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High Voltage

Summary

This High Voltage chapter (Chap 50) in intended to supplement Chapter 13 “Electrical Safety”
of this manual. This Chapter applies to “Qualified Personnel”.

Introduction
General information about electricity and the human body:

More than one thousand people are killed each year in the U.S. due to generated electric
current, and several thousand more are injured. Current flowing inside the body can cause
deep burns and cardiac arrest. Frequently, the individual cannot let go of the power source due
to involuntary muscle contraction. The brain and heart are the most sensitive organs. For
effects of current on the human body, see table 1. An alternating current (ac) with a voltage
potential greater than 550 V can puncture the skin and result in immediate contact with the
inner body resistance. A 110-V shock may or may not result in a dangerous current, depending
on the circuit path, which may include the skin resistance. A shock greater than 600 V will
always result in very dangerous current levels. The most severe result of an electrical shock is
death.

Conditions for a serious, yet still potentially lethal, shock across a critical path, such as the
heart, are:

1. More than 30-V root mean square (rms), 42.4-V peak, or 60 V dc at a total
impedance of less than 5000 ohms.

2. 10 to 75 mA.

3. More than 10 J.

Conditions for a potentially, but more than likely, lethal shock across the heart are:

1. More than 375 V at a total body impedance of less than 5000 ohms.
2. More than 75 mA.
3. More than 50 J.

The worst possible frequency for humans is 60 Hz, which is commonly used in utility power
systems. Humans are about five times more sensitive to 60-Hz alternating current than to
direct current. At 60 Hz, humans are more than six times as sensitive to alternating current
than at 5000 Hz--and the sensitivity appears to decrease still further as the frequency
increases. Above 100-200 kHz, sensations change from tingling to warmth, although serious
burns can occur from higher radio-frequency energy.
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At much higher frequencies (e.g., above 1 MHz), the body again becomes sensitive to the
effects of an alternating electric current, and contact with a conductor is no longer necessary;
energy is transferred to the body by means of electromagnetic radiation.

e Currents (>30 mA at 60 Hz) flowing through the nerve centers that control breathing can
produce respiratory inhibition, which could last long after interruption of the current.

e Cardiac arrest can be caused by a current greater than or equal to 1 A at 60 Hz flowing
in the region of the heart.

e Relatively high currents (0.25-1 A) can produce fatal damage to the central nervous
system.

e Currents greater than 5 A can produce deep body and organ burns, substantially raise
body temperature, and cause immediate death.

e Serious burns or other complications can cause delayed reactions and even death.
The most dangerous current flow via the chest cavity is through the heart when the shock

occurs in the time relative to the normal heart rhythm. This current may cause ventricular
fibrillation, which is defined as

Guidelines for High Voltage Work

Administrative Controls:

e Don't work alone - in the event of an emergency another person's presence may be
essential.

¢ Know the emergency procedures to follow in case of an accident (dial 911).

e De-energize the equipment at least twice prior to beginning work. Make sure that the
controls applied will prevent operation of the equipment and that all hazardous energy,
including residual or stored energy, is blocked, discharged, or relieved prior to starting
work.

e After you have discharged everything, only touch the circuit with the back of your hand
first. This allows you to let go if you need to.

e Never enter alone into an area containing exposed electrical energy sources.

e Use only the test instruments, and insulated tools rated for the voltage and current
specified.
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Always keep one hand in your pocket when anywhere around a powered line-connected
or high voltage system.

Wear rubber bottom shoes or sneakers.

Don't wear any jewelry or other articles that could accidentally contact circuitry and
conduct current, or get caught in moving parts.

Set up your work area away from possible grounds that you may accidentally contact.
Know your equipment.

If you need to probe, solder, or otherwise touch circuits with power off, discharge
(across) large power supply filter capacitors (at least 2 times). Monitor while discharging
and/or verify that there is no residual charge with a suitable voltmeter.

If you must probe live, put electrical tape over all but the last 1/16" of the test probes to
avoid the possibility of an accidental short, which could cause damage to various
components. Clip the reference end if the meter or scope to the appropriate ground
return so that you need to only probe with one hand.

Perform as many tests as possible with power off and the equipment unplugged.

Don't attempt repair work when you are tired. Not only will you be more careless, but
also your primary diagnostic tool - deductive reasoning - will not be operating at full

capacity.

Finally, never assume anything without checking it out for yourself! Don't take shortcuts!
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High-voltage supplies (ac or dc) and trigger generators
Common Hazards:

e Faults, lightning, or switching transients can cause voltage surges in excess of the
normal ratings.

e Internal component failure can cause excessive voltages on external metering circuits
and low- voltage auxiliary control circuits.

e Overcurrent protective devices such as fuses and circuit breakers for conventional
applications may not adequately limit or interrupt the total inductive energy and fault
currents in highly inductive dc systems.

e Stored energy in long cable runs can be an unexpected hazard. Procedures must be in
place to ensure proper discharge of this energy.

e Involuntary reactions from contact with high-voltage low-current systems may result in a
fall or entanglement with equipment.

Power supplies that can deliver energy in excess of 10 J at more than 50 V are considered
potentially hazardous, and the hazards shall be identified. An appropriate warning sign shall
identify electrical hazards in areas or equipment accessible to unqualified personnel. Internal
component failure of power supplies can result in excessive voltages across components that
may not be appropriately sized. An internal component short in a capacitor bank may result in
excessive fault current, extremely high temperatures, over- pressurization of components,
fires, and explosions. Overloading or improper cooling of power supplies can cause excessive
temperatures and fires. Output circuits and components may remain energized after input
power is secured.

Low-voltage, high current power supplies

R&D systems may include equipment that operates at less than 50 V. Even though this voltage
level generally is not regarded as hazardous, high-current levels generated by these systems
may be hazardous. Furthermore, inadvertent grounding of conductors may result in arc flashes
and burns, and inductive circuits may create high-voltage hazards when interrupted. For these
reasons, low-voltage, high-current systems should have adequate protective covers or
barriers, appropriate warning labels, and components.
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Capacitors shall be physically grounded regardless of the existence of bleeder resistors, dump
switches, interlocks, or other potential de-energizing devices. Grounding devices shall be
placed at low-impedance points and kept in these positions while personnel are in the
enclosure. All terminals shall be grounded, at least 2 times, to ensure full discharge.

Grounding of a hot terminal while the nominal grounding terminal is floating will not ensure
personnel safety.

Discharging and grounding systems shall be designed so that personnel will not be exposed to
flying molten metal from high-current electric arcs.

The design of all capacitor banks shall include bleeder resistors. The time for decay of residual
voltage to 50 V or less shall not exceed 5 minutes for capacitors rated higher than 600 V or 1
minute for capacitors rated at 600 V or less.

A faulty capacitor in a capacitor bank may rupture, sometimes explosively. Depending on the
type of dielectric used, the rupture could lead to fire or release of toxic gases. To control such
hazards, special fire-suppression and ventilation systems shall be provided when designing a
capacitor bank enclosure. When fuses cannot limit fault currents, the design shall include a
barrier or enclosure around the capacitor bank to protect personnel from any projectiles.

Because a disconnected and discharged capacitor can self-charge (due to dielectric memory

effects) or accumulate a charge by being placed in an electric field, all capacitors shall be
short- circuited with a drain wire and grounded, if appropriate, to the case when not in use.

Drain Wire
e Connections shall not be made or broken with the power supply energized unless they

are designed and rated for this type of duty (e.g., load-break elbows).

e Inspect cables and connectors for damage and do not use if they are damaged.
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Personal Protective Grounding

Following proper personal protective grounding/bonding practices is just as important as
wearing the proper PPE

Personal protective grounding/bonding (PPGB) techniques provide shock protection for
electrical workers working on de-energized equipment. If done correctly, PPGB is by far the
most effective means of protecting workers from electrical shock. If done incorrectly, however,
it can precipitate arc flash events of unimaginable magnitude.

PPGB is especially important for high-voltage (HV) electrical workers, because equipment can
become energized remote from the work location due to switching errors or through induction.
In fact, HV circuits can induce voltage and current on conductive surfaces even several yards
away from energized conductors.

The main purpose of PPGB is to expeditiously actuate overcurrent protective devices (OCPDSs)
while simultaneously limiting voltage to which workers are exposed to safe levels. When a
circuit has been properly grounded for the protection of workers — and it accidentally becomes
energized — the voltage on the system sags to near zero. However, the grounding cables
cannot carry these massive amounts of current for more than a fraction of a second. Therefore,
the workers' lives depend upon the OCPDs that protect the circuit (to de-energize it) before the
grounding cables melt open and voltage levels return to unsafe levels.

PPGB equipment

This type of equipment is actually a system of connections, in that there are a number of points
where the various components of the grounding cables must connect to the system to be
grounded and to each other. It is vitally important to recognize that the grounding system is
only as good as the weakest connection. In other words, having high-quality grounding cables
but undersized grounding heads will render the system ineffective in protecting workers. There
are a number of key concepts to remember when selecting PPGB equipment, including:

Grounding heads — The grounding head is the only connection between the grounding
system and the electrical circuit on which work is to be performed. Like grounding cables, the
grounding heads must be rated to withstand the available fault current for the duration of the
fault event. The data in the Table identifies the withstand ratings of one manufacturer's
grounding products.

Grounding electrodes — The grounding electrodes are the other end of the grounding
system in that the electrode provides the physical contact with the earth. There are many
different ways to connect to the earth. On metal-enclosed power switchgear (MEPS) the
connection to the earth is usually through a grounding bus, which is a metal bar that is, in turn,
connected to another grounding electrode. Care must be taken to ensure the grounding bus is
effectively connected to the earth via an effective grounding electrode.
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Voltage testers — You must perform a 3-point test on any circuit to be grounded prior to
installing protective grounds. There are several different types of voltage detectors you can use
for this task. Regardless of the type of tester used, the main point to remember is that the
meter must be properly rated for the voltage of the system on which it will be used.

Grounding mats — Grounding mats are used in PPGB to place workers at the same potential
(i.e., voltage) as the equipment on which they are working. The grounding mat is essentially a
tarp with aluminum strands braided into it in a crosshatched pattern. The aluminum is
connected to a “node” on the edge of the mat, which allows for a connection that is then
connected to the grounding conductors of the system on which work is to be performed. The
aluminum is only installed on one side of the mat, so that side must obviously be facing up —
to ensure the worker is standing on the aluminum grid.

Grounding cables — Grounding cables are responsible for providing a low-impedance path
for fault current to flow on a properly grounded circuit. The conductors must be made of multi-
stranded copper and can be no smaller than 2 AWG. The primary considerations when
selecting grounding cables is their withstand rating for fault current and their length. The Table
lists the withstand ratings of typical sizes of grounding cables.

An important point to note in the Table is that the withstand ratings are a function of fault
duration. Note that the longest duration listed is ¥2 sec. As previously discussed, the energy
released in an electrical fault is so intense that the electrical system can only withstand it for a
fraction of a second. Therefore, anything that is done to the OCPDs that would cause them to
retard fault clearing should be avoided, if possible. For example, some workers will install
slightly larger fuses when troubleshooting a faulted circuit when they suspect that the reason
for the service interruption was overload. However, by “up-sizing” the fuse, they actually
increased the amount of current that will flow, should the circuit be faulted again — and the
duration of the fault will also increase. The combination of increased current flows with
increased duration may well exceed the withstand ratings of the grounding cables, which will
melt, leaving the workers exposed to shock hazards on the circuit.

The final point to remember about selecting grounding cables is to keep the length of the
cables as short as possible. When any circuit conducts high current flows, strong magnetic
fields develop that cause the cables to try to whip violently in response to the attractive or
repulsive magnetic fields between the phase conductors. This whipping motion can cause the
grounding cables to move back and forth several times in 1 sec, which could result in severe
physical trauma to anyone in the vicinity of the cables.
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Installation and removal procedure

The basic steps involved in the installation and removal of PPGB equipment is as follows:

1.

De-energize the electrical equipment by isolating all possible electrical sources to the
equipment.

For HV systems, it is a requirement to get a “visual open” in the circuit, such that the
worker can visualize an air-gap in the switches used to isolate the circuit. This can be
achieved either by opening a solid-blade switch that can be visualized, “racking out” a
circuit breaker by removing it from contact with an electrical bus or any other means that
positively separates the electrical contacts in an energy isolating device.

Follow normal lockout/tagout (LOTO) procedures per 29 CFR 1910.147 and 29 CFR
1910.269 (D &N).

It is required to perform a 3-point test with a sensitive voltage testing devices to verify a
zero energy state. A 3-point test consists of testing the voltage tester on a known
energized source to verify it is working properly (Test No. 1). Then, test the circuit on
which work is to be performed (Test No. 2). Finally, test the voltage tester on the same
energized source as was used in Test No.1 to verify the tester is still working properly
(Test No. 3). Examples of sensitive voltage testing devices include “proximity” testers,
such as glow sticks (similar to light pens), tic-tracers (they make a sound), or direct-
reading HV voltmeters.

One of the most important steps in the grounding process is to properly clean the
conductors before connecting to them. This task is performed using a wire brush that is
connected to an insulated stick. Wire brushes come in many different styles to
accommodate the many different types of equipment that must be grounded. The main
point to remember is that you must remove all oxidation on both the phase conductors
and grounding electrodes before attaching grounding cables to them.

As is the case with most of electrical work, grounding cables must be installed and
removed in a specific order. Always connect the grounded end of the grounding cables
first. Next, make connections to the phase conductors. When finished with your work,
remove the grounding jumpers in the reverse order. Caution: There have been fatalities
when workers attempted to move or remove the ground connections while the jumpers
were still connected to the phase conductors.

Furthermore, the cables must be placed only at proper points in the electrical system to ensure
they perform as expected, should the equipment become energized. Many arc flash accidents
have occurred when workers improperly applied grounding cables and the systems became
energized.
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The techniques for grounding also vary by the types of systems on which work is being
performed. For example, the procedure for installing grounds in a substation with exposed
overhead conductors is quite different from installing grounds in an MEPS lineup sitting in an
industrial facility.

MEPS techniques

For MEPS installations, it's necessary to use a grounding mat to create an equipotential plane.
A grounding mat is especially constructed to be conductive rather than an insulator, such as a
rubber mat. Although the grounding mat protects the worker standing on it, it represents a
potential hazard to anyone stepping on or off of the mat. Should the system to which the
grounding mat is connected become energized, a difference of potential (voltage) will likely
exist between the mat and the earth in the vicinity of the mat. Although the probability of the
system becoming energized while a worker has one foot on the mat and one foot on the earth
is quite remote, it warrants mention here, because it's a legitimate hazard. Suffice it to say that
care should be taken not to work on the grounded equipment, unless the worker is standing
completely on the grounding mat.

The worker's body position is also important, so care should be taken to assume a position
where the door of the enclosure shields the worker from an arc blast (should one occur while
installing grounds). If the door opens to the left, for example, the worker should install the first
ground on the left-most conductor, then ground the center conductor, and finally the right-most
conductor. Obviously, the process is reversed if the door to the cabinet opens to the right. The
Photo above shows a worker assuming a safe body position when installing protective grounds
on MEPS equipment. There are a few important practical points to understand at this point.

1. The system is not safe to touch until all three phase conductors are effectively bonded
and grounded.

2. The grounding cables should be laid out on the floor such that the worker can pick them
up with the loop stick without touching the conductors (if possible).

3. The connection to the neutral or grounding conductor must never be removed until the
grounding jumpers have been removed from all three phase conductors/nodes.
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Additional recommendations

Here are some other recommendations to follow that help increase the odds of performing
PPGB safely at most facilities.

Ensure only qualified electrical workers install grounds — Typically, electrical workers must
acquire specialized training under qualified supervision before being allowed to install grounds.
Workers should demonstrate proficiency in both technical knowledge and proper grounding
techniques before they are allowed to act as the lead person on this type of job.

Consult arc flash hazard analysis studies prior to grounding equipment — Arc flash hazard
analysis studies and equipment labels reveal the SCC values and incident energy (heat) levels
at the proposed work location. This information allows the worker to adequately size their
grounding cables for the job at hand and wear the proper level of flame-resistant clothing.

Use written checklists for HV switching/grounding — Use of a step-by-step check sheet will
help ensure that the proper switching sequences are followed and keep a log of grounding
cables installed, which goes a long way in preventing workers from accidentally re-energizing
previously grounded circulits.

Disable reclosing relays on circuits to be grounded — Any circuit that includes a reclosing relay
must have that relay disabled before any switching or grounding occurs on the subject
equipment. The reclosing relays may be physically disabled on the switch itself (mostly in
overhead or substation installations) or the relay may reside inside the substation relay house
along with the other relays.

Exceed minimum safety standards when needed — There may be times when it's prudent to
wear HV rubber gloves or take additional safety precautions even after protective grounds
have been installed.

Adopt a “think twice, act once” methodology — Hazards Associated with Grounding illustrates
how omitting a single step (i.e., failing to take a voltage reading) in the grounding procedure
can result in a fatality. Clearly, HV work exerts a severe penalty on anyone who fails to
completely follow safe work procedures.

Use a “buddy system” when grounding equipment — It may be prudent work practice to assign
a team of two qualified electrical workers to perform PPGB. The second pair of eyes may catch
a missed step in the process. In addition, the second person may serve as a rescuer if
something unforeseen occurs. The second person should also assume a position outside the
arc flash protection boundary, so that he will not be injured in the event of an arc flash.
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The use of PPGB techniques for HV work is by far the most effective means of protecting
electrical workers from shock hazards. When properly installed, electrical workers can feel
secure that they will be protected even if the circuitry on which they're working should become
energized for any reason. However, the real danger of initiating an arc blast also comes with
PPGB — so only highly skilled electrical workers should be allowed to install temporary
grounds.

Hazards Associated with Temporary Grounding

The most significant hazard associated with temporary grounding is the potential for generating
an arc blast when attempting to install the grounding cables. This usually occurs in conjunction
with a human error, because, if proper procedures are followed for testing the circuits, the
probability of the circuit becoming energized while the grounds are being installed is remote.
However, many workers have mistakenly installed grounds on energized circuits.
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