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XECUTIVE SUMMARY

During the week of September 22, 1986, Environmental Protection Agency
and Federal Communications Commission personnel investigated radiofrequency
radiation intensities near the Lookout Mountain antenna farms, west of Denver,
Colorado._ Typical power densities near several area residences did not exceed
100 pW/cm?. " The highest value found near the towers along Cedar Lake Road
was 580 pW/cmZ, which 1s below the 1000 uW/cm2 FCC guidelines. However,
near the base of the KYGO-FM tower, a 10,000 pH/cm? value was found and
power densities exceeding 1,000 pk/cm? were measured over a large area. The
areas exceeding the FCC guidelines are in a residential area and are
accessible to the public. EPA urges the FCC to order KYGO to correct the
problem as soon as possible.



TABLE OF CONTENTS

Page
EXECUTIVE SUMMARY ittt ittt ittt ittt et eseaenosenseaenunssnannaensonaans i
TABLE OF CONTENTS Lottt ittt ittt ittt it et eeenenaoeeasnnsesesenaneenaen ii
PART I I PANT S ittt ittt e ettt e ettt s et s et eenaeesenasvaaaaasesnnes §ii
BACKGROUND v ittt ittt ittt it teeenaasoosoeanenotoesnsessennsassanssnanees 1
0 1 1
PROCEDURE AND RESULTS ittt ittt ittt teen e saenoesooeassonnasssnnnnss 3
Cedar LAKE ROBO vvviiiinr it ietieirrsenesensenesacensenarensanneonnsnnes 3
PO UM SUTVEY i ittt ittt it tiareterereeneennneeennasnneonnss 3
Cedar Lake ROGd MBASUTEMENES i iniiiinenenenenenasonsnsennonaenns 4
Measurements Near KOSI-FM ...ttt ii i inneenreenenrnenns 6
Measurements Near KYGO-FM ... vnriiinitiii ittt rnannssonnnnennnanes 7
Measurements Near Other Lookout Mountain Towers .........ccvveinevnnnnns 8
Community Measurements ...ttt inineenereneneennoennronennenanns 8
0 Y o033 0 AR 9
(0] Tod IRV 1 €0 1 PR 1
REFERENCE S ottt e et e e et e et e e e e e e e et et 12
FIGURE
TABLES

APPENDIX A, ZOOM DATA FILES
APPENDIX B, EQUIPMENT AND CALIBRATION INFORMATION

1



PARTICIPANT

Environmental Protection Agency
Office of Radiation Programs, Las Vegas Facility
Richard A. Tell, Chief, Electromagnetics Branch
Edwin D. Mantiply
Paul Wagner

Region VIII, Radiation Programs Branch
Carl V. Peterson

Federal Communications Commission
Office of Engineering and Technology
Robert F. Clevelard, Jr., Physical Scientist

Denver Field Office
Dennis P. Carlton, Engineer in Charge

114



BACKGRQUND

Lookout Mountain is the location for broadcast antennas for many of the
television and FM radio stations that serve the Denver area. The number of
stations and their close proximity to one another and to residential areas
make the Lookout Mountain antenna farms unusual. Table 1 1ists these stations
and their frequencies. Figure 1 shows the location of statfons on a map of
the Lookout Mountain area. Interference to consumer electronic devices and
subsequent concern over possible health effects led the residents and the
Jefferson County Planning Commission to request a survey of radiofrequency
(RF) radiation levels on Lookout Mountain in 1983. That survey was conducted
in 1983 and 1984 and found no locations where the RF intensity exceeded the
American National Standards Institute RF protection guide of 1,000 uW/cm?
(1). However the study was limited by the fact that permission was not
obtained to investigate the RF levels on private property near some broadcast
antennas. In 1986, residents contacted the Federal Communications Commission
(FCC) seeking a more comprehensive study. The FCC consulted EPA, and EPA
found that modeled power densities near the base of the KYGO-FM tower
approached 10,000 uW/cmZ. The earlier study could not corroborate or refute
this prediction since the owners of the property surrounding the KYGO tower
(KYGO does not own the property) had not been reached to grant EPA permission
to conduct measurements on their land in 1983 and 1984. Because the projected
power density near KYGO was so high and because the accuracy of the
calculational model had been verified with measurements in other locations,
EPA Electromagnetics Branch personnel traveled to the Denver area to conduct a
study on Lookout Mountain during the period September 22 to 26, 1986. This
study was conducted at the request of the FCC under the provisions of an
interagency agreement between the FCC and the EPA. Accordingly, FCC personne)
were present and assisted in the study.

EQUIPMENT

RF field strength is usually measured using broadband fsotropic electric
or magnetic field strength meters, or tunable field strength meters connected
to appropriate antennas. Broadband equipment is used to determine the total
RF field at a point while narrowband equipment provides detalls of the RF
field intensity at any particular frequency. This study employed both types
of equipment.

For automated, narrowband measurements, two antennas were wused. A
NanoFast Fiber Optic Isolated Spherical Dipole (FOISD) was wused for
frequencies from 10 kHz to 700 MHz. A HWatkins Johnson omnidirectional
biconical antenna (OMNI) was used for frequencies above S00 MHz. Both detect
electric fields and both are linearly polarized antennas. The axlis of each
antenna was oriented at 55° from the axis of its support mast. HWith this
orientation, one can place the antenna in each of three orthogonal positions
by rotating the support mast to three azimuths, 120° apart. Each OMNI and
FOISD data value presented In this report §s the result of three orthogonal
measurements. All OMNI measurements were made with the antenna on a
fiberglass mast above the roof of the measurement vehicle at a height of about
12 feet. Some of the FOISD measurements were also made at this height, but
others were made at various heights between 1 and 8 feet above ground.
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RF power directly proportional to the electromagnetic wave power density
was conveyed via coaxial cable from the OMNI to a Hewlett Packard B8566A
spectrum analyzer and from there to a Hewlett Packard 98458 computer. The
computer applies antenna factors, combines the three orthogonal spectra and
stores the results on disk.

In contrast to the Watkins Johnson OMNI antenna, the NanoFast FOISD does
not conduct RF power directly to the analyzer. The conventional RF coaxial
cable would act as part of the antenna i1tself and decrease the accuracy of the
information collected by the FOISD at lower frequencies - particularly in the
AM radio band. To avoid this source of error the FOISD does not wuse
electrically conductive coaxial cable but rather a fiber optic cable which
conducts 1ight instead of RF power. The voltage that the electric field
induces across the two halves of the FOISD is used to amplitude modulate a
1ight signal. This 1ight is conducted to the inside of the measurement
vehicle via a fiber optic cable. The 1light signal is demodulated back to an
RF signal, and fed to the spectrum analyzer via coaxial cable. Then, as with
the OMNI antenna, the analyzer delivers frequency specific information to the
computer for processing and storage.

Two computer programs were used to process the finformation supplied by
the spectrum analyzer. The first, DRIVER, has been used for several years by
the Electromagnetics Branch for similar field studies. It 1s especially
useful for measuring peak spectra l1ike those associfated with radar and paging
systems. Those measurements that were processed with the DRIVER system are
fdentified with file names beginning with "I". The second program, ZOOM, was
developed recently to allow more rapid and accurate measurements at
predetermined frequencies. The measurements made using ZOOM are identified in
the report with file names beginning with "Z". Z0OOM was tallored before the
study began to look only at the eight FM and six TV frequencies that are
broadcasting from antennas on Lookout Mountain. These frequencies are the
mafn consideration in this study (see Procedures and Results). The data
collected with ZOOM are 1isted in Appendix A by file name.

Several different broadband f{nstruments were brought for the Lookout
Mountain study because this area presented a complex electromagnetic
environment that could affect broadband finstruments to extents that were not
simple to predict. Bringing a variety of meters whose responses could be
evaluated on Lookout Mountain would allow the study to be completed even if
the limitations of some of the instruments made their use impractical for the
Lookout Mountain measurements. Three Holaday Industries field strength meters
with electric field probes, one Narda magnetic field probe/meter system, two
Narda electric field probe/meter systems, and one Instruments for Industry
(IF1) electric field meter were used. The Holaday and Narda probes are
fsotropic. The IFI unit detects only one polarization at a time and must be
reoriented if three orthogonal measurements are necessary. These systems were
calibrated at the Electromagnetics Branch laboratory during the summer of
1986. In addition, a Holaday Industries data logger was used to store and
reduce large amounts of data for spatial averaging of RF levels. Appendix B
contains more detalled information on the equipment and calibrations.
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Although all the antennas used in the Denver study sense either electric
or magnetic fields, the data presented here have been converted to
conventional units of plane-wave equivalent power density.

PROCEDURE AND RESULTS

The Denver area measurements can be sorted into four categories: those
conducted around the Cedar Lake Road circle near the Lookout Mountain towers,
those near KYGO-FM, those at other nearby towers, and those near residences or
public attractions. Each will be addressed in turn.

Cedar Lake Road
Spectrum Survey

The top of the access road leading from Cedar Lake Road to most of the
Lookout Mountain towers 1s the highest point topographically in the area. Its
elevation allows the best 1ine of sight to the nearby antennas, and therefore
measurements were made at this location in several frequency ranges in order
to establish which bands were major contributors to power density on Lookout
Mountain. These data are 1isted in Table 2. A1l these data were obtained
with the antenna (FOISD or OMNI) mounted above the measurement vehicle. All
values for broadcast frequencies represent average power densities. Values
for land mobile, two-way radio, and radar freguencies are peak power
densities. The peak radar value should be multiplied by the duty cycle of the
pulse (determined from repetition rate and width) and the rotational duty
cycle to obtain true average values for comparison to RF exposure guidelines.
Typically these duty cycles are 0.001 and 0.01 respectively so the peak value
would be multiplied by 0.00001 to obtain a typical average power density for
the radar beam. Once this factor s applied, the radar power density 1s among
the lowest in Table 2. Similarly, the power densities for land mobile and
two-way radio would be reduced if the duty cycles for signals in these bands
were incorporated; however, because even the peak values in these bands were
relatively low and because determining duty cycle would be very time
consuming, these peak power densities were not adjusted to reflect the lower,
average values.

The power densities in Table 2 confirmed expectations that broadcast band
sources, particularly FM radio, dominate the RF environment on Lookout
Mountain. FM radio accounts for over twice the power density caused by VHF
and UHF TV on Lookout Mountain. This information justified deleting all bands
but radio and TV from further detailed investigation.

The data 1iIn Table 2 also provide quality assurance checks between
antennas and between data reduction programs. Four bands were evaluated using
both the DRIVER and ZOOM programs. The difference between the reported power
densities in each band using the different programs ranged from 1 to about
2.5 dB, a reasonably good comparison for programs developed for different
purposes. The ZOOM program was developed recently to increase the speed and
accuracy with which measurements could be made at a set of predetermined FM
and TV frequencies. The primary reason for greater accuracy in the Z200M
program is 1ts use of narrow frequency ranges and the more accurate 1 dB per
division display mode on the spectrum analyzer, rather than wide frequency
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ranges and the 10 dB per division display mode as used in DRIVER. ZOOM is
designed to provide high accuracy in predetermined narrow frequency bands.
DRIVER s better suited to studying unknown RF environments with widely
disparate field intensities wusing the analyzer's wide dynamic range
(10 dB/division) and 1ts broad frequency range display. The IOOM program was
used for the remainder of the narrowband measurements in the Denver study.

A comparison between the data collected for UKF-TV Channel 31 using the
DRIVER program shows a difference of less than 2 dB, between values obtained
with the FOISD and OMNI antennas. This is probably due to the difference in
the heights of the two antennas, causing them to intercept different electric
field intensities along the short wavelength standing waves.

Cedar Lake Road Measurements

Narrowband measurements provide wuseful information concerning the
particular frequencies that contribute to the power density at any location.
However, narrowband antennas remain cumbersome to use, requiring a heavy base
for support and three orientations for every measurement. They are not
practical for {investigating large areas to find locattons of elevated power
densities. The lightweight, isotropic, broadband instruments meet this need.
Broadband instruments are not fdeal, however, suffering from limitations that
may be important 1in the presence of 1low frequency fields such as AM
broadcasts, and multiple frequency, strong fields such as the FM and TV
spectra on Lookout Mountain. Nevertheless, broadband equipment 1is used in
order to help evaluate the RF environment in a timely manner. The question is
how much faith, {f any, should the investigator place in the data obtained
with broadband equipment. To answer this question, six comparisons were made
between the values obtained with the FOISD and the data collected with a few
broadband survey instruments. The FOISD was considered the reference standard
for these comparison measurements.

The comparison procedure consisted of the following steps. A Holaday was
used to probe the area around a measurement site to locate the maximum electric
field (E-field) value. The FOISD was then placed at the point of the highest
E-field value to obtain the reference field value at that point. After
measuring the field with the FOISD, the FOISD was removed from 1ts supporting
mast and the electric field probe of a broadband instrument was placed where
the FOISD had been. These comparisons were made using the moveable FOISD base
which allows measurements to be made close to the ground.

One of the survey instruments used in this comparison was a Narda
magnetic field probe. The team did not have a magnetic field narrowband
antenna system that could serve as a reference standard for this instrument as
the FQISD had for the broadband electric field meters. Instead, the team used
the FOISD as the reference as follows. Once the maximum electric field had
been quantified and the FOISD had been removed, the area directly above and
below the E-field maximum location was probed with the Narda 8616 meter and
8631 magnetic field (H-field) probe to find the H-field maximum associated
with the standing wave. The E- and H-field maxima were then converted to
units of plane wave equivalent power density for comparison.
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Table 3 presents these comparison data for locations around Cedar Lake
Road as well as for one additional location near the KYGO-FM tower, about
one-third of a mile from Cedar Lake Road. The data collected near KYGO will
be discussed later. The third column of Table 3 shows the power densities
measured with the FOISD at six locations around Cedar Lake Road. None of the
values approaches the 1000 pW/cm? American National Standards Institute
Radiofrequency Radiation Protection Guide. This standard has been adopted by
the Federal Communications Commission (FCC) for administrative use as a guide
fn the processing of license applications (2). However, near the KOSI tower,
the power density exceeds the most stringent value (100 uW/cmé) being
considered by EPA (3) as it evaluates options for the protection of the
general public from RF radiation exposure.

The data in Table 3 are listed in three categories defined by the
frequency responses of the broadband {instruments of interest. The first
category includes all the frequencies used by broadcasters on Lookout Mountain
(55 MHz to 578 MHz) including UHF Channel 31. Because broadcasters dominate
the spectrum on Lookout Mountain, the FOISD values 1isted here are, for
practical purposes, the total power density that one would find at these
locations. The Holaday meters are designed to measure electric fields at all
these FM and TV broadcast frequencies, so the Holaday data can be compared
with the total power density FOISD values listed in the third column. Hith
one exception, all the differences between the Holaday and FOISD values are
less than 2 dB. The average deviation 1s less than 1 dB, showing good
agreement for broadband meters in field measurements.

The second category, described on page 2 of Table 3, consists of data for
frequencies below 200 MHz. This includes FM and VHF-TV. Two Narda probes and
the IFI meter operate in this range. The FOISD value listed in this category
fncludes the power density from all the Lookout Mountain broadcasters except
Channel 31, which at 575 MHz {s beyond the recommended range of these IFI and
Narda broadband instruments. Comparisons between the FQISD values and the
numbers reported by the Narda and IFI meters show good agreement in most
cases. However the use of the Narda and IFI meters was limited by other
considerations. When the IFI meter was used at Location B, 1t responded
erratically, making an accurate reading impossible. The cause of this problem
may have been a sensitivity to frequencies outside the design range for the
meter such as the 575 MHz Channel 31 signal. Like the IFI, both Narda probes
in category two responded accurately, but the Narda probes suffered from a
zero-drift problem. This drift makes it difficult or impossible to obtain
relfable data at relatively weak RF field levels. These problems led the team
to abandon these finstruments for routine measurements throughout the remainder
of the study.

The third category in Table 3 includes data for frequencies only above
300 MHz. The only broadcast source on Lookout Mountain that operates above
300 MHz 1s KDVR-TV, Channel 31. The FOISD column in this category therefore
1ists only KDVR's power density. The only broadband instrument that the
investigators had for which the operating range extends from 300 MHz upward,
was the Narda 8621 E-field probe and meter. The sensitivity of the Narda 8621
{s such that the relatively low power densities in the area could not be read
reliably on the 8621 meter. Hence no Narda 8621 broadband meter data are
fncluded in Table 3.



The narrowband measurements made along Cedar Lake Road were useful for
identifying the sources of the RF exposure and for evaluating the response of
the broadband instruments. Based on this information, the team decided to use
the Holaday meters to study typical exposure levels and to search for
localized areas of elevated intensity.

The Holaday HI-3320 data logger was used with the Holaday HI-3001 meter
(S/N 26046) to evaluate typical power densities along Cedar Lake Road. The
data logger stores information from the meter at a rate of four values per
second. At the conclusion of the sampling period, the logger reports the
maximum, minimum, and average values that it recorded. For this part of the
study, the Cedar Lake Road circle was divided into eleven segments of
approximately 300 feet each. The endpoints of these segments are identified
as locations A through K on Figure 1. The data were obtained as one of the
investigators walked each of the segments, while continuously scanning with
the Holaday probe from near ground level to a height of about eight feet. The
data gathered in this way represent the spatially averaged power densities
along Cedar Lake Road. Table 4 presents these data. None of the average
values exceeds the FCC guideline or any standard that has been officially
adopted or is being considered in the United States. Two of the maximum power
densities exceed one of the proposed EPA guidance options (100 pW/cm?), and
one exceeds other standards (200 uN/cmZ) published by the National Counc11
on Radiation Protection and Measurements (NCRP) (4) or the International
Radiation Protection Association (IRPA) (5).

Measurements Near KOSI-FM

Both the narrowband measurement made near the base of the KOSI tower and
the broadband spatially averaged survey of Cedar Lake Road indicated that the
highest levels along the Cedar Lake Road loop were near the KOSI tower.
Further measurements were made near the KOSI tower using the Holaday meter
(S/N 26046). The highest value that could be found was about 580 uW/cml in
a limited area about 3 to 5 feet in front of the KOSI gate. This value does
not exceed the FCC guideline, but it does exceed the nonregulatory 200
uW/cm? NCRP and IRPA standards. The finvestigators searched for the greatest
distances from the KOSI tower at which 200 pW/cm? power densities could be
measured, and found that 200 uW/cm? values were measurable out to a radius
of about 27 feet centered on the KOSI gate. Since the surveyor searched for
the greatest radius at which the 200 uN/cm2 value could be found, even in
localized areas, it follows that the power densities inside this semicircle
did not always exceed 200 pW/cm2. To estimate the typical values inside the
200 uW/cm? contour line, the surveyor again used the Holaday meter connected
to the Holaday data logger, and made several traverses until he was confident
that the power densities within the 200 uW/cm2contour had been thoroughly
sampled. This process was repeated to evaluate its reproducibility. The
average power densities for the trials were 215 pW/cm? and 211 pW/cm?.
The minimum values were 35 uH/cm and 24 uN/cmz. The maximum values were
494 yW/cm? and 430 uW/cm2. These data indicate that the typical power
density averaged over the entire area within the 200 uH/cm2 contour does
exceed 200 uH/cm2 although the power density at any particular location
could be much higher or much lower. The generality of this correlation
between average value within the boundary of a contour line and the value of
the contour 1ine itself has not been established.

6



One additional measurement was made to evaluate KOSI. Since the KOSI
antenna 1s mounted close to the ground on a mountain slope, structures further
up the slope could be in the main beam of radiation. A cursory fnspection
suggested this could be the case at a house painted green along the access
road to the transmitter buildings on Lookout Mountain. A survey of the deck
of this house using the Holaday (S/N 26046) found power densities to be
generally between 50 and 100 pW/cm2. These levels are well below the FCC
guidelines.

uremen near KYGO-FM

The KYGO-FM antenna {s about one-third mile from the Lookout Mountain
antenna farm. It differs from other antennas in the area because the KYGO
antenna 1s mounted close to the ground with its bottom element at a height of
about 30 to 35 feet. This prompted the investigators to survey the area in
the immediate vicinity of KYGO. Near the fence at the base of the tower, the
Holaday (S/N 26046 with 103GR probe) reported 10.35 mW/cm2 (10,350 gN/cmZ)
and the Narda magnetic field system read 9.5 mW/cmd (9,500 HW/cme). A
typical value around the fence was 4.5 mW/cmZ (4,500 uW/cmé) based on the
Holaday and 4.4 mW/cm? (4,400 pW/cm?) as reported by the Narda. The
electric and magnetic field data corroborated one another and confirmed that
power densities ten times the FCC guideline could be found in publicly
accessible areas near the KYGO tower. The lower typical value remained a
factor of four over the FCC guideline.

These data led the investigators to map the distances and bearings from
the tower to the 1000 uW/cmé and 200 uN/cm? contours. Table § presents
these data. The locations of the 1000 uN/cm2 power density were identified
with the Holaday (S/N 26046) electric field meter. These locations were
confirmed with magnetic field measurements using the Narda 8631 probe. The
1000 uW/cm? locations found with the Narda were within about five feet of
the locations found with the Holaday. The 200 uW/cm? power densities were
located using only the Holaday. The 1000 pW/cml fower densities extended to
approximately 30 feet from the tower; 200 uW/cmé values were usually found
at 50 to 70 feet from the tower. To be certain that KYGO was responsible for
the elevated power densities, a FOISD narrowband measurement was made near the
KYGO transmitter building. This measurement, saved as file ZOIXJN and
summarized in Table 3, showed that KYGO was responsible for 99.7% of the FM
and TV power density at the location of the measurement.

The base of the KYGO tower 1s fenced, but most of the area within the
1000 pW/cm? contour 1is not. The KYGO tower is located in a complex of
bulldings where some people 1ive throughout the year and where seasonal,
residential workshops are held to teach square dancing. Many people could
therefore visit areas where power densities exceed 1000 pW/cmé. The main
building of the compound is located within about 100 feet of the KYGO tower.
The team found maximum power densities of 59 uw/cm2 fn the laundry room,
approximately 100 uW/cm? in the commissary and outside the dining hall, and
up to 300 pKW/cm¢ on the patio/deck. Electric and magnetic field
measurements made outside a dormitory (the "Tiltin' Hilton") near the tower
found 40 to 50 pk/cm? power densities.



Finally 1t is interesting to note the effect of different elevations (in
mountainous areas) on the power densities one records. Another narrowband
FOISD measurement (file 20I12Iu) made on top of the vehicle in the parking lot
at 756 Lookout Mountain Road, in the property on which the KYGO antenna is
located, found a power density of 37.2 pH/cm?. This measurement location
was perhaps 100 feet from the KYGO tower and below the center of radiation.
The elevation increases as one moves across Lookout Mountain Road, approaching
the apparent height of the center of radiation of the KYGO antenna. Another
FOISD measurement (file Z0I1ZJD) was made at this higher, but more distant
location (perhaps 200 to 300 feet from KYGO). Usually, tripling the distance
from an antenna in this way would reduce the power density by a factor of 9.
In this case however, the effect of greater distance was overcome by moving
h1gher fnto the ma1n beam of radiation. The power density rose to 85.8
pH/cmZ in the driveway of a home across Lookout Mountain Road from KYGO.
Even at 1054 Colorow Road, approximately 800 feet from KYGO but still elevated
with respect to the base of the KYGO tower, the power density remains greater
than in the parking lot at 756 Lookout Mountain Road. The power density
measured near 1054 Colorow Road was 55.8 uW/cm2 (file ZOIYQx). These data
f1lustrate the need to consider the relative elevations of areas surrounding a
station in the overall RF exposure evaluation.

M rements Near her Lookout Mountain Tower

Approximately three quarters of a mile from the Lookout Mountain antenna
farm are two towers which support a variety of communications antennas, two FM
antennas, and one VHF-TV antenna. KRMA-TV, KCFR-FM, and KUVO-FM are located
at the Colorow Hill site. Electric field measurements were made at this site
using two Holaday meters (S/N 26046, 26042). At the base of the broadcast
tower the power densities ranged from 2 to 124 yW/cm2. Between the antennas
and Colorow Road power densities of 350 to 425 uW/cm? were found. Across
the road values up to 200 uW/cm? were found.

These data prompted the team to search for the 200 uwlcm2 contour along
Colorow Road. Power densities up to 200 uN/cm2 were found along a 125 foot
length of Colorow Road, centered approximately at the door to the transmitter
building. The 200 uW/cm levels extended to about 12 feet beyond the far
side of Colorow Road from the transmitter building. A FOISD narrowband
measurement, made near the antennas reported a power density of 204 uW/cm2.
This file, identified as 20IZMF, found the major contributor to be KCFR-FM.
KUVO-FM and KRMA-TV were the next strongest contributors but together provided
only about half the power density of KCFR at that location.

At another location, one third of a mile north of the Lookout Mountain
antenna farm, 1s a smaller group of towers supporting antennas for TV and FM
stations. A survey near these towers using the Holaday (S/N 26042) found
locations where the power densities reached 273 uW/cm2.  However, power
densities were usually below 200 uW/cme, and over the entire area the levels
were generally between 50 and 100 uw/cmz, well below the FCC guidelines.

mmuyn M rements

The purpose of studies like this one is to evaluate the extent of human
exposure to RF radiation. This was a concern of many Lookout Mountain
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residents who attended an informal gathering with the EPA and FCC
fnvestigators on the evening of September 24. At that meeting, EPA agreed to
make limited measurements at several homes in the area. These measurements
fncluded collection of narrowband FOISD data at each location and broadband
survey data at several homes. For these measurements the FOISD was positioned
on top of the vehicle, and the vehicle moved to an arbitrary point along the
road or in the driveway. Because these locations were arbitrarily chosen, the
FOISD power densities probably are neither maxima nor minima, but are useful
because they indicate the major source(s) of the RF radiation at each
location. Another measurement a few feet away would probably find a different
absolute power density. The broadband data were collected with two Holadays.
Table 6 presents all these data.

None of the power densities in Table 6 exceeds the FCC guideline. Hith
only two exceptions, none of the values exceeds even the most stringent RF
radiation safety guideline being considered in the United States. The two
exceptioni, a 200 uN/cm2 power density near a trampoline spring and a
589 pW/cmé power density near a plece of metal furniture, are more
representative of the concentrating effect metal objects have on electric
field lines than they are representative of typical power densities. Electric
field 1intensity can be dramatically increased near conductive objects,
particularly if those objects have sharp corners. This is why 1lightning
preferentially strikes 1ightning rods. However, the presence of another
conductive object, such as a human, can further alter the electric field,
generally lowering the intensity near pointed conductive objects. Because of
this, the 1importance of high measured electric field intensities near
conductive objects is controversial. Traditional thinking on this subject fis
that relatively high, 1localized fields, near conductive objects where the
surrounding field is substantially less, do not cause energy absorption rates
fn tissue that would normally be associated with whole-body exposures to
fields of the same high values.

In order to place these values into perspective, two measurements were
made in an area that is relatively distant from the Lookout Mountain
antennas. At the end of the 700 block of Chimney Creek Road in the Genesee
residential area, power densities from Lookout Mountain broadcasters and from
Mount Morrison broadcasters (located near Genesee) were measured with the
FOISD. At this location, the power density from Lookout Mountain broadcast
sources was 0.2 uN/cm2 and that from the Mount Morrison FM broadcasters was
0.00015 pW/cm2. These values can be compared with the 0.005 pH/cm? median
level to which the populations of 15 major U.S. cities are exposed (6).

Holaday (S/N 26046) measurements were also made at the Buffalo Bill grave
tourist attraction. At the overlook near the visitor center, the highest
value found was about 2 uN/cmZ. At the grave itself, power densities up to
8 uN/cm2 were measured. Typical values ranged from about 5 to 14 ukW/cm
at the overlook near the grave.

DISCUSSION

The height and topographic location of the KYGO antenna make it a
convenient "field laboratory" to 1illustrate two characteristics of FM
signals. The KYGO antenna 1is unusually low on its tower causing excessive
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power densities directly below the elements. This is the "grating lobe" which
points directly down to the ground and straight up into the air from the
elements. Because the antenna is so low to the ground, moving a short
distance away from the tower base places one at a large angle away from
vertical with respect to the elements. The 10,000 pW/cm value found at the
base of the tower decreases rapidly as one moves away from the base of the
tower and out of the grating lobe. The power density falls to 1000 pW/cml
at about 30 feet, and to 200 pW/cm? by 50 to 70 feet from the tower. The
second point illustrated by KYGO is that in a mountainous area, one cannot
rely on such a rapld reduction in power density with distance because the
measurement locations may be moving up into the main-beam of radiation.
Additional data collected near KYGO actually show an increasing power density
with distance from the antenna as the measurement location moves closer to the
matn beam of radiation. RF hazard finvestigators should be aware of this
property not only in mountainous terrain but also in urban environments where
the main beam of radiation may be intercepted by nearby tall buildings.

A surprising finding in Table 3 1s that the Holaday electric field meter
reported values that were below the actual (FOISD) value. MWhile the Holaday
data in Table 3 are not far from the FOISD data, the Holaday values are almost
always low. The authors' experience, however, is that diode detectors, such
as the Holaday, tend to overrespond rather than underrespond in complex RF
environments. Because of this, diode detectors have been considered
conservative. However, the authors' judgement in this case is that the value
reported by the FOISD represented the maximum field in an area with no nearby
perturbations, while the Holaday values were collected in the presence of a
6 foot tall individual, the surveyor, within a few feet of the probe. It fis
likely that the presence of the person would lower the field at the probe,
particularly when the probe is at the location of the maximum field value in
the area, thereby causing the discrepancy. Additional comparison measurements
in other complex environments will help resolve the issue. The IFI meter's
erratic response at location B and the Narda system's zero drift problems
further wunderscore the fact that no single meter 1s adequate for all
monftoring situvations.

It is worthy of note that the maximum value measured at the base of the
KYGO tower compares closely with that predicted by an EPA program destgned for
this  purpose. The program calculated a maximum power density of
9,620 pW/cm?. The maximum values measured with electric and magnetic field
meters were 10,350 uW/cm? and 9,500 pW/cm? respectively for a maximum
difference between theory and data of about 0.3 dB. A similar comparison
between predicted and measured values in an earlier study in Oregon, also
found approximately 0.3 dB difference. This correspondence is encouraging
because 1t helps EPA and FCC decide which antennas are likely to produce
ground-level power densities that exceed the FCC guidelines. Output from this
modeling technique could be used to identify areas of potentially high public
exposures and to select additional areas for field study. The application of
the model to other FM facflities has shown that power densities as great as
that predicted at KYGO are unusual but not unique.
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CONCLUSIONS

1.

Near the base of the KYGO-FM tower power densities reach 10,000 pW/cm?
in a publicly accessible area. This far exceeds the FCC 1,000 pW/cml
guideline (2) for FM frequencies. The KYGO tower is located in a complex
of buildings where some people 1live throughout the year and where
seasonal residential workshops are held to teach square dancing. EPA
urges the FCC to order KYGO to correct these extreme values in publicly
accessible areas as soon as possible. The few measurements made inside
the mgin buidling of the compound found no power densities exceeding 100
UKW/ cme.

The maximum power density near the KOSI-FM tower, 580 uH/cmz. ts below
the FCC guideline, however the spat!ally averaged power density within an
area of about 1,000 square feet near the tower exceeds the 200 uW/cmZ
NCRP (4) and IRPA (5) standards and two of the options that EPA (3) is
considering for RF radiation protection guidance.

With the exception of the area near the base of the KOSI tower, none of
the averaged power density data collected around the Cedar Lake Road
circle exceeds any recommendation that has been adopted or is being
considered by major organizations within the United States.

Typical power densities at several residences on Lookout Mountain did not
exceed 100 uN/cmz. the most stringent value that exists (7) or is being
considered in the United States although higher power densities of
limited extent can be found, particularly near field-enhancing, meta)
objects. At a location more distant from the Lookout Mountain antennas,
a power density of 0.2 uW/cm? was measured in the Genesee residential
area.

TV and FM antennas on Colorow Road produce power densities that exceed
200 pH/cm? along a 125 foot 1length of Colorow Road. However, the
maximum value found near the Colorow Hill antennas did not exceed the FCC
guideline.

The maximum power density measured at the TV and FM towers along Lookout
Mountain Road (one third mile north of the Cedar Lake Road area) was
273 pW/cml. However, power densities were typically between
50 pW/cm? and 100 uN/cm2 in this nonresidential area.

N
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TABLE 1. Lookout Mountain Broadcasters, Grouped by Tower

Location of Tower Call Sign Frequency (MH2)
Lookout Mountain Road KWGN-TV 57.5
KBPI-FM 105.9
KAZY-FM 106.7
Lookout Mountain Road KPKE-FM 95.7
Colorow Road KRMA-TV 85.5
KCFR-FM 90.1
KUVO-FM 89.3
Cedar Lake Road KUSA-TV 189.5
Cedar Lake Road KCNC-TV 69.5
KOAQ-FM 103.5
Cedar Lake Road KOSI-FM 101.1
Cedar Lake Road KMGH-TV 177.5
Cedar Lake Road KDVR-TV 575.5

Lookout Mountain Road KYGO-FM 98.5



TABLE 2. Data Collected at Top of Access Road
to Lookout Mountain Transmitters

Power Density

ntenn File Name requency Range guN/cmz)
FOISD 126M57 AM Radio 0.0000874
FOISD 126N09 Low VHF TV 0.601
FOISD Z012ZMs Low VHF TV 0.94
FOISD I26N14 FM Radio 6.87
FOISD 201ZMs FM Radio 8.66
FOISD 126N47 Land Mobile VHF (peak) 0.0435
FOISD I26N19 High VHF TV 0.946
FOISD 101ZMs High VHF TV 1.66
FOISD 126N31 Land Mobile UHF (peak) 0.462
FOISD Z0IZMs UHF Channel 31 1.01
FOISD 126N24 UHF Channel 31 0.603
OMNI 126006 UHF Channel 31 0.940
OMNI 126014 Two-Hay Radio (peak) 0.0539
OMNI * 5.57 GHz Radar (peak) 1.4

*The data for radar were collected by reading directly from the screen of the
spectrum analyzer as the antenna was positioned 1in three orthogoanl
orientations. These data were not processed by the computer and therefore
have no file name.



TABLE 3. Power Densities (uW/cmZ) Determined with Narrowband and Broadband Instruments

File

Location* Name
A. Near KDVR ZOIVRU
B. South of KOSI ZOIKK2
C. Near KOSI ZOIWLU
D. Near 21109 ZOIWPF

Cedar Lake Rd.

E. 60 ft. east of Z0OIWQZ
21189 Cedar Lake Rd.

later at same ZOIWRC
location
F. Near 21209 ZOINWRV

Cedar Lake Rd.

Near KYGO ZOIXJIN
transmitter building
not at maximum E-field

Category 1, 55 MHz to 578 MHz

159
75.6

48.5

48.3

22.5

1242

Holaday
S/N 26046
up _to 6000 MHz

Holaday
S/N 26038
up to 6000 MHz

12.8

30.6
167

68.3

40.6

18.5

1072

*See Figure 1 for locations of the measurement sites.

Holaday
S/N 26042
up to 6000 MH2

13.9

22.3
170

65.6

44.6

20.2

976

12.4

29.7
159

69.4

37.2

17.4

1004



TABLE 3.

Location*
A. Near KDVR
B. South of KOSI

C. Near KOSI

D. Near 21109
Cedar Lake Rd.

E. 60 ft. east of
21189 Cedar Lake Rd.

Later at same
location

F. Near 21209
Cedar Lake Rd.

Near KYGO
transmitter building

Power Densities (pW/cmZ) Determined with Narrowband and Broadband Instruments (continued)

File
Name

ZOIVRU
ZOIWK2

ZOIWLU
ZIOIWPF

Z01KQZ

ZOIKWRC

ZOINWRY

ZOIXIN

not at maximum E-field

Cateqgory 2, Below 200 MHz

Category 3,
above 300 MHz

Narda Narda
IFI 8631 H Probe 8662 E Probe
FOISD up to 200 MHz up to 300 MHz up to 300 MHz FOISD
6.59 could not zero noise level 10.5
7.13 resonance negative zero could not 39.4
problems drift zero
153 202 157 197 5.24
75.1 88.9 42.8 at 2' 89.6 0.456
above ground
55.1 at 7.5
above ground
46.3 55.2 33.3 44.8 2.22
46.1 2.23
21.7 49.2 could not zero 26.9 0.855
1242 1487 1299 0.186

*See Figure 1 for locations of the measurement sites.



Segment*

A to
B to
C to

F to
G to
H to
I to
J to

*See Figure 1 for the locations of the segments

o o w

TABLE 4.

Minimum

0.515
1.15
5.51
0.791
0.773
0
0.036

0.293
0.577

Average
A

1

34.
86.
15.

1

Averaged Power Density in pH/cm2
along Segments of Cedar Lake Road

4
6
7

.3

.48
.18
12
.82
.19
.54

Maximum

35.6
181.0
505.0
80.4
30.3
25.0
10.8

9.13
13.3
351
21.3



TABLE 5.

Approximate Greatest Distance and Magnetic Bearing from
the Base of KYGO Tower to 1000 uW/cm2 Power Density

Distance (feet) Bearing
27 336°
28 32°
31 212°¢
32 196°
33 184°
37 148°
39 145°
36 87°
30 80°
27 12°

Approximate Greatest Distance and Magnetic Bearing from Base
of KYGO Tower to 200 pW/cm? Power Density

Distance (feet) Bearing
51 12°
70 144°
74 156°
89 (near guy wire pole) 158°
57 190°
53 210°
42 256°

50 326°



TABLE 6.

Location

21109 Cedar Lake Road

21280 Cedar Lake Road
deck, yard generally
deck, yard maximum
trampoline spring surface,
maximum

21009 Cedar Lake Road
in front of garage, generally
on steps
on steps, maximum
porch and yard
porch and yard maximum

20969 Cedar Lake Road
yard and driveway
yard and drive maximum
fnside house
inside house maximum
deck maximum

851 Panorama Drive
front yard
deck
backyard

840 Panorama Drive
in front of house
inside house
upper deck, rear
lower deck, rear
next to metal lounge, maximum

732 Aspen Road
driveway
front proch

676 Lookout Mountain Road
driveway near garage
upper deck
near metal furniture, maximum

FOISD Value/File Name

Residential Power Densities

Holaday

58.9/Z0IYN8

10.9/201Y0U 26046
19.4/101Y0f 26046
7.91/201IY00 26042
4.49/101Y0y 26046
5.81/Z01YPF 26042
5.53/Z0IYPR 26042
11.6/201YP1 26046

Serial Number

Holaday
Value (uN/cmz)

7.07-11.8
23.6
200.0



TABLE 6. Residential Power Densities (cont.)

Locations FOISD Value/File Name

561 Columbine Avenue
driveway
back porch
S.E. corner of house
back yard
front porch, away from KYGO

529 Parkview Avenue
driveway
near wood fence
front deck and back yard
near metal furniture, maximum

812 Aspen Road
road above house
drive and parking area
deck and stairs
side of house
front of house

592 Aspen Road

824 Aspen Road

756 Lookout Mountain Road
1054 Colorow Road

Across road from 756 Lookout
Mountain Road

Genesee, end of 700 block
of Chimney Creek

5.61/Z01YPt

7.88/201YP2

4.57/201YQT

24.0/201IYPe
8.14/20IYQe
37.2/20121u
55.8/20IYQx
85.8/2012JD

Holaday
Serial Number

Holaday
Value (uN/cmZ)

26042

26046

26042

0.237/Z0IYRS (Lookout Mountain Stations)
0.00015 ZOIYRg (Mount Morrison FM Stations)



APPENDIX A
Z00M Data Files



Fule

Name

ZOTVRU

FOLSD Full Scale Setting

P20V M)

FM Radio Station Measurements
Total Antenrnad
Call Frequenry Px Py Pz Power Facter
Stgn (MHz) (dhm)  (dkm)  (dEm) (dEm) (dR)
KUVO B 3 -43 34 -32 7% -3~ 04 -31 4% 36 A%
KCFR ?0 4 -30 9L 2R 9% =30 70 -2% 80 6 AN
KPKE 9% 7 -52 81 -37 44 -48 26 37 00 36 45
KYQOO 98 S -17 34 -13 73 -45 7% {0 S8 36 A
KOST 101 1 -26 51 -0 27 -44 7% -24 75 36 4%
KOAR 103 95 -3% 1S -3& 89 -44 10 -34 28 35 A%
KRFT 105 ¢ -42 AS =33 32 -40 PH 20 3% J& 4t
KaZY 105 7 -42 9% =34 03 -30 48 =29 2P 36 4%
Total Power Density
TV Viden Measurements
Total Antenna
Call Frequency P Py Pr Powrr Factlom
Sign (MHz) (dhm) (dRm)  (dEm) Cdhm) (dk)
KWEGN 5% 2% -39 PG -44 73 -47 '/ -327 bh4 36 A
KCNC &7 24 =35 04 36 66 -380 49 =31 LR 36 4%
KRMA 83 24 -22 40 -27 68 -3 01 =20 92 3¢& A5
KMEH 179 2% -24 QP -23 33 -19 2 ~17 2% 36 45
KUSA 187 24 -40 96 =34 g0 -35 39 ~31 G4 36 45
KDUR G73 2% -1 PS5 =% 97 -10 20 -5 67 37 61
Tolal Power Dencity
X 4 dk subtracted from peak electric field to
TV Audao Measurements
Total Antenna
Call Frequenry P x Py Pz Power Factor
Si1gn (MH2) (dhm)  (dEm)  (dEm) (dHm) (dk)
KWEN 59 7% -47 ©f) -45 73 -S4 44 -42 87 36 45
KCNC 71 74 -43 47 —4% 67 —-4% 29 -—40 09 36 44
KRMA 87 74 -43 27 -3%5 418 ~40 Y0 -33 &1 36 4%
KMGH 179 75 -28 38 -32 1y -2R R7 -24 75 36 44
KUSA 191 74 -4% 54 -43 A5 -43 00 -38 56 36 45
KDVR 577 75 -183 87 -28 66 -48 S 1N 49 37 67
Total Power Densaty
TV & FM Power Denoaty

obhta1in

09 /272 /88 oRPu P
FElec tra: Powoy
Field Dear- 1ty
(dRul/m> Culd. em™ D)
112 00 G n@
117 &Y. {aA4
106 4% Ntz
132 8% RIS I (
119 <0 Caed R ¥
109 07 N2144
114 40 15414
114 21 o4t
L'obRASD
%
Eiootric Porer
Fareld Densi ty
(ARuN /M) (LW oM 2)
10y 81 plLagu
107 77 (LRISY S
118 83 LRV
120 20 43007
jos 94 TR
134 93 g PrLeaIn
f 0470
RMO electric field
Electrae P oawne
Field Den<ai Ly

(dkutv/m?

100
in3
109
118
104
129

56
4z
A4
70
RY
19

W/ em” 2)

0n.an A
fnegni
n,r.sY
164
N1y
I A )

AV ORE

I A (IR



File Name

ZOTWKP?

FOISD Full Scale Settang

FM Radio Station Measurements

S0{V/m)

Call Frequency P x
Suwgn (MH2z) (dbhm)
KUV 8e 32 ~-54 54
KCIR ?0 1 ~49 70
KFKF @5 7 -4¢4 38
KY LU 98 S -28 99
KOS 101 ¢ -21 32
KOHE 103 5 =32 81
KIP I i0s @ -43 63
KAZY 106 7 =365 P9
TV Videy Measuremente
Call Frequency Px
Sign (MHz) (dbm)
KWGN 58 25 =36 45
KNG 67 2 -37 37
KRMA 81 04 -45 43
KMGH 17% 2% =27 94
KUISA 187 24 -37 &0
KDVR 573 2 -4 20
¥ 4 dBE subtrac ted

TV Auvdio Measurements

Call
Sign

KWGN
KI'NC
KRMA
KMCOH
KUSA
KDVR

Frequency

(MH

5¢

71

87
179
191
577

)

75
74
74
75
74
75

P x

(dhm)

-3
-44
-57
-44

-4y

_2\')

838
14
97
0o
37
63

Totral

Py Pz Power
(dEm>  (dEm) (dFRea)
~-%9 70 ~S& 78 -S2 28
-49 {7 -88 48X 45 23
-46 77 -45 2% -41 30
=25 44 -39 070 =27 77
=27 63 -6 70 -19 49
-39 S¢ -27 S4 26 20
-41 4132 -44 40 -38 1S
-39 B —-43 03 34 110

Total

Total

Fy P2 Puower
(dHm) (dRm) (kM)
-35 958 -3% 7§ -31 §3
-3¢ 30 -P9 24 =28 04
-42 73 45 S50 -39 98
-27 54 28 41 -23 7Y
-4 94 33 72 -3F% hb
-13 2v -1 07 -7 N3

Total

from peak electric field to obtain RMS

Total

Py Pz Power
(dEm)  (ARm) (dHm)
-49 80 =40 X0 -39 »7
-54 37 -4% 17 -41 39
-56 3R -62 44 -53 &0
=37 33 -44 32 -34 70
38 70 -39 25 -34 61
-29 S7 ~32 946 -R3 4P

TV &

Antenna
Factor
(dR)

44
44
44
44
44
44
44
44

3%
25
5
3G
a5
KA
35
35

Power Densaty

Antenna

Factor
{ctR)

44
44
44
44
44
4y,

35
s
JY
39
3y
=

Power Dencity

Antenna
Factor
(dR)

44
44
44
A4
44
45

k{3
3
¢,
3y
ar,
©7

Total Powpr Density

FM Power

Density

09723784

Elect1m1c
Field
(dRu\/m)

9%
0%
IRRL
103
{31
iPS 15
143 30
117 2%

07
47
0s
54

Bé

Eleciric
Ficle
(cRaW,m)
16 PP
119 11
107 727
103 40
115 69
141 AR

Electrac
Field
(dEuV/m)

191
109

97
1164
116
128

68
96
84
87
74
9%

*

10 5 AM
P o
Denyr,i by
Culblyem?P)
Do, 4
(NI
0o f14
552
4 (1hyA4l
R&E734
fiai,7 %
14079

VA IR

Powor
Densyty
(ull. tm™ 2

14900
PLee e
(e
£070H4
(TR EA(
A PR6e10

electric freld

Power
Den 11y

(W m~2)

034 01%
06730
(04 &
noe
2500
#0344
3944

f4¢e. S{I0®



20TWLu
Scale Setting

File Name
FOISD Fuli

FM Radin Station

100CV/m)

Measvrements

Call Frequency P x

Sign (MHz) (dhm)
KUVO By 2 -%e 37
KCFR 90 1 -54 39
KPKE 95 7 -42 8¢
KYGO g 9 -45 190
KOST 101 & -i8 57
KOAN J03 5 -46 A3
KEPT 105 9 -39 ©3
Kezy 106 7 -40 97

TV Vaideo Measurements

Call Frequency P x
Sign {(MHz) (dhm?
KWGN oL 2% -4 70
K{.NC 67 P4 -41 36
KRMA B3 24 -44 19
KMGH 175 25 -33 83
KUSA 1R7 24 -28 65
KDUR 673 2% -24 61
X 4 dK subtracted

TV Avdio Medsurements

Call Frequency P x

S1ign (MHz) (dhm)
KWEON Sy 7% =57 30
KNG 71 74 -49 75
KRMA 87 74 -60 14
KMOH 179 75 -34 58
Kusa 191 74 -35 38
KDHUR S77 7% -39 30

Total Antenna
Py P Power Factor
(dEm) (dRm) (dFm) (dE)
-58 o0 -S4 3 -S4 98 S0 40
~-54 75 =% 25 -403 39 S0 A0
-42 33 -43 38 =38 04 S0 40
-56 54 -54 43 -44 3% 50 40
-19 99 -491 06 -9 90 S0 40
=53 37 -4% 36 -4 48 506 40
-3R 38 -44 17 =3% 4% S0 40
-42 68 -46 77 38 40 S0 4G
Total Power Dencity
Total Antenna
Py P Power Far1or
(dEm) (dlim) (dHm) (k)
-48 4¢ - 47 R -3¢ (N ti A0
-43 8% -4 44 =34 RY S0 40
-G1 B4 -48 2§ -43 34 S0 40
=31 B0 -446 8y -09 &3 S0 4l
-3 37 -37 &0 246 74 S0 40
~36 Y& 0% 75 01 Y 51 86

from peak electrac field

Total Power Densaty

to

Total Antenna
Py Pz Fower Fac tor
(dEm) (dEm) (dEm) (dR)
~-51 12 ~-%2 13 -48 49 S0 40
~-G9 87 -49 76 -—446 54 S0 40
-6y P& 62 04 =564 320 S0 40
-43 78 —-4P 92 =35 05 S0 40
-S1 77 -346 S5 -3 84 S0 40
-49 21 -39 78 -3& 30 51 &

TV A

Total Power Density

FM Power Density

ohtain RME&

09/23/86 147 AM
Electric Fouor
Field Den~-1ty
(dRuV/m) (b’ a2
$0S 42 oy
109 01 02114
118 34 ML WA
13 0% NS34%
147 S&(Q 146 (LW
i14 92 08~30
i21 o& 44501
149 20 2095910
S0 f04% 2
X
Flectirat Powor
Field Derme pay
(dlu\V /7 m: Cul. cm’ 2D
14 40 LML A
146 K7 ir0a9
110 04 (e 67y
iP3 79 635673
126 46 1 one
130 57 AN CE AN
¢ B74H9
electrac {field
Flectric Power
Field Den <11y
{(dRuV/m) (Ul em”2)
109 00 05 uy
190 K4 DAP3E,
1049 90 Du3a
irz2 3- 40584
i24 S4 PATK TN
122 3 4n3 2R

{ 722080



File Name ZOLWPF
FOUTSD Full Scale Setting

FM Radio Statlron

Meacurements

Call Frequency Py
S1gn (MH7) (dhm)
K ge 1 -52 44
K{TR Q0 1 -54 av
KPKL FATIN -3 &4
Kyt 96 5 -40 &3
¥OST 104 4 -10 87
KOG 103 5 ~-34 7Y
KHPT 105 @ -19 3~
K&azyY 106 7 -17 °?
TV Usdeo Megsurementa
Call Frequanrcy Px
Hagn (MM ) (dhm>
K Wi N 8% Y -36 90
KNG 67 24 -34 75
Kkt B3 4 -2R 83
K Misk 17% 2% =27 90
KUS#H ig7 P4 -4 .4
KDVR 573 25 -2%5 9

X 4 dR <ubtrorted

TV Avdio Measurements

Call Frequency Px

Sign (MH ) (dbm)
KWEN 5¢ 7% -34 89
KNG 71 74 -36 03
KKMA B7 74 -49 34
KM 179 7% -37 65
KUSA 193 74 -3 34
K DHUR S77 7% -40 27

20/ m) 0o /2% B4 (1~ PM
Total Antenna Electr i Powe.
Py P Pownp Factor Field Ve iy
(dBm)  (dEm) (dEm) (dR) (dRuV/m) Culbt, emn P
-47 SR -47 PR -4% 910 36 4% 9y ©BS o, 4"
~49 23 —-47 4% -4% 40 K 00 08 RIS
-R&6 A7 -P¢ 60 20 51 36 45 127 94 wLorn
-449 Qi -AR 2% =37 7% 36 4% 105 AR pawan
-3 03 -13 9% -2 08 36 45 141 37 36 A0V 3
~419 76 =-P7 97V =19 03 370 4%, 1004 40 7 3E"
-E22 L6 =P9 99 —-{7 72 34 A5 105 72 G R
-2y 7?0 =P8 73 -16 70 3645 126 7% 1 PRAGH
Total FPower Dencity 3y 90AHSAR
Tet1al Ant1enna Freosrag Punor
Py P Power Factaor Farln Den-~1 1y
(dHm)d (Alim) (Alim) (dk) (ATl m (bl M~
-34 44 -39 9 32 74 346 4% 108 71 (1740
-06 67 34 415 =24 4T, H A% 145 Q0 (1B2RN
-38 37 =56 S =37 96 36 4% i RUSI TR R R
=27 &9 =27 §6 =207 80O 3H 45 it6 &% Y260
-5 02 -2 73 79 36 4% 140 24 28 nisu
-23 87 ~P4 20 19 69 37 61 100 92 ANTN
Total Power Density S BO 40
from poak electric Field to ohtain RMS eloc e frodln
Tutal Anrenna Flooirac Fouwer
Py P2 Power Fartor Field Ler- 11y
(dEm) (dEBEm) (clRm) (d1 {(dRyl/m) (ub, (m~2)
~41 §©9 -47 48 -23 90 36 45 109 G5 [(MEIRA RS
-33 34 =29 16 -27 1% 3 45 116 30 14307
-43 S8 -4t 73 -4 48 36 45 100 77 IRUAH I
-32 8& -32 30 -27 &I 3¢ 44 115 62 prea
-12 43 -19 68 -9 44 36 45 134 04 & Lena
-29 26 =34 3y -27 BRA 37 &7 116 84 10801
Total Power Donsaty A A
TV A FM Power Density 7% Sy 4n



File Name

20

1WRZ

FDISD Full Scale Setting

20(V/m)

FM Radio Station Measurements
Total Antenna
Call Frequency P x Py Pz Power Factor
Syn (MHz) (dbm) (dEm) (dEm) (dEm) (dR)
Kuvn B® X ~-49 4HH -47 95 -39 v -3B 94 36 45
KEFR g0 1 -39 05 -37 64 =36 97 -33 04 36 AR
KPKE FAN -17 64 -17 @5 -2% 44 -14 40 36 4S5
KY(0 98 % -39 08 -47 67 —-49 24 -37 29 36 4%
KOS I 103 1 -20 48 -i8 90 -21 @6 -~-15 50 36 A4S
KOnG i03 S -33 4B -26 94 -P2 47 -20 89 35 4%
KEFP 1 105 9 -22 48 -48 S3 -2 16 -146 11 36 45
KAaZyY 106 7 =25 27 -24 €3 -6 03 -20 P4 H 45
Total Power Dencity
TV Vrdeo Medsuremente,
Total Antenna
Call Frequency P x Py Pz Power Factor
Sign (M) (dbm)  (dEm)  (dEkm) (dhm) (dER;
KWON 55 25 -39 10 -39 61 -PR 53 -26 19 36 45
K(NC 6% 24 -24 3¢ -28 By -8 P77 =22 D0 36 4%
KRknA 83 24 -40 84 -39 B4 -3H 9% =34 (D 36 45
KMGH 175 P8 ~-"8 35 -20 04 19 3H  -146 A 36 4%
Kusa iB7? 24 -3 75 -5 19 -6 30 (35| 36 4%
KDUR 573 24 -20 14 -45 31 -i8 8L -12 82 37 61
Total Puwer Dencsity
X 4 dR cwubtracted Tfrom peak electric field to obtaun
TV Audio Measuremsntr,
Total Antenna
Call Frequency P x Py F2 Power Factor
Sign (MHz) (dlim)  (dBms  C(dEm) (dEm> (dI)
KWGN 59 75 -34 48 -3% 38 -47 17 -31 RO 36 4%
KONT 71 74 ~-38 46 -57 48 -33% 23 =32 08 3645
KKMA BY 74 -G50 Q0 -48 77 —-44 &5 4P 4 36 A5
KMAH 179 75 ~-31 3% -25 87 -21 B0 -20 03 36 45
KUsaA 191 74 -10 84 ~-97 24 ~-11 P& -7 S 36 AS
KDVUR %77 75 -27 77 =23 57 -P6 B2 -20 89 37 67
Tot1tal Power Dencaty
TV & FM Power Density

09723786 4 2% PN
Electrir Pouoer
Field Den-ty
(dRulV/m) (nbl/em™?)
i04 S 00 a0
110 44 02734
129 0% g 1L
i0n 23 01413
§0°7 95 {1 &540¢
1R & 47K
127 34 § f4Aan6°
173 24 SLLeon
&H I3
*
Flectirac Faony
Field Depeity
(dEgyW "M Cubt, cm2,
Ji3 26 05.¢.1 4
117 2% 14n0¢,
105 33 neng,
1P3 06 G348%3
140 2A &8 1aNG
197 79 1 S94E4
g S0v)h
RMS electrar Field
Electiric Pawver
Field Den sty

(dRul7/m)

(nll/cm*2)

1941 AS 0.5460.3
114 37 3638
ino 91 0037
123 472 YR 4
136 9= 10 RGR3R
1”3 74 HA3R9

19 6R443

4G Qe



File Name ZOTWR(
FOLSD Full Scale Setting 20(UV/md 09/03/86 S NP PHM

FM Radio Station Measurements

Toral Antenna Electine Power
Call Frequency P x Py P2 Power Factior Field Pen vty
Sign (MH7) (dhm) (dEmM) (dEm) (AKm) (dR) (dRuV/m) Cill/cm™2)
KV 89 2 =50 44 -47 34 -40 PSS -3% 4 b 48 164 24 (R I
KLFR 90 1 -38 34 -37 61 -37 06 -3 80 36 45 110 65 03080
KPKE 9s 7 -8 1" -17 36 -P4 99 -44 32 J& 45 1Pv 14 O IR P1
KYrLo ?8 © -39 27 -41 94 -50 29 =37 {14 36 44 1086 34 nN44332
KOST 104 4 =21 11 ~-48 72 -24 647 -15 82 36 45 107 93 1 54743
K(1AQ i03 & -30 90 -P8 08 -22 5S4 =20 98 36 4% 120 47 AR341
KEP] 105 9 -2 91 -17 86 -4 36 ~-15 99 36 45 127 44 1 47¢ 34
KAZY 106 7 -5 37 =23 24 -27 15 =20 0 34 A4S 123 2y SeirA
Total Power Density t. 3704
TV Video Meoasurements
X
Jotal Antenna Flertr Paner
Call Frequency P x Py P2 Power Fac1or Field Dencity
Sign (MH2) {adbm)  (dlim)  (dBEm) (dRm) (dR) (dBHu\/m) {utl ‘emt2)
KWGN 8% 7% -34 80 -32 44 -28 05 -4 DS 36 4F 113 40 (AN (M
KCNC 67 24 =25 17 -P9 40 -p7 B2  -D0 27 36 45 147 41 13740
KRMA £3 P4 -40 67 -39 3% -37 9 -324 2o 36 4% 105 19 frages e
K+OH 17% 2% =29 68 -20 20 -19 07 -414 38 36 45 1P°3 07 CA7R8%
KUSA i87 24 -1 89 -4 58 -6 7 81 36 4% 140 P4 78 146258
KDYR 573 25 -20 86 -1G LB —-17 99 -42 &b 37 &4 107 74 1 S/74H4
Total Power Density I 49027

X 4 dR cuhtracted from peak electric field to obhtain RMS elecrrac faeld

IV Avdio Measuremente

Total Antenna Flectrarc Power

Cail Frequenry Px Py Pz Powe; Factor Field Den<i1y
Sugn (MH?) (dbhm)  (dREm) (dRm) {dRm) (dR) (dRuV/m) (/oM™ 2)
KWGN 5% 75 -39 02 -25 04 -4% 49 -31 83 3t 4% 113 &7 03454,
KCNC 71 74 -3 3% -53 9V 32 87 =34 7§ 36 4% 144 &9 039 3
KRMA 87 74 =51 20 -48 PO -45 54 -47 95 36 AR 100 S0 nouy
KMOH 179 74 -34 7¢° =PS 31 -P1 B7 -19 95 RIS 123 S0 59400
KHSA 1?91 74 -10 S8 -16 93 -11 8Y -7 63 36 4% i35 8~ in 0061
KDUR 577 7% ~28 72 =23 BY -P% 47 =20 79 37 &7 123 89 HAY 06

Total Power Dencity 11 447383

TV & FM Power Densaty 48 T1 405



Fi1le Name

ZOTWRwv

FOISD Full Scale Setting

FM Radio Station

P0(V/m)

Measuremen

Call Frequoenry P>
Sign (M) (dbm)
KUuvn BY 3 -36 A3
KCFP Q0 1 -34 9%
KFKE 9% 7 -17 02
KYCO 98 S -37 47
KOS 10§ 4 -3 A7
KNAQR 103 & -26 14
KTP] 105 9 -21 76
KAaZY 106 7 -22 P4
TV Viden Meacurements
Catl Frequenry P x
Sgn (MHz) Cdlsm)
KUWERN S5 05 33 &%
K CN( 67 04 =30 &7
KRMA 83 ~4 ~c4 {70
KMOH 179 25 -7 23
KUSA 187 2 -9 77
KDVR 673 2t -20 88
X 4 dR <uhtracter

TV Avdiv Meacnrements

Call
Siqgn

KWGN
KON,
KRMA
KMGH
KUSA
KDVR

Frequency P x
(MHz) (dhm)
59 7% -40 87
71 74 -38 10
a7 74 -3X4 &0

179 7% -13 39
195 74 -23 79
577 7% ~-28 37

Py

(dRm)

-5
-3
-24
-34
-3y
-2
-17

-
[

47
79
"7
S3
1]
30
22

i3

Tola! Power Dencity

Total

Pz Fowe?

(kM) (dEm)
3¢ 83 -39 3¢9
304 37 =27 49
22 K  -48% =V
X4 3o =30 47
36 16 -0 &@
2% 76 -01 83
73 X4 -3% 07
28 85 =20 09
Totlal

Pz Power

((tFm) {dEkm>
Py 4 =24 P
Y | M A
A | -0 &
-9 65 -4 4%
16 01 -14 27
A0 41 46 9N

Tutal Power

Antenna
Factor

(dlo)

3é
36
36
36
36
34
36
36

Antenna
Factonr

45
4%
45
45
ac,
45
4%,
4%

(dR)

36
3¢
36
36

\II

37

Denwily

45
4%
45
25
4%,
61

nP/23/86 LAY PH
Eloctr e Puownr
Field Dene 1ty
(dRul ./ m) (YN e m*2)
117 06 RIS
116 04 1174w
0t an 1 70141
i1 98 o2
192 BS 0es 24
1721 4D TR%44
128 34 1S APV
173 30 L7848
H TAUHET
%*
Flect1rar Fauuireg
Farld Donety
(dRAV/ M) CuW M)
1H 4@ pfeay
118 P 17EN0
116 &5 Q080
135 00 3 38990
129 1t AR
iP3x 79 L3RT7)0

from peak electric fireld tn obtain RMS

Fy

(dREm)

-40
-45
-4 1
-13
_l'.)(]

-37

no
44
K
b1
04
b4

TV

Total
P Power
(dRm) {dBm)
38 42 -34 94
X8 27 -34 74
) &7 -28 RE
&L 47 -9 G514
D4 94 -21 39
30 17 =75 PL

&

Total Power Dencity

FM Power

Antenna
Factor

(dH)

36
36
36
26
36
37

Dencitly

45
4%,
4<,
4%
45
&7

[NUBICEAIRAY

electiie

Electro
Field
(dRuV/m)

108
108
114
§ A3

A
-

119

40
\'I')‘/}
b
94
i4

472

|.)

field

=T

Denily
ColW/im™2)

-
4.

H

-
e

=y
I

04374
(URICATE]
AT
SLPA0
A-ANY
D309
KOV IR

4.5y,



