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EXECUTIVE SUMMARY

The Oregon Department of Energy (ODOE) requested that Golder prepare a summary report identifying
hazards presented by induced current and voltage associated with high-voltage transmission lines, as
well as recommendations for the review of applications for site certificates, the information necessary to
demonstrate compliance with the applicable standard, and proposed mitigation measures that could be
imposed as site certificate conditions. This paper identifies potential hazards that can be avoided with
appropriate mitigation and education for landowners for the Council’'s consideration. Alternating current
overhead transmission lines produce both electric and magnetic fields which have the potential to create
induced voltages and currents in nearby conductive objects. Under certain conditions dictated by the
voltage and current on the transmission line, the layout of the conducting wires, and the size, proximity,
and grounding of the nearby conductive objects, it is possible for induced voltages and currents to reach
hazardous levels for persons contacting the conductive objects. Rules adopted by the Oregon Public
Utilities Commission (PUC) and the Oregon Energy Facility Siting Council (Council) for the design,
construction, and operation of transmission lines minimize the potential for the public to be exposed to
hazardous shocks that could result in injury or death. However, research has shown that even with these
design considerations in place, induced voltages and currents can occur at levels that would create a
nuisance shock or spark. Additionally, in rural locations where farming and ranching may occur in a
transmission line right-of-way, it is possible for normal practices such as upending irrigation pipe, using
tall vehicles, fueling vehicles, and operating long parallel conductive fences could lead to more serious
consequences. Several agencies and transmission line owners have developed excellent educational
materials for landowners regarding safe practices under or near overhead transmission lines. Currently
the Council standards regarding transmission lines do not require any ongoing educational programs
designed to inform landowners adjacent to transmission lines of safe practices to avoid impacts from

induced voltages and currents.
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List of Key Terms
Capacitance: The property of an object that permits the storage of energy.

Capacitive coupling: Also known as “electrostatic coupling.” This describes the interaction between a
transmission line and another conductor in the electric field of the transmission line. Conductive objects
that are insulated from ground (such as a vehicle with rubber tires) and are capacitively coupled with the
transmission line will build up a charge, or voltage.

Conductance: The readiness with which a conductor transmits an electrical current.

Conductor: A material or object that permits an electric current to flow easily. The term conductor also
refers to a single wire strung as part of a circuit on a transmission line.

Current: A flow of electric charge.

Electrical potential difference: The difference in voltage between two points (e.g. between a charged
transmission line and a metal fence).

Electrical resistance: The opposition to the passage of an electric current through an object or element;
the inverse quantity is electrical conductance, the ease with which an electric current passes.

Electromagnetic field: A field that is made up of associated electric and magnetic components, that
results from the motion of an electric charge, and that possesses a definite amount of electromagnetic
energy.

Inductive Coupling: Also known as “electromagnetic coupling.” This describes the interaction between a
transmission line with a current flowing and a conductive loop in the magnetic field of the transmission
line. A conductive loop, such as a wire fence, that is inductively coupled with the transmission line will
develop an induced current, a flow of electricity.

Resistive coupling: Also known as “conductive coupling.” This is the coupling between a transmission
line and another conductor through a resistor. An example would be when lightning strikes a
transmission line: the voltage on the transmission line may rise to a level that exceeds the resistance of
the insulator that holds the line to the tower. In this case a flashover will occur between the transmission
line conductor and the tower, bypassing the resistor.

Single Phase Electric Power: Single Phase power utilizes a two-wire power circuit with one power
conductor and one neutral conductor. In the US, 120V is the standard single phase voltage with one 120V
power conductor and one neutral conductor. Household appliances and home wiring use 120 V single
phase electric power. In the electrical system in the United States the voltage and current on the
energized conductors is cyclic (positive charge to negative and back to positive) with a frequency of 60 Hz
(cycles per second).

Three Phase Electric Power: Three Phase power utilizes a power circuit with three power conductors
and one neutral conductor. The voltage and current on each of the conductors is cyclic (just as in single
phase systems) except that voltage and current in each of the three power conductors is at a different
part of the cycle, each offset by 1/3 of the cycle. A cycle is also described as being complete in 360
degrees, so each power conductor is 120 degrees out of phase with the other power conductors. For
example, if one conductor is at the beginning of the cycle (at zero degrees), another is a third of the way
through the cycle (at 120 degrees), and the third conductor would be two-thirds of the way through the
cycle (at 240 degrees).

Voltage: Electrical potential expressed in volts.
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1.0 INTRODUCTION

From lighting to air conditioning, the use of electrical energy is ubiquitous in our everyday lives. The
delivery of that energy from the point of generation to the point of use requires the transmission of
electricity over high-voltage power lines that can be seen along major roadways and across rural
landscapes alike. The configuration and installation of high voltage power lines is designed to provide a
safe and reliable supply of energy. However, as the landscape has filled in with development, new rights-
of-way are harder to develop. This means that power lines are often co-located with pipelines,
telecommunication lines, fences, and other conductive infrastructure elements. Additionally, new rural
transmission lines often cross land that is already being farmed and will continue to be farmed in areas

designated to become right-of-way.

The Council has jurisdiction over the siting of transmission lines in Oregon that are over 10 miles in length
and have a capacity of 230 kilovolts (kV) or more, to be constructed in more than one city or county (with
certain exceptions) in Oregon. ORS 469.300(11)(a)(C). Facilities meeting these criteria require a site
certificate from the Council prior to construction. The Council has adopted standards for the siting of these
facilities, intended to ensure the protection of public health and safety. These standards include a
limitation on the level of the resulting electric field that may be generated by high-voltage transmission
lines. The ODOE has requested that Golder prepare a summary report identifying hazards presented by
induced current and voltage associated with high-voltage transmission lines, as well as recommended

mitigation measures, for the Council’s consideration.

Power in the U.S. is predominantly conducted on transmission lines with an alternating current frequency
of 60 hertz (Hz). The flow of power is a product of the current, typically measured in Amperes (A), and
the charge, which is known as the voltage. The fact that the electricity is conducted with a frequency of
60 Hz means that at 60 times per second, the voltage on a transmission line conductor cycles from
positive charge to negative and back to positive. Electric fields are present whenever a charge (voltage) is
present. Magnetic fields are produced wherever there is an electrical current. Electric and magnetic fields
commonly result from the use of everything from microwave ovens to high-voltage transmission lines.
Electric fields, typically measured in kilovolts per meter (kV/m), result from the voltage on the transmission
line, and increase in strength as voltage increases. Magnetic fields, typically measured in milligauss (mG),
result from the current in the transmission line’s conductors, and increase in strength as the current

increases.

While use of electricity is very common, knowledge of the hazards of electromagnetic effects is not. To
protect the public, safe standards of design and operation have been adopted in the National Electric
Safety Code (NESC). Transmission lines authorized under Oregon Energy Facility Siting Council
(Council) jurisdiction are required, under Oregon Administrative Rule (OAR) 345-027-023(4), to be
designed and installed in accordance with the NESC (1997 edition). Similarly the Oregon Public Utilities
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Commission requires that transmission lines be designed and installed according to the NESC (2012
edition). However, safe design does not always guarantee public health and safety. It is also important
that the public be aware of safe practices associated with living and working near transmission lines.

Most of us are aware that contact with a significantly charged object or a wire carrying an electrical
current can potentially result in a very dangerous shock. This effect of circuiting the electricity directly
through a person to ground either through direct contact, through an object, or by arcing, is known as
conductance, or resistive coupling, between the source of electricity and the individual. Safety from shock
and possible electrocution from high-voltage transmission lines by conductance requires that transmission
lines be designed as safely as possible and that people working or living in or near transmission right-of-
ways understand how to safely operate around them.

Fewer individuals are aware that hazards associated with high-voltage transmission lines can also result
from invisible electric and magnetic fields. The electromagnetic effects that cause these hazards are
known as capacitive coupling and inductive coupling. Capacitive coupling is caused by the invisible
electrostatic (electric) field created by the voltage in the transmission line. Capacitive coupling can lead to
a build-up of charge on nearby conductive objects that are insulated from ground (e.g. a parked vehicle or
metal roof on a shed). Inductive coupling is a result of the changing electromagnetic (magnetic) field
created by the oscillating current in a transmission line. This inductive coupling can cause an electrical
current to move through nearby conductive circuits (e.g. a parallel fence wire that is grounded at two

points).

The following report discusses the electrical hazards of capacitive and inductive coupling for those living
and working near 60 Hz alternating current (AC) transmission lines, and summarizes the current
regulatory requirements of the Oregon Administrative Rules (OAR) and Oregon Revised Statutes (ORS)
concerning transmission line safety. This report also includes recommendations for the review of
applications for site certificates, recommendations regarding the information necessary to demonstrate
compliance with regulatory requirements, and any additional recommended measures or siting conditions
that could be implemented by the Council to further ensure the safety of the public where there is
development of new transmission lines. It should be noted that this report does not address direct current

(DC) transmission line effects, although a number of these lines exist in the U.S.
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2.0 ELECTRIC AND MAGNETIC FIELD EFFECTS OF OVERHEAD HIGH-
VOLTAGE TRANSMISSION LINES

Anywhere that an electrical charge or a current is present in a transmission line there can be exposure to
electrical shocks through resistive, capacitive, or inductive coupling. With proper transmission line design
and safe operating practices in the vicinity of transmission lines, the potential for shock can be limited to
non-hazardous levels, if any shock is experienced at all. To understand the safe operating practices, it is

important to understand these three effects, how they are caused, and how they can be mitigated.

2.1 Resistive Coupling (Conductive)

Dangerous levels of current can be conducted through a person to ground in the vicinity of a high-voltage
transmission line through contact with current-carrying wires or through arcing to a conductive object.
Contact refers to touching an energized line directly or touching an energized line with a conductive
object, such as a tall piece of equipment like a crane. It is also possible for an arc to be created from the
energized line to a nearby object in close proximity that provides a path to ground. Arcing can occur
when errant irrigation streams shoot water close to a transmission line conductor, or an object such as an
irrigation pipe is raised such that it is too close to the transmission line. Even excessive smoke from field
burning can potentially provide a pathway to ground. More commonly, lightning strikes on transmission
lines can create an ionized air path from the electrical line to the tower, circumventing the insulators which

normally prevent such an occurrence.

Design of high-voltage transmission lines is intended to protect the public from the risk of shock by
conductance. This is ensured by running the transmission lines at regulated heights above ground so
that direct contact is unlikely and by using appropriate insulators that prevent electricity from passing
through the tower to ground. As long as members of the public do not contact a power line either directly
or indirectly, electrocution by conductance is highly unlikely due to the safe design of transmission

systems. However, a knowledgeable public with regard to potential hazards is critical.

2.2  Capacitive Coupling (Electric Field)

AC transmission lines carrying power create both electric and magnetic fields. The voltage on a
transmission line creates an electric field. An example of the field around a single conductor is shown in
Figure 1. It has both a direction (toward or away from the energized line) and a magnitude, which is
typically defined in terms of kV/m. The electric field is strongest close to the transmission line and
decreases with distance. Therefore, the ground level strength of the electric field induced by a
transmission line is greatest between supports, where the transmission line sags closest to the earth.

Conductive objects in the electric field can become charged if they are insulated from ground.

‘1 Golder
Induced Voltage and Current Report ASSOClatCS





Project Nos. 073-99810-
February 2013 4 029 and 031

Figure 1. Electric field from an above-ground conductor.

The field can also be blocked (shielded) by common materials such as concrete and earth. For instance,
the electric field does not penetrate the ground and therefore has little effect on conductive underground
pipes. Because electric field strength diminishes with distance, conductive objects closer to a
transmission line can develop a stronger charge than objects further away. As a result, there is a stored
energy (capacitance) between isolated conductive objects that are at different field strengths because

they have different electrical potentials (their induced voltage is unequal). See Figure 2.
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Figure 2. Capacitive coupling.

As an example, there is a difference in voltage (electrical potential difference) between a fence beneath
an energized transmission line and the ground under it. This is because the ground is further from the
transmission line, where the electric field is weaker, so the induced voltage is lower. If a person touches
such a fence, they could experience a low energy shock as the charge from the fence is conducted
through them to the ground. This low energy shock could be annoying, but is unlikely to be hazardous
because it is quickly dissipated as the electrical potential of the fence and ground equilibrate. This type of
shock is similar to the shock one feels when walking across a carpeted room in stocking feet and then

touching a metal door knob.

In rural areas a tractor that is left parked under a transmission line could also develop a charge (an
induced voltage) if the rubber tires on the tractor were effectively insulating the tractor from ground. The
charge would build up on the metal parts of the tractor and a person that touched the tractor body could
experience a nuisance shock, provided there was little electrical resistance between their feet and the

earth. This is because the induced voltage on the tractor creates a current through the person’s body as
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the charge dissipates to ground. While annoying and potentially painful, these types of low energy

shocks are short lived and rarely dangerous.

Induced voltages can build up in any conductive object near a transmission line, if it is electrically
insulated from ground. This can include farm buildings with metal roofs, metal equipment (combines,
tractors, cranes, etc.), vehicles, irrigation pipe, dielectrically coated ductile iron gas piping, electrical
fences, barbed wire fences with wood posts, telecommunication lines, and a host of other conductive
objects. If the conductive object is already grounded (e.g. a grounding wire on a fence) then a small
electrical current is created and the induced voltage is safely and continuously conducted to ground. A
well-grounded fence, for example, (grounded at reasonable intervals) would not result in a startling shock
because induced voltage is continuously drained from the fence and does not build up. The magnitude of

an induced voltage on a conductive object depends on the following (USDOA, 1976):
e Transmission line voltage (higher voltage leads to higher electric fields)
e Position of the transmission line conductors relative to one another
e Position of the conductive object relative to the transmission line conductors
e Size of the conductive object

¢ Quality of the insulation between the conductive object and ground (any electric current leakage

to ground drains off some or all of the charge on the conductive object)

These factors can be used to implement mitigation and diminish the likelihood of human exposure to

harmful shock from induced voltages, as discussed in Section 4.0 below.

2.3 Inductive Coupling (Magnetic Field)

In the electrical system in the United States the voltage and current on the energized conductors is cyclic
(positive charge to negative and back to positive) with a frequency of 60 Hz. Just as the electric field from
a transmission line can induce a charge or small current on a nearby conductive object, the magnetic field
produced by the current in a transmission line can induce current and create a potential difference in
another nearby conductive circuit. The magnetic field is measured in milligauss (mG). The 60-Hz electric
current in the transmission line conductors creates a time-varying magnetic field that is at right angles to
the conductor as shown in Figure 3. In 60-Hz AC electrical systems the current in the conductors
changes direction 120 times per second, resulting in a magnetic field that is continually expanding and
collapsing to and from the conductor. If the time-varying magnetic field passes through an area enclosed
by another conductor, it will induce a current and voltage in that loop. This phenomenon is known as

Faraday’s Law.
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Like electric fields, magnetic fields have both magnitude and direction. They also decrease in strength
with increasing distance from the active transmission line. However, unlike electric fields, which are
shielded by most materials, magnetic fields are not. As a result, it is possible to have induced currents in

a co-located underground metallic pipe just as in a co-located fence.

Figure 3. Inductive coupling.

Induced current indicates the flow of electrons in the object that is subject to the magnetic field. This
means that a circuit must be present to circulate the electrons. If a long irrigation pipe was above ground
and not was not electrically grounded anywhere, then an induced current could not occur. However, if the
same irrigation pipe was grounded at both ends a conductive loop would be established with the earth
and an induced current would flow in the pipe from the magnetic field passing through the area of the
loop. A hazardous situation can occur when a long, conductive object is parallel to the transmission line
and grounded in only one location. In this situation a circuit can be made complete by someone touching
the object at another point. Even if a long linear parallel conductive object is grounded at two distant
points, a hazardous situation can occur if a person touches the object at some point in between, creating
a different grounding point to complete the circuit. Unlike a nuisance shock from a charged object in an
electric field, the shock associated with a continual induced current is not temporary. Figure 4
demonstrates how an induced current could be created in a fence section that is grounded at the

endpoints. The wire fence, posts, and earth for a conductive loop in this situation.
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Figure 4. Induced current in a fence.

The magnitude of the induced voltage and current on an object, such as a pipeline, in a magnetic field is a

function of the following (Bonds, 1997):

e Physical geometry of separation of the conductors (transmission line) and the conductive object

in the magnetic field

e Resistance of the conductive object to ground

¢ Longitudinal resistance of the object

e Length of the electrically continuous object that parallels the transmission line

e Magnitude of the electric system current flow

e Frequency of the electric system (60 Hz)

7
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e Nature of the electrical system, i.e. single phase or three phase

¢ Resistivity of the soll

e Discontinuities, i.e. where the conductive object veers away from the transmission line

As with induced voltages from electric fields, these factors can be used to develop mitigation for
conductive objects that will be exposed to magnetic fields. Typically mitigation that works for electric field
induced voltages, such as the use of grounding wires, is effective at reducing induced currents from
magnetic fields as well. See Section 4.0 for a discussion of mitigation for different types of common
conductive objects used in transmission line rights-of-way.

7
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3.0 HAZARDS ASSOCIATED WITH INDUCED CURRENTS AND VOLTAGES
Transmission lines in Oregon are designed and constructed to meet the NESC, which dictates the height
of the conductors above ground. The Council’s Oregon transmission line siting standards provide
additional limitations on the strength of the electric field at one meter above ground and require the
magnetic field strength to be “as low as reasonably achievable.” To minimize the net magnetic field, high
voltage three phase (see definitions section) transmission lines are designed such that the three
overhead phases are balanced 120 degrees out of phase with one another, 360 degrees being one
complete cycle. In other words, each conductor is delivering power at 60 Hz (60 cycles per second), but
each is in a different part of the cycle from positive to negative and back to positive voltage, offset by one-

third of the cycle from the other two.

Figure 5. Three Phase Power- Voltage vs. Time.

The three phase nature and framing arrangement of the conductors is a significant factor in the mitigation
of magnetic fields. The result is that a conductive object, such as a pipeline, that is equidistant from three
perfectly phase-balanced conductors would experience no net magnetic field and would therefore not
have an induced current. Unfortunately, the reality is that conductive objects such as co-located pipelines
or telecommunication lines are not equidistant from all three phases. Therefore, these types of objects

experience a net magnetic field that is reduced by design and standards, but not eliminated, so an
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induced current can exist. Also, where there is an electric field present, there is a real possibility of

induced voltages on ungrounded conductive objects (e.g. fences, irrigation pipe, etc.).

3.1 Human Safety Hazards

If all conductive objects near a transmission line were relatively small or only a few feet in length, there
would be the potential for some nuisance shock to a person, but not a potential safety hazard. However,
very long insulated parallel pipelines, electric fences, telecommunication lines and other conductive
objects can be of such a length or size that an induced current and voltage from a transmission line could

become unsafe to anyone who touches them.

In 1961, Charles Dalziel, a professor of electrical engineering at the University of California, Berkeley,
delivered a ground-breaking presentation on the Deleterious Effects of Electric Shock, to a meeting of
experts in Geneva, Switzerland (Dalziel, 1961). Professor Dalziel had conducted experiments on men and
women to see what effect electrical currents would have if increased in magnitude. What he learned is
that humans are very sensitive to electrical shock due to our “highly developed nervous systems” and that
humans grasping an energized wire have a threshold electrical current above which they can no longer let
go due to involuntary muscle contraction. This “let-go” threshold depends upon the frequency of the
electricity. In the U.S. the electrical system uses a frequency of 60 Hz. At this frequency the maximum
let-go threshold for men was determined to be 16 mA and for women it is 10.5 mA. The significance of
the let-go threshold, according to Dalziel, is that “prolonged exposure to currents only slightly in excess of
a person’s let-go limit may produce exhaustion, asphyxia, collapse, and unconsciousness followed by
death.”

Subsequent work by Professor Dalziel and W. R. Lee (Dalziel and Lee, 1968) confirmed that 99.5 percent
of men and women are able to let go of an energized conductor (at 60 Hz) if the current is below 9 mA
and 6 mA, respectively. Professor Dalziel hypothesized that children would have a let-go threshold
approximately half that of an adult male. This research and subsequent research led to the NESC
requirement that steady-state (continuous) current between the earth and an insulated object in the

magnetic field of a transmission line must be below 5 mA.

Table 1 Quantitative Effects of Electric Current on Humans (Dalziel, 1961)

Alternating Current (mA) at 60 Hz
Effect Men Women
Slight sensation on hand 0.4 0.3
Perception threshold, median 1.1 0.7
Shock- not painful and muscular control not lost 1.8 1.2
Painful shock, muscular control lost by 1/2% of population 9 6
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Painful shock- let-go threshold , median of population 16 10.5
Painful and severe shock- breathing difficult, muscular control lost
by 99 1/2% of population 23 15
Possible ventricular fibrillation (short shocks, t=seconds) 165t 165/t

At the 2009 Midwest Rural Energy Council conference, Paul Ortmann, P.E., from Idaho Power Company,
provided a presentation concerning “Induced Voltage on Electric Fences.” For his presentation, Mr.
Ortmann evaluated the situation of an insulated fence that runs parallel to a 138-kV transmission line. In
this scenario the fence was three feet above ground and 12 feet beyond the outside conductor of the
transmission line. Mr. Ortmann points out that a person standing on the earth that touches the insulated
fence may experience a painful shock as charge flows through the individual to ground. The current is
likely to be well below the 5 mA limit established by the NESC, and in fact the NESC limit would not be
exceeded unless the insulated fence ran parallel to the transmission line for 1.36 miles or further,

according to Mr. Ortmann.

While it is unlikely that any fence will parallel a transmission line for such a long distance, it highlights an
important concept. Any insulated conductive object may deliver a shock that is relative to the size of the
conductive object (e.g. the length it runs along a transmission line). In addition to fences, irrigation pipe,
coated (insulated) ductile iron natural gas pipe, and telecommunication lines can similarly develop an
induced voltage from the electric field of a transmission line and/or an induced current from the magnetic
field. It would not be uncommon for a pipeline or a telecommunication line to parallel a transmission line

for sufficient distance to pose a serious hazard (Kirkpatrick, 1997).

Numerous papers have been written about the shock hazards posed to people coming in contact with
underground pipes, electric fences, irrigation pipes, and telecommunication cables. Even nuisance
shocks can be hazardous if they are unexpected (e.g. someone on a ladder touches an ungrounded
metal roof and falls). To prevent even nuisance shocks there are numerous guidelines and
recommendations for corrosion engineers, telecommunication line workers, and pipe layers. There is less
published for farm workers, but a number of utilities and power companies have developed very good

guidance.

In 1976 the Rural Electrification Administration in the United States Department of Agriculture published
Bulletin 62-4 titled “Electrostatic and Electromagnetic Effects of Overhead Transmission Lines,” which
provided an extensive amount of information on grounding intervals for electrified and non-electrified
fences and irrigation pipe. It also discussed transmission line conductor heights above which various
farm vehicles would not experience an induced current above the 5 mA “let-go” design criteria. In 2002,
the Bonneville Power Administration (BPA) published “Guidelines for the Installation and Operation of

Irrigation Systems Near High Voltage Transmission Lines.” This guidance document provides farmers
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with information on the safe use of a variety of irrigation system types. This includes advice on laying out
irrigation systems to minimize induced current, recommended distances between equipment and
transmission lines, safe maintenance practices, grounding, and recommended distances between

irrigation nozzles and high voltage transmission lines.

3.2 Physical Hazards

There is one potential physical hazard of induced voltage that should be noted with regard to transmission
line induced voltage: ignition of hydrocarbon vapors from a spark. In theory a large vehicle, electrically
insulated from ground, would need to be parked in an electric field of 5 kV/m or greater (Note: Up to 9
kV/m is allowed one meter above ground in Oregon). Additionally, a person holding a fuel container with
a metal spout would need to be well grounded so that the induced charge on the vehicle would arc
(spark) to the fuel can nozzle. The fuel vapors and air would also need to be optimally mixed (CPUC,
2005).

While researchers have determined that it is extremely unlikely to occur (Deno, 1985), utilities and power
companies such as the BPA and Great River Energy have published guidance documents warning that
vehicle fueling should not occur near transmission lines due to the possibility of a spark between the fuel
nozzle and the vehicle body, which theoretically could cause ignition of the fuel vapors. In fact, BPA does

not allow any refueling within their transmission line rights-of-way (BPA, 2007A).

Despite all the design requirements of the NESC and the electric field limitation of the OARs, risks such
as fuel ignition and nuisance shocks cannot be avoided without education of the public who will work
within rights-of-way. This is a particular concern for new high voltage transmission lines where
landowners may not have had prior experience farming and working within a transmission line right-of-

way.
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40 COMMON OBJECTS THAT CAN DEVELOP AN INDUCED CURRENT OR
VOLTAGE FROM TRANSMISSION LINES AND MITIGATION

OAR 345-027-0023(4) requires site certificate holders with facilities that include a transmission line to
“develop and implement a program that provides reasonable assurance that all fences, gates, cattle
guards, trailers, or other objects or structures of a permanent nature that could become inadvertently
charged with electricity are grounded or bonded throughout the life of the line.” Common objects that
could inadvertently develop an induced current or voltage when located in proximity to transmission lines
are discussed below.

4.1 Fences

Wire fences insulated from ground on wooden posts can develop an induced voltage when installed near
transmission lines. Fences that are near a transmission line, but are grounded at more than one point,
can develop an induced current. As a result, utilities and power companies discourage landowners from
locating metal fences in rights-of-way. A common mitigation measure for eliminating the potential for
shock is to install grounding wires. The BPA recommends that a fence may need to be grounded if 1) it is
located in a right-of-way, 2) it parallels a transmission line within 125 feet of the outside wire and is longer
than 150 feet, or 3) it parallels a line 125 to 250 feet outside the outer conductor and is longer than 6,000
feet (BPA, 2007A).

Paul Ortmann, Senior Electrical Engineer for Idaho Power Company, pointed out in his 2009 presentation
on “Induced Voltage on Electric Fences,” presented at the Midwest Rural Energy Council Conference
(Ortmann, 2009) that a single point of grounding on a non-energized fence may reduce voltage due to
capacitive coupling, but if someone were to touch the fence at some distance they could experience an
induced current from the inductive coupling of the magnetic field. As a result, multiple points of grounding
along a parallel metal fence are recommended. The BPA suggests that fences needing grounding should
be grounded at each end and every 200 feet along their length. Fences crossing a right-of-way should be
grounded at the edge of the right-of-way.

Fences that are energized (electric fences) to keep livestock contained may be insulated from ground.
The additional induced voltage from a parallel transmission line could increase the potential for a shock.
It should be noted that the NESC requires that the short-circuit current that would flow to ground from an
insulated object cannot exceed 5 mA root mean square steady-state. New transmission lines designed
and installed in Oregon must meet this criterion. As a result, the hazard posed from induced voltage on
an electric fence is unlikely for existing electric fences in a new right-of-way, but ranchers may not be
informed of the risk when installing new electric fences after a transmission line has been installed. To
mitigate conditions where the NESC 5 mA current criteria cannot be met, a fence filter can be installed to
provide a path to ground for the 60 Hz current while leaving the electric fence current, which has a
different frequency, unaffected.
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4.2  Vehicles

Vehicles parked under a transmission line may develop an induced charge, particularly if they are parked
on surfaces that are not very conductive, such as gravel or asphalt, or their tires effectively insulate them
from ground. Even for very large vehicles (e.g. semi-truck and trailer) the design standards of the NESC
are sufficiently protective that only a nuisance shock is likely when a grounded person contacts the body
of a vehicle. However, as previously discussed it is important for those working on or near transmission
lines to be aware of the possibility that they could receive a nuisance shock and that no fueling of vehicles

should occur in a transmission line right-of-way.

To mitigate the potential for nuisance shocks from vehicles parked below or near a transmission line,
including tractors and other farm machinery, the induced voltage can be minimized by attaching a drag
chain or leaning a metal bar against the vehicle (BPA, 2007A). Although it is highly discouraged, if
vehicles must be fueled in the vicinity of a transmission line, both the vehicle and the fuel container should

first be properly grounded to avoid creating a spark during fueling.

4.3 Buildings, Metal Roofs, and Gutters

In accordance with OAR 345-027-0023(4), site certificate holders that install transmission lines are
required to “implement a program that provides reasonable assurance that all fences, gates, cattle
guards, trailers, or other objects or structures of a permanent nature that could become inadvertently
charged with electricity are grounded or bonded throughout the life of the line.” However, landowners
may not be aware of requirements for grounding new structures near transmission lines after transmission
line construction is completed. Where mitigation is necessary, grounding wires can be used and
information about what to use and where to locate them may be provided by the owner of the

transmission line.

4.4  Pipelines

In new transmission line rights-of-way, the co-location of conductive pipelines is not a problem. However,
the installation of pipelines in existing transmission line rights-of-way requires precaution to prevent a
serious hazard condition. When being assembled above-ground, a long parallel and continuous pipeline
can develop a significant induced voltage from capacitive coupling (electric field). Once buried, the
pipeline will only be affected by the magnetic field, but could develop a significant induced current if it is
not grounded at reasonable intervals. Fortunately, pipeline workers are aware of these hazards so this is
not something likely to affect the public. Much like a metal fence, the appropriate mitigation for induced

voltages and currents is effective grounding at appropriate intervals.
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45 Telecommunication Cables

Similar to unburied pipelines, conductive telecommunication cables can develop an induced voltage from
electric and/or magnetic fields. This can affect the safety of telecommunication workers and can lead to
the malfunction of equipment. When the effects are unacceptable, the telecommunication cables may
need to be rerouted or buried. However, none of the hazards associated with induced voltage on
telecommunication cables are likely to affect the public because they are not accessible unless someone

extends a conductive device, such as a piece of irrigation pipe, and contacts exposed cable conductors.

4.6 lIrrigation Pipe

Irrigation pipe is used throughout much of rural Oregon due to the dry climate of the western United
States. Irrigation pipe used in the vicinity of a high voltage transmission line poses a number of potential
hazards for those farming or working in or near a right-of-way. It is not uncommon for objects (e.g. dirt or
rodents) to become lodged in sprinkler pipe. The practice of upending the pipe to clear the obstruction
could result in electrocution if the section of pipe was long enough to create a path from the transmission
line to ground. While this is highly unlikely given minimum height requirements for high-voltage
transmission lines, the BPA recommends as a general practice that no objects extend above 14 feet in a
right-of-way (BPA, 2007A). This includes irrigation pipe, vehicle antennas, booms on equipment, and any
other conductive objects that could extend above 14 feet. Workers moving irrigation pipe should carry the
pipe sections horizontally at all times when in the vicinity of the transmission line. Another potential
electrocution hazard associated with irrigation pipe exists if the stream from an irrigation nozzle were to
contact a transmission line conductor or to spray close enough to create arcing from the transmission line
to the water and through the irrigation system to ground. For this reason Great River Energy
recommends that farmers have no large nozzles within 150 feet of the outside wires on their transmission
lines (GRE, 2012).

Irrigation pipe can also be subject to induced voltages and currents. Fixed type irrigation systems
typically are in contact with the ground and therefore do not develop a significant induced voltage or
current. However, mobile irrigation systems have gained in popularity and are now common throughout
the rural landscape. The types of irrigation systems include: pipe, wheel, circular, and high-volume-high-
velocity systems. Each of these has different characteristics and there are different recommended
practices for each to protect the public. The BPA produced a detailed twelve page guidance document on
installation and operation of irrigation systems for this reason (BPA, 2002). In all cases the handling of
parts, orientation, and proper grounding are effective mitigation against shocks from induced voltage and
potentially hazardous levels of current from inductive coupling. It is recommended that irrigation systems
be set up perpendicular to nearby transmission lines when possible and that they remain perpendicular

when performing maintenance. The BPA highlights that personnel should “not touch the sprinkler pipe or
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its supporting structures when the system is operating under or parallel to and near a transmission line.”

(BPA, 2002)

As with many of the objects that can develop an induced voltage or current, the design of the
transmission line to meet NESC requirements is only part of the mitigation for public safety. The public

working in or near right-of-ways must also be educated on safe practices.
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5.0 EXISTING REGULATIONS FOR HIGH-VOLTAGE TRANSMISSION LINE
SITING WITH REGARD TO INDUCED VOLTAGE AND CURRENTS

Regulations applying to electric and magnetic fields associated with transmission lines are one of two
types, safety standards or codes and field limits or guidelines. Safety standards and codes are designed
to protect the public from injury or fatality. Field limits and guidelines generally protect from less

hazardous nuisance shocks.

In Oregon, the PUC requires compliance with the 2012 edition of the NESC (OAR, 2012A), while the
siting requirements of the Council currently require that the design, construction, and operation of
transmission lines comply with the 1997 edition of the NESC (OAR 345-027-0023(4)(a)). In addition to
other safety requirements, both versions have specific requirements for transmission line conductor
heights and limit the maximum allowable induced current resulting from the transmission line electric and
magnetic fields to 5 mA. This protects the public from exposure to currents that could exceed the “let-go”

threshold, above which injury or death could result.

The Oregon siting standards for jurisdictional transmission lines also dictate that applicants design,
construct and operate transmission lines so that 1) alternating current electric fields do not exceed 9 kV/m
at one meter above ground surface in areas accessible to the public and, 2) induced currents resulting
from the transmission line and related and supporting facilities are as low as reasonably achievable (OAR
345-024-0090). These standards are designed to protect the public from both injury and nuisance
shocks. To ensure that there is ongoing protection for the public, the Council’s siting rules (OAR 345-027-
0023(4)(b)) require that the certificate holder develop and implement a program that provides reasonable
assurance that all fences, gates, cattle guards, trailers, or other objects or structures of a permanent
nature that could become inadvertently charged with electricity are grounded or bonded throughout the

life of the line.

There are currently no nationally enforced standards for electric and magnetic fields, although six states
have transmission line siting standards (shown in Table 2) that limit the electric field strength in and/or on
the right-of-way. Two states, Florida and New York, also limit the allowable magnetic field. Limits on the
magnetic field are precautionary due to the uncertainty about health effects from electromagnetic field
(EMF) radiation. However, a discussion of health effects from EMF radiation is beyond the scope of this
document. Golder has previously addressed this subject in a report to the EFSC dated November 23,
2009.

As shown in Table 2, the BPA has adopted maximum allowable electric and magnetic fields that are
applied to its transmission lines. The maximum allowable electric field corresponds with the Oregon siting
standard, 9 kV/m. Neither the BPA nor the State of Oregon have adopted standards with regard to

magnetic fields.
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Table 2: State Transmission Line Standards and Guidelines

Electric Field Magnetic Field
On Edge On
State/BPA
ROW* | ROW. | rRow. | Ed9eROW.
8 kV/m? 2 kKV/m _ 150 mG™ (max.
Florida load)
b
10 kV/m® - - 200 mG” (max.
load)
- - _ 250 mG® (max.
load)
Minnesota 8 kV/m - - —
Montana 7 kV/m® 1 kV/m® - -
New Jersey -- 3 kV/m -- --
200 mG (max.
New York 11.8 kV/m 1.6 kV/m - load)
SW YOI 1 11 0 kvim' . - ~
7.0 kV/m® - - -
Oregon 9 kV/m°® -- - -
9 kV/m 5 kV/m - —
h
BPA 5kV/m . - - —
3.5 kV/m' - - —
2.5 kV/m/ - - -
Notesi

R.O.W. = right-of-way (or in the Florida standard, certain
additional areas adjoining the right-of way). kV/m =
kilovolt per meter. One kilovolt = 1,000 volts.

% For lines of 69-230 kV.
® For 500 kV lines.
°  For 500 kV lines on certain existing R.O.W.
Maximum for highway crossings.
May be waived by the landowner.
f Maximum for private road crossings.
9 Areas accessible to the public
Maximum at highway crossings
' Maximum for shopping center parking lots
I Maximum for commercial/industrial parking lots
(NIEHS, 2002 and USDOE, 1996)

Some national and international organizations have recommended guidelines for occupational and public
exposures to electric and magnetic fields as shown in Table 3. These organizations include the American
Conference of Government Industrial Hygienists (ACGIH), the International Committee on Non-ionizing

Radiation Protection (ICINRP) with the World Health Organization, and the International Committee on
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Electromagnetic Safety (ICES) under the auspices of the Institute of Electrical and Electronics Engineers
(IEEE). However, these standards are designed to protect workers and the public from the potential
effects of electric and magnetic fields on the human body as opposed to protection from shock hazards
due to induced electric and magnetic field voltages and currents. The ACGIH recognizes that electric
fields greater than 5-7 kV/m can result in spark discharges (nuisance shocks) from induced voltages that
result in startle reactions. Therefore the ACGIH recommends grounding practices for electric fields at

these levels or higher.

Table 3: International Exposure Limit Guidelines

Adgenc Recipient Electric Field Magnetic Field
i P (kvim) (mG)
. | Workers® 25 10,000
ACGIH .
Public - -
Workers 20 27,100
ICES/IEEE” , -
Public 5 9’040
. | Workers 8.3 10,000
ICNIRP
Public 4.2 2,000
Notes:

2 (ACGIH, 2003)
® (IEEE, 2002)

¢ (ICNIRP, 2010)
Maximum 10 kV/m below high-voltage transmission
lines

Based on maximum of 8 hours of exposure per day
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6.0 CONCLUSIONS

Requirements by the Oregon PUC and the Council codified in the Oregon Administrative Rules require
that transmission lines be constructed to the standards of the NESC (OAR 345-027-0023(4)(a)).
Adherence to these design requirements ensure that transmission lines do not pose an unacceptable risk
of shock or death to humans during normal operation. Additionally, the Council standards in OAR 345-
024-0090 require that applicants design, construct and operate transmission lines so that 1) alternating
current electric fields do not exceed 9 kV/m at one meter above ground surface in areas accessible to the
public and 2) induced currents resulting from the transmission line and related and supporting facilities will
be as low as reasonably achievable. Compliance with these standards protects the public from nuisance
shocks from most routine activities. Department of Energy Project Officers can rely on the applicant’s
modeling to verify that the electric field will be less than 9 kV/m at the appropriate location provided the
modeling is conducted for the lowest point of the transmission line relative to the ground (i.e. where there
is maximum sag and/or higher terrain). To ensure that induced currents are as low as reasonably
achievable, the reviewing Project Officer must rely on the certificate holder designing and constructing the
transmission line in accordance with NESC standards as required by OAR 345-027-0023(4)(a), which
establish minimum clearances above ground for transmission line conductors. Compliance of the
certificate holder with OAR 345-027-0023(4)(b), which requires certificate holders to “develop and
implement a program that provides reasonable assurance that all fences, gates, cattle guards, trailers, or
other objects or structures of a permanent nature that could become inadvertently charged with electricity
are grounded or bonded throughout the life of the line” is also critical for public safety. The use of
appropriately located grounding devices will minimize the induced current to which a person may be
exposed by creating smaller sections of grounded conducting objects. Although induced voltages and
currents may only provide a nuisance or “startle” shock, that shock could be hazardous if it causes
someone to react unexpectedly (e.g. a person shocked at the top of a ladder when contacting a metal

roof).

A review of applicable design, construction, and operating requirements for transmission lines in Oregon,
particularly those under Council jurisdiction, indicates that transmission lines designed and built in
compliance with the Council’s rules do not generally pose a risk to public safety. As mentioned above,
objects that could develop an induced voltage or current are required by Council standards to be
grounded or bonded throughout the life of the project. However, the Council standards currently do not
mandate an ongoing monitoring program that would identify new conductive objects in or near rights-of-
way (e.g. new fences and irrigation systems) that are installed after a transmission line has been

constructed.

We know that public activities can still jeopardize safety where transmission lines are concerned. Most of

the public understands the dangers of direct or indirect contact with a transmission line, such as not to
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touch a downed wire or fly a kite near a transmission line. Fewer people are aware of the electromagnetic
effects of transmission lines and the potential for induced voltages and currents. While the Council
standards limit electric field strengths to 9 kV/m one meter above ground in areas accessible to the public,
the vast majority of people are not aware that, for example, a shock could result from touching something
as common as a metal fence or irrigation pipe if they are collocated under a transmission line and of

sufficient length.

As new transmission line rights-of-way are developed in Oregon, existing rights-of-way will become more
crowded with infrastructure. Pipeline and telecommunication workers are well aware of the safety
precautions they must take due to the potential for induced voltages and currents. It is less likely that
farmers and ranchers with new rights-of-way through their land, or new landowners of existing rights-of-
way, are aware of the hazard posed by induced current from high voltage lines. Hired farm workers may

also be unaware of the potential for shocks from induced currents and voltages.

Some agencies and utilities have developed excellent educational materials to inform the public of the
hazards of living and working near transmission lines, particularly with respect to induced voltage and
current impacts. The BPA, the U.S. Rural Electrification Administration, Progress Energy, the American
Transmission Company, and Great River Energy, to name a few, have all developed valuable public
information documents designed to keep farmers, ranchers, and laborers educated on, and safe from, the

effects of induced voltages and currents (see Appendix A for example educational materials).
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7.0 RECOMMENDATIONS

Currently the Council’s siting standards do not require developers of transmission lines to implement any
kind of educational program for property owners of land adjacent to a transmission line right-of-way.
Public education programs can contribute to public safety by informing landowners of the risks of common
activities when performed near transmission lines, but in some cases members of the public other than
landowners may need to be aware of the potential safety risks associated with transmission lines. In
particular, agricultural lands are sometimes leased and worked by someone other than the property
owner, and activities such as moving irrigation pipe are often performed by employees. In these cases,

additional protective measures may be appropriate.

As previously stated, OAR Chapter 345 Division 27 already requires that certificate holders of a
transmission line develop a program that provides reasonable assurance that objects and structures of a
permanent nature that could become inadvertently charged with electricity are grounded or bonded
throughout the life of the transmission line. After review of the issues associated with induced currents
and voltages near transmission lines, Golder recommends the EFSC consider additional site certificate
conditions that are not specifically addressed by other OAR requirements. Specifically, Golder

recommends that the Council consider the following site certificate conditions:

1. The certificate holder shall develop and provide educational materials, in all languages
appropriate to the area, to inform landowners adjacent to transmission line rights-of-way of
safe practices in or near the right-of-way prior to construction. Printed copies of such
educational materials shall be provided to all landowners adjacent to the transmission line
right-of-way prior to energizing the line. These educational materials shall encourage
landowners to share the information in the educational materials with any farm workers that

may work near transmission lines.

2. The certificate holder shall provide the educational materials required by Condition 1, above,
to landowners adjacent to the right-of-way on an annual basis to ensure that new
landowners, lessees, and employees are also aware of the need for safe practices in or near

the right-of-way.

3. The certificate holder shall perform periodic checks for any new objects or structures that may
have been installed by landowners and that could become inadvertently charged with
electricity from the certificate holder’s transmission line, as part of ongoing maintenance of
the transmission line and grounding mechanisms. This could include new fences, fixed

irrigation systems, metal roofed buildings, or other new structures.
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Golder does not recommend that any of these conditions become mandatory, due to the wide range of
varying conditions under which transmission lines may be constructed. Some transmission lines may be
in existing rights-of-way or in extremely remote areas where the likelihood of public access is extremely
low. The predominance of educational materials found by Golder suggests that the education of rural
landowners with active agricultural activities may be the most important, since this part of the public may
be more likely to come in contact with induced currents and voltages (e.g. fences, outbuildings with metal
roofs, large pieces of parked equipment, irrigation systems, etc.). Applicants for a site certificate should
also be able to propose alternate solutions for public education. For instance, applicants may wish to
propose the use of signs in the right-of-way that would inform landowners of contact information for

educational materials.

Currently the Oregon PUC requires transmission lines to be designed to the 2012 version of the NESC
while the EFSC requires transmission lines be designed according to the 1997 version. It is
recommended that the Council update OAR Chapter 345 Division 27 to require that site certificate holders
design all electrical transmission facilities in compliance with the version of the NESC that is recognized
by the Oregon PUC. This measure would help ensure public safety and would eliminate transmission

lines under EFSC jurisdiction from being built to two different standards.

In summary, Council and PUC standards for the design and installation of transmission lines are generally
protective of public health and safety; however, there are some risks to public safety that could be
mitigated further through the implementation of some relatively simple measures, which are summarized
above. Some of these measures, such as the development of an educational program for landowners on
safe practices near transmission lines, are already voluntarily in use by some utilities/agencies such as
the BPA. The BPA and utilities with these programs also make educational materials available for review

on their web sites.
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EXECUTIVE SUMMARY

The Oregon Department of Energy (ODOE) requested that Golder prepare a summary report identifying
hazards presented by induced current and voltage associated with high-voltage transmission lines, as
well as recommendations for the review of applications for site certificates, the information necessary to
demonstrate compliance with the applicable standard, and proposed mitigation measures that could be
imposed as site certificate conditions. This paper identifies potential hazards that can be avoided with
appropriate mitigation and education for landowners for the Council’'s consideration. Alternating current
overhead transmission lines produce both electric and magnetic fields which have the potential to create
induced voltages and currents in nearby conductive objects. Under certain conditions dictated by the
voltage and current on the transmission line, the layout of the conducting wires, and the size, proximity,
and grounding of the nearby conductive objects, it is possible for induced voltages and currents to reach
hazardous levels for persons contacting the conductive objects. Rules adopted by the Oregon Public
Utilities Commission (PUC) and the Oregon Energy Facility Siting Council (Council) for the design,
construction, and operation of transmission lines minimize the potential for the public to be exposed to
hazardous shocks that could result in injury or death. However, research has shown that even with these
design considerations in place, induced voltages and currents can occur at levels that would create a
nuisance shock or spark. Additionally, in rural locations where farming and ranching may occur in a
transmission line right-of-way, it is possible for normal practices such as upending irrigation pipe, using
tall vehicles, fueling vehicles, and operating long parallel conductive fences could lead to more serious
consequences. Several agencies and transmission line owners have developed excellent educational
materials for landowners regarding safe practices under or near overhead transmission lines. Currently
the Council standards regarding transmission lines do not require any ongoing educational programs
designed to inform landowners adjacent to transmission lines of safe practices to avoid impacts from

induced voltages and currents.
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List of Key Terms
Capacitance: The property of an object that permits the storage of energy.

Capacitive coupling: Also known as “electrostatic coupling.” This describes the interaction between a
transmission line and another conductor in the electric field of the transmission line. Conductive objects
that are insulated from ground (such as a vehicle with rubber tires) and are capacitively coupled with the
transmission line will build up a charge, or voltage.

Conductance: The readiness with which a conductor transmits an electrical current.

Conductor: A material or object that permits an electric current to flow easily. The term conductor also
refers to a single wire strung as part of a circuit on a transmission line.

Current: A flow of electric charge.

Electrical potential difference: The difference in voltage between two points (e.g. between a charged
transmission line and a metal fence).

Electrical resistance: The opposition to the passage of an electric current through an object or element;
the inverse quantity is electrical conductance, the ease with which an electric current passes.

Electromagnetic field: A field that is made up of associated electric and magnetic components, that
results from the motion of an electric charge, and that possesses a definite amount of electromagnetic
energy.

Inductive Coupling: Also known as “electromagnetic coupling.” This describes the interaction between a
transmission line with a current flowing and a conductive loop in the magnetic field of the transmission
line. A conductive loop, such as a wire fence, that is inductively coupled with the transmission line will
develop an induced current, a flow of electricity.

Resistive coupling: Also known as “conductive coupling.” This is the coupling between a transmission
line and another conductor through a resistor. An example would be when lightning strikes a
transmission line: the voltage on the transmission line may rise to a level that exceeds the resistance of
the insulator that holds the line to the tower. In this case a flashover will occur between the transmission
line conductor and the tower, bypassing the resistor.

Single Phase Electric Power: Single Phase power utilizes a two-wire power circuit with one power
conductor and one neutral conductor. In the US, 120V is the standard single phase voltage with one 120V
power conductor and one neutral conductor. Household appliances and home wiring use 120 V single
phase electric power. In the electrical system in the United States the voltage and current on the
energized conductors is cyclic (positive charge to negative and back to positive) with a frequency of 60 Hz
(cycles per second).

Three Phase Electric Power: Three Phase power utilizes a power circuit with three power conductors
and one neutral conductor. The voltage and current on each of the conductors is cyclic (just as in single
phase systems) except that voltage and current in each of the three power conductors is at a different
part of the cycle, each offset by 1/3 of the cycle. A cycle is also described as being complete in 360
degrees, so each power conductor is 120 degrees out of phase with the other power conductors. For
example, if one conductor is at the beginning of the cycle (at zero degrees), another is a third of the way
through the cycle (at 120 degrees), and the third conductor would be two-thirds of the way through the
cycle (at 240 degrees).

Voltage: Electrical potential expressed in volts.
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1.0 INTRODUCTION

From lighting to air conditioning, the use of electrical energy is ubiquitous in our everyday lives. The
delivery of that energy from the point of generation to the point of use requires the transmission of
electricity over high-voltage power lines that can be seen along major roadways and across rural
landscapes alike. The configuration and installation of high voltage power lines is designed to provide a
safe and reliable supply of energy. However, as the landscape has filled in with development, new rights-
of-way are harder to develop. This means that power lines are often co-located with pipelines,
telecommunication lines, fences, and other conductive infrastructure elements. Additionally, new rural
transmission lines often cross land that is already being farmed and will continue to be farmed in areas

designated to become right-of-way.

The Council has jurisdiction over the siting of transmission lines in Oregon that are over 10 miles in length
and have a capacity of 230 kilovolts (kV) or more, to be constructed in more than one city or county (with
certain exceptions) in Oregon. ORS 469.300(11)(a)(C). Facilities meeting these criteria require a site
certificate from the Council prior to construction. The Council has adopted standards for the siting of these
facilities, intended to ensure the protection of public health and safety. These standards include a
limitation on the level of the resulting electric field that may be generated by high-voltage transmission
lines. The ODOE has requested that Golder prepare a summary report identifying hazards presented by
induced current and voltage associated with high-voltage transmission lines, as well as recommended

mitigation measures, for the Council’s consideration.

Power in the U.S. is predominantly conducted on transmission lines with an alternating current frequency
of 60 hertz (Hz). The flow of power is a product of the current, typically measured in Amperes (A), and
the charge, which is known as the voltage. The fact that the electricity is conducted with a frequency of
60 Hz means that at 60 times per second, the voltage on a transmission line conductor cycles from
positive charge to negative and back to positive. Electric fields are present whenever a charge (voltage) is
present. Magnetic fields are produced wherever there is an electrical current. Electric and magnetic fields
commonly result from the use of everything from microwave ovens to high-voltage transmission lines.
Electric fields, typically measured in kilovolts per meter (kV/m), result from the voltage on the transmission
line, and increase in strength as voltage increases. Magnetic fields, typically measured in milligauss (mG),
result from the current in the transmission line’s conductors, and increase in strength as the current

increases.

While use of electricity is very common, knowledge of the hazards of electromagnetic effects is not. To
protect the public, safe standards of design and operation have been adopted in the National Electric
Safety Code (NESC). Transmission lines authorized under Oregon Energy Facility Siting Council
(Council) jurisdiction are required, under Oregon Administrative Rule (OAR) 345-027-023(4), to be
designed and installed in accordance with the NESC (1997 edition). Similarly the Oregon Public Utilities
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Commission requires that transmission lines be designed and installed according to the NESC (2012
edition). However, safe design does not always guarantee public health and safety. It is also important
that the public be aware of safe practices associated with living and working near transmission lines.

Most of us are aware that contact with a significantly charged object or a wire carrying an electrical
current can potentially result in a very dangerous shock. This effect of circuiting the electricity directly
through a person to ground either through direct contact, through an object, or by arcing, is known as
conductance, or resistive coupling, between the source of electricity and the individual. Safety from shock
and possible electrocution from high-voltage transmission lines by conductance requires that transmission
lines be designed as safely as possible and that people working or living in or near transmission right-of-
ways understand how to safely operate around them.

Fewer individuals are aware that hazards associated with high-voltage transmission lines can also result
from invisible electric and magnetic fields. The electromagnetic effects that cause these hazards are
known as capacitive coupling and inductive coupling. Capacitive coupling is caused by the invisible
electrostatic (electric) field created by the voltage in the transmission line. Capacitive coupling can lead to
a build-up of charge on nearby conductive objects that are insulated from ground (e.g. a parked vehicle or
metal roof on a shed). Inductive coupling is a result of the changing electromagnetic (magnetic) field
created by the oscillating current in a transmission line. This inductive coupling can cause an electrical
current to move through nearby conductive circuits (e.g. a parallel fence wire that is grounded at two

points).

The following report discusses the electrical hazards of capacitive and inductive coupling for those living
and working near 60 Hz alternating current (AC) transmission lines, and summarizes the current
regulatory requirements of the Oregon Administrative Rules (OAR) and Oregon Revised Statutes (ORS)
concerning transmission line safety. This report also includes recommendations for the review of
applications for site certificates, recommendations regarding the information necessary to demonstrate
compliance with regulatory requirements, and any additional recommended measures or siting conditions
that could be implemented by the Council to further ensure the safety of the public where there is
development of new transmission lines. It should be noted that this report does not address direct current

(DC) transmission line effects, although a number of these lines exist in the U.S.
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2.0 ELECTRIC AND MAGNETIC FIELD EFFECTS OF OVERHEAD HIGH-
VOLTAGE TRANSMISSION LINES

Anywhere that an electrical charge or a current is present in a transmission line there can be exposure to
electrical shocks through resistive, capacitive, or inductive coupling. With proper transmission line design
and safe operating practices in the vicinity of transmission lines, the potential for shock can be limited to
non-hazardous levels, if any shock is experienced at all. To understand the safe operating practices, it is

important to understand these three effects, how they are caused, and how they can be mitigated.

2.1 Resistive Coupling (Conductive)

Dangerous levels of current can be conducted through a person to ground in the vicinity of a high-voltage
transmission line through contact with current-carrying wires or through arcing to a conductive object.
Contact refers to touching an energized line directly or touching an energized line with a conductive
object, such as a tall piece of equipment like a crane. It is also possible for an arc to be created from the
energized line to a nearby object in close proximity that provides a path to ground. Arcing can occur
when errant irrigation streams shoot water close to a transmission line conductor, or an object such as an
irrigation pipe is raised such that it is too close to the transmission line. Even excessive smoke from field
burning can potentially provide a pathway to ground. More commonly, lightning strikes on transmission
lines can create an ionized air path from the electrical line to the tower, circumventing the insulators which

normally prevent such an occurrence.

Design of high-voltage transmission lines is intended to protect the public from the risk of shock by
conductance. This is ensured by running the transmission lines at regulated heights above ground so
that direct contact is unlikely and by using appropriate insulators that prevent electricity from passing
through the tower to ground. As long as members of the public do not contact a power line either directly
or indirectly, electrocution by conductance is highly unlikely due to the safe design of transmission

systems. However, a knowledgeable public with regard to potential hazards is critical.

2.2  Capacitive Coupling (Electric Field)

AC transmission lines carrying power create both electric and magnetic fields. The voltage on a
transmission line creates an electric field. An example of the field around a single conductor is shown in
Figure 1. It has both a direction (toward or away from the energized line) and a magnitude, which is
typically defined in terms of kV/m. The electric field is strongest close to the transmission line and
decreases with distance. Therefore, the ground level strength of the electric field induced by a
transmission line is greatest between supports, where the transmission line sags closest to the earth.

Conductive objects in the electric field can become charged if they are insulated from ground.
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Figure 1. Electric field from an above-ground conductor.

The field can also be blocked (shielded) by common materials such as concrete and earth. For instance,
the electric field does not penetrate the ground and therefore has little effect on conductive underground
pipes. Because electric field strength diminishes with distance, conductive objects closer to a
transmission line can develop a stronger charge than objects further away. As a result, there is a stored
energy (capacitance) between isolated conductive objects that are at different field strengths because

they have different electrical potentials (their induced voltage is unequal). See Figure 2.

7

Golder
L7 Associates

Induced Voltage and Current Report



Project Nos. 073-99810-

February 2013 5 029 and 031

Figure 2. Capacitive coupling.

As an example, there is a difference in voltage (electrical potential difference) between a fence beneath
an energized transmission line and the ground under it. This is because the ground is further from the
transmission line, where the electric field is weaker, so the induced voltage is lower. If a person touches
such a fence, they could experience a low energy shock as the charge from the fence is conducted
through them to the ground. This low energy shock could be annoying, but is unlikely to be hazardous
because it is quickly dissipated as the electrical potential of the fence and ground equilibrate. This type of
shock is similar to the shock one feels when walking across a carpeted room in stocking feet and then

touching a metal door knob.

In rural areas a tractor that is left parked under a transmission line could also develop a charge (an
induced voltage) if the rubber tires on the tractor were effectively insulating the tractor from ground. The
charge would build up on the metal parts of the tractor and a person that touched the tractor body could
experience a nuisance shock, provided there was little electrical resistance between their feet and the

earth. This is because the induced voltage on the tractor creates a current through the person’s body as
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the charge dissipates to ground. While annoying and potentially painful, these types of low energy

shocks are short lived and rarely dangerous.

Induced voltages can build up in any conductive object near a transmission line, if it is electrically
insulated from ground. This can include farm buildings with metal roofs, metal equipment (combines,
tractors, cranes, etc.), vehicles, irrigation pipe, dielectrically coated ductile iron gas piping, electrical
fences, barbed wire fences with wood posts, telecommunication lines, and a host of other conductive
objects. If the conductive object is already grounded (e.g. a grounding wire on a fence) then a small
electrical current is created and the induced voltage is safely and continuously conducted to ground. A
well-grounded fence, for example, (grounded at reasonable intervals) would not result in a startling shock
because induced voltage is continuously drained from the fence and does not build up. The magnitude of

an induced voltage on a conductive object depends on the following (USDOA, 1976):
e Transmission line voltage (higher voltage leads to higher electric fields)
e Position of the transmission line conductors relative to one another
e Position of the conductive object relative to the transmission line conductors
e Size of the conductive object

¢ Quality of the insulation between the conductive object and ground (any electric current leakage

to ground drains off some or all of the charge on the conductive object)

These factors can be used to implement mitigation and diminish the likelihood of human exposure to

harmful shock from induced voltages, as discussed in Section 4.0 below.

2.3 Inductive Coupling (Magnetic Field)

In the electrical system in the United States the voltage and current on the energized conductors is cyclic
(positive charge to negative and back to positive) with a frequency of 60 Hz. Just as the electric field from
a transmission line can induce a charge or small current on a nearby conductive object, the magnetic field
produced by the current in a transmission line can induce current and create a potential difference in
another nearby conductive circuit. The magnetic field is measured in milligauss (mG). The 60-Hz electric
current in the transmission line conductors creates a time-varying magnetic field that is at right angles to
the conductor as shown in Figure 3. In 60-Hz AC electrical systems the current in the conductors
changes direction 120 times per second, resulting in a magnetic field that is continually expanding and
collapsing to and from the conductor. If the time-varying magnetic field passes through an area enclosed
by another conductor, it will induce a current and voltage in that loop. This phenomenon is known as

Faraday’s Law.
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Like electric fields, magnetic fields have both magnitude and direction. They also decrease in strength
with increasing distance from the active transmission line. However, unlike electric fields, which are
shielded by most materials, magnetic fields are not. As a result, it is possible to have induced currents in

a co-located underground metallic pipe just as in a co-located fence.

Figure 3. Inductive coupling.

Induced current indicates the flow of electrons in the object that is subject to the magnetic field. This
means that a circuit must be present to circulate the electrons. If a long irrigation pipe was above ground
and not was not electrically grounded anywhere, then an induced current could not occur. However, if the
same irrigation pipe was grounded at both ends a conductive loop would be established with the earth
and an induced current would flow in the pipe from the magnetic field passing through the area of the
loop. A hazardous situation can occur when a long, conductive object is parallel to the transmission line
and grounded in only one location. In this situation a circuit can be made complete by someone touching
the object at another point. Even if a long linear parallel conductive object is grounded at two distant
points, a hazardous situation can occur if a person touches the object at some point in between, creating
a different grounding point to complete the circuit. Unlike a nuisance shock from a charged object in an
electric field, the shock associated with a continual induced current is not temporary. Figure 4
demonstrates how an induced current could be created in a fence section that is grounded at the

endpoints. The wire fence, posts, and earth for a conductive loop in this situation.
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Figure 4. Induced current in a fence.

The magnitude of the induced voltage and current on an object, such as a pipeline, in a magnetic field is a

function of the following (Bonds, 1997):

e Physical geometry of separation of the conductors (transmission line) and the conductive object

in the magnetic field

e Resistance of the conductive object to ground

¢ Longitudinal resistance of the object

e Length of the electrically continuous object that parallels the transmission line

e Magnitude of the electric system current flow

e Frequency of the electric system (60 Hz)

7
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e Nature of the electrical system, i.e. single phase or three phase

¢ Resistivity of the soll

e Discontinuities, i.e. where the conductive object veers away from the transmission line

As with induced voltages from electric fields, these factors can be used to develop mitigation for
conductive objects that will be exposed to magnetic fields. Typically mitigation that works for electric field
induced voltages, such as the use of grounding wires, is effective at reducing induced currents from
magnetic fields as well. See Section 4.0 for a discussion of mitigation for different types of common
conductive objects used in transmission line rights-of-way.

7
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3.0 HAZARDS ASSOCIATED WITH INDUCED CURRENTS AND VOLTAGES
Transmission lines in Oregon are designed and constructed to meet the NESC, which dictates the height
of the conductors above ground. The Council’s Oregon transmission line siting standards provide
additional limitations on the strength of the electric field at one meter above ground and require the
magnetic field strength to be “as low as reasonably achievable.” To minimize the net magnetic field, high
voltage three phase (see definitions section) transmission lines are designed such that the three
overhead phases are balanced 120 degrees out of phase with one another, 360 degrees being one
complete cycle. In other words, each conductor is delivering power at 60 Hz (60 cycles per second), but
each is in a different part of the cycle from positive to negative and back to positive voltage, offset by one-

third of the cycle from the other two.

Figure 5. Three Phase Power- Voltage vs. Time.

The three phase nature and framing arrangement of the conductors is a significant factor in the mitigation
of magnetic fields. The result is that a conductive object, such as a pipeline, that is equidistant from three
perfectly phase-balanced conductors would experience no net magnetic field and would therefore not
have an induced current. Unfortunately, the reality is that conductive objects such as co-located pipelines
or telecommunication lines are not equidistant from all three phases. Therefore, these types of objects

experience a net magnetic field that is reduced by design and standards, but not eliminated, so an
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induced current can exist. Also, where there is an electric field present, there is a real possibility of

induced voltages on ungrounded conductive objects (e.g. fences, irrigation pipe, etc.).

3.1 Human Safety Hazards

If all conductive objects near a transmission line were relatively small or only a few feet in length, there
would be the potential for some nuisance shock to a person, but not a potential safety hazard. However,
very long insulated parallel pipelines, electric fences, telecommunication lines and other conductive
objects can be of such a length or size that an induced current and voltage from a transmission line could

become unsafe to anyone who touches them.

In 1961, Charles Dalziel, a professor of electrical engineering at the University of California, Berkeley,
delivered a ground-breaking presentation on the Deleterious Effects of Electric Shock, to a meeting of
experts in Geneva, Switzerland (Dalziel, 1961). Professor Dalziel had conducted experiments on men and
women to see what effect electrical currents would have if increased in magnitude. What he learned is
that humans are very sensitive to electrical shock due to our “highly developed nervous systems” and that
humans grasping an energized wire have a threshold electrical current above which they can no longer let
go due to involuntary muscle contraction. This “let-go” threshold depends upon the frequency of the
electricity. In the U.S. the electrical system uses a frequency of 60 Hz. At this frequency the maximum
let-go threshold for men was determined to be 16 mA and for women it is 10.5 mA. The significance of
the let-go threshold, according to Dalziel, is that “prolonged exposure to currents only slightly in excess of
a person’s let-go limit may produce exhaustion, asphyxia, collapse, and unconsciousness followed by
death.”

Subsequent work by Professor Dalziel and W. R. Lee (Dalziel and Lee, 1968) confirmed that 99.5 percent
of men and women are able to let go of an energized conductor (at 60 Hz) if the current is below 9 mA
and 6 mA, respectively. Professor Dalziel hypothesized that children would have a let-go threshold
approximately half that of an adult male. This research and subsequent research led to the NESC
requirement that steady-state (continuous) current between the earth and an insulated object in the

magnetic field of a transmission line must be below 5 mA.

Table 1 Quantitative Effects of Electric Current on Humans (Dalziel, 1961)

Alternating Current (mA) at 60 Hz
Effect Men Women
Slight sensation on hand 0.4 0.3
Perception threshold, median 1.1 0.7
Shock- not painful and muscular control not lost 1.8 1.2
Painful shock, muscular control lost by 1/2% of population 9 6
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Painful shock- let-go threshold , median of population 16 10.5
Painful and severe shock- breathing difficult, muscular control lost
by 99 1/2% of population 23 15
Possible ventricular fibrillation (short shocks, t=seconds) 165t 165/t

At the 2009 Midwest Rural Energy Council conference, Paul Ortmann, P.E., from Idaho Power Company,
provided a presentation concerning “Induced Voltage on Electric Fences.” For his presentation, Mr.
Ortmann evaluated the situation of an insulated fence that runs parallel to a 138-kV transmission line. In
this scenario the fence was three feet above ground and 12 feet beyond the outside conductor of the
transmission line. Mr. Ortmann points out that a person standing on the earth that touches the insulated
fence may experience a painful shock as charge flows through the individual to ground. The current is
likely to be well below the 5 mA limit established by the NESC, and in fact the NESC limit would not be
exceeded unless the insulated fence ran parallel to the transmission line for 1.36 miles or further,

according to Mr. Ortmann.

While it is unlikely that any fence will parallel a transmission line for such a long distance, it highlights an
important concept. Any insulated conductive object may deliver a shock that is relative to the size of the
conductive object (e.g. the length it runs along a transmission line). In addition to fences, irrigation pipe,
coated (insulated) ductile iron natural gas pipe, and telecommunication lines can similarly develop an
induced voltage from the electric field of a transmission line and/or an induced current from the magnetic
field. It would not be uncommon for a pipeline or a telecommunication line to parallel a transmission line

for sufficient distance to pose a serious hazard (Kirkpatrick, 1997).

Numerous papers have been written about the shock hazards posed to people coming in contact with
underground pipes, electric fences, irrigation pipes, and telecommunication cables. Even nuisance
shocks can be hazardous if they are unexpected (e.g. someone on a ladder touches an ungrounded
metal roof and falls). To prevent even nuisance shocks there are numerous guidelines and
recommendations for corrosion engineers, telecommunication line workers, and pipe layers. There is less
published for farm workers, but a number of utilities and power companies have developed very good

guidance.

In 1976 the Rural Electrification Administration in the United States Department of Agriculture published
Bulletin 62-4 titled “Electrostatic and Electromagnetic Effects of Overhead Transmission Lines,” which
provided an extensive amount of information on grounding intervals for electrified and non-electrified
fences and irrigation pipe. It also discussed transmission line conductor heights above which various
farm vehicles would not experience an induced current above the 5 mA “let-go” design criteria. In 2002,
the Bonneville Power Administration (BPA) published “Guidelines for the Installation and Operation of

Irrigation Systems Near High Voltage Transmission Lines.” This guidance document provides farmers
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with information on the safe use of a variety of irrigation system types. This includes advice on laying out
irrigation systems to minimize induced current, recommended distances between equipment and
transmission lines, safe maintenance practices, grounding, and recommended distances between

irrigation nozzles and high voltage transmission lines.

3.2 Physical Hazards

There is one potential physical hazard of induced voltage that should be noted with regard to transmission
line induced voltage: ignition of hydrocarbon vapors from a spark. In theory a large vehicle, electrically
insulated from ground, would need to be parked in an electric field of 5 kV/m or greater (Note: Up to 9
kV/m is allowed one meter above ground in Oregon). Additionally, a person holding a fuel container with
a metal spout would need to be well grounded so that the induced charge on the vehicle would arc
(spark) to the fuel can nozzle. The fuel vapors and air would also need to be optimally mixed (CPUC,
2005).

While researchers have determined that it is extremely unlikely to occur (Deno, 1985), utilities and power
companies such as the BPA and Great River Energy have published guidance documents warning that
vehicle fueling should not occur near transmission lines due to the possibility of a spark between the fuel
nozzle and the vehicle body, which theoretically could cause ignition of the fuel vapors. In fact, BPA does

not allow any refueling within their transmission line rights-of-way (BPA, 2007A).

Despite all the design requirements of the NESC and the electric field limitation of the OARs, risks such
as fuel ignition and nuisance shocks cannot be avoided without education of the public who will work
within rights-of-way. This is a particular concern for new high voltage transmission lines where
landowners may not have had prior experience farming and working within a transmission line right-of-

way.

.1 Golder
Induced Voltage and Current Report ASSOClatCS



Project Nos. 073-99810-

February 2013 14 029 and 031

40 COMMON OBJECTS THAT CAN DEVELOP AN INDUCED CURRENT OR
VOLTAGE FROM TRANSMISSION LINES AND MITIGATION

OAR 345-027-0023(4) requires site certificate holders with facilities that include a transmission line to
“develop and implement a program that provides reasonable assurance that all fences, gates, cattle
guards, trailers, or other objects or structures of a permanent nature that could become inadvertently
charged with electricity are grounded or bonded throughout the life of the line.” Common objects that
could inadvertently develop an induced current or voltage when located in proximity to transmission lines
are discussed below.

4.1 Fences

Wire fences insulated from ground on wooden posts can develop an induced voltage when installed near
transmission lines. Fences that are near a transmission line, but are grounded at more than one point,
can develop an induced current. As a result, utilities and power companies discourage landowners from
locating metal fences in rights-of-way. A common mitigation measure for eliminating the potential for
shock is to install grounding wires. The BPA recommends that a fence may need to be grounded if 1) it is
located in a right-of-way, 2) it parallels a transmission line within 125 feet of the outside wire and is longer
than 150 feet, or 3) it parallels a line 125 to 250 feet outside the outer conductor and is longer than 6,000
feet (BPA, 2007A).

Paul Ortmann, Senior Electrical Engineer for Idaho Power Company, pointed out in his 2009 presentation
on “Induced Voltage on Electric Fences,” presented at the Midwest Rural Energy Council Conference
(Ortmann, 2009) that a single point of grounding on a non-energized fence may reduce voltage due to
capacitive coupling, but if someone were to touch the fence at some distance they could experience an
induced current from the inductive coupling of the magnetic field. As a result, multiple points of grounding
along a parallel metal fence are recommended. The BPA suggests that fences needing grounding should
be grounded at each end and every 200 feet along their length. Fences crossing a right-of-way should be
grounded at the edge of the right-of-way.

Fences that are energized (electric fences) to keep livestock contained may be insulated from ground.
The additional induced voltage from a parallel transmission line could increase the potential for a shock.
It should be noted that the NESC requires that the short-circuit current that would flow to ground from an
insulated object cannot exceed 5 mA root mean square steady-state. New transmission lines designed
and installed in Oregon must meet this criterion. As a result, the hazard posed from induced voltage on
an electric fence is unlikely for existing electric fences in a new right-of-way, but ranchers may not be
informed of the risk when installing new electric fences after a transmission line has been installed. To
mitigate conditions where the NESC 5 mA current criteria cannot be met, a fence filter can be installed to
provide a path to ground for the 60 Hz current while leaving the electric fence current, which has a
different frequency, unaffected.
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4.2  Vehicles

Vehicles parked under a transmission line may develop an induced charge, particularly if they are parked
on surfaces that are not very conductive, such as gravel or asphalt, or their tires effectively insulate them
from ground. Even for very large vehicles (e.g. semi-truck and trailer) the design standards of the NESC
are sufficiently protective that only a nuisance shock is likely when a grounded person contacts the body
of a vehicle. However, as previously discussed it is important for those working on or near transmission
lines to be aware of the possibility that they could receive a nuisance shock and that no fueling of vehicles

should occur in a transmission line right-of-way.

To mitigate the potential for nuisance shocks from vehicles parked below or near a transmission line,
including tractors and other farm machinery, the induced voltage can be minimized by attaching a drag
chain or leaning a metal bar against the vehicle (BPA, 2007A). Although it is highly discouraged, if
vehicles must be fueled in the vicinity of a transmission line, both the vehicle and the fuel container should

first be properly grounded to avoid creating a spark during fueling.

4.3 Buildings, Metal Roofs, and Gutters

In accordance with OAR 345-027-0023(4), site certificate holders that install transmission lines are
required to “implement a program that provides reasonable assurance that all fences, gates, cattle
guards, trailers, or other objects or structures of a permanent nature that could become inadvertently
charged with electricity are grounded or bonded throughout the life of the line.” However, landowners
may not be aware of requirements for grounding new structures near transmission lines after transmission
line construction is completed. Where mitigation is necessary, grounding wires can be used and
information about what to use and where to locate them may be provided by the owner of the

transmission line.

4.4  Pipelines

In new transmission line rights-of-way, the co-location of conductive pipelines is not a problem. However,
the installation of pipelines in existing transmission line rights-of-way requires precaution to prevent a
serious hazard condition. When being assembled above-ground, a long parallel and continuous pipeline
can develop a significant induced voltage from capacitive coupling (electric field). Once buried, the
pipeline will only be affected by the magnetic field, but could develop a significant induced current if it is
not grounded at reasonable intervals. Fortunately, pipeline workers are aware of these hazards so this is
not something likely to affect the public. Much like a metal fence, the appropriate mitigation for induced

voltages and currents is effective grounding at appropriate intervals.
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45 Telecommunication Cables

Similar to unburied pipelines, conductive telecommunication cables can develop an induced voltage from
electric and/or magnetic fields. This can affect the safety of telecommunication workers and can lead to
the malfunction of equipment. When the effects are unacceptable, the telecommunication cables may
need to be rerouted or buried. However, none of the hazards associated with induced voltage on
telecommunication cables are likely to affect the public because they are not accessible unless someone

extends a conductive device, such as a piece of irrigation pipe, and contacts exposed cable conductors.

4.6 lIrrigation Pipe

Irrigation pipe is used throughout much of rural Oregon due to the dry climate of the western United
States. Irrigation pipe used in the vicinity of a high voltage transmission line poses a number of potential
hazards for those farming or working in or near a right-of-way. It is not uncommon for objects (e.g. dirt or
rodents) to become lodged in sprinkler pipe. The practice of upending the pipe to clear the obstruction
could result in electrocution if the section of pipe was long enough to create a path from the transmission
line to ground. While this is highly unlikely given minimum height requirements for high-voltage
transmission lines, the BPA recommends as a general practice that no objects extend above 14 feet in a
right-of-way (BPA, 2007A). This includes irrigation pipe, vehicle antennas, booms on equipment, and any
other conductive objects that could extend above 14 feet. Workers moving irrigation pipe should carry the
pipe sections horizontally at all times when in the vicinity of the transmission line. Another potential
electrocution hazard associated with irrigation pipe exists if the stream from an irrigation nozzle were to
contact a transmission line conductor or to spray close enough to create arcing from the transmission line
to the water and through the irrigation system to ground. For this reason Great River Energy
recommends that farmers have no large nozzles within 150 feet of the outside wires on their transmission
lines (GRE, 2012).

Irrigation pipe can also be subject to induced voltages and currents. Fixed type irrigation systems
typically are in contact with the ground and therefore do not develop a significant induced voltage or
current. However, mobile irrigation systems have gained in popularity and are now common throughout
the rural landscape. The types of irrigation systems include: pipe, wheel, circular, and high-volume-high-
velocity systems. Each of these has different characteristics and there are different recommended
practices for each to protect the public. The BPA produced a detailed twelve page guidance document on
installation and operation of irrigation systems for this reason (BPA, 2002). In all cases the handling of
parts, orientation, and proper grounding are effective mitigation against shocks from induced voltage and
potentially hazardous levels of current from inductive coupling. It is recommended that irrigation systems
be set up perpendicular to nearby transmission lines when possible and that they remain perpendicular

when performing maintenance. The BPA highlights that personnel should “not touch the sprinkler pipe or
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its supporting structures when the system is operating under or parallel to and near a transmission line.”

(BPA, 2002)

As with many of the objects that can develop an induced voltage or current, the design of the
transmission line to meet NESC requirements is only part of the mitigation for public safety. The public

working in or near right-of-ways must also be educated on safe practices.

7

Golder
L7 Associates

Induced Voltage and Current Report



Project Nos. 073-99810-

February 2013 18 029 and 031

5.0 EXISTING REGULATIONS FOR HIGH-VOLTAGE TRANSMISSION LINE
SITING WITH REGARD TO INDUCED VOLTAGE AND CURRENTS

Regulations applying to electric and magnetic fields associated with transmission lines are one of two
types, safety standards or codes and field limits or guidelines. Safety standards and codes are designed
to protect the public from injury or fatality. Field limits and guidelines generally protect from less

hazardous nuisance shocks.

In Oregon, the PUC requires compliance with the 2012 edition of the NESC (OAR, 2012A), while the
siting requirements of the Council currently require that the design, construction, and operation of
transmission lines comply with the 1997 edition of the NESC (OAR 345-027-0023(4)(a)). In addition to
other safety requirements, both versions have specific requirements for transmission line conductor
heights and limit the maximum allowable induced current resulting from the transmission line electric and
magnetic fields to 5 mA. This protects the public from exposure to currents that could exceed the “let-go”

threshold, above which injury or death could result.

The Oregon siting standards for jurisdictional transmission lines also dictate that applicants design,
construct and operate transmission lines so that 1) alternating current electric fields do not exceed 9 kV/m
at one meter above ground surface in areas accessible to the public and, 2) induced currents resulting
from the transmission line and related and supporting facilities are as low as reasonably achievable (OAR
345-024-0090). These standards are designed to protect the public from both injury and nuisance
shocks. To ensure that there is ongoing protection for the public, the Council’s siting rules (OAR 345-027-
0023(4)(b)) require that the certificate holder develop and implement a program that provides reasonable
assurance that all fences, gates, cattle guards, trailers, or other objects or structures of a permanent
nature that could become inadvertently charged with electricity are grounded or bonded throughout the

life of the line.

There are currently no nationally enforced standards for electric and magnetic fields, although six states
have transmission line siting standards (shown in Table 2) that limit the electric field strength in and/or on
the right-of-way. Two states, Florida and New York, also limit the allowable magnetic field. Limits on the
magnetic field are precautionary due to the uncertainty about health effects from electromagnetic field
(EMF) radiation. However, a discussion of health effects from EMF radiation is beyond the scope of this
document. Golder has previously addressed this subject in a report to the EFSC dated November 23,
2009.

As shown in Table 2, the BPA has adopted maximum allowable electric and magnetic fields that are
applied to its transmission lines. The maximum allowable electric field corresponds with the Oregon siting
standard, 9 kV/m. Neither the BPA nor the State of Oregon have adopted standards with regard to

magnetic fields.
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Table 2: State Transmission Line Standards and Guidelines

Electric Field Magnetic Field
On Edge On
State/BPA
ROW* | ROW. | rRow. | Ed9eROW.
8 kV/m? 2 kKV/m _ 150 mG™ (max.
Florida load)
b
10 kV/m® - - 200 mG” (max.
load)
- - _ 250 mG® (max.
load)
Minnesota 8 kV/m - - —
Montana 7 kV/m® 1 kV/m® - -
New Jersey -- 3 kV/m -- --
200 mG (max.
New York 11.8 kV/m 1.6 kV/m - load)
SW YOI 1 11 0 kvim' . - ~
7.0 kV/m® - - -
Oregon 9 kV/m°® -- - -
9 kV/m 5 kV/m - —
h
BPA 5kV/m . - - —
3.5 kV/m' - - —
2.5 kV/m/ - - -
Notesi

R.O.W. = right-of-way (or in the Florida standard, certain
additional areas adjoining the right-of way). kV/m =
kilovolt per meter. One kilovolt = 1,000 volts.

% For lines of 69-230 kV.
® For 500 kV lines.
°  For 500 kV lines on certain existing R.O.W.
Maximum for highway crossings.
May be waived by the landowner.
f Maximum for private road crossings.
9 Areas accessible to the public
Maximum at highway crossings
' Maximum for shopping center parking lots
I Maximum for commercial/industrial parking lots
(NIEHS, 2002 and USDOE, 1996)

Some national and international organizations have recommended guidelines for occupational and public
exposures to electric and magnetic fields as shown in Table 3. These organizations include the American
Conference of Government Industrial Hygienists (ACGIH), the International Committee on Non-ionizing

Radiation Protection (ICINRP) with the World Health Organization, and the International Committee on
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Electromagnetic Safety (ICES) under the auspices of the Institute of Electrical and Electronics Engineers
(IEEE). However, these standards are designed to protect workers and the public from the potential
effects of electric and magnetic fields on the human body as opposed to protection from shock hazards
due to induced electric and magnetic field voltages and currents. The ACGIH recognizes that electric
fields greater than 5-7 kV/m can result in spark discharges (nuisance shocks) from induced voltages that
result in startle reactions. Therefore the ACGIH recommends grounding practices for electric fields at

these levels or higher.

Table 3: International Exposure Limit Guidelines

Adgenc Recipient Electric Field Magnetic Field
i P (kvim) (mG)
. | Workers® 25 10,000
ACGIH .
Public - -
Workers 20 27,100
ICES/IEEE” , -
Public 5 9’040
. | Workers 8.3 10,000
ICNIRP
Public 4.2 2,000
Notes:

2 (ACGIH, 2003)
® (IEEE, 2002)

¢ (ICNIRP, 2010)
Maximum 10 kV/m below high-voltage transmission
lines

Based on maximum of 8 hours of exposure per day
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6.0 CONCLUSIONS

Requirements by the Oregon PUC and the Council codified in the Oregon Administrative Rules require
that transmission lines be constructed to the standards of the NESC (OAR 345-027-0023(4)(a)).
Adherence to these design requirements ensure that transmission lines do not pose an unacceptable risk
of shock or death to humans during normal operation. Additionally, the Council standards in OAR 345-
024-0090 require that applicants design, construct and operate transmission lines so that 1) alternating
current electric fields do not exceed 9 kV/m at one meter above ground surface in areas accessible to the
public and 2) induced currents resulting from the transmission line and related and supporting facilities will
be as low as reasonably achievable. Compliance with these standards protects the public from nuisance
shocks from most routine activities. Department of Energy Project Officers can rely on the applicant’s
modeling to verify that the electric field will be less than 9 kV/m at the appropriate location provided the
modeling is conducted for the lowest point of the transmission line relative to the ground (i.e. where there
is maximum sag and/or higher terrain). To ensure that induced currents are as low as reasonably
achievable, the reviewing Project Officer must rely on the certificate holder designing and constructing the
transmission line in accordance with NESC standards as required by OAR 345-027-0023(4)(a), which
establish minimum clearances above ground for transmission line conductors. Compliance of the
certificate holder with OAR 345-027-0023(4)(b), which requires certificate holders to “develop and
implement a program that provides reasonable assurance that all fences, gates, cattle guards, trailers, or
other objects or structures of a permanent nature that could become inadvertently charged with electricity
are grounded or bonded throughout the life of the line” is also critical for public safety. The use of
appropriately located grounding devices will minimize the induced current to which a person may be
exposed by creating smaller sections of grounded conducting objects. Although induced voltages and
currents may only provide a nuisance or “startle” shock, that shock could be hazardous if it causes
someone to react unexpectedly (e.g. a person shocked at the top of a ladder when contacting a metal

roof).

A review of applicable design, construction, and operating requirements for transmission lines in Oregon,
particularly those under Council jurisdiction, indicates that transmission lines designed and built in
compliance with the Council’s rules do not generally pose a risk to public safety. As mentioned above,
objects that could develop an induced voltage or current are required by Council standards to be
grounded or bonded throughout the life of the project. However, the Council standards currently do not
mandate an ongoing monitoring program that would identify new conductive objects in or near rights-of-
way (e.g. new fences and irrigation systems) that are installed after a transmission line has been

constructed.

We know that public activities can still jeopardize safety where transmission lines are concerned. Most of

the public understands the dangers of direct or indirect contact with a transmission line, such as not to
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touch a downed wire or fly a kite near a transmission line. Fewer people are aware of the electromagnetic
effects of transmission lines and the potential for induced voltages and currents. While the Council
standards limit electric field strengths to 9 kV/m one meter above ground in areas accessible to the public,
the vast majority of people are not aware that, for example, a shock could result from touching something
as common as a metal fence or irrigation pipe if they are collocated under a transmission line and of

sufficient length.

As new transmission line rights-of-way are developed in Oregon, existing rights-of-way will become more
crowded with infrastructure. Pipeline and telecommunication workers are well aware of the safety
precautions they must take due to the potential for induced voltages and currents. It is less likely that
farmers and ranchers with new rights-of-way through their land, or new landowners of existing rights-of-
way, are aware of the hazard posed by induced current from high voltage lines. Hired farm workers may

also be unaware of the potential for shocks from induced currents and voltages.

Some agencies and utilities have developed excellent educational materials to inform the public of the
hazards of living and working near transmission lines, particularly with respect to induced voltage and
current impacts. The BPA, the U.S. Rural Electrification Administration, Progress Energy, the American
Transmission Company, and Great River Energy, to name a few, have all developed valuable public
information documents designed to keep farmers, ranchers, and laborers educated on, and safe from, the

effects of induced voltages and currents (see Appendix A for example educational materials).
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7.0 RECOMMENDATIONS

Currently the Council’s siting standards do not require developers of transmission lines to implement any
kind of educational program for property owners of land adjacent to a transmission line right-of-way.
Public education programs can contribute to public safety by informing landowners of the risks of common
activities when performed near transmission lines, but in some cases members of the public other than
landowners may need to be aware of the potential safety risks associated with transmission lines. In
particular, agricultural lands are sometimes leased and worked by someone other than the property
owner, and activities such as moving irrigation pipe are often performed by employees. In these cases,

additional protective measures may be appropriate.

As previously stated, OAR Chapter 345 Division 27 already requires that certificate holders of a
transmission line develop a program that provides reasonable assurance that objects and structures of a
permanent nature that could become inadvertently charged with electricity are grounded or bonded
throughout the life of the transmission line. After review of the issues associated with induced currents
and voltages near transmission lines, Golder recommends the EFSC consider additional site certificate
conditions that are not specifically addressed by other OAR requirements. Specifically, Golder

recommends that the Council consider the following site certificate conditions:

1. The certificate holder shall develop and provide educational materials, in all languages
appropriate to the area, to inform landowners adjacent to transmission line rights-of-way of
safe practices in or near the right-of-way prior to construction. Printed copies of such
educational materials shall be provided to all landowners adjacent to the transmission line
right-of-way prior to energizing the line. These educational materials shall encourage
landowners to share the information in the educational materials with any farm workers that

may work near transmission lines.

2. The certificate holder shall provide the educational materials required by Condition 1, above,
to landowners adjacent to the right-of-way on an annual basis to ensure that new
landowners, lessees, and employees are also aware of the need for safe practices in or near

the right-of-way.

3. The certificate holder shall perform periodic checks for any new objects or structures that may
have been installed by landowners and that could become inadvertently charged with
electricity from the certificate holder’s transmission line, as part of ongoing maintenance of
the transmission line and grounding mechanisms. This could include new fences, fixed

irrigation systems, metal roofed buildings, or other new structures.
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Golder does not recommend that any of these conditions become mandatory, due to the wide range of
varying conditions under which transmission lines may be constructed. Some transmission lines may be
in existing rights-of-way or in extremely remote areas where the likelihood of public access is extremely
low. The predominance of educational materials found by Golder suggests that the education of rural
landowners with active agricultural activities may be the most important, since this part of the public may
be more likely to come in contact with induced currents and voltages (e.g. fences, outbuildings with metal
roofs, large pieces of parked equipment, irrigation systems, etc.). Applicants for a site certificate should
also be able to propose alternate solutions for public education. For instance, applicants may wish to
propose the use of signs in the right-of-way that would inform landowners of contact information for

educational materials.

Currently the Oregon PUC requires transmission lines to be designed to the 2012 version of the NESC
while the EFSC requires transmission lines be designed according to the 1997 version. It is
recommended that the Council update OAR Chapter 345 Division 27 to require that site certificate holders
design all electrical transmission facilities in compliance with the version of the NESC that is recognized
by the Oregon PUC. This measure would help ensure public safety and would eliminate transmission

lines under EFSC jurisdiction from being built to two different standards.

In summary, Council and PUC standards for the design and installation of transmission lines are generally
protective of public health and safety; however, there are some risks to public safety that could be
mitigated further through the implementation of some relatively simple measures, which are summarized
above. Some of these measures, such as the development of an educational program for landowners on
safe practices near transmission lines, are already voluntarily in use by some utilities/agencies such as
the BPA. The BPA and utilities with these programs also make educational materials available for review

on their web sites.
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igh-voltage power lines

can be just as safe as

the electrical wiring in
our homes — or just as danger-
ous. The key is learning to act
safely around them.

This booklet is a basic safety guide for those who
live and work around power lines. It deals primarily
with nuisance shocks caused by induced voltages
and with possible electric shock hazards from
contact with high-voltage lines.

In preparing this booklet, the Bonneville Power
Administration has drawn on more than 70 years
of experience with high-voltage power lines. BPA
operates one of the world’s largest networks of
long-distance, high-voltage lines, ranging from
69,000 volts to 500,000 volts. This system has
more than 200 substations and more than
15,000 miles of power lines.

BPA's lines make up the main electrical grid for
the Pacific Northwest. The grid delivers large
blocks of power to substations located near load

centers. Public and investor-owned utilities and

rural cooperatives take delivery of the power at
these points and deliver it to the ultimate customers.

BPA’s lines cross all types of property: residential,

agricultural, industrial, commercial and recreational.

If you have questions about
safe practices near
power lines, call BPA.

Due to safety considerations many of the practices
suggested in this booklet are restrictive. This is
because they attempt to cover all possible situa-
tions, and the worst conditions are assumed.

In certain circumstances, the restrictions can

be re-evaluated. To determine what practices

are applicable to your case, contact BPA at
1-800-836-6619 or find the contact information
for the local BPA office at www.transmission.bpa.
gov/LanCom/Real_Property.cfm.



USING THE
RIGHT-OF-WAY

Before a power line is built, BPA negotiates with
the landowner for the right to cross the land as
required for the construction, operation and
maintenance of the line. Usually, BPA acquires
right-of-way rights to construct, operate and
maintain a power line and the right to keep the
right-of-way clear of all structures, fire hazards,
vegetation and any other use that may interfere
with the operation or maintenance of the line.
Most crops, less than 10 feet in height, can be
grown safely under power lines. Orchards,
Christmas trees and structure-supported crops
(i.e., trellises) require special consideration.

Call BPA if you plan to use the right-of-way for
any use.

BPA's “Landowner’s Guide for Compatible Use

of BPA Rights-of-Way” explains how to apply for
permission to use a portion of a BPA right-of-way
for approved purposes. This document can be
found online at www.transmission.bpa.gov/
LanCom/Real_ Property.cfm or by contacting
BPA at 1-800-836-6619.

Construction and maintenance of any structures
are specifically prohibited within a BPA right-of-
way. Coordinating with BPA early in your planning
process can keep you safe and avoid wasting
time and money.
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Most crops, less than 10 feet in height, can be grown
safely under power lines.

(GENERAL SAFE
PRACTICES

BPA designs and maintains its facilities to meet or
exceed the rules set forth in the National Electrical
Safety Code. BPA provides information on safe
practices because serious accidents involving
power lines can be avoided if simple precautions
are taken. Every kind of electrical installation —
from the 110-volt wiring in your home to a
500,000-volt power line — must be treated with
respect.

The most significant risk of injury from a power line
is the danger of electrical contact. Electrical
contact between an object on the ground and an
energized wire can occur even though the two do
not actually touch. In the case of high-voltage
lines, electricity can arc across an air gap. The gap
distance varies with the voltage at which the line is



operated. Unlike the wiring in a home, the wires
of overhead power lines are not enclosed by
electrical insulating material.

The most important safe practice is this:

Avoid bringing yourself, or any
object you are holding, too close
to an overhead power line.

In other words, do not lift, elevate, build or pass
under a power line with any object, equipment,
facility or vehicle that could come close to the

energized wires.

BPA does not recommend that anyone attempt
to calculate how close they can come to a power
line. As a general precaution, when under a line,
never put yourself or any object any higher than
14 feet above the ground.

The National Electrical Safety Code specifies a
minimum safe clearance for each operating volt-

age. BPA builds its lines so the clearance between

the wires of a power line and the ground meets
or exceeds the minimum safe clearance set forth
in the code. Therefore, do not alter the ground
elevation; without first applying to BPA, call
1-800-836-6619 to ensure safe distances are
maintained.

Vehicles and large equipment that do not extend
more than 14 feet in height, such as harvesting
combines, cranes, derricks and booms, can be
operated safely under all BPA lines that pass over

roads, driveways, parking lots, cultivated fields or
grazing lands.

For your safety, coordinate with BPA if you need to
exceed the 14-foot limitation.

POSSIBLE SHOCK
HAZARDS

The previous section discussed dangerous electrical
contact conditions that can occur when getting
too close to the high-voltage wires. This section

Farm equipment or large machinery 14 feet or less in
height may be operated safely under all BPA lines in
cultivated fields.




will discuss the possible electrical shock hazards
that can occur when touching transmission towers
or metallic objects near the power line but away
from the high-voltage wires.

These types of shocks are caused by a voltage
induced from the power line into the nearby
metallic objects. Typically the shocks can be
avoided when the nearby metallic objects are
grounded or connected to earth. The severity of
these shocks depends on the operating voltage of
the power line, the distance from the conductor,
the size or length of the object, its orientation to
the line and how well the object is grounded.

Normally, shocks do not occur when BPA's
guidance is followed (see the following sections).
However, under certain conditions, non-hazardous
nuisance shocks can still occur and possibly
cause discomfort.

The severity of nuisance shocks can vary in sensa-
tion from something similar to a shock you might
receive when you cross a carpet and then touch a
door knob to touching the spark-plug ignition
wires on your lawnmower or car. The nuisance
shock, however, would be continuous as long as
you are touching the metallic object. Such objects
include vehicles, fences, metal buildings or roofs
and irrigation systems that are near the line or
parallel the line for some distance.

The possibility of nuisance shocks can be eliminated by
grounding metal pipe when unloading near BPA lines.

IRRIGATION SYSTEMS

All types of irrigation systems have been operated

safely near BPA power lines for years. Nonetheless,
caution should be used in storing, handling and
installing irrigation pipe, and in operating spray
irrigation systems near power lines.

To avoid electrical contact with power lines,
two very important safety practices should be
observed at all times:

1. While moving irrigation pipe under or near
power lines, keep the equipment in a horizontal
position to keep it away from overhead wires.

2. Electricity can be conducted through water so
never allow the irrigation system to spray a
continuous stream onto power lines or towers.

In addition, central pivot circular irrigation systems
installed near or under power lines can develop
hazardous shock potentials during operation and
maintenance. To eliminate these hazards:



e Provide a good electrical ground for the
pivot point.

e Do not touch the sprinkler pipe or its support-
ing structures when the system is operating
under or parallel to and near a power line.

e Perform repairs/maintenance of the system
with the sprinkler pipe perpendicular to the
power line.
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For more information on storing, handling, installing

or operating an irrigation system on BPA rights-of-
way and to apply to use BPA's right-of-way please
contact BPA at 1-800-836-6619. A copy of
“Guidelines for Installation and Operation of
Irrigation Systems” will be provided when you
contact BPA for approval. This document describes
methods for safely installing and operating an
irrigation system under high-voltage power lines.
This document also can be obtained at www.
transmission.bpa.gov/LanCom/Real_ Property.cfm.

Irrigation pipe should be moved in a horizonal position
under and near all power lines to keep it away from the
lines overhead.




UNDERGROUND PIPES,
TELEPHONE CABLES
AND ELECTRIC CABLES

Underground pipes and cables may be compatible
with power lines provided installation and mainte-
nance are done properly. Pipes and cables should
not be installed closer than 50 feet to a BPA tower,
any associated guy wires or grounding systems.
These grounding systems are long, buried wires
that are sometimes attached to the structures and
can run up to 300 feet along the right-of-way.
These grounding systems are not visible above
ground and must be located before installing

any underground utilities.

Proper positioning of underground utilities is
required to prevent an accident in an extreme
case when an unusual condition might cause
electricity to arc from the high-voltage wire to the
tower and then to ground. This could produce a
dangerous voltage on underground piping or cable
system. Contact BPA at 1-800-836-6619 to apply
before installing any underground utilities within a
BPA power line right-of-way.

FENCES

BPA strongly discourages locating fences within
the right-of-way as they can cause a potential
safety hazard and an access problem (particularly
in high-density subdivisions). Contact BPA at
1-800-836-6619 if you are interested in submitting
an application to place a fence on the right-of-way
using the guideline that the location must be a

minimum of 50 feet from BPA structures as well

as other considerations discussed below.

WIRE FENCES

Barbed wire and woven wire fences insulated from
ground on wood posts can assume an induced
voltage when located near power lines. If you are
having a shock-related problem, call BPA for an
investigation. The fence may need to be

grounded if:

e it is located within the right-of-way;
e it parallels the line within 125 feet of the outside
wire and is longer than 150 feet; or

e it parallels the line 125 to 250 feet from the
outside wire and is longer than 6,000 feet.

These fences should be grounded at each end
and every 200 feet with a metal post driven at
least 2 feet into the ground. Attach all wire strands
of the fence to the metal post. Install the ground-



ing posts at least 50 feet from the nearest

transmission tower. If shocks are experienced
when contacting a fence or gate, or if you have
any questions about the need for grounding, call
BPA at 1-800-836-6619.

ELECTRIC FENCES

In situations where a fence cannot be grounded
(electric fences, for example), a filter may be
installed to remove voltages induced by the power
lines. BPA may provide this filter after an investiga-
tion has been conducted. Do not use fence
chargers that are not approved by Underwriters’
Laboratories, Inc. They may carry voltages and
currents that are hazardous to anyone touching
the fence — even if power lines are not present.
For more information about fences, fence chargers
or filters, call BPA at 1-800-836-6619.

BUILDINGS

This section applies to buildings outside BPA’s
rights-of-way, since BPA prohibits buildings within

a right-of-way. — —
Buildings located off TT
BPA's rights-of-way Q"5
may collect an II

induced voltage.

This voltage is often ] —
drained through the

building’s plumbing,

electrical service,

metal sheeting or
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Example of grounding a metal
building at a down spout.

metal frame. If the

voltage does not drain through the systems
described above, then it can result in a nuisance
shock situation.

BPA recommends grounding metallic components

on buildings near a power line when:

the building is within 100 feet of the outside wire;

e the building has more than 2,000 square feet of
metal surface and is within 100 to 150 feet of
the outside wire; or

e the building is used to store flammable materi-

als and is within 250 feet of the outside wire.
BPA will assist in grounding metallic objects after
receiving a request and an investigation has been
conducted. Call BPA at 1-800-836-6619 if you are
having shock-related problems or if you have any
question on grounding a building.

VEHICLES

Under some high-voltage lines, vehicles can
collect an induced voltage. This is particularly true
if the vehicle is parked on a nonconductive surface
such as asphalt or dry rock. You can drain the
voltage from your vehicle to the ground by attach-
ing a chain that reaches the ground or by leaning a
metal bar against your vehicle. The only way to be
sure you won'’t get shocked is to park your car
away from the high-voltage power line.

BPA has specific restrictions for parking and roads
within the right-of-way to keep possible shocks at
a low level. Contact BPA at 1-800-836-6619 to
apply before locating roads and parking areas
within the BPA right-of-way.



Refueling vehicles is not allowed on BPA rights-
of-way because there is a chance that a spark
from an induced voltage could ignite the fuel.

LIGHTNING

Lightning will usually strike the highest nearby
object, which might be a power line tower or wire.
Transmission facilities are designed to withstand
lightning strikes by channeling them to ground at
the tower.

Play it safe. Stay away from power lines and other
tall objects during electrical storms. Lightning is
dangerous if you are standing near where it enters
the ground.

FIRES

Smoke and hot gases from a large fire can create
a conductive path for electricity. When a fire is
burning under a power line, electricity could arc
from the wire, through the smoke and to the
ground, endangering people and objects near the
arc. BPA does not permit burning within the
right-of-way.

Field burning and other large fires in and around
power lines can damage power lines and cause
power outages. Water and other chemicals used
to extinguish those fires should never be directed

toward a power line.

Contact BPA at 1-800-836-6619 if you need to
burn near a BPA right-of-way.

A fire burning under a power line can create a danger-
ous situation. Stay away from lines if a fire is nearby.

KITE FLYING AND
MODEL AIRPLANES

BPA strongly discourages anyone from flying a kite
or model airplane anywhere near a power line. The
electricity from the line can travel through the
string or hand line and electrocute a person on the
other end. If your kite or model airplane is about to
touch a power line, drop the string or hand line
instantly, before it touches the line. Do not try to
pull the kite or airplane down or climb up after it.
Call the nearest electric utility.

VANDALISM, SHOOTING
AND TRESPASSING

People entering high-voltage electrical facilities,
such as substations and power line rights-of-way,



for the purpose of vandalism or theft, run the risk

of serious injury or death. For example, when
hunting, do not shoot at transmission facilities.
Gunshot damage can cause flashovers or may
cause the wire to fall to the ground. This could be
a serious hazard to anyone close to the power line.
It could also cause a power outage and a fire.

Removal of equipment from substations or power
line facilities can result in unsafe operating condi-
tions and put people nearby at risk of serious injury
or death. Those who cause willful damage to BPA
transmission facilities or associated property can
be prosecuted by the federal government, the
property owner, or both.

Please report damage to transmission facilities to
BPA’s Crime Witness Program at 1-800-437-2744.
The Crime Witness Program allows you to confi-
dentially report an illegal activity that you witness
against BPA’s transmission system, property or
personnel. This includes:

e Shooting at power lines, transmission towers or
substation equipment.

1-800-437-2744

BONNEVILLE POWER ADMINISTRATION
BUREAU OF RECLAMATION

e Dumping any waste or material on BPA property.

e Vandalism to BPA property, buildings and
vehicles.

e Theft of BPA equipment, supplies, tools or
materials.

This program offers rewards of up to $25,000 for

information leading to the arrest and conviction of

the perpetrator(s).

TALL OBJECTS

Facilities

Temporary or permanent facilities within the right-
of-waysuchas, light standards, signs, above- ground
utilities, etc., can create unsafe situations when
constructed too close to BPA power lines and
structures. Permissable heights for such facilities

can vary depending on site specfic conditions. Call
BPA at 1-800-836-6619 to apply for these uses.

Activities

As a precautionary practice, do not raise any metal
object more than 14 feet in the air underneath a
power line. For example, when you mount an
antenna on a vehicle that you plan to operate on

a BPA right-of-way, do not let it extend more than
14 feet above the ground.

Before you sail a boat on a lake or river, check the
allowable clearance under any power line. We re-
commend that all masts or guy wires above the
deck be connected electrically to an underwater
metallic part such as the keel or centerboard.



This precaution, which protects against lightning
or accidental contact with a power line, may save
your life.

Remember, if you plant, dig or build within the
right-of-way an application is required. Any
activities or use with a reach capacity greater
than 14 feet (eg. cranes, dump trucks, irrigation
systems, etc.) may cause safety concerns.
Please specifically identify these uses and equip-
ment in your application. Contact BPA to apply at
1-800-836-6619.

POOLS

BPA does not permit the building of swimming
pools within BPA rights-of-way because it impedes
our ability to operate and maintain the power line
and presents a potential safety hazard to the
public. Hazards range from possible electrical
contact with the wires (with pool skimmers or
rescue poles, for example) to dangers that can

be encountered during and after lightning strikes
on transmission facilities.

CLIMBING

Climbing on power line towers or guy wires can
be extremely hazardous. Do not do it under any
circumstance. It is dangerous and illegal.

PACEMAKERS

Under some circumstances, voltages and currents
from power lines and electrical devices can inter-

fere with the operation of some implanted cardiac

Cutting trees within power line rights-of-way can be
dangerous. It is safer to have BPA do it for you.

pacemakers. However, we know of no case where
a BPA line has harmed a pacemaker patient.

As a precaution, people who may have reason to
be very near high-voltage facilities should consult
with a physician to determine whether their par-
ticular implant may be susceptible to power line
interference.

If a person with a pacemaker is in an electrical
environment and the pacemaker begins to pro-
duce a regularly spaced pulse that is not related
to a normal heartbeat, the person should leave
the environment and consult a physician.

TREES AND LOGGING

No logging or tree cutting should be done within
BPA's right-of-way without first contacting BPA
at 1-800-836-6619 to apply. In many cases,
BPA owns the timber within its rights-of-way.



Additionally, logging or tree cutting near power
lines can be very hazardous and requires special
caution. Since trees conduct electricity, if one
should fall into or close to a power ling, the current
could follow the tree trunk to the ground and
endanger anyone standing near its base. Here are

two simple rules:

1. If you come upon a tree that has fallen into a
power line, stay away from it.

2. If you accidentally cause a tree to fall into a
power line, run for your life! Do not go back to
retrieve your saw or equipment. Call BPA or
your local utility immediately.

If you have trees either on or close to the right-
of-way that need to be cut, contact BPA at
1-800-836-6619. It is unsafe to do it yourself.

Since power line rights-of-way usually are not
owned by BPA but are acquired through ease-
ments from landowners, trees or logs stacked
within or alongside the rights-of-way are not public
property. People removing trees and logs without
permission are stealing and can be prosecuted.

EXPLOSIVES

If you plan to detonate explosives near a BPA
power line, apply to BPA well in advance by calling
1-800-836-6619 or find the contact information
for your local office at www. transmission.bpa.gov/
LanCom/Real_ Property.cfm. BPA will tell you if
any special precautionary measures must be taken

at a particular blasting site.

Any blasting near or within BPA rights-of-way
must not damage any BPA facilities or permitted
uses within the rights-of-way. Do not use electric
detonating devices when blasting within 1,000 feet
of a power line. Use of non-electric methods of
detonation will avoid the danger of accidentally
discharging an electric blasting cap due to
induced voltages from energized transmission
facilities.

TOWERS AND WIRES

Do not climb towers.

e Do not shoot or otherwise damage trans-
mission facilities.

¢ Never touch a fallen wire.
e Do not attempt to dismantle towers.
e Do not attach anything to towers.

e Stay away from towers and lines during ex-
treme windstorms, thunderstorms, ice storms
or under other extreme conditions.




Preventive measures include:

e Report any suspicious activities to BPA at
1-800-437-2744 or to your nearest electrical
utility.

e Stay away from and report damage to trans-
mission facilities to BPA at 1-800-437-2744 or
your nearest electrical utility.

e Stay away from and report broken, damaged
or abnormally low-hanging wires to BPA at
1-800-437-2744 or your nearest electrical utility.

CONCLUSION

We live in an age of electric power. Almost every-
thing we do requires it. Consequently, high-voltage
power lines have become about as commonplace
as the wiring in our homes. Nevertheless, every
year people are killed or seriously injured by power
lines and home wiring. In almost every case, lives
could have been saved and injuries avoided if the
basic safety practices outlined in this booklet had
been followed. BPA and your local utilities make
every effort to design and build power lines that
are safe to live and work around. Ultimately,
however, the safety of high-voltage lines depends
on people behaving safely around them. No line
can practicably be made safe from a person who,

through ignorance or foolishness, violates the

basic principles of safety. Please take time now to
learn the practices outlined in this booklet and
share your knowledge with your family, friends and
colleagues. Your own life, or that of a loved one,
might well hang in the balance.

RELATED BPA
PUBLICATIONS AND
(GUIDELINES

For more information, call BPA at 1-800-836-6619
for the following publications:

1. “Landowner’s Guide for Compatible Use of
BPA Rights-of-Way” (DOE/BP-3657)

2. “Landowner’s Guide to Trees and Trans-
mission Lines” (DOE/BP-3076)

3. “Keeping the Way Clear for Better Service”
(DOE/BP-2816)

4. “Guidelines for Installation and Operation
of Irrigation Systems”

These documents also can be found at
www.transmission.bpa.gov/LanCom/Real_
Property.cfm.
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