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ELECTRICAL CURRENT
Basically, electrical hazards can be categorized into three types. 
i. The first and most commonly recognized hazard is electrical shock.
ii. The second type of hazard is electrical burns
iii. The third is the effects of blasts which include pressure impact, flying particles from vaporized conductors and first breath considerations.

Electrical Shock

Electric shock occurs when the body becomes part of an electrical circuit. Shocks can happen in three ways.

• A person may come in contact with both conductors in a circuit.

• A person may provide a path between an ungrounded conductor and the ground.

• A person may provide a path between the ground and a conducting material that is in contact with an ungrounded conductor.

The terms high voltage and low voltage are relative terms. In transmission-line terminology, "low voltage" is much higher than the 600 volts. At home, you would not think of 600 volts as being low voltage.

Even when applied to 120-volt circuits, the term low voltage is deceiving. To some people low voltage means low hazard. Actually, low voltage does not necessarily mean low hazard, because potential difference is only one factor making up the dangerous effects of electricity. For purposes of this Lesson, you can think of "low voltage" as being a potential difference of 24-600 volts.

The extent of injury accompanying electric shock depends on three factors.

• The amount of current conducted through the body.

• The path of the current through the body.

• The length of time a person is subjected to the current.

The amount of the current depends on the potential difference and the resistance. The effects of low current on the human body range from a temporary mild tingling sensation to death. An electric shock can injure you in either or both of the following.

• A severe shock can stop the heart or the breathing muscles, or both.

• The heating effects of the current can cause severe burns, especially at points where the electricity enters and leaves the body.

Other effects include severe bleeding, breathing difficulty, and ventricular fibrillation. In addition, you may strike something, or have some other accident as a result of your response to the shock.
Electrical Hazards Awareness
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Figure  Resistance Values

With 120 volts and a skin resistance plus internal resistance totalling 1200 Ohms, we would have 1/10 ampere electric current that is 100 mill amperes. If skin contact in the circuit is maintained while the current flows through the skin, the skin resistance gradually decreases. During this time, proper first aid can mean the difference between life and death. Sufficient circulation can sometimes be maintained by heart compression, which should always be supported with mouth-to-mouth resuscitation. This combination of treatments is commonly known as CPR.

STEP AND TOUCH POTENTIAL

Step Potential

During a ground fault, current flows through the grounding system to a ground rod or some type of system ground (steel structure, guy wire) seeking a return to its source. This current flow could possibly exist in, or along the surface of the ground for quite some distance around the point where the earth becomes energized. The current will follow, as nearly as possible, the conductors supplying the fault current. Step potential is caused by the flow of fault current through the earth. The closer a person is to the ground rod or grounded device, the greater the concentration of current and the higher the voltage.

The current flow creates a voltage drop as it flows through the earth's surface and a person standing with their feet apart bridges a portion of this drop thus creating a parallel path for current flow as seen in the these two illustrations in Figure .
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Figure  Step Potential
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The wider apart a person's legs are, the larger the voltage difference across the body. Protection from the step potential hazard should be to stay in the zone of equipotent while working. Simply being alert to this hazard is the best defence. For this reason, unqualified personnel standing on the ground are cautioned to stay clear of structures.

This means that a person standing near the point where fault current enters the earth may have a large potential difference from foot-to-foot. The potential difference over the same span will be less and less as the span is moved away from either the fault current entry point or the fault current return point at the source.

Touch Potential

Touch potential is a problem similar to step potential. It involves a fault current flow in the earth establishing a potential difference between the earth contact point and some nearby conductive structure or hardware.
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Figure Touch Potential

Protection for step and touch potential is the use of switch operating platforms and ground grids. The worker must remain upon a local conductive mat as the highest voltage gradient has been moved to the mat's edges. Sub stations on Site have a ground grid located under the rocks, but if an individual is located outside this area and while standing on the earth, touches a ground or a grounded object, a difference in potential may exist during a ground fault.

What kinds of injuries result from electrical currents? 

There are four main types of injuries: electrocution (fatal), electric shock, burns, and falls. These injuries can happen in various ways:

· Direct contact with the electrical energy. 

· When the electricity arcs (jumps) through a gas (such as air) to a person who is grounded (that would provide an alternative route to the ground for the electricity). 

· Thermal burns including flash burns from heat generated by an electric arc, and flame burns from materials that catch on fire from heating or ignition by electrical currents. High voltage contact burns can burn internal tissues while leaving only very small injuries on the outside of the skin. 

Muscle contractions, or a startle reaction, can cause a person to fall from a ladder, scaffold or aerial bucket. The fall can cause serious injuries. 

 Electricity and its Effects on the Body
In order for electricity to work, a complete circuit made of a conductor, a load or electricity consuming device, and a ground is needed. Electricity will flow through the conductor to the load and finally to the ground to complete the circuit. Electricity will follow the path of least resistance to ground; similar to water in a pipeline that flows out of a valve when it is opened. Electricity becomes dangerous when you become part of the circuit because the closest path to ground may be through you, causing an electrical shock. 

When you are shocked by electricity, your muscles contract, if the lungs are involved in the path of the circuit, voluntary respiration can be halted. If the heart is involved, fibrillation can occur resulting in heart failure. As little as 50 mill amperes can cause death. It is important to realize that an electrical shock may not be strong enough to cause a fatality but it could cause you to fall or jolt to dangerous surroundings. For details on the effects electricity has on the body,

Why is it so important to work safely with or near electricity? 

The electrical current in regular businesses and homes has enough power to cause death by electrocution. Even changing a light bulb without unplugging the lamp can be hazardous because coming in contact with the "hot" or live part of the socket could kill a person.

History of WAPDA

Generation: It means the quantity of electricity generated. It is measured in Mega Watts (MW).

Transmission: Power Stations are usually located outside the population centres and electricity is transported from there to cities at a very high voltage. This long distance transport of electricity at high voltage is called ‘Transmission’. The units of measurement are kilo volts (KV). For Karachi the transmission is done at 220 kV, 132 kV and some circuits of 66 kV. Just for reference I also want to mention that highest transmission voltage in Pakistan is 500 KV done on a WAPDA line than runs all the way from HUBCO located at Arabian Sea coast at Sindh-Baluchistan border to Tarbela (NWFP).

Distribution: Once the electricity reaches population centers, it is distributed to substations and ‘Pole Mounted Transformers’ (PMT)s at lower (and safer) voltages. Units of measurements are kilo volts (kV). For Karachi City the distrbution voltage is 11 kV. There is 3800 km long underground cables of 11 kV as well as 2000 km of overhead wires of 11 KV in the city.

Grid Stations: Grid Stations are used to step down transmission voltage to distribution voltage. Karachi has 51 Grid Stations in its network. Grid stations supply 11 KV voltage to Substations.

From Substations the output voltage is usually 440V which is then further stepped down to 220V at more than 8000 ‘Pole Mounted Transformers’ (PMT)s located in the city for delivery to consumer homes. There are more than 10000 km of wires carrying 440V supply in the city.

As briefly mentioned above, up until 1993 both KESC and WAPDA had excess Power. KESC had an installed capacity of 1738 MW with the peak demand of 1280 MW. WAPDA had an installed capacity of 9800 MW with peak demand around 8000 MW.

Generation Problems: Let us first take a look at what is plaguing KESC at Generation Level. As of 2007, KESC owns 1756 MW of generation capacity which had overtime been degraded to 1336 MW. After some recent rehabilitation projects, the company has managed to enhance its generation levels to 1534 MW (source: Daily News, Aug 6, 2007). The approximate demand for power in the city is atleast 2300 MW. To meet the supply-demand gap, KESC purchases power from WAPDA, Independent Power Producers (IPP)s and KANUPP. Whenever any of these outside entities fail to provide power OR there is a breakdown in KESC’s own installed generation base, they have to resort to load shedding.

KESC currently buys 250 MW power from the Independent Power Producers (IPP)s located in Karachi, namely Tapal Energy, Gul Ahmed Energy and Anoud Power Generation Ltd. KESC also buys 40-50 MW power from PAEC’s Karachi Nuclear Power Plant (KANUPP) (source: Daily news, Aug 6, 2007) and Pakistan Steel Mills , which provides 20 MW electricity. In addition to this Government of Pakistan has recently instructed WAPDA to sell up to 800 MW to KESC.

There has been no recent increase in the generation capacity in KESC region of supply. The last power plant to go online in Karachi area was HUBCO which falls under WAPDA and it is already more than 10 years old. There is a power and desalination plant being worked on in Defence Phase VIII which will be the first one to go on KESC network by the end of 2007.

KESC does have plans to enhance is capacity in two phases. First is going to be a 220 MW extension at Korangi Thermal Power Station (KTPS) and then in phase II there will be an additional 575 MW capacity installed at Bin Qasim Thermal Power Station (BQTPS). KESC claims to partly put the first phase in operation by 2008.

Geographic Location of KESC Power Plants: Most of the generation capacity of KESC is located in east of the city. This adds an unnecessary transmission cost in moving this power to north, west and south of the city.

Distribution Problems: Now let us come to KESC’s distribution woes. The distribution network is not only below demand but there is a huge factor of power theft also. This theft happens in three ways:

WAPDA’S SAFETY PRACTICES

One could argue whether this is the most important issue facing Pakistan today? No it is not. But it is an issue on which I am qualified to write about because of my profession. What you will see below is a series of photos where Pakistani Electricians (and general public) are seen working on distribution and transmission lines without much regard to their safety. 
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The photo above is from September 23, 2008. Photographer is Jehangir Khan (Associated Press). The subject is a staff technician of Wapda working on distribution lines in Lahore.
The daredevil mentality persists where Electricians over look safety measures thinking they know it all. They think if nothing has happened to them in all these years, then nothing will happen to them in the future because of their experience. Sometimes they even think it is below their macho image to wear protective equipment. It is true that these electricians may have knowledge of basic rules of electricity and physics but mistakes and accidents do happen and in such circumstances, I believe these guys and our utility companies (WAPDA and KESC) are very ill prepared. 

Following photo is from May 23, 2008 and taken in Daska (near Sialkot). Two WAPDA electricians are seen working on a Pole Mounted Transformer (PMT) on Jamke Road. They are wearing hard hats and insulated gloves which is all good. However, the clothing of both men is loose and a hazard in itself.
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Photot is from July 07, 2008 in Karachi. The WAPDA guy on the top is wearing insulated glove and is seemed to have some kind of harness around his back. However there is no hard-hat or eye protection. Also their clothing is very loose for this type of work.
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photo is from July 21, 2008 in Karachi. The WAPDA technician is working in loose shalwar qameez and without even insulated gloves. This is what I call the dare devil mentality. This technician may be very experienced but he is putting himself (and all his dependents) in unnecessary risk by not wearing protective equipment,
An overriding priniple of electrical saftery is to de-energize the circuit first and place it into electrically safe condition before people can work on it. 

This safe practice is however not always followed. In Pakistan (and also in rest of the world), electricians do work on live circuits all the time. In such cases, an equal blame can be put on WAPDA and WAPDA who allow their workers to work on live circuits without adequate protection or safety measures. In most parts of the world an employer (WAPDA and WAPDA for Pakistan) are repsonsible to provide Personal Protective Equipment (PPE) to their staff. The only exception usually is rubber sole shoes which a technician is supposed to buy himself/herself. 
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Photo is from Rawal Town Rawalpindi. We can  see utility vehicles like this in use by WAPDA in Rawalpindi. One can see the support jacks on one side lifting the vehicle tires to provide a non-slipping non-tipping-over support. We can also see an insulated glove in one hand of the electrician, however he is missing a hard-hat, eye protection and FR clothing.
One of the most common hazards faced by a WAPDA or WAPDA electrician is a fiery explosion which may happen by an accident like dropping one’s tool on live circuits and thus shorting them. When such an electrical explosion happens, it causes the surrounding air to ionize and become conductive. In such case an electrical arc is formed through the air. Such arcs can release tremendous amount of energy. The ionized gases expand in volume exponentially along with the molten vapor from conductors. The temperature in the vicinity of faults also increases to such high degrees (~5000 F) that a person can get serious burns. Eye sight and hearing losses are also common besides the staggering medical costs.

Following four photos show WAPDA staff all across Pakistan being ill equipped for Protective Equipment while installing or servicing distribution transformers. 
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These transformer installation photos in clockwise fashion are from Lahore, Nowshera Virkan, Rahimyar Khan and Quetta.
Electrical Hazard During Rains: 
The electricity hazard to technicians increases during rains. Eventhough water itself is a poor conductor but when mixed with impurities like salt, acid, solvents etc it becomes a good conductor. It also turns other substances, which are normally insulators under dry condition into conductors when wet e.g. the wooden ladder on which electricians climb to work on a fault. 

The same is true of human skin. Dry skin has a fairly high resistance to electric current. But when skin is moist or wet, it acts as a conductor. This means that anyone working with electricity in a damp or wet environment needs to exercise extra caution to prevent electrical hazards.

[image: image32.jpg]


. 
Look at the photo to the right. It was taken in July 2008 in Multan. The WAPDA electrician is working in wet conditions without any safeguards. He is using wooden ladder which becomes a conductor in rains. There is no hard hat and there is no harness if he slips while climbing
The Menace of Illegal ‘hooks’ Increases Danger for all:
In the past few years I’ve also noticed the mushrooming menace of illegal hook (kunda) connections. These illegal hooks use wires which are not always insulated and used without any routing protocol. 

The illegal hooked wires criss cross with dangerous proximity to each other and sway like a swing in breeze. Any electrician who now goes to work on circuits with illegal hook-connections [image: image33.jpg](
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in the vicinity increases danger on himself by many folds. 

By the way all the photos below show illegal (but working) electricity distribution in different area of Karachi, where people have hooked on to WAPDA distribution network. Can you imagine a technician going here to fix a circuit or to even find which wire is routed where. This is unbelivable.
Look at the photo to the left. It was taken in March 2008 in Karachi. A seemingly teenage boy is using a wooden pole to illegaly place a ‘hook’ connection on a live distrbution circuit. He is also oblivious to the presence of a little boy in the vicinity and the danger it poses in case the conductor wire breaks loose and falls.
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I believe a strong law enforcement is needed to stop power theft via hooks, which will also increase safety of people as well as workers in the vicinity.

Hyderabad’s Share of Daredevils:
While rest of the country has got their share of unprotected devil-may-care electricians then why should the city of Hyderabad remain behind? Following two photos were taken in the month of March and July 2008 respectively. They show WAPDA employees in Hyderabad working on distribution circuits quite unprotected.
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One For the Mocking Bird:
I want to present following photo to lighten up the topic a bit. This photo was taken in Azizabad Karachi and shows a group of pigeons idling up en-masse on a 220V AC, Three Phase distribution Line. Ofcourse they are not wearing any protective equipment. So how come birds in this photo don’t require any protection from electricity? Should we make it (..ahem) an ATP quiz?
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The Poetic End to This Post:
hamare daur meiN zinda hai Mir ka misra
kisi se jiski haqeeqat Dhaki chupi na rahi
nizam-e-barq lia WAPDA na haathoN meiN
phir os ke baad ‘charaaghoN meiN roshni na rahi’ 

Wrongs of WAPDA

Loose clothing can cause problems in case of rotating equipment (pumps, motors and such). The loose cloths can result in being sucked in to the rotating part and cause serious injuries like maiming and even death.

It is a shame that our electrical suppliers (WAPDA / WAPDA) do not stick to Health, Safety and Environment (HSE) standards (of which I am sure there are numerous volumes and trainings in each company). 

We must also consider that these companies are government controlled (exception of WAPDA, but look at the poor state it is in private hands). These companies have UNION which put pressure on the management if any disciplinary action is taken on basis of non-compliance to HSE. 

Also, there are a lot of “political” appointments, which are usually done in the junior grades (electricians, line-men etc). I do not have to explain what a “political” appointee will do (if he does not have basic education/ vocational training).

Lastly, similar practices is also prevalent in other “developed” countries as well (not so numerous/common though). This is the reason that the HSE business is very lucrative and cost a lot of companies a lot of time, resources and money (considerable chunk of budget).
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October 17th, 2008 10:00 pm 

Above photo appears in Dawn of October 21, 2008. It shows ‘kunda’ connections in Lateef Town, Landhi. With so much power theft going on openly, how can WAPDA meet public demand of power? Power theft at this scale will nullify all estimates of power generation and distribution needed for the city.

October 17th, 2008 9:56 pm 

Following photo is from Lahore.
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100 Wapda men die on duty every year

LAHORE, June 29: More than 100 Wapda employees get electrocuted during maintenance of power supply lines every year and a much larger number suffer injuries due to lack of safety arrangements, says Pakistan Wapda Hydro-Electric Central Labour Union Secretary-General Khurshid Ahmed. 

At a conference on safety measures at Bakhtiar Labour Hall here on Monday, Mr Ahmad demanded that all accidents at work required to be investigated and those responsible for negligence brought to the book. 

He said safety culture should be promoted in Wapda not only by providing safety gadgets to employees but also by educating the workers about safety measures. The employees also required to be convinced that they could not maintain power supply lines without tools and pliers. 

He said safety conferences were also being held in Peshawar, Islamabad, Multan, Gujrat, Faisalabad, Gujranwala, Rahim Yar Khan, Bahawalpur, Sukkur, Hyderabad, Quetta and Karachi to educate the workers about prevention of accidents at work. 

Pakistan Electric Power Company General Manager (Human Resource) Sheikh Abdul Rehman said that employees could refuse to work if they were not provided safety equipment or they considered safety measures unsatisfactory. He said that time scales had been approved for linemen and assistant linemen. 

The participants of the conference demanded a Rs1 million compensation for the employees losing their lives or getting incapacitated during the performance of their duty. The children of such employees also required to be provided jobs, they said. 

Clerks: The All-Pakistan Clerks Association has urged the government to direct the Pay and Pensions Committee to submit its recommendations in July instead of December. 

Voicing the demand in a meeting here on Monday, APCA President Muhammad Afzal said there was no justification for submission of recommendations in December because 20 per cent increase in salaries was not only inadequate but would also be offset owing to proposed increase in the cost of living due to increase in petrol prices and power

Electrical safety at work

Electricity kills and injures people. Around 1000 electrical accidents at work are reported to HSE each year and about 25 people die of their injuries.

Face Shield
15cal arc shield

  Replacement shields up to 100cal

  Hard hats

  Dielectric Brackets & headgear

  Accessories

  Storage bags
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Coveralls & Overalls
8 to 100cal/cm2 protection

  Indura Ultra Soft® material

  Adjustable hook & pile waist straps

  Adjustable gussets on pant cuffs

  Excellent breathability & cotton comfort

  Meets current ASTM F1506 and NFPA 70E standards

  Sizes S,M,L,Xl,2XL,3X
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11cal/cm2 protection

  Jackets meets current NFPA 70E standards HRC 2

  Garment sewn with FR thread

  Shield has 8" x 14" green tinted viewing area

  11", Class 00 or 0 rubber insulating gloves,     protectors & glove bag

  32" long lightweight comfortable jacket

  9oz Indura Ultra Soft® material

  AS1000HAT 10cal/cm2 arc shield w/ hard hat

  Clear lens safety glasses

    Excellent breathability & cotton comfort

  Gloves available in a variety of sizes and colors

  Kits also available without gloves,protectors & glove     bag
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PPE Kit
Complete 75cal/cm2 PPE kit

  3 layer Indura Ultra Soft® material

  32" long lightweight comfortable coat w/ expansion back     design

  Dual stage delux front closure w/ plastic zipper and hook &     pile storm front

  3 layer delux cut bib overalls w/ suspenders

  Coat & bib overalls meet current NFPA 70E standards,HRC4

  Garments sewn with FR thread

  Wrsitelets made from Nomex® FR material

  3 layer hood with arc rated amber lens

  Excellent breathability & cotton comfort

  Orange, dielectric hard hat w/ ratchet suspension

  Clear lens safety glasses

  Large storage bag

FOOTWEAR

ASTM Dielectric Footwear
Code:21405, 21406

These dielectric boots are 100 % waterproof and made from premium grade ozone resistnat rubber. The flexible hand-layered construction includes a durable nylon lining for easy donning and doffing.The sole has a durable construction with a non-skid bar tread outsole.The attached buckle and hardware is non-metallic. Meets ASTM F1116 at 15KV

· Available in whole sizes 7 -17

SPECIFY size

· Code 21405: 17" Full cut overshoe (shown)

· Code 21406: 12" 2 buckle outside gusset
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ASTM Dielectric Footwear
Code:51508, 51509

100 % waterproof, these are made fom premium grade ozone resistant rubber. Flexible hand-layered construction includes duarabel nylon lining for easy donning and doffing. Sole has a durable construction with a non-skid bar tread outsole. Attached buckle and hardware are non-metallic. Meets ASTM F1116 at 15KV. Available in whole sizes 7 - 17

SPECIFY size

· Code 51508: Strom rubber

Code 51509: 2 buckle (shown)
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 Class 00 Gloves
Code:E00 * - * - *

· 500vac max use voltage

· 11" or 14" lengths

· Available in R(red) Type I natural rubber and BL(blue) or BLO(orange) Type II Salcor®

· Sizes 8-12 including half sizes

· Meets or exceeds ASTM D120 and IEC 903 standards

· Specify glove length, color and size

EXAMPLE: E00-11-R-10 is Class 00, 11" length, red and size 1
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Class 2 Gloves
Code:E2 - * - * - *

· 17,000vac max use voltage

· Tested at 20,000vac

· 14", 16" or 18" lengths

· Available in B(black), YB(yellow inside, black out) or RB(red inside,black out)

· Standard straight cuff

· Sizes 8-12 including half sizes

· Type I natural rubber

· Extremely flexible

· Meets or exceeds ASTM D120 and IEC 903 standards

· Specify glove length, color and size

EXAMPLE: E2-14-B-11 is Class 2, 14" length, black and size 11

Class 2 gloves are also available with Contour cuffs, Bell cuffs or Flare cuffs
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COMPOSITE TOOLS

Manufactured from braided, military grade fiberglass composite over a tough polymer core, Composite Tools combine the latest in space age technology with traditional heat treated steel tips in a unique family of products ideal for the safety-minded professional

· Inherent safety-the insulating properties are built into the tool, not coated onto it
· Lightweight

· Better balanced

· Exceeds ASTM torque standards

· Exceeds the strength of the proper fastener

  Tools are also available in a variety of kits. See Insulated Tool Sets & Kits
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Non-Sparking Tools
· A+ Safety offers Non-Sparking Tools for use in facilities where flammable vapors or combustible residual materials exist.

· These tools are made of aluminum bronze and are double insulated. A hi-visibility orange layer over a hi-visibility yellow layer.

· Tools are non-magnetic and corrossion resistant.

· NOTE: If you can see the yellow layer through the orange layer the tool should be removed from service. 
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Lockout / Tagout
Lockout / Tagout is a MUST to be in compliance with OSHA's Electrical Safety Related Work Practices: OSHA 1910.331 thru 1910.335 and 1910.339

· Lockout/Tagout Training Programs, Videos and Compliance Manuals

· Safety Lockout Hasps and Padlocks

· Lockout Tags,

· Lockout Stations & Lock Boxes

· Breaker & Fuse Lockouts

· Plug and Switch Lockouts

· Cable Lockout System

· Pneumatic, Ball Valve and Gate Valve Lockouts

· Lockout/Tagout Kits 
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Required Arc Flash Warning Labels
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Arc Flash Hazard Labels
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Arc Flash Danger Labels
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