figure 27 shows a padmount
transformer. As with the submersible, it is an elbow
connected application.

Figure 27

These locations also offer switching and grounding
capabilities. There are exposed secondary bus bars.
Depending on the type of transformer that is being
used, it can be outfitted with primary switches that
can open the primary loop circuit inside, determine
the bushing that the transformer is to be fed from,
and isolate the secondary bus bars at those locations.
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Figure 28 shows a three-phase padmount transformer. These units can be outfitted to have different
features. They can include a feed-through circuit for
all three phases, primary switches to isolate the secondary bus bars, and/or loop circuit switches.

Figure 28

403
SWITCHGEAR
Switchgear allow the system to be switched and
grounded. Depending on the type of apparatus, it
could be categorized as a live front or elbow connected.
When operating gang operated switchgear, many of
the same principles that are applied to operating an
overhead air break switch can be applied.
A minimum of class 2 rubber gloves should be worn,
appropriate personal protective equipment is
required, and a portable ground gradient mat, connected to the system neutral to protect against step
potential hazards, should be used.
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When operating gang operated switches, as with an
overhead gang operated switch, it is important to
perform the operation, check the operation of the
switch blades, and then lock the switch in the appropriate position.
If Supervisory Control and Data Acquisition (SCADA)
operated switches are being used for personal
protection, the operation must be checked in
accordance with the Utility Work Protection Code.
Figure 29 shows a fibregless switching cubicle with a
four-point grounding rack for each phase that offers a
switching and grounding location.

Figure 29

55

As there is limited space available to install grounding
equipment, it is very important to have the cables
trained into position to allow elbow operation.
Figure 30 shows a three-phase switching cubicle.
These units can be outfitted with a variety of switching
capabilities.

Figure 30

Figure 31 shows a gang-operated solid blade switch.
These units can also have a fused switch compartment
and may also be equipped to be operated remotely
by a SCADA system.
There are also multiple switching capabilities at a single location. It is very important that the system
nomenclature accurately identifies the appropriate
switch.
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Figure 31
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SECTION V
SWITCHING AND GROUNDING

500
GENERAL
Switching on underground plant to establish work
protection must be completed in compliance with the
Utility Work Protection Code. Only after the work permit has been issued can grounds be applied to establish a safe work zone.
The basic steps taken to de-energize a piece of
equipment are as follows:
- open
- test
- ground
- lock and/or tag

501
EQUIPMENT REQUIRED
Figure 32 illustrates the approved equipment required
while conducting this type of work. Additional
equipment may be required depending on the specific
type of application.
Workers should use the following (which should
include but is not limited to):
- FR clothing as required by Electrical Utility Safety
Rules
- approved eye protection
- hearing protection (as required)
- minimum class 2 rubber gloves
- approved hard hat
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Figure 32

502
TOOLS
The following tools are required:
- live line tools; may include a grip all stick, switch
stick, or approved elbow puller using a weighted
ram
NOTE: The weighted ram should only be used
to pull the elbow and the normal physical pressure from the worker to install
the elbow to the new location.
- single, double and grounded parking stands
- approved grounding leads with rated clamps and
elbows
- if operation of a gang switch is part of the switching, a portable ground gradient mat should be
used
- approved potential testing device
The following documentation is required:
- OTO's (Order To Operate) as required by the Utility
Work Protection Code (UWPC)
61

-

tagging as required by the UWPC
documented tailboards
documented traffic plans as required
accurate maps and nomenclature

503
SWITCHING
As with any switching that is performed on primary
voltages, care should be taken to follow approved
procedures. Unlike overhead plant, we are unable to
visually trace the conductor. Workers should rely on
nomenclature, maps and approved procedures to
ensure safety while switching and grounding.
When switching is going to be performed, documentation must be completed in accordance with the
UWPC and company policies.
Ensure that the equipment to be switched has been
positively identified to match the OTO and maps.
A visual inspection of the switch and surrounding
plant must be completed. This should include checking the condition of the switch for tracking, damage,
signs of overheating, and, to ensure the switch can be
operated safely in an energized state (loadbreak) if
required by the OTO.
Along with the visual inspection, the use of high-tech
heat-sensing equipment (i.e. infrared guns) will assist
the worker to determine if excess heat is present
therefore indicating a possible problem with the
switch.
Never operate any type of switch (elbow, fuse) using
only your hands. No physical contact with the switch
is permitted.
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Use extreme caution when operating elbow insulating
caps that are rated above 15 kV due to the possible
flashover hazard that has been identified in the industry. If anti-flashover equipment can not be positively
identified, other switching locations should be
considered if the system allows (e.g. airbreak switches, gang-operated switches, oil switches etc.). If other
switching locations are not an option, additional PPE
(face shield, longer live line tools, high-rated FR
clothing) should be used to protect against the flash
hazard.

504
TESTS
Potential tests are required before any portable
ground is placed on a piece of equipment. There are
two methods to perform potential tests.
Method 1
If the underground plant is equipped with a capacitive
test point, a potential indicator with capacitive test
point capability can be used. It is imperative that the
potential indicator have the capacitive test point
capability, due to the false “no voltage” readings that
any other potential indicator will show.
Method 2
If working on equipment that does not have a capacitive test point, a potential indicator should make
direct contact with the target. Making direct contact
might also be the method of choice even with a
capacitive test point, due to possible false readings
with some types of test points.
In an elbow application, place the elbow on the double parking stand, and insert an approved potential
indicator into the other parking stand insert.
63

If the elbow is to be applied to a grounded parking
stand, the potential indicator should make contact
with the metal portion of the elbow pin to obtain an
accurate reading. An approved adapter that attaches
to the potential indicator should be used.
Until the grounds are applied to a piece of equipment, it should be considered energized. All switching
and testing should be performed using approved
tools, PPE and approved procedures. Only after the
grounds have been installed can the work proceed.

505
TEMPORARY GROUNDING
Before any apparatus can be considered de-energized, grounds should be in place on the underground plant that is to be worked on.
Grounding equipment that is being used for personal
protection should be maintained and tested to ensure
that they provide the protection that is expected.
Determine the locations to apply grounds to create
the safe work zone in compliance with the UWPC. In
URD work, those grounds are typically placed at
external locations that lead to the work area.
If grounded parking stands are used to de-energize
an elbow connected cable, approved procedures and
equipment that ensure a potential check is performed
should be used before it is placed on the grounded
parking stand.
Ensure that any grounding equipment is rated for the
possible fault currents that the system could be subject to. All components including the clamps should
be inspected before use.
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In addition to grounding procedures that comply with
the UWPC, a procedure known as point-of-work
grounding should be carried out when equipment
allows.
This is simply the application of grounds at the location that the work is to be performed. These are only
used to verify the grounds that have been applied
according to the UWPC.
506
CABLE TESTING
To identify defective equipment, to take plant out of
service, or make repairs, the cable should first be tested. These tests vary but some add energy to the cable
to verify the integrity of the manufacturing, installation, damage, and/or repair.
Where testing will add energy to a cable or device,
the test should be performed in strict compliance of
the UWPC. Ensure tagging and work group notification has taken place.
It is imperative that each type of test equipment have
instructions and the operator receive training on the
specific test equipment. This will help ensure proper
operation, accurate results, and that the target
equipment has proper status. It will also ensure safety
for the operator, other workers and members of the
public.
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SECTION VI
TROUBLESHOOTING
600
GENERAL
During any troubleshooting procedure, safe work
methods should be adhered to at all times. Personal
protective equipment, testing apparatus, and all
approved equipment should be used. Observation,
constant communications and documentation are critical elements for safe troubleshooting.

601
INITIAL COMMUNICATION
Upon receiving a trouble call order, document and
confirm all the pertinent information from the receiver. Identify the correct mapping, tools, testing equipment, PPE, and vehicles needed. A tailboard document should be completed with the appropriate personnel on site taking into account the type of system
and the type of fault.
NOTE: Once the problem is identified, further
tailboard talks should be held to keep
all sequences and personnel aware of
work methods until power is restored.

602
CURRENT MAPPING
The troubleshooting crew should be able to determine
the direction of the feed from the map, awareness of
open points, correct phasing and be able to trace the
cable route.
Maps should be current and verified with the control
centre on any changes prior to commencement of
work.
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All maps use symbols to denote certain apparatus,
types of switches (with nomenclatures), number of
phases, voltages, and abnormal conditions such as
out-of-phase status. Training to read and understand
these maps is important.
NOTE: Constant communication with the control
centre should be maintained before
tasks are performed to verify the map
information.
603
TYPES OF SYSTEMS
Troubleshooters must recognize the type of underground system they are going to work on. These may
include:
- all underground
- mixed overhead and underground
- a system fused with a breaker
- a system employing fault indicators

604
TYPES OF FAULTS
Faults can be permanent or transient. Awareness of a
backfeed should be discussed, then the backfeed
eliminated, before commencement of work.
1. Riser Poles:
Complete a visual inspection at this location to identify the condition of the following:
- switches
- ruptured fuse
- arresters
- leads and cable connections
- cable guards
- grounding attachments
- burn marks
- foreign objects or animals
69

-

terminations
overhead wire condition
damaged equipment on the road surface or lawns
evidence of tracking
ground fault indicators

2. Switch Gear/Load Centre Problems
(a) Live Front
Inspect the exterior for condition of:
- exterior of the unit
- terminations
- insulators and barriers
- switches
- fuses and fuse holders
- condensation
- contamination
- ground fault indicators
- cleaning, etc.
(b) Elbow Connected:
Complete a visual inspection on the following
items:
- underground elbows and bonding leads, insulating caps
- oil or gas leaks
- visual open points
- RFI (resettable fault interrupters)
3. Transformer Problems
Test transformer using approved equipment
(a) Live Front:
Conduct a visual inspection on:
- terminations (heat, tracking)
- insulators (cracks)
- fuse and fuse holder (loadbreak style versus
straight fuse)
- oil leaks
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- ground fault indicators
(b) Dead Front:
Identify the condition of:
- bayonet fuses (visual inspections and testing)
- dry cannister fuses (visual inspections and testing)
- underground elbows and insulating caps
- oil leaks
- bushing inserts
- arrester elbows
- standoff or parked connectors
- ground fault indicators
Test transformer with the approved equipment.
4. Primary Cable Faults
Locate the defective electrical apparatus.
Inspect fuses,
breakers, terminations, elbows,
arresters, etc.
Establish work permits, as required
by UWPC.
Identify faulted
section of cable
and pinpoint the
fault.
Figures 33 through
37 are examples
of various cable
and fault-locating
equipment.
Figure 33
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The cable identification device shown in Figure 33
positively identifies all three cables while they remain
grounded and there is no open end available.
Figure 34 shows a
digital time domain
reflectometer (TDR).
It uses radar to
locate faults and
will automatically
read the cable and
display the fault distance with a single
thump.
Figure 35 shows a
handheld TDR. It
sends a string of
suitable pulses
Figure 34
down the cable
which are wholly or partially reflected back from the

Figure 35
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fault. The size and shape of the pulses indicate the
type of fault.
Figure 36 shows a cable/pipe and fault locator known
as an A-frame.

Figure 36

Figure 37 is a phase identifier, designed to identify an
isolated or de-energized cable within a group of
energized cables. The location of the required splice is
identified by the direction and amplitude of the DC
signal coming from the transmitter.
Before excavation and repair:
- acquire the appropriate locates
- identify digging hazards, traffic hazards, etc.
- ensure positive cable identification
Upon completion of the repair, all employees should
review the documented tailboard and communicate to
ensure a safe restoration of the apparatus.
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Figure 37
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SECTION VII
CABLE AND FAULT LOCATING OF
UNDERGROUND CABLES

700
GENERAL
Provincial legislation requires utilities to provide accurate information on the exact location of their buried
plant whenever trenching or other construction work
is being done in proximity to underground electrical
plant. This information will reduce or eliminate dig-ins
and the potential for serious injury they present.
The following information will help you identify the
underground magnetic fields which ultimately locate
specific buried plant. Personnel who perform this type
of work must be familiar with:
- establishing a safe work area
- the equipment and its operation as per the
manufacturers’ manuals, and
- the importance of following safe work practices
701
ELECTRO-MAGNETIC INDUCTION
Cable location devices do not actually locate the
cable itself. Rather,
they detect the magnetic field around the cable
(or other buried plant)
which is created by an
alternating current (AC)
flowing along the
cable/ plant along with
an oscillating frequency
of reversals which
makes this process sucFigure 38
cessful. (See Figure 38)
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It works because it is not possible to insulate against
a magnetic field. The cylindrical shape of the induced
magnetic field (known as a signal) is not changed by
cable insulation or by the presence of different types
of soil.
To illustrate the principles of electromagnetic induction, place a bar magnet into a coil of wire, then take
a reading with a voltmeter. (See Figure 39) The voltmeter will show a deflection only while the magnet is
moving. As soon as the magnet stops, the instrument
reads zero.

Volts

Figure 39

If the magnet is withdrawn quickly, the meter deflection will be in the opposite direction – but only until
movement stops. The faster the magnet is moved, the
higher the reading.
The rate of change of an alternating voltage is
referred to as its frequency, which is the number of
positive and negative pulsations (cycles) per second.
Frequency is measured in Hertz (Hz). Just as moving
the magnet faster gives a higher reading, alternating
a field at a high frequency induces a higher voltage
for the same field strength.
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Instruments for locating buried cables use the principles of electromagnetic induction in two ways:
- to locate the AC signal on a cable with a receiver
- for the transmitter to remotely apply a detectable
AC signal to a cable
For an electric circuit to be complete, current should
be allowed to flow. But how can a low powered signal
source at the surface make a detectable current flow
in a properly insulated buried cable? The answer lies
in the effect of capacitance on AC circuits.
Capacitance is the effect by which signals are able to
jump across insulation. The surrounding soil acts as if
there is a conducting layer around the conductor.

702
SIGNAL FREQUENCY
Ohm’s Law regarding signal frequency is essentially
this:
The higher the signal frequency, the greater the AC
voltage and signal induced in the conductor.
The higher the signal frequency, the greater the
capacitance current flow.
Although high frequency signals are more effective
than low frequency signals, they also flow to ground
more easily and therefore will not carry as far as low
frequency signals of identical strength. Another
drawback is that high frequency signals couples far
more readily that low frequency signals by mutual
induction to other cables in the vicinity.

78

703
TYPES OF SIGNALS
An active signal is produced by a signal transmitter
and applied to a cable so that it can be located and
traced with a receiver. The signal transmitter can also
flood an area with signal so the cables in the area
can be found.
Passive signals occur naturally on cables as an effect
of 50/60 Hz electric power or very low frequency
radio energy.
The best signal to locate and trace a line is an active
signal which has been deliberately applied for the
purpose of locating and tracing.

704
APPLYING AN ACTIVE SIGNAL
An active signal can be introduced by one of the
following methods:
- direct connection
- induction
- inductive coupler

705
DIRECT CONNECTION
The output AC voltage from the signal
transmitter is connected directly to
the cable at an
access point such
as the end of the
conductor. (See
Figure 40) The circuit is then completed by connect79

Figure 40

ing the transmitter to a stake or other ground point.

706
INDUCTION
The aerial in a signal transmitter fed with an AC voltage sets up a magnetic field through the coil
returning through the earth below it.
As shown in Figure
41, the transmitter
aerial lies parallel to
line AB and its field
links around the line
on which the signal
is induced. There is
no linkage and no
signal induced on
line CD at right
angles to the
aerial.
Figure 41

Laying the coil horizontal (as shown in
Figure 42) produces
a much less localized
field spread. This is
useful for blanket
signal application,
but the signal is not
induced to a line
directly below the
coil.

Figure 42
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707 CLAMPING THE SIGNAL
Clamping uses the induction principle to give a result
similar to direct connection but without electrical contact to the cable. The output from the signal transmitter is applied to a target line by clamping around it
with a split, doughnutshaped magnetic core,
often referred to as an
inductive coupler, which
carries a primary winding
magnetizing the core with
the AC signal. (See Figure
43) The line becomes the
secondary of a transformer,
and will carry a strong signal, provided that it is adeFigure 43
quately grounded on each
end.
708
PASSIVE SIGNALS
Passive signals are naturally present on most buried
cables. Current flowing in a cable produces a magnetic field or passive signal, but a live cable with no
load may not produce a signal strong enough to be
detectable.
However, power transmission systems induce stray
currents into the ground and form ground currents
strong enough to enable most (not all) power cables
to be located passively. (See Figure 44)

709
CABLE LOCATING TIPS
1. Identify and verify what you should locate (hydro,
CATV telephone, etc.).
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Figure 44

2. Choose the best method of applying the trace sig
nal to the cable (direct connection, coupler, or
induction with transmitter).
3. Choose the lowest frequency on your locator that
puts out the best signal for that cable.
4. Locate in peak mode and confirm in null mode.
Take a depth reading for your own information.
5. Ensure that all maps/prints and information
concerning this locate have been visually checked
and confirmed.
6. Always mark 4-9 m (15-30 ft.) more than the area
requested.
7. Paint dots indicating peak location then, when
returning, extend the dots into lines of direction in
the work area.
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710

FAULT LOCATING

General
A cable fault may be defined as a conductor or
insulation failure, potential leak, or short circuit
between the conductor and the sheath, adjacent conductors, and/or ground.
The degree of accuracy in locating the fault will
depend on the type of fault, type of cable, the surrounding medium, the type of equipment and the skill
of the operator.
Fault Locating Precautions:
Fault locating procedures and/or equipment involve
possible exposure to high voltages. Take appropriate
precautions to protect the public and personnel.
1.

All cables should be properly identified and deenergized before any fault locating work begins.

2.

The lock to lock rubber glove rule should be
followed where cubicles, kiosks, padmount
transformers etc. are involved.

3.

If employees should enter any confined space
(e.g. cable pit or underground vault) they must
follow and complete the legislated requirements.

4.

Proper work area protection should be established.

5.

High voltage test equipment should be placed on
a ground gradient mat. One employee should
remain with this test equipment.

6.

Before making any connections, the operator
should complete a potential test on the cable to
be tested, to ensure that it has been de-energized.
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7.

The cable should be disconnected at both ends.
If necessary, work area protection should be
established at each end.

8.

Since high voltages and lethal currents could be
involved, appropriately rated rubber gloves and
proper personal protective equipment should be
used when cables are being tested.

9.

Before testing begins, the operator should ensure
that all equipment is properly positioned, all
connections are correct and all grounds are
installed. Only now can the grounds on the cable
be removed.

10. After the fault location is complete, the cable
should be grounded to remove any capacitive
charges that it may have retained. Tags should
remain in place and the cables should remain
grounded until the fault has been repaired.
Do’s & Don’ts:
- don’t over test voltage of rated cable
(for 5 kV, stay under 10 kV DC
for 28 kV, stay under 56 kV DC)
- do a hi-pot test (reference cable section)
- do 100 kV DC – on 28 kV – new cable
- don’t exceed manufacturer’s recommendations on
elbows and cables

711
PRIMARY FAULT LOCATING
The best method to locate a cable fault is to thump
the cable using a thumper with arc reflection coupled
to a Time Domain Reflectometer (TDR). One or two
thumps should register the fault on the TDR and show
the distance to the fault.
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Spiking procedure
1. After the faulted cable has been located and
excavated, it is important to follow approved spiking procedures before cutting into the target.
2. The appropriate class of rubber gloves and
approved personal protective equipment should
be worn at all times during the spiking operation.
Preparing the spiking tool
1. Connect one end of a portable ground to the
spiking tool and the other end to an approved
ground (e.g. grounding grid, system neutral, temporary ground probe).
2. Holding the tool down toward the ground, look
down the barrel to make sure it is clear of any
foreign debris.
3. Load the tool with a spike and the appropriate
shell. The shell size will depend on manufacturers
requirements based on the type of cable insulation, the size of the conductor, and the concentric
neutral.
4. Lay the shell firing pin activator rope out to its full
length.
5. Install the spiking tool on the target cable, cock
the firing pin, and clear the area.
Firing the spiking tool
1. Pull the rope from outside the excavation until the
shot discharges.
2. Inspect the spike to ensure penetration of the
cable.
3. Remove the spiking tool and proceed with the
work.
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NOTE: Use only spiking tools that have been
approved for use on multi-phase
cable. These tools effectively reference
all the conductors to ground potential
for positive identification.

712

SECONDARY FAULT LOCATING

1. Trace the entire cable route and mark it with the
appropriate paint.
2. Determine what kind of fault you have (e.g. one
leg to ground, a neutral burned open, a short
between a hot leg and a neutral, etc.).
3. Isolate all three conductors at both ends.
4. Determine if the conductors are directly buried in
the ground, or in conduit.
5. If you have a TDR, look at the various conductors
to see if you can see the fault.
6. If the secondary service is directly buried, use an
A-frame cable locator to pinpoint the fault from
each end.
NOTE: Always keep the portable reference
ground rod behind the start of the
cable path 2-3 m (6-10 ft.) back.
7. If buried in corrugated high density polyethylene
pipe or PVC conduit, use an A-frame cable locator
in case the pipe/duct is also damaged at the fault
location. If there is no reversal in signal, try sending an 8 kHz signal to ground and retrace the
route looking for a drop off at each end.
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METRIC/IMPERIAL CONVERSIONS
LINEAR MEASURE
1
1
1
1
1
1
1
1

centimetre
inch
foot
metre
yard
rod
kilometre
mile

0.39 inch
2.54 centimetres
0.30 metre
(3 feet 3 inches) 1.09 yards
0.91 metre
5.02 metres
0.62 mile
1.60 kilometres

1
1
1
1
1
1
1
1
1

SQUARE MEASURE
square centimetre
0.15 square inch
square inch
6.45 square centimetres
square foot
0.09 square metre
square metre
1.19 square yards
square yard
0.83 square metre
hectare
2.47 acres
acre
0.40 hectare
square kilometre
0.38 square mile
square mile
2.59 square kilometres
WEIGHTS

1
1
1
1
1
1

gram
ounce
kilogram
pound
metric ton
English ton

0.03 ounce
28.35 grams
2.20 pounds
0.45 kilogram
0.98 English ton
1.01 metric tons
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MARINERS' MEASURE
6 feet
120 fathoms
5,280 feet
6,076.11 feet

1 fathom
1 cable length
1 statute mile
1 nautical mile

SQUARE MEASURE
144 square inches
9 square feet
30 1/4 square yards
640 acres

1
1
1
1
1
1
1
1
1
1
1

1 square foot
1 square yard
1 square rod
1 square mile

MEASURE OF VOLUME
cubic centimetre
0.06 cubic inch
cubic inch
16.39 cubic centimetres
cubic foot
0.02 cubic metre
cubic metre
1.30 cubic yards
cubic yard
0.76 cubic metre
litre
1.05 quarts liquid
quart dry
1.1 litres
quart liquid
0.94 litre
gallon
3.78 litres
peck
8.81 litres
hectoliter
2.83 bushels
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TEMPERATURE CONVERSIONS
A Fahrenheit degree is lesser than a Celsius
(Centigrade) degree, one Fahrenheit degree being
5/9 of a Celsius degree.
To convert Fahrenheit degrees into Celsius, subtract
32, multiply by 5, and divide by 9.
To convert Celsius into Fahrenheit, multiply by 9,
divide by 5, and add 32.
The freezing point of water is 32º F. (0º C). The boiling point is 212º F. (100º C).
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Available Safe Practice Guides
• Bare Hand Live Line
Techniques
• Conductor Stringing
• Entry and Work in a
Conﬁned Space
• Excavating with
Hydrovacs in the
Vicinity of Underground
Electrical Plant
• High Voltage Rubber
Techniques up to 36 kV
• Hydraulics

•
•
•
•
•
•

Ladder Safety
Line Clearing Operations
Live Line Tool Techniques
Low Voltage Applications
Pole Handling
Ropes, Rigging and
Slinging Hardware
• Temporary Grounding
and Bonding Techniques
• Underground Electrical
Systems

T 905-625-0100•T 1-800-263-5024•F 905-625-8998
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