Electrical Safety – Learning the Shocking Truth
When employees are working with electric equipment, they must use safe work practices.

Safe Work practices are needed to protect employees from electrical hazards even though the equipment meets OSHA’s  & State of Montana’s electrical safety installation requirements.

[image: image1]We will go over who needs electrical safety training, introduce how electricity works, discuss electrical hazards and basic first aid procedures, describe protective measures for electrical equipment, and discuss safe work practices.

Who needs training?
Different types of employees have different electrical safety training needs.  There are rules between workers who work on or near exposed energized parts (Qualified persons) and those who do not (Unqualified persons).
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Let’s start with an understanding of the term “exposed energized part.”  There are requirements for electrical equipment to be installed so that it is covered or guarded in order to protect people from electrical injuries with the equipment is in use.  A simple example is a cover on a light switch that prevents people from coming into contact with the wires’ connection to the switch.  In general, properly installed electrical equipment is no longer “exposed.”  By “energized,” we mean that the equipment is “live,” or that it carries electric current.  A simple example of an “exposed energized part” would be a light switch that is “on” when the cover plate has been removed.
Even if the exposed light switch is turned “off,” there is still a risk – nothing preventing a person from turning on the switch.  Because of this risk, OSHA (State of MT) considers exposed parts to be energized unless a qualified person has shut down and locked or tagged the energy supply.  In our example, locking the circuit breaker for the light switch in the “off,” or “open,” position would prevent electrical current from reaching the light switch.  While the de-energized switch would still be “exposed,” it would no longer be an “exposed energized part.”

Employees should treat all conductors as energized unless they have been de-energized by locking/tagging procedures.

Qualified persons are workers who are familiar with the construction and operation of the electrical equipment and the hazards involved.
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 They are permitted to work on or near exposed energized parts, and their work may involve contact with energized equipment.

 In addition to the training in safety-related work practices, they must be trained and familiar with the skills and techniques necessary to distinguish exposed live parts from other parts of electrical equipment to determine the nominal voltage of exposed live parts, and to follow the specified clearance distances for working on or near the exposed energized parts.  It is possible and, in fact, likely for an individual to be considered “qualified” for operations involving some equipment but “unqualified” for jobs involving other equipment.

Unqualified persons have jobs that require them to operate or use machinery or equipment where they face a risk of electric shock, but they are not trained to work on or near exposed energized parts.
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They need to be trained in the safety-related work practices that will prevent electric shock or other injuries when work is performed near or on properly installed equipment or circuits which are or may be energized.  For example, a painter who works in the vicinity of unguarded overhead lines needs training. T he degree of the training depends on the risk to the employee.  This training program focuses on the general information needed by unqualified persons.

Unqualified persons face electrical hazards and need to understand electrical safety practices when they work on, near, or with:  

· The building’s wiring;
· Wiring that connects equipment to the building’s supply;

· Other wiring;

· Optical fiber cable;

· Electrical installations in vehicles;

· Electric power generation, transmission, and distribution installations; 

· Some types of communication installations; and

· Some types of railway installations

Basic Electricity
To be safe around electrical equipment, you need a basic understanding of how electricity works.
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Electricity is the flow of electrons (the tiny parts of an atom that orbit the atom’s nucleus) through a conductor.  In a good conductor, such as a copper wire, the electrons of the copper atoms are easily moved out of their orbits to create the flow of electric current through the wire.  Electricity is useful when it flows in a complete circuit that includes a generating source (such as a battery or generator), the conductors (wires and switches), and a load or consuming device (such as a light bulb or other equipment.).

Just as a force or pressure must be present before water will flow through a hose electrons flow through a conductor because “electromotive force” (or EMF) is exerted.  The unit of measure for EMF is the “volt.”  For example, one source of EMF is a battery.  A battery has positive and negative poles which create a potential difference that causes electrons to flow.

[image: image8.png]



The continuous movement of electrons past a given point is known as “current” which is measured in “amperes.”

The movement of electrons along a conductor meets with some opposition.  This opposition is known as “resistance,” which is measured in “ohms.”  For example, while most metals offer little resistance to electric current, other materials (for example porcelain and some types of rubber or plastic) have a very high resistance and can be used as insulators.

An equation, volts = current x resistance, (known as Ohm’s Law) shows how the factors relate to each other.

Electric Hazards
 Employees must be aware of electrical hazards.
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 Electrical hazards include: 

· Shock and electrocution; 
· Burns;
· arc-blast;
· Fires; and

· Explosions

A person gets an electric shock when some part of the body becomes part of an electric circuit.
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You will get a shock if you touch:

· Both wires of an energized circuit;

· One wire of an energized circuit and the ground;

· Part of a machine or other equipment that is “hot” (or energized) because it is in contact with an energized wire and the ground.

The severity of an electrical shock injury depends on:

· The amount of current that flows through the body,

· The path of the current through the body, and

· The amount of time the body is in contact with the current.

At typical household voltages, the estimated effects are as follows (a milliamp is 1/1000 of an ampere):

· 1 milliamp (mA) – Just a faint tingle

· 5mA – A slight shock is felt.  It is disturbing, but not painful.  Most people just “let go.” However, strong involuntary movements can cause injuries.

· 6-25 mA (women) and 9-30 mA (men) – a painful shock.  Muscular control is lost.  This is the range where “freezing currents” start.  It may not be possible to let go.

· 50-150 mA – An extremely painful shock that can cause respiratory arrest (breathing stops) and severe muscle contractions.  Death is possible.

· 1,000-4,3000 milliamps (1-4.3 amps) – Ventricular fibrillation occurs.  Muscles contract; nerve damage occurs and death is likely.

· 10,000 mA (10 amps) – Cardiac arrest and severe burns occur and death is probable.

· 15,000 mA – (15 amps) – This is the lowest over-current at which a typical household 
· fuse or circuit breaker opens a circuit.
Aside from electrical shocks and electrocution, electricity can cause burns.  The burns can occur where the current enters and leaves the body and along the path the current takes within the body.
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Arc-blasts occur when high-amperage currents jump from one conductor to another through the air.  They generally happen when circuits are opened or closed at switches or breakers.

Electricity is one of the most common causes of fires. A fire hazard can result when electrical equipment is defective, damaged, or misused. High resistance connections are a primary ignition source because the high resistance causes heat to build up. High resistance connections occur where wires are improperly spliced or connected to other components such as receptacle outlets and switches. For example, an extension cord made of small wires may not be able to handle the current load from a large appliance — the cord heats up. Or, too many appliances are plugged into an adapter at an outlet — the adapter can’t handle the current load and it heats up.

Since water is conductive, it should not be used to extinguish electrical fires. Use fire extinguishers that include a “C” rating.
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Explosions occur when electricity provides a source of ignition in an explosive atmosphere (flammable vapors or dusts).  Ignition can be due to overheated conductors or arcing at switch contacts.  Specialized electrical equipment that is rated for explosive atmospheres must be used in these areas.
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Prompt first aid is very important for electrical injuries.  Never touch the victim of electrical shock if he or she is still in contact with an electrical circuit.  Contact with another person who is receiving an electrical shock may cause you to be shocked.  Properly shut off the current while someone else calls for emergency responders.
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If the victim is conscious, tell the victim not to move until emergency responders arrive.  If the victim is not breathing, someone trained in first aid should start cardiopulmonary resuscitation (CPR) before emergency responders arrive.

To avoid injury or death, electrical equipment is designed and installed to provide safe operation.  There are standards in the OSHA regulations as well as the National Electric Code and electrical equipment should be designed, installed, operated, and maintained according to these standards.

Protective measures for electrical installations
Electrical equipment installations incorporate the following protective measures:

· Insulation

· Electrical protective devices,

· Guarding, and
· Grounding
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Exposed electrical wires and other conductors are protected by insulators made from non-conductive glass, mica, rubber or plastic.  Before you work with electrical equipment, take a look at the insulation on power cords to be sure there is no exposed wiring.  Damage extension cords are a common source of exposed electrical wires.

Electrical protective devices include fuses, circuit breakers, and ground-fault circuit-interrupters (GFCIs).

These devices are installed as part of the circuit and they act to open the circuit and stop current flow when it exceeds the safe capacity of the conductor (or, in the case of the GFCI, it senses a current imbalance).  For example, the current can exceed safe levels if there is a “fault.”  A fault between a conductor and an enclosure can occur if the insulation on a wire is damaged or cracked – for example, the live wire inside a fan comes into contact with the fan motor’s housing.  This is called a “ground fault” since the stray current goes through the housing to the ground.  A “short circuit” is another kind of fault where the fault occurs between two conductors.  Fuses and circuit breakers are designed to pen the circuit before the fault causes damage to other electrical components in the circuit.
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The only electrical protective device with the sole purpose of protecting people is the GFCI.  The GFCI is not an over-current device.  It senses an imbalance of current flow over the normal path and opens the circuit.  GFCIs are usually installed on circuits that are operated near water.

Any live parts of electrical equipment operating at 50 volts or more must be guarded to avoid accidental contact.  Sometimes this guarding can be accomplished by locating the exposed live parts in a room accessible only to qualified personnel or by elevating the parts so they are not accessible.  Any entrance to an area containing exposed live parts must be marked with conspicuous warning signs.

When a tool or other piece of electrical equipment is “grounded,” a low-resistance path is intentionally created to the earth.  This path has enough current-carrying capacity to prevent any buildup of voltages in the equipment which could pose a hazard to an employee using the equipment.
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Electrical circuit or system grounding is accomplished by connecting one conductor of the circuit to the earth.  System grounding protects the circuit in case of a lightning strike or other high voltage contact.  System grounding also stabilized the voltage in the circuit so that expected voltage levels are not exceeded under normal conditions.  

Electrical equipment grounding occurs when the equipment grounding conductor provides a path for dangerous fault current to return to the system ground at the supply source of the circuit should the insulation fail.  The most common evidence of equipment grounding is the third pin, or “ground prong,” on the plug of a flexible cord.

Safe Work Practices

Despite the use of protective methods designed into properly installed electrical equipment, employees must still practice safe work practices.

Most people do not realize that overhead power lines are usually not insulated.  More than half of all electrocutions are caused by direct worker contact with energized power lines.  Shocks and electrocutions occur where physical barriers are not in place to prevent contact with the wires.
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Workers who do not maintain required clearance distances from power lines risk electrocution.  The minimum safe clearance distance for voltages up to 50kV is 10 feet.  For voltages over 50kV, the minimum distance is 10 feet plus 4 inches for every 10kV over 50kV.  These safe distances also apply to any conductive objects in contact with the employee.  Never store materials and equipment under or near overhead power lines.

These same safe clearance distances apply to vehicles/mechanical equipment that has elevating parts.  However, when the vehicle is in transit and the ele3vating structure is lowered, the clearance distance is 4 feet for 50kV or less, or f feet plus 4 inches for every 10kV over 50 kV.

Do not come in contact with any vehicle/mechanical equipment or its parts when it is under energized overhead lines, unless:

· You are wearing the proper electrical protective equipment, or

· The vehicle/equipment is located so that no un-insulated part can provide a conductive path to employees.

And, do not stand near the grounding location for intentionally grounded equipment or vehicles when contact with overhead lines is possible.
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Portable ladders must have nonconductive side rails when they will be used where the employee or the ladder could contact exposed energized parts.  Metal ladders can conduct electricity and can cause dangerous arcing and shocks.

Conductive jewelry and clothing can cause dangerous arcing if it comes into contact with exposed energized parts.  If these items are not removed, they must be covered or wrapped with an insulating material so that they are no longer conductive.
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Portable electrical equipment must be safely handled.  Before use, visually inspect portable electrical equipment by looking for external defects such as loose parts, damaged or missing prongs on the plug, damaged insulation around the cord, and exposed bare wires.  Remove damaged equipment from service.  Repairs can only be made by qualified persons.

Do not handle cords, plugs, or equipment with wet hands.  Keep cords clean and free from kinks.  Secure locking-type connectors after you plug them in.

Do not raise or lower the equipment by its cord.  Do not unplug the equipment by pulling on the cord.  Do not staple or otherwise fasten the cord so its outer insulation could be damaged.
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Do not use circuit breakers, fuses, or safety switches to repeatedly energize equipment – use the equipment’s control switches that are designed for regular use.

Circuit breakers and fuses operate to open a circuit because there is a problem with the circuit.  Report the problem so that it can be repaired.  The repeated closing of circuit breakers and replacement of fuses is not allowed.

Electrical conductive cleaning materials (including liquids, as well as, solid materials such as steel wool) may not be used near energized parts.  Special precautions must be taken to prevent electrical contact when cleaning this equipment.

This presentation has provided a general overview of electrical safety.  Hope you learned a few things that you didn’t know! 

Now take the Safety Quiz for this training.  There are two:  Electrical Safety A or B – Learn the Shocking Truth.
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