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grounded, then an induced voltage appears across the open end of the loop. The possibility for a shock
exists if a person closes the loop at the open end by contacting both the ground and the conductor. The
magnitude of this potential shock depends on the following factors: the magnitude of the field; the length
of the object (the longer the object, the larger the induced voltage); the orientation of the object with
respect to the transmission line (parallel as opposed to perpendicular, where no induction would occur);
and the amount of electrical resistance in the loop (high resistance limits the current flow).

Magnetically induced currents from power lines have been investigated for many years; calculation
methods and mitigating measures are available. A comprehensive study of gas pipelines near
transmission lines developed prediction methods and mitigation techniques specifically for induced
voltages on pipelines (Dabkowski and Taflove, 1979; Taflove and Dabkowski, 1979). Similar techniques
and procedures are available for irrigation pipes and fences. Grounding policies employed by utilities for
long fences reduce the potential magnitude of induced voltage.

The magnitude of the coupling with both pipes and fences is very dependent on the electrical unbalance
(unequal currents) among the three phases of the line. Thus, a distribution line where a phase outage
may go unnoticed for long periods of time can represent a larger source of induced currents than a
transmission line where the loads are well-balanced (Jaffa and Stewart, 1981).

Knowledge of the phenomenon, grounding practices, and the availability of mitigation measures mean
that magnetic-induction effects from the proposed 500-kV transmission line would be minimal.

Magnetic fields from transmission and distribution facilities can interfere with certain electronic
equipment. Magnetic fields can cause distortion of the image on VDTs and computer monitors. The
threshold field for interference depends on the type and size of monitor and the frequency of the field.
Interference has been observed for certain monitors at fields at or below 10 mG (Baishiki et al., 1990;
Banfai et al., 2000). Generally, the problem arises when computer monitors are in use near electrical
distribution facilities in large office buildings. Fields from the proposed line alone (Configuration 2)
would fall below this level at approximately 225 ft. (69 m) from the centerline. In Configurations 3 to
10, fields beyond the right-of-way would be the same or reduced by the introduction of the proposed line
and the potential for interference with monitors would remain the same or even be reduced.

Interference from magnetic fields can be eliminated by shielding the affected monitor or moving it to an
area with lower fields. Similar mitigation methods could be applied to other sensitive electronics, if
necessary. Interference from 60-Hz fields with computers and control circuits in vehicles and other
equipment is not anticipated at the field levels found under and near the proposed 500-kV transmission
line.

The magnetic fields from the proposed line would be comparable to those from existing 500-kV lines in
the area of the proposed line.

6.0 Regulations

Regulations that apply to transmission-line electric and magnetic fields fall into two categories. Safety
standards or codes are intended to limit or eliminate electric shocks that could seriously injure or kill
persons. Field limits or guidelines are intended to limit electric- and magnetic-field exposures that can
cause nuisance shocks or that might cause health effects. In no case has a limit or standard been
established because of a known or demonstrated health effect.
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The proposed line would be designed to meet the NESC (IEEE, 2002), which specifies how far
transmission-line conductors must be from the ground and other objects. The clearances specified in the
code provide safe distances that prevent harmful shocks to workers and the public. In addition, people
who live and work near transmission lines must be aware of safety precautions to avoid electrical (which
is not necessarily physical) contact with the conductors. For example, farmers should not up-end
irrigation pipes under a transmission or other electrical line or direct the water stream from an irrigation
system into or near the conductors. In addition, as a matter of safety, the NESC specifies that electric-
field-induced currents from transmission lines must be below the 5 mA (“let go”) threshold deemed a
lower limit for primary shock. BPA publishes and distributes a brochure that describes safe practices to
protect against shock hazards around power lines (USDOE, 1995).

Field limits or guidelines have been adopted in several states and countries and by national and
international organizations. Electric-field limits have generally been based on minimizing nuisance
shocks or field perception. The intent of magnetic-field limits has been to limit exposures to existing
levels, given the uncertainty of their potential for health effects.

There are currently no national standards in the United States for 60-Hz electric and magnetic fields.
Oregon's formal rule in its transmission-line-siting procedures specifically addresses field limits. The
Oregon limit of 9 kV/m for electric fields is applied to areas accessible to the public (Oregon, State of,
1980). The Oregon rule also addresses grounding practices, audible noise, and radio interference.
Oregon does not have a limit for magnetic fields from transmission lines. The state of Washington does
not have guidelines for electric or magnetic fields from transmission lines.

Besides Oregon, several states have been active in establishing mandatory or suggested limits on 60-Hz
electric and (in two cases) magnetic fields. Five other states have specific electric-field limits that apply
to transmission lines: Florida, Minnesota, Montana, New Jersey, and New York. Florida and New York
have established regulations for magnetic fields. These regulations are summarized in Table 5, adapted
from TDHS Report (1989).

Government agencies and utilities operating transmission systems have established design criteria that
include EMF levels. BPA has maximum allowable electric fields of 9 and 5 kV/m on and at the edge of
the right-of-way, respectively (USDOE, 1996). BPA also has maximum-allowable electric-field
strengths of 5 kV/m, 3.5 kV/m, and 2.5 kV/m for road crossings, shopping center parking lots, and
commercial/ industrial parking lots, respectively. These levels are based on limiting the maximum short-
circuit currents from anticipated vehicles to less than 1 mA in shopping center lots and to less than 2 mA
in commercial parking lots.

Electric-field limits for overhead power lines have also been established in other countries (Maddock,
1992). Limits for magnetic fields from overhead power lines have not been explicitly established
anywhere except in Florida and New York (see Table 5). However, general guidelines and limits on
EMF have been established for occupational and public exposure in several countries and by national and
international organizations.

The American Conference of Governmental Industrial Hygienists (ACGIH) sets guidelines (Threshold
Limit Values or TLV) for occupational exposures to environmental agents (ACGIH, 2000). In general, a
TLV represents the level below which it is believed that nearly all workers may be exposed repeatedly
without adverse health effects. For EMF, the TLVs represent ceiling levels. For 60-Hz electric fields,
occupational exposures should not exceed the TLV of 25 kV/m. However, the ACGIH also recognizes
the potential for startle reactions from spark discharges and short-circuit currents in fields greater than
5-7 kV/m, and recommends implementing grounding practices. They recommend the use of conductive
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clothing for work in fields exceeding 15 kV/m. The TLV for occupational exposure to 60-Hz magnetic
fields is a ceiling level of 10 G (10,000 mG) (ACGIH, 2000).

Electric and magnetic fields from various sources (including automobile ignitions, appliances and,
possibly, transmission lines) can interfere with implanted cardiac pacemakers. In light of this potential
problem, manufacturers design devices to be immune from such interference. However, research has
shown that these efforts have not been completely successful and that a few older models of pacemakers
could be affected by 60-Hz fields from transmission lines. There were also numerous models of
pacemakers that were not affected by fields even larger than those found under transmission lines.
Because of the known potential for interference with pacemakers by 60-Hz fields, field limits for
pacemaker wearers have been established by the ACGIH. They recommend that wearers of pacemakers
and similar medical-assist devices limit their exposure to electric fields of 1 kV/m or less and to magnetic
fields to 1 G (1,000 mG) or less (ACGIH, 2000).

The International Committee on Non-ionizing Radiation Protection (ICNIRP), working in cooperation
with the World Health Organization (WHO), has developed guidelines for occupational and public
exposures to EMF (ICNIRP, 1998). For occupational exposures at 60 Hz, the recommended limits to
exposure are 8.3 kV/m for electric fields and 4.2 G (4,200 mG) for magnetic fields. The electric-field
level can be exceeded, provided precautions are taken to prevent spark discharge and induced current
shocks. For the general public, the ICNIRP guidelines recommend exposure limits of 4.2 kV/m for
electric fields and 0.83 G (830 mG) for magnetic fields (ICNIRP, 1998).

ICNIRP has also established guidelines for contact currents, which could occur when a grounded person
contacts an ungrounded object in an electric field. The guideline levels are 1.0 mA for occupational
exposure and 0.5 mA for public exposure.

The electric fields from the proposed 500-kV line would meet the ACGIH standards, provided wearers of
pacemakers and similar medical-assist devices are discouraged from unshielded right-of-way use. (A
passenger in an automobile under the line would be shielded from the electric field.) The electric fields
in limited areas on the right-of-way would exceed the ICNIRP guideline for public exposure. The
magnetic fields from the proposed line would be below the ACGIH limits, as well as below those of
ICNIRP. The electric fields present on the right-of-way could induce currents in ungrounded vehicles
that exceeded the ICNIRP level of 0.5 mA.

The estimated peak electric fields on the right-of-way of the proposed transmission line would meet the
limits of Oregon, Florida, New York, and Montana, but not those of Minnesota (see Table 5). The BPA
maximum allowable electric field-limit would be met for all configurations of the proposed line. The
edge-of-right-of-way electric fields from Configurations 1 and 2 of the proposed line would be below
limits set in New Jersey, but above those in Florida, Montana, and New York. For Configurations 3 to
10, all edge-of-right-of-way limits would be met.

The magnetic field at the edge of the right-of-way from the proposed line would be below the regulatory
levels of states where such regulations exist.
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