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ELECTRICAL EFFECTS FROM

THE PROPOSED GRAND COULEE - BELL 500-kV
TRANSMISSION LINE PROJECT

1.0 Introduction

The Bonneville Power Administration (BPA) is proposing to build an approximately 84-mile (mi.) (135-
kilometer [km]) 500-kilovolt (kV) transmission line from the existing BPA Grand Coulee Substation near
the Grand Coulee Dam on the Columbia River, to the existing BPA Bell Substation near Spokane,
Washington. The proposed line is designated the Grand Coulee — Bell 500-kV line. The proposed line
would be built on new and existing right-of-way entirely in the state of Washington. For most of its
length the proposed line would replace the existing Bell — Grand Coulee #1 115-kV transmission line in a
corridor with several other existing BPA lines. In one short section of the route, the proposed line would
parallel an existing 500-kV line; in another short section there would be no parallel lines. The parallel-
line configurations and their lengths are given in Table 1. The purpose of this report is to describe and
quantify the electrical effects of the proposed Grand Coulee — Bell 500-kV transmission line. These
effects include the following:

e the levels of 60-hertz (Hz; cycles per second) electric and magnetic fields (EMF) at 3.28 feet (ft.)
or 1 meter (m) above the ground,

e the effects associated with those fields,
e the levels of audible noise produced by the line, and

e clectromagnetic interference associated with the line.

Electrical effects occur near all transmission lines, including those 500-kV lines already present in the
area of the proposed route for the Grand Coulee — Bell line. Therefore, the levels of these quantities for
the proposed line are computed and compared with those from the existing lines in Washington and
elsewhere.

The voltage on the conductors of transmission lines generates an electric field in the space between the
conductors and the ground. The electric field is calculated or measured in units of volts-per-meter (V/m)
or kilovolts-per-meter (kV/m) at a height of 3.28 ft. (1 m) above the ground. The current flowing in the
conductors of the transmission line generates a magnetic field in the air and earth near the transmission
line; current is expressed in units of amperes (A). The magnetic field is expressed in milligauss (mG),
and is also usually measured or calculated at a height of 3.28 ft. (1 m) above the ground. The electric
field at the surface of the conductors causes the phenomenon of corona. Corona is the electrical
breakdown or ionization of air in very strong electric fields, and is the source of audible noise,
electromagnetic radiation, and visible light.

To quantify EMF levels along the route, the electric and magnetic fields from the proposed and existing
lines were calculated using the BPA Corona and Field Effects Program (USDOE, undated). In this
program, the calculation of 60-Hz fields uses standard superposition techniques for vector fields from
several line sources: in this case, the line sources are transmission-line conductors. (Vector fields have
both magnitude and direction: these must be taken into account when combining fields from different
sources.) Important input parameters to the computer program are voltage, current, and geometric
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configuration of the line. The transmission-line conductors are assumed to be straight, parallel to each
other, and located above and parallel to an infinite flat ground plane. Although such conditions do not
occur under real lines because of conductor sag and variable terrain, the validity and limitations of
calculations using these assumptions have been well verified by comparisons with measurements. This
approach was used to estimate fields for the proposed Grand Coulee — Bell line, where minimum
clearances were assumed to provide worst-case (highest) estimates for the fields.

Electric fields are calculated using an imaging method. Fields from the conductors and their images in
the ground plane are superimposed with the proper magnitude and phase to produce the total field at a
selected location.

The total magnetic field is calculated from the vector summation of the fields from currents in all the
transmission-line conductors. Balanced currents are assumed for each three-phase circuit; the
contribution of induced image currents in the conductive earth is not included.

Electric and magnetic fields for the proposed line were calculated at the standard height (3.28 ft. or 1 m)
above the ground (IEEE, 1987). Calculations were performed out to 300 ft. (91 m) from the centerline of
the existing corridor. The validity and limitations of such calculations have been well verified by
measurements. Because maximum voltage, maximum current, and minimum conductor height above-
ground are used, the calculated values given here represent worst-case conditions: i.e., the calculated
fields are higher than they would be in practice. Such worst-case conditions would seldom occur.

The corona performance of the proposed line was also predicted using the BPA Corona and Field Effects
Program (USDOE, undated). Corona performance is calculated using empirical equations that have been
developed over several years from the results of measurements on numerous high-voltage lines (Chartier
and Stearns, 1981; Chartier, 1983). The validity of this approach for corona-generated audible noise has
been demonstrated through comparisons with measurements on other lines all over the United States
(IEEE Committee Report, 1982). The accuracy of this method for predicting corona-generated radio and
television interference from transmission lines has also been established (Olsen et al., 1992). Important
input parameters to the computer program are voltage, current, conductor size, and geometric
configuration of the line.

Corona is a highly variable phenomenon that depends on conditions along a length of line. Predictions of
the levels of corona effects are reported in statistical terms to account for this variability. Calculations of
audible noise and electromagnetic interference levels were made under conditions of an estimated
average operating voltage (98% of maximum voltage) and with the average line height over a span: 540
kV and about 45 ft. (13.7 m) clearance for the proposed 500-kV line. Levels of audible noise, radio
interference, and television interference are predicted for both fair and foul weather; however, corona is
basically a foul-weather phenomenon. Wet conductors can occur during periods of rain, fog, snow, or
icing. In the Spokane area of the proposed route, such conditions are expected to occur about 15% of the
time during a year based on hourly precipitation records from the Spokane International Airport during
2000 — 2001. At the western end of the proposed route, the percentage of time with foul weather would
decrease. Corona activity also increases with altitude. For purposes of evaluating corona effects from
the proposed line, an altitude of 2000 ft. (610 m) was assumed, except in the area immediately east of the
Grand Coulee Substation, where an elevation of 1500 ft. (457 m) was assumed.
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