Accidental Contact of Overhead Power Lines

General
Accidental contact of overhead power lines leading to electrical injury and death can and will occur from negligent actions on the part of power company employees and non-employees working in proximity to energized lines.  However, many contacts are the result of such conditions as:

— inadequate clearance

— inability to perceive the power line

— trees

— misunderstanding regarding the nature of the overhead line

— overhead line location and the activity beneath it

— an attractive hazard

These aspects are all the responsibility of the power company.  

Inadequate Clearance
This is somewhat of an all encompassing topic since clearance comes into play for protection of the general public in association with all of the above aspects.  The power companies use uninsulated wires or conductors to transmit and distribute electrical energy.  The method of insulation for these conductors is by separation, vertical and horizontal clearance.  

The National Electrical Safety Code ( NESC ) is the bible for the power companies in the design of their lines.  The NESC specifically states that it is not a design manual but a statement of minimum clearances under the specific criteria given which, if met, will give a degree of safety.   The clearances are based on voltage levels.  Over the years the voltages of power company lines have changed from 2400 volts for distribution to as high as 34,000 volts.  Transmission voltages are now as high as 500KV to 1000KV.  The NESC and power companies have not and do not always follow the need for increasing clearances when the voltage is increased.  One of the most notable instances of this non-responsive condition occurred in the early 1960's when there was movement in the country to change from the 2.4 and 4 KV systems to a 12KV distribution system.  This change would have entailed a massive expenditure of money to move and/or raise the height of structures to meet the clearances associated with this increased voltage.  These changes would have overwhelmed the cost benefits which the upgrade of voltage entailed.  Having to only change insulators and transformers meant that at least three times the electrical load could be carried on the wire at 12KV as had been at 4KV.  In response to this desire to upgrade voltage without excessive cost the NESC revised the code to have 12 KV clearances at the 4KV values.  This condition of the code began in 1961 and continued until 1977.  During this period there was a substantial increase in the number of contact cases and the code was changed back to the 12 KV clearance values for 12KV.  Many of these 12KV at 4KV conditions still exist and create contact hazards.

Power companies to this day have the tendency to use the NESC as a design manual.  One need only look at the transmission and distribution construction standards and design manuals of a power company to see that all of the designs and line locations are predicated solely on the minimum values given in the NESC.  They completely ignore the Purpose of the NESC which is the practical safeguarding of employees and the public during construction, operation and maintenance of the power lines; and, the Scope and Intent of the code which is to give minimum safe clearances for some specific conditions as delineated in the code, but, that sound engineering judgement must be applied for conditions not covered and in consideration of the activity under the line.  It is this failure on the part of the Power Companies that lead them into the creation of hazardous conditions for the general public and their own employees.

Inability to Perceive the Power Line
A number of accidental contacts come about virtue of the ability for the overhead wire to “disappear” into its background.  This condition has been known by the power industry and has been studied by cognitive scientists for many years.  Power line conductors, bare copper and aluminum material of small diameter located at a distance in the daytime sky, will not always be perceived.  This condition can even be seen in photographs of overhead lines where the poles are clearly visible but the wire cannot be discerned.  

This ability for the line to disappear under these conditions must be taken into account whenever a line is designed and constructed.  It becomes increasingly important in areas where any form of ongoing activity involving elevation above ground level is occurring.  In these areas the line must be clearly denoted to avoid accidental contact.  The FAA ( Federal Aviation Administration) has recognized this condition and directly addresses it in FAA Regulation AC70/7460 - 1K, to protect aircraft from flying into an unseen hazard.

Trees
Trees present both a clearance and visual problem.  Electrical contact issues involving trees include children climbing in trees where the wires are passing through it unseen; ladder and pole contacts by persons trying to remove something from a tree, pruning a tree, or picking fruit from a tree which is hiding an electrical conductor; and, lift equipment in proximity to trees with hidden wires and the wires are contacted.  There are even incidents where the tree itself is contacting the energized line passing through it and the electricity is conducted through the tree to a person in contact with it.

An electrical conductor can be hidden from sight when it passes over a tree by virtue of the tree itself and the inability to perceive it against the sky.  If the electrical conductor is passing to close to the tree, not enough clearance, the potential for a hazardous contact by anyone climbing or working in the tree is very real.

The NESC , in the 2002 Code edition, has Rule 218 for Tree Trimming.  It states as follows:

A. General

      1.  Trees that may interfere with ungrounded supply conductors should be trimmed or removed.             NOTE: Normal tree growth, the combined movement of trees and conductors under adverse            weather conditions, voltage, and sagging of conductors at elevated temperatures are among            the factors to be considered in determining the extent of trimming required.

     2.  Where trimming or removal is not practical, the conductor should be separated from the tree            with suitable materials or devices to avoid conductor damage by abrasion and grounding of            the circuit through the tree.

B.  At line Crossings, Railroad Crossings, and Limited-Access Highway Crossings

      The crossing span and the adjoining span on each side of the crossing should be kept free from        overhanging or decayed trees or limbs that otherwise might fall into the line. 

Although tree related electrical contact incidents have been an issue since the first power lines were strung the rule contains no warnings regarding the consideration of what form of activity is likely to occur in and around the trees.  Admittedly, the Purpose, Intent and Scope of the code admonish the power companies to consider the conditions, but these aspects are, as stated before, overlooked by the power companies in using the NESC as a design manual.  Reference NESC Section 010. Purpose; and, 012. General Rules part C.

Power companies, tree trimming companies, and some states have delineated clearances required when trimming.  For example, California has General Order 95 dealing with utility companies.  In GO 95 there is a complete section dealing with tree trimmings and clearances.  Before getting to this section GO 95 covers the overall goals of the order.

31.1
The owners and employees of such systems shall at all times exercise due care to reduce to a minimum the hazard of accidental injury to their own or fellow employees, to the public and other utilities due to the presence of overhead wires.

31.2
Lines shall be inspected frequently and thoroughly for the purpose of insuring that they are in good condition so as to conform with these rules.

The need for frequent inspection, especially for tree conditions, cannot be disputed.  However, the extent of most power companies systems reduce them to a once every ten years inspection of any particular area.  There may be yearly contracts issued for tree trimming but these are for specific areas and not for the entire system.  When tree trimming is done it is done to a specification of a clearance achieved at the time of the trimming.  If this trimming does not take into consideration the growth rate of the tree and the activity around the tree then it is not adequate for the conditions.

GO 95 does specify clearance values for power companies in the state of California.  In particular, it has rule 35 and Appendix E.

35
Where overhead wires pass through trees, safety and reliability of service demand that tree trimming be done in order that the wires may clear branches and foliage by a reasonable distance.  The minimum clearances established in Table 1, Case 13, measured between line conductors and vegetation under normal conditions, shall be maintained.  ( Also see Appendix E for tree trimming guidelines. )

Table 1, Case 13 — Radial Clearance contains the following values for voltages of 750 volts to 22.5 KV and 22.5 KV to 300 KV of 18" and 1/4 pin spacing as given in Table 2 Case 15, 6" to 22.5". 

Appendix E, Guidelines to Rule 35 — Radial Clearances has the clearances or trimming distances of 4' for 2.4 KV to 72 KV and 6' for 72 KV to 110 KV.  These values are indicative of the need to take into consideration the variations of clearance that occur under wind ( swing over ), heating and cooling ( sag differences ), and growth.

Asplundh Tree Expert Company in their Foreman’s Manual from 1990 recommends greater clearances based upon voltage and growth rate, and growth style ( Upright, Spreading, etc. ).  Asplundh’s recommendations for trimming in the range of voltages given above are:

   2.4-4.16KV
      7.2-34KV

Topping
Fast Growers

8'

12'

Clearance
Slow Growers

6'

9'       

Fast Growers include Poplar, Soft Maple, Elm, Sycamore, and Willow.

Slow Growers include Oak, Hard Maple, Cedar, Fruit trees, and Hickory.

The Southern California Edison company in their Line Clearing Patrolman 2 Training Program dated 11/95 delineates the following.

6.2.1 — Distribution

Tress shall be trimmed to provide a minimum of one years growth clearance or six ( 6 ) feet below and to the side of primary conductors, whichever is greater based on the species and conditions present at the time of trimming.

Consideration for the required clearance should be given to the species of trees being trimmed, their seasonal characteristics, location, and any other contributing factors.

Voltages of 34 KV - 66 KV require 12' plus one year minimum tree growth.

These same clearances are also contained in the SCE Line Clearing Vegetation Maintenance Manual.

SCE has also issued brochures to the public regarding recommended and not recommended trees to have under a power line.  Under Not Recommended are the following:

Palms

Eucalyptus

Ash

Elm

Mulberry

Locust

Walnut

Avocado

Jacaranda

Cottonwood

What is of note is that these trees, graded under the Asplundh categories, would be Upright and/or Spreading and/or 80' tall.  All of which are not good criteria for under a power line since they will grow into and/or block the view of the power line.  It is also of interest that SCE will not recommend the planting of these trees under a line, but will build over these trees without regard to how they grow and what activity is going on under and around them.  Their only construction criteria is to meet the minimum standards of the NESC.

Protection from tree contact can also be provided by insulating the wires.  Power companies like to refer to this concept as using tree conductor which is not insulated.  The covering is a protective method against the abuse of the metal of the wire.  This is a ridiculous argument.  It is admitted that energized wire contacting a tree can and will cause arcing, fires and electrical conduction, if the covering is only an abrasion protection then how does it accomplish the stoppage of these electrical problems?  It has to be an insulation.  Further, these tree conductors are bundled together or wrapped around each other, or placed in extremely close proximity to each other.  In either case if the covering were not an insulation these wires would be arcing over to each other or experiencing direct short circuit conditions when in use.  No matter what euphemistic name is given to this type of conductor it is still an insulated conductor.  It has been used not only for tree conditions but also where adequate clearance from buildings or other structures could not be achieved by other means.  Power companies make the statement that this covering should be considered an insulation by virtue of the fact that if it got even a pin hole in it would become conductive.  In other words, if the insulation is damaged then it will offer a pathway for current flow, the same as any other insulating material on an energized wire.

Misunderstanding Regarding the Nature of the Overhead Line
If one were to poll the general public regarding what those wires were strung between those poles and whether or not they were insulted, had some form of covering on them, it would be apparent that there is no real understanding of what is up there.

First, there is the confusing of telephone and cable wires with power lines.  This confusion is made more hazardous by the fact that telephone and cable are insulated or covered wires making all overhead wires insulated to the general observer.

Second, the closest observation that the general public has of the outside power lines is their service entrance and power company service drop to their house.  Not only are these insulated, but the majority of service drops are now what is called triplex conductor.  This is insulated conductor that is wrapped together in a tight bundle as opposed to the use of air separation since the wires are insulated.  

Third, in general there is the understanding that touching the wires is dangerous.  However, if the power company is letting them be in the trees or extremely close to a structure then the thought is that they must be safe.  After all, the power company is the expert regarding electricity and they wouldn’t do anything that was unsafe, would they?  Also, one can touch a service drop or service entrance conductor covering near ones house and not get hurt.

Overhead Line Location and the Activity Beneath It
Power companies design for the moment and use the NESC as their design basis.  The meeting of the minimum value is what is the criteria of their design.  The ignoring of the activity going on or planned for the area under the line is given little or no consideration.  After a line has been built based on the information of the moment any number of other activities can occur under it.  Admittedly, there cannot be a power company employee everywhere and all the time, but there are power company employees routinely in the vicinity of every line.  This occurs by virtue of where the employees live, meter readers, line crews having to travel to work sites, engineers and technicians traveling to site locations and the site locations for new work or changes and accident investigations, line patrols, tree crews, and any number of every day reasons for them being in the service territory as opposed to being totally isolated from the lines.  

Every power company is aware of the major activities in their service areas since they must supply power for them.  If there are fruit or avocado trees then there are ladders and poles being used in the trees.  If a power company decides to build over these orchards or trees in general, then they must allow for the activity that will take place under the line and in these trees.  This is part of the NESC requirement for safety.  This same diligence regarding safety is required when the lines are placed where dumping facilities are located; areas with children and teenagers who routinely climb structures and throw things at the wires; housing developments that are under construction and/or will have ongoing maintenance, changes related to design or reconstruction and which will employ various forms of high lift equipment; and, the use of cranes, to name a few.  It is not possible for the NESC to every conceivable aspect of every day life which is why it includes the necessity of the power company to consider what will occur under the line.

The Occupational Safety and Health Administration ( OSHA ) recognizes the hazards inherent to an unqualified person in proximity to a power line and has therefore set forth a minimum clearance of 10 feet.  This value increases with voltage level.  This ten feet is from the closest conductive point that the person has.  This means for instance that a worker with a conductive ladder needs to have at least the height of the ladder plus ten feet above him for safety; or, if a high lift is in use under a line there has to be the height of the high lift plus ten feet for safe height of the power line.  This is a reasonable requirement and one that is known to the power companies, yet they continue to use the NESC minimum as their design criteria even when it does not take into consideration the activity under the line.  

 Not considering the activity is also not giving protection from lack of perception and hidden lines. 

Attractive Hazard
Power lines are attractive for entertainment purposes.  Such entertainments as throwing shoes over the lines, kite entanglement, shooting at insulators and wires, and climbing structures occur routinely.  Although these cannot be totally protected against taking notice of the activity under the line can help prevent serious problems.  For example, power lines running through areas where there are children and teenagers —  schools, playgrounds, youth centers, disciplinary facilities, etc. — should either be avoided, have facilities placed underground, have lines substantially higher than code minimum, and/or have insulated ( tree cable ) lines, and have extra climbing prevention protection.  Things thrown up and over a line will eventually have someone try to remove them.  Given the foregoing discussion of the perception and misunderstandings related to power lines this is an open invitation to a catastrophic incident.

Finally, the power company is the expert and the keeper of the hazardous entity.  As such they are the most knowledgeable concerning it and should constantly apply sound engineering and safety practice to every aspect of every line to meet the intention of the NESC. 

