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10.2.2 Audible Noise

Audible noise first appeared as a problem when 765 kV ac transmission lines were first
introduced. Audible noise, like radio noise, is produced by corona on transmission line
conductors. For ac lines, it takes on two forms: a sizzling or crackling sound called random
noise and a single pitch tone called hum. Only the random noise component is present for dc
lines. Transmission line random audible noise is rich in high frequency components, which
gives it a distinctive sound. Both dc and ac lines have similar corona noise frequency spectra.

Random noise results from a multitude of small snapping sounds at corona points on the
conductor. Sound propagates through air at approximately 1100 feet per second. The path
length, and hence the phase shift, is different from each corona point to the listener. Each sound
arrives with a different phase delay and results in the distinctive random noise sound rich in high
frequency components.

Audible noise from insulator corona is rarely evaluated. In densely populated countries
attention has been given to aeolian noise resulting from wind passing over the conductors, but
this is an entirely different subject from electrically-caused corona noise and is entirely
independent of whether the line operates dc or ac.

The human ear does not have a linear frequency response. As a result, it is necessary to
adjust measured noise levels, given in decibels (dB), to obtain correlation with human ear
sensitivity. The correlation is provided by frequency response "weighting" curves. The "A"
weighting curve is used for most community noise evaluation studies. Noise calculated or
measured with a particular weighting curve is identified with the letter of the curve in
parentheses, for example 50 dB(A) for A weighting.

The noise profiles predicted by computer programs assume no obstructions between the line
and listener. This is equivalent to saying that the operator has a clear view of the line from
horizon to horizon. In practice, however, the farther one moves from the line, the more sound-
absorbing trees and vegetation come between the listener and line. The effect of this sound
absorption is that measured sound profiles tend to decrease with distance faster than do predicted
profiles.

Audible noise from ac transmission lines is generally of concern only in wet conditions. Fair
weather audible noise can be sometimes heard, but rarely is it able to be measured because of
the presence of background noise. On the other hand, the highest noise levels occur during rain,
which can itself mask the noise. Audible noise can be characterized by exceedence levels,
typically L; and L;, foul weather, referred to as "heavy rain" and "wet conductor” conditions,
respectively. Other references call these "maximum" and "average" foul weather conditions.
The L,,, wet conductor, or average foul weather value is the number most commonly used for
audible noise evaluation of ac transmission lines. In contrast, audible noise from dc transmission
lines is generally greater during fair weather than for rain.
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Many jurisdictions have noise abatement ordinances which specify noise at the property line.
These ordinances take a number of forms. Some are maximum A-weighted levels. Some have
different levels for day and night. Some are equivalent values averaged over a period of time
L, to allow for variations of noise with weather. Others are day-night limits L iwhere nighttime
noise is more heavily weighted than daytime noise to represent the greater annoyance potential
of noise at night. When equivalent averaged values are used for evaluation of audible noise, it
is necessary to take into account the relative number of hours for foul weather audible noise (ac
lines) versus the number of hours for fair weather audible noise (dc lines).

Figures 10.5-10.7 present the following calculated audible noise lateral profiles for the
example dc and ac transmission lines:

10.5 DC line bipolar operation in fair weather and rain
10.6 DC line monopolar and bipolar operation
10.7 Comparison of dc line in fair weather and ac line in rain

Observations from these figures:

® As with radio noise, fair weather audible noise from a dc line exceeds the audible noise
during rain.

® Likewise, noise during bipolar operation is greater than noise during monopolar
operation.

® For the example lines, audible noise produced by the dc line during fair weather is
approximately 15 dB below that produced by the ac line during rain. Thus, the highest
sound levels from the dc line should be less of an effect than those from an ac line. For
especially quiet locations the impact of the relative number of hours of fair weather
versus rain should be factored into an overall assessment of the relative noise. There is
also some indication that audible noise from a dc line may be more irritating to people
than ac line noise of the same magnitude. This may also be a factor in especially quiet
locations.
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10.2.3 Air Ions

Air ions are natural components of the atmosphere. Ions are molecules with extra electrons
(negative ion) or missing electrons (positive ion). They may be produced by such activities as
storms, sunlight, blowing dust, and corona. High voltage dc lines typically operate in constant
corona and produce air ions by the breakdown of the air molecules adjacent to the conductor
(corona). The flow of air ion current equals the corona loss current.

Because of the non-alternating nature of direct current transmission, the air ions migrate
away from a dc line instead of being trapped near the line conductors as with an ac line. Because
both conductors of a dc line have an electric field, both can produce corona and therefore air
ions. Most air ions are attracted to the conductor opposite to the one that generated them.
Neutralization occurs when air ions combine with those of opposite polarity. Most air ions from
HVDC lines are neutralized. Approximately 10% of the ions escape and migrate away from the
transmission line, filling the space between line conductors and ground. A unipolar space charge
region exists under each of the conductors, and a bipolar space charge region between the
conductors. Migration of ions is a function of ion mobility as well as atmospheric conditions.
The migrating air ions are carried away by wind, much like dust particles or pollen. Therefore,
few air jons produced by the dc line are present on the upwind side of the line. Downwind air
ion concentrations have been measured up to % mile from a dc line, although only for a small
fraction of time. -

Early research on laboratory lines indicated that positive pole ion activity is greater than
negative pole ion activity, much as positive pole radio and audible noise is greater than negative
pole radio and audible noise. Measurements on operating lines have found negative pole ion
activity as anticipated, but positive pole ion activity suppressed. The difference in ion
production between laboratory lines and operating lines is caused by the effect of elevated air
temperature near the conductors resulting from resistive heating of the conductors from the load
current. Passage of load current raises the conductor temperature, and therefore decreases the
relative air density of the air surrounding the conductor. Ion production is a function of relative
air density, so by this means line current has an influence on ion production.

The electric field from a dc line is a random variable. In foul weather a charge sheath forms
around the conductor, which decreases the electric field near the conductor (reducing audible and
radio noise), but increases the ground level field. The electrical environment surrounding a dc
transmission line is therefore composed of three parts:

® The electric field which exists in the absence of ions in kV/m, frequently called the
electrostatic field.

® Ion current density in Amperes per square meter (A/m?).

® Space charge density (small air ions and charged aerosols) in ions/cm?® or charge density
in Coulombs/m’.

69

Schedule AWG-7
Page 83 of 128




The total electric field measured near a dc line is the sum of that produced by charge on the
line conductors in the absence of ions, plus the effect of the space charge. Migration of the space
charge because of the force caused by the electric field causes an ion current density in the space
surrounding the line.

Even under stable weather conditions, the total ground level electric field and ion current
density vary over a wide range, making prediction difficult. During fair weather, the effect of
the space charge is rarely to decrease the electric field below that expected from line conductor
charge alone, and may increase the electric field to a maximum strength 2 to 4 times that due to
the line conductors alone. Ion activity generally increases during rain for dc lines, although the
maximum electric field and ion current density in rain may not be greater than those in fair
weather. The maximum value of ground level electric field including the effect of the space
charge is the value of the uniform field given by line voltage divided by conductor height.

The magnitude of ion current is on the order of hundreds of nanoamperes per square meter.
The current intercepted by a person standing under a dc line is on the order of a few
microamperes, several orders of magnitude below that needed to perceive a shock. The ion
current density deposits charge on nearby objects, causing a surface voltage build-up if the object
is well insulated from ground. The amount of charge accumulated depends on the size of the
object, its location with respect to the line, and its resistance to ground. As a practical matter,
people and other objects normally have a sufficiently low resistance to ground to limit the charge
accumulation to very low levels. If a sufficiently high resistance exists, a large object may store
enough energy to deliver a shock similar to that experienced by walking on a carpet in winter
and touching a door knob. This charge is on the order of 5-10 millijoules. There is insufficient
current density to sustain a steady current shock. This is in contrast to ac transmission lines,
where electric field induction can result in both transient spark and steady state current effects.

DC electric fields induce a static charge on the surface of conducting objects near the line.
This may result in discharges similar to insulated objects charged by ion deposition. Perceptible
spark discharges may thus occur from both insulated and conducting objects in the field of a dc
line.

Hair stimulation and other sensations experienced by the skin may result in human
perception of the field. The same phenomenon holds for ac transmission lines. The threshold
of perception for the electric field from a dc line is greater than the threshold of perception from
an ac line. Thus, a dc electric field is generally less bothersome to work or be in than an ac
electric field of the same level.

While not an environmental effect to the public, electric field and ion current induction are

factors for safe live-line maintenance of an energized dc line. Tests have shown that a
helicopter-airborne platform can be safely used to perform live-line work.
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10.2.4 Corona loss

Corona loss is the electrical energy loss resulting from corona activity on the conductors.
This loss is proportional to corona current, which can be measured when corona is the only
electrical load on the conductors. Corona loss varies with weather conditions. It is a function
of wind speed, rain, snow, and fog. There is also a slight dependence on relative humidity.
Corona loss typically increases by a factor of 2 to 5 in precipitation, with a maximum factor of
10. Corona loss may be a factor in the economic choice of conductor bundles, but is not an
environmental concem. '

10.2.5 Ozone

Conductor corona activity produces small amounts of ozone. Ozone production rates depend
on the corona loss, and thus correlates to the same weather conditions as corona loss. Wind
tunnel tests indicate ozone production rates about three times larger for the negative pole than
for the positive pole for the same corona current. Tests indicate these wind tunnel tests are
indicative of ozone production on operating lines.

During fair weather, ozone production from an HVDC line is not detectable in the variability
in natural ozone. Under certain precipitation conditions, it is rarely possible to detect corona-
produced ozone downwind from a +/- 500 kV HVDC line at the height of the conductors on the
order of less than 2 parts per billion. The difficulty of making this small measurement indicates
that ozone is not a factor in environmental assessment of HVDC lines.

10.3 ELECTRIC FIELD EFFECTS

The electric field of an ac transmission line induces voltages on nearby objects by the
capacitive voltage divider between line, object, and ground. These objects are typically vehicles,
people, animals, sheds, and similar sized bodies. Evaluation of electric field effects of ac lines
involves human perception, annoyance, and safety with respect to voltages and currents induced
on these nearby objects. The electric field of a dc transmission line is static and therefore unable
to induce voltages on nearby bodies by capacitive coupling. Deposition of charge and induction
of voltage and current by ion phenomena from dc lines have been addressed in the section on air
ions.

The electric field of a dc line in the absence of space charge (the electrostatic field) is a
useful benchmark for comparing dc and ac lines. Figures 8-9 present the following calculated
electric field lateral profiles for the example dc and ac transmission lines:

10.8 DC line monopolar and bipolar operation
10.9 Comparison of dc line and ac line
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The maximum electric field under the line during monopolar operation is greater than that
during bipolar operation. The maximum electric field under the dc line for bipolar operation is
greater than that for the ac line. DC lines typically operate at higher ground level electric fields
than ac lines, because dc lines are not subject to the same capacitive induction that ac lines
experience.
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10.4 MAGNETIC FIELD EFFECTS

The magnetic field of an ac transmission line induces voltages on nearby objects by
inductive coupling between the line and nearby parallel objects such as pipelines, long fences,
telephone lines, and railroads. As with electric fields, evaluation of magnetic field effects of ac
lines involves human perception, annoyance, and safety with respect to voltages and currents
induced on these nearby objects. In addition to human safety, inductive effects of ac lines
include possible interference to railroad signals, noise in telephone circuits, and possible
impairment of pipeline cathodic protection systems. The magnetic field of a dc transmission line
is static, and therefore unable to induce voltages on nearby bodies by inductive coupling.

Figures 10.10-10.11 present the following calculated magnetic field lateral profiles for the
example dc and ac transmission lines:

10.10 DC line monopolar and bipolar operation for three line loading levels
10.11 Comparison of dc and ac lines at 1000 MW each

Monopolar operation of the dc line results in larger magnetic field than bipolar operation at
the same pole current. For the same circuit loading, the magnetic field profiles of the example
dc and ac lines are similar.

An effect of magnetic field of a dc line which is not present for an ac line is deflection of a
compass needle near the line. This is potentially significant for a dc line crossing or near a
navigational channel. Figures 10.12-10.14 present calculated compass needle deflection at 3 feet
above ground level for the example dc transmission line under the following conditions:

10.12 Bipolar operation at 1000 MW loading
10.13 Monopolar and bipolar operation for three line loading levels
10.14 Monopolar and bipolar operation at greater distances from the line

Within 50 feet of the center of the line the compass needle deflects as much as 33 degrees
from magnetic north. Maximum deflection is greater for monopolar operation than it is for
bipolar operation. For monopolar operation the deflection is only in one direction, rather than
swinging about zero as is the case for bipolar operation. Beyond about 300 feet from the line
the deflection is less than 1 degree, even for maximum current and monopolar operation.
Concern is sometimes expressed about a possible effect of dc lines on migratory birds, because
they use the earth's magnetic field for navigation during migration. The effect of the dc line
would be at most a few degrees course error for a few feet of flight, less than would be expected
from wind currents.

A magnetic field influence common to both ac and dc lines is their effect on the display of
video display terminals. AC power frequency magnetic field beyond 10 mG can cause jitter of
the display, depending on the particular terminal. DC magnetic field can cause deflection of the
image and color distortion. Jitter from ac magnetic fields is visible at lower field strengths than
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deflection or color distortion from dc magnetic fields. The comparable field profiles between
dc and ac lines indicated in Figure 10.12 indicates that computer monitor interference is less of
a concern for dc lines than for ac lines of comparable loading.
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10.5 COORDINATION WITH PARALLEL FACILITIES

Possible interference to power line and open wire carrier installations caused by HVDC
converter stations was addressed in the section on radio interference. Inductive coordination of
ac power lines and telephone lines is virtually as old as the utility industry. Inductive coupling
from power frequency and harmonic currents into parallel telephone lines have been extensively
studied. The steady current in a dc transmission line does not induce voltage in parallel facilities,
but harmonic frequency currents do exist on both the dc and ac side of converter stations.
Induced noise voltage is highest for monopolar earth return, less for monopolar metallic return,
and lowest for bipolar operation. Filters designed into the converter stations are very effective
in reducing induced noise voltage. '

While there is no steady-state induction of voltages or currents to pipes and fences parallel
to a dc transmission line, there is the possibility of voltages and currents due to transient line
current during fault conditions or line switching. There normally is insufficient energy coupled
during a single fault transient to be of concern for safety for facilities adequately grounded for
lightning protection.

10.6 HYBRID AC/DC TRANSMISSION LINES

There is increasing probability as use of dc power transmission increases that ac and dc lines
will share the same right-of-way, or even be constructed as double circuit lines. The phrase
"hybrid" ac/dc transmission lines refers to ac and dc circuits sharing common support structures
or right-of-way. In such situations it is necessary to consider field and ion interactions between
the two circuits. These interactions have both environmental and system operation
consequences. System operation concerns include:

® Relay misoperation due to zero sequence currents induced in the ac lines by transients
in the dc lines.

® Consequences of faults involving both the dc and ac circuits.
e Effects on dc converter station operation caused by induction from the ac line.

® Transformer saturation on the ac system resulting from dc currents coupled from the dc
line.

The presence of the dc line causes a dc component of electric field at the surface of the
conductors of the ac line. Likewise, the presence of the ac line causes an ac component of
electric field at the surface of the conductors of the dc line. Because conductor corona radio and
audible noise are functions of the maximum electric field at the conductor surface, this additional
field component has an effect on radio and audible noise of the hybrid configuration.
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Positive corona is the major contributor to radio and audible noise, whether the transmission
line is dc or ac. Negative dc fields enhance positive ac transmission line corona activity,
increasing radio and audible noise from the ac line. Positive dc fields suppress positive ac
transmission line corona activity, decreasing radio and audible noise from the ac line. The
relative arrangement of the circuits thus may increase or decrease the overall noise. In foul
weather the ac conductors are the predominant source of audible noise, the level being increased
if the ac conductors are near the negative dc conductor.

For dc and ac circuits on adjacent towers, the ground level electric field, ion density and ion
current density are approximately the same as they would be for both circuits calculated
separately. When the dc and ac circuits are constructed on the same structure, there can be an
appreciable interaction between them, the details of which depend on the relative layout of the
circuits on the structure. If the ac circuit is constructed beneath the dc circuit, there is a shielding
of the dc line electric field, ion density, and ion current density at ground level. Increased
electric field at the surface of the conductors of the ac line, however, results in increased radio
and audible noise from the ac line. In general, the ac conductors behave as active shield wires
for the dc circuit by emitting a compensating dc corona which reduces the dc electric field and
ion densities. If the dc circuit is constructed beneath the ac circuit, the dc poles act as shield
wires for the ac line, reducing the ac electric field at ground level.

One truly interactive effect is human perception of the electric field from a hybrid line. The
stimulation of a person by a dc and an ac electric field acting together is considerably greater
than for either field acting alone. For example, a typical person in a 15 kV/m ac electric field
would experience perceptible, but not annoying sensation. A typical person in a 15 kV/m dc
electric would not be able to perceive the existence of the field. However, in a combined
15 kV/m ac and 15 kV/m dc electric field, a typical person would find it intolerable. Thisis a
true interaction, and must be considered when ac and dc lines are installed in close proximity to
each other.

The magnetic field environment of hybrid ac/dc transmission lines is the sum of the fields
of each line individually, and no special considerations need to be taken for installation of hybrid
lines from a magnetic field standpoint.

Corona and field effects of hybrid ac/dc lines are slightly more complicated to analyze than
for either type alone, but the mutual interactions from an environmental standpoint are not
sufficient to incur a practical hindrance to their use.

10.7 EXAMPLE: CONVERSION OF AC LINE TO DC

Chapter 5 of the Task 1 report discusses conversion of existing ac overhead transmission
lines to dc as a means of making optimum use of limited corridors. An example is presented for
conversion of an existing double circuit 230 kV ac line to 188 kV dc. In addition to the
insulation requirements which must be met for successful dc operation, it is prudent to make an
assessment of electrical environmental effects.
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_ Figure 10.15 shows lateral profiles for fair weather radio noise for both ac and dc operation
for the same structure and conductors. Fair weather is frequently assumed for a radio noise
evaluation because it is generally the most prevalent weather condition. Radio noise is plotted
for the following three conditions:

® Double circuit ac line at 230 kV with superbundle phasing (identical phasing for both
circuits). Superbundle phasing is the most common arrangement for older circuits. It
has lower conductor surface electric field and smaller corona effects, but higher ground
level electric and magnetic fields than low reactance phasing.

® Triple circuit dc line operating at 190 kV with the same polarity on all three circuits
(positive pole on the left side of the structure).

® Triple circuit dc line operating at 190 kV with the positive pole on the right side of the
structure on the center circuit.

The dc configuration with the same polarity on all three circuits has the lower radio noise
profile, comparable with that of the existing ac line. Which polarity is chosen would be based
on a complete analysis as described in the earlier sections of this chapter.

Figure 10.16 shows lateral profiles for L, fair weather audible noise for dc operation and
L, rain audible noise for ac operation for the same structure and conductors. These conditions
correspond to those most likely to produce complaints from nearby people. With either relative
polarity the dc line audible noise is at least 10 dB below that of the ac line.

Figure 10.17 shows lateral profiles of electric field for the same dc and ac comparison.
Electrostatic field magnitude is given for the two dc line polarities, ignoring the effect of air ions
on the field profiles. Reversing the polarity of the center circuit reduces the ground level electric
field profile. Reversing the polarity of the center circuit will also probably trap a larger
percentage of air ions and reduce the ion concentration at ground level.

Figures 10.18 and 10.19 show lateral profiles of magnetic field for the same dc and ac
comparison. As with electric field, reversing the polarity of the center circuit reduces the ground
level magnetic field profile. Figure 10.18 shows magnetic field profiles for the same total
megawatts for dc and ac operation, and Figure 10.19 shows profiles for all conductors at 1000
amperes for all cases. For both electric and magnetic fields the profile for ac operation lies
between the profiles for the two relative polarities for dc operation.

A full analysis requires establishment of criteria and evaluation of the predicted values. A
preliminary examination of Figures 10.15 through 10.19 indicates that conversion of the example
double circuit 230 kV ac line to triple circuit 190 kV dc is feasible from an electrical
environmental standpoint.
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DOUBLE CKT 230 KV LINE CONVERTED TO DC
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Figure 10.17 Absolute Value of Electric Field for AC Line Converted to DC

DOUBLE CKT 230 KV LINE CONVERTED TO DC
MAGNETIC FIELD PROFILE
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Figure 10.18 Magnetic Field for AC Line Converted to DC, Same MW
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DOUBLE CKT 230 KV LINE CONVERTED TO DC
MAGNETIC FIELD PROFILE
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Figure 10.19 Magnetic Field for AC Line Converted to DC, Same Current
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10.8 SUMMARY

HVDC systems environmentally are often more compatible than comparable ac systems.
HVDC lines produce static electric and magnetic fields which are incapable of inducing voltages
and currents on nearby objects by capacitive and inductive coupling. In contrast, capacitively
and inductively coupled voltages and currents are primary effects from ac lines.

One environmental factor from dc lines that is not present from ac lines is the migration of
air ions away from the line. While dc lines can induce voltage and current as a result of the ion
flow in the air surrounding the line, they are incapable of sustaining sufficient steady current to
be perceived by a person.

When dc and ac transmission lines are installed on the same structure or right-of-way,
consideration must be given to possible human perception of the combined dc and ac electric
fields, as human sensitivity to combined fields is greater than to either alone.

Audible and radio noise from a dc line are generally greatest during fair weather, as opposed
to audible and radio noise from ac lines which are greatest during foul weather. The maximum
noise from a dc line in fair weather is less than the maximum noise from an ac line during foul
weather. Audible and radio noise thus may have less of an overall impact from dc transmission
lines than from ac lines.
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APPENDIX: ALTERNATING CURRENT MAGNETIC FIELDS

Electric and magnetic fields are found everywhere electricity is used. The 60-Hz magnetic field
levels in homes, for example, measured near electrical appliances, range from a fraction of a
milligauss to several hundreds of milligauss. The intensity of electric and magnetic fields
associated with sources relate to the voltages and currents on power lines and other conductors
that respectively produce them. Because residential wiring and power delivery systems carry
electricity that alternates with a frequency of 60 Hz, the EMF from these facilities also oscillates
at 60 Hz.

Potential Health Implications of AC Magnetic Field Exposures

Questions have been raised as to whether exposure to electric and magnetic fields in the
extremely-low-frequency (ELF) range (30-300-Hz) could adversely affect human health. While
there has been more than 100 years of biological research on magnetic fields, largely for basic
science and potential therapeutic purposes, the speculation that magnetic fields at ELF
frequencies could have adverse effects, particularly relating to cancer, has arisen mainly from
epidemiologic studies reported over the past 14 years. Only magnetic field exposures are
discussed because the electric field levels are attenuated and shielded by any conductive
materials including buildings, fences and trees. Thus, largely precluding opportunities for
significant contributions to long-term exposures from sources external to buildings. In addition,
there is considerably more scientific and public concern about magnetic rather than electric field
exposures because of some recent epidemiology studies.

The potential health implications of magnetic field exposures like those produced by utility
distribution and transmission lines are assessed by weighing data obtained from both
epidemiology studies of human populations and laboratory studies of biological responses to
magnetic fields in living animals or in isolated cells and tissues.

Epidemiological Studies

Epidemiologic studies provide information directly about people and their illnesses. However,
investigators have very limited control over the ascertainment of exposures, genetic make-up,
and habits of people who are studied. In contrast, strict control over exposure, diet and
individual characteristics is obtained only in laboratory studies, where exposures and responses
can be manipulated to investigate their relationships and the mechanisms involved.

Some residential studies of magnetic field exposures to power lines report a weak association
between childhood cancer and a rough, surrogate (or substitute) estimate of magnetic field
exposure. For example, it has been reported that childhood leukemia is associated with magnetic
field exposures estimated from power lines capable of carrying high currents (Wertheimer and
Leeper, 1979; Savitz et al, 1988; London et al, 1991), or calculated annual magnetic fields from
power lines (Feychting and Ahlbom, 1992). Yet, methods of estimating magnetic field exposure
based upon the levels actually measured at the child's residence have not yielded any reliable

A-1

Schedule AWG-7
Page 123 of 128



associations with leukemia of children (Savitz et al, 1988; London et al, 1991; Feychting and
Ahlbom, 1992). Still other studies report no associations with leukemia (Olsen et al, 1993;
Verkasalo et al, 1993). Although the short-comings of these and other similar studies preclude
any definitive interpretation of their significance for human health at this time, these studies have
prompted interest in continuing research to determine whether chronic exposure to power
frequency magnetic fields of more than 2-3 milligauss could influence cancer risks.

Other epidemiological studies have looked for associations between the occupations of people
with cancer and occupations presumed to have exposures to magnetic fields. However, in the
vast majority of these studies, the exposures of individuals to electric or magnetic fields have not
been measured, and these workers also are likely to have been exposed to various chemicals on
the job, some of which are potentially carcinogenic. Although some recent studies have
attempted to characterize past exposures with measurements and evaluated chemical exposures,
the findings of these studies have not been consistent.

Laboratory Research

Laboratory studies have been conducted over a wide range of magnetic field intensities at 60 Hz
and similar frequencies to elicit biological responses and identify the conditions and mechanisms
under which they can be produced. However, from perhaps thousands of studies in the literature,
relatively few biological responses are reported to occur with exposure to 60-Hz magnetic fields
at intensities less than one Gauss, and those that have been reported are not adverse. Many
findings are reported not to be confirmed by other investigators. Although there is considerable
interest in determining whether there is any biological basis for an association between ELF
fields and cancer, the available data has not provided any substantive support for a role for
magnetic fields to influence tumorigenic processes.

A2

Schedule AWG-7
Page 124 of 128



ORNL/Sub/95-SR893/2

INTERNAL DISTRIBUTION
L. P. R. Barnes 19.  J. VanCoevering
2. G. E. Courville 20. P.P. Wolfe
3. C. L. Brown 21.  ORNL Patent Office
4, B. J. Kirby 22.  Central Research Library
5. B .W. McConnell 23.  Document Reference Section
6. C. L. Moser 24-38. Power Systems Library
7. N. Myers 39.  Y-12 Technical Library
8. D.T. Rizy ‘ 40-42. Laboratory Records
9. R. B. Shelton 43.  Laboratory Records - RC
9-18. J.P. Stovall
EXTERNAL DISTRIBUTION
44.  Dr. Lilia A. Abron, President, PEER Consultants, 1000 N. Ashley Drive, Suite 312,
Tampa, FL 33602
45.  Moe T. Aslam, Westinghouse, Energy Management Division, 4400 Alafaya Trail, Orlando,
FL 32826

46.  Michael Bahrman, ABB Power Systems, 1021 Main Campus Drive, Raleigh, NC 27615

47.  William H. Bailey, Bailey Research Associates, Inc., 292 Madison Avenue, New York, NY
10017

48.  Michael Baker, GEC Alsthom T&D, Power Electronics Systems, Lichfield Road, Stafford,
ST174LN, United Kingdom (via Air Mail)

49. Steven Balser, Power Technologies, Inc., P.O. Box 1058, 1482 Erie Boulevard,
Schenectady, NY 12301-1058

50.  Lars Bergstrom, ABB Power Systems, 1021 Main Campus Drive, Raleigh, NC 27615

51.  Mark Bonsall, Associate General Manager of Finance, Salt River Project, P.O. Box 52052,
Phoenix, AZ 85072

52. John P. Bowles, BODEVEN, Inc., 1750 Sommet Trinite, St. Bruno, Quebec, Canada J3V

53-56. Robert H. Brewer, Department of Energy, EE-10, 1000 Independence Avenue, S.W.,
Washington, DC 20585

57. Vikram Budraja, Senior Vice President, Southern California Edison Company, P.O. Box
800, Rosemead, CA 91770

58.  Richard Bunch, Bonneville Power Administration, P.O. Box 491, Vancouver, WA 98666

59. Mel Callen, Western Area Power Administration, P.O. Box 3700- J5500, Loveland, CO
80539-3003

60. Walter Canney, The Administrator, Lincoln Electric Company, P.O. Box 80869, Lincoln,
Nebraska 68501

61. Ralph Cavanagh, Senior Attorney, National Resources Defense Council, 71 Stevenson
Street, Suite 1825, San Francisco, CA 94165

62. Jim Charters, Western Area Power Administration, P.O. Box 6457- G5530, Phoenix, AZ
85005-6457 ‘

Schedule AWG-7
Page 125 of 128



63.  Mark Clements, Public Service Company of Colorado, 5909 East 38th Avenue, Denver,
CO 80207

64. Carol Cunningham, Executive Vice President, Consolidated Hydro, 680 Washington
Boulevard, 5th Floor, Stanford, CT 06901

65.  John Dabkowski, Electro-Sciences, Inc., 7021 Foxfire Drive, Crystal Lake, IL 60012

66.  Jose Delgado, Director, Electric Systems Operations, Wisconsin Electric Power, 333 West
Everett Street, Milwaukee, WI 53203 ‘

67.  Inez Dominguez, Public Service Company of Colorado, 5909 East 38th Avenue, Denver,
CO 80207

68.  Jeff Donahue, New England Power Service Company, 25 Research Drive, Westborough
MA 01582

69.  Dr. Thomas E. Drabek, Professor, Department of Sociology, University of Denver,
Denver, CO 80208-0209

70.  Paul Dragoumis, President, PDA, Inc., P.O. Box 5, Cabin John, MD 20818-0005

71.  Mike Dubach, General Electric Company, 3900 East Mexico Ave #400, Denver, CO
80210

72. Aty Edris, Electric Power Research Institute, 3412 Hillview Avenue, Palo Alto, CA 94303

73.  Jack Fink, 1 South Bryn Mawr Place, Media, PA 10963

74. Doug Fisher, New England Power Service Company, 25 Research Drive, Westborough,
MA 01582

75.  Theresa Flaim, Vice President, Corporate Strategic Planning, Niagara Mohawk Power
Corporation, 300 Erie Boulevard West, Syracuse, NY 13202

76.  Mike Fredrich, Black Hills Power & Light, P.O. Box 1400, Rapid City, SD 57702

77. John Fulton, Southwestern Public Service Co., P.O. Box 1261, Amarillo, TX 79170

78.  Laszlo Gyugyi, Westinghouse Science & Technology Center, 1310 Beulah Road,
Pittsburgh, PA 15235

79-88. Ronald L. Hauth, New England Power Service Co., 25 Research Drive, Westborough, MA
01582

89.  Dr. Stephen G. Hildebrand, Director, Environmental Sciences Division, Oak Ridge
National Laboratory, P.O. Box 2008, Oak Ridge, TN 37831-6037

90.  Matthew Holden, Jr, Professor of Government & Foreign Affairs, Umversny of Virginia,
232 Cabell Hall, Charlottesville, VA 22903

91. Richard J. Holt, NDT Engineering Inc., 787 Hartford Turnpike, Shrewsbury, MA 01545

92.  Carl Huslig, West Plains Energy, 105 South Victoria, Pueblo, CO 81002

93.  Bob Johnson, Western Area Power Administration, P.O. Box 3402-A3940, Golden, CO
80401

94.  Bradley K. Johnson, Power Technologies Inc., P.O. Box 1058, Schenectady, NY 12301

95.  Gerhard Juette, Siemens Energy & Automation, 100 Technology Drive, Alpharetta, GA
30202

96. Duncan Kincheloe, Commissioner, Missouri Public Utility Commission, P.O. Box 360,
Jefferson City, MO 65102

97.  Dan Klempel, Basin Electric, 1717 East Interstate Avenue, Bismarck, ND 58501

98.  Henry J. Knapp, Missouri Basin Systems Group, 201 N. Minnesota Ave., Ste 102B, Sioux
Falls, SD 57102-0312

Schedule AWG-7
Page 126 of 128



99.  Len Kovalsky, Westinghouse Science & Technology Center, 1310 Beulah Road,
Pittsburgh, PA 15235

100.  Einar Larsen, General Electric Company, Power Systems Engr. Dept., 1 River Road,
Schnectady, NY 12345

101. Tom Lemak, Westinghouse Science & Technology Center, 1310 Beulah Road, Pittsburgh,
PA 15235

102. Bill Long, University of Wisconsin, 432 North Lake Street, Madison, WI 53705

103. Dan Lorden, New England Power Service Company, 25 Research Drive, Westborough,
MA 01582

104. 'Frank McElvain, Tri-State G&T, P.O. Box 33695, 12076 Grant Street, Denver, CO 80233

105.  Alden Meyer, Director of Government Relations, Union of Concerned Scientist, 1616 P.
Street N.W., Suite 310, Washington, DC 20036

106.  Greg Miller, Public Service Company of NM, Alvarado Square, Albuquerque, NM 87158

107. Roger Naill, Vice President and Planning, AES, 10001 North 19th Street, Arlington, VA
22209

108. Bill Newman, Senior Vice President, Transmission Planning and Operations, Alabama
Power, 600 North 18th Street, Birmingham, AL 35202-2625

109. Erle Nye, Chairman and Chief Executive, TU Electric, 1601 Bryan Street, Dallas, TX
75201-3411

110-113. Phil Overholt, Department of Energy, EE-11, 1000 Independence Ave., SW,
Washington, DC 20585 ‘

114. Larry Papay, Sr. Vice President and General Mgr., Bechtel, P.O. Box 193965, San

: Francisco, CA 94119

115.  Suresh Patel, Engineering Manager, Colorado Springs Utilities, P.O. Box 1103, Colorado
Springs, CO 80947

116. Dusan Povh, Siemens, AG, P.O. Box 3220, D91050 Erlanger, Germany (via Air Mail)

117. Bradley D. Railing, New England Power Service Co., 25 Research Drive, Westborough,
MA 01582

118. Don Ramey, Westinghouse Electric Corp., 4400 Alafaya Trail, Orlando, FL 32816

119. 8. C. Rao, Colorado Springs Utilities, P.O. Box 1103, Colorado Springs, CO 80947

120. Vera Rappuhn, Plains Electric G&T, P.O. Box 6551, Albuquerque, NM 87197

121. Mark Reynolds, Bonneville Power Administration, P.O. Box 3621 - TE, Portland, OR
97208

122. Tom Rietman, Western Area Power Administration, P.O. Box 3402 - A3300, Golden, CO
80401

123. Brian Rowe, GEC Alsthom T&D, Power Electronics Systems, Lichfield Road, Stafford,

: ST174LN, United Kingdom (via Air Mail)

124. Steve Sanders, Western Area Power Administration, P.O. Box 35800 - B6302 BL,
Billings, MT 59107-5800

125. A. Schieffer, System Planning Manager, NPPD, General Office, P.O. Box 499, Columbus,
NE 68602-0499

126. Rich Sedano, Commissioner, Vermont Department of Public Service, 112 State Street,
Montpelier, VT 05620-2601

127.  Philip Sharp, Director, Institute of Politics, Harvard University, 79JFK Street, Cambridge,
MA 02138

Schedule AWG-7
Page 127 of 128



128.
129.
130.
131.
132.

133.
134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

Karl Stahlkopf, Vice President, Power Delivery Group, Electric Power Research Institute,
3412 Hillview Ave., Palo Alto, CA 94303-1395

Marty Stenzel, ABB Power T&D Company, Inc., P.O. Box 9005, Littleton, CO 80160
James R. Stewart, Power Technologies Inc., P.O. Box 1058, Schenectady, NY 12301
Charles Stormon, CEO and Chief Scientist, Coherent Research, Inc., 1 Adler Drive, East
Syracuse, NY 13057

Philip J. Tatro, New England Power Service Co., 25 Research Drive, Westborough, MA
01582

Susan Tierney, Economic Resources Group, 1 Mifflin Place, Cambridge, MA 02138
Duane Torgerson, Western Area Power Administration, P.O. Box 3402 - A3940, Golden,
CO 80401

Arnold Turner, Vice President, New England Electric System, 25 Research Drive,
Westborough, MA 01582

Randy Wachal, Manitoba HVDC Research Centre, 400-1619 Pembina Highway, Winnipeg,
Maniboa R3T 2G5, CANADA

Dr. C. Michael Walton, Ernest H. Cockrell Centennial Chair in Engineering and Chairman,
Department of Civil Engineering, University of Texas at Austin, Austin, TX 78712-1076
Ed Weber, Western Area Power Administration, P.O. Box 35800-B6300.BL, Billings, MT
59107-5800

Deborah E. Weil, Bailey Research Associates, Inc., 292 Madison Avenue, New York, NY
10017

Mark Wilhelm, Electric Power Research Institute, 3412 Hillview Avenue, Palo Alto, CA
94304

Norman Williams, Sunflower Electric Cooperative, P.O. Box 1649, Garden City, KS
67846

Gene Wolf, Public Service Company of NM, Alvarado Square- MS0600, Albuquerque,
NM 87158

Dennis Woodford, Manitoba HVDC Research Centre, 400-1619 Pembina Highway,
Winnipeg, Maniboa R3T2GS, CANADA

144-146. OSTI, U.S. Dept. Of Energy, P.O. Box 62, Oak Ridge, TN 37831

Schedule AWG-7
Page 128 of 128






