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SUMMARY

FINAL PROGRAMMATIC ENVIRONMENTAL IMPACT STATEMENT
Construction and Operation of the NEXRAD Weather Radar System

Description of the Action

NEXRAD is the Next Generation Weather Radar being developed jointly
by the Departments of Commerce, Defense, and Transportation. The NEXRAD
system will consist of approximately 145 radar units distributed across
the United States for the purpose of acquiring, processing, end distri-
buting improved weather radar information to help reduce loss of life,
injuries, property damage, and interruption of economic activity.

Each NEXRAD unit will consist of one Radar Dsta Acquisition (RDA),
one Radar Product Generation (RPG), and one or more Principal User
Processing (PUP) subsystems and the necessary communications among them.

Many NEXRAD units are likely to be installed at locations where
weather radacrs already exist. These existing radars will be deactivated
when the NEXRAD radars begin operating. Although existing buildings and
equipment will be used as much as possible, the NEXRAD antenna and its
tower will require new construction.

Constructjon requirements et each instsllation will vary greatly,
depending on the capacity of existing National Weather Service (NWS)
and Air Weether Service (AWS) facilities as well as the site's physical
characteristics. At existing sites that have both a radar and a user
facility, only replacement of the radar and its supporting equipment may
be required. On the other hand, a new NEXRAD radar may be installed at
and an existing user facility relocated to a new site. New radars may
also be built at existing facilities now having no radar nearby or at
locations remote from existing facilities.

A typlcal new site designed to accommodate all subsystems will
have an antenna tower, an equipment building to house the transmitter
and receiver, and utility lines as well as an access road. The site
will be surcounded by a chain-link security fence. The radar antennsa
will be enclosed in a nearly spherical radome about 10 m in diameter
mounted on a tower that may be up to 30 m tall, depending on the local
terrein and man-made obstructions. New sites will probably require less
than 1 acre of land.

An initial list of candidate sites for NEXRAD radars has been drawn
up for study. The sites on which radars will eventually be constructed
will be chosen through a site selection process that considers radsart



coverage requirements, geo4-ephic stitability, roads and utilities,
communication distance requirements, operetional factocrs, and potential
impacts on the environmernt. Although the fingl candidate sites are not
now known, many tvadsrs are expected to be located at or near airports.
Sew may be located at user fscilities that are not st airports, end a
few may be situated at isolsted sites.

Envivonmental Effects

A range of possible impacts that might be caused by construction
and operation of 8 NEXRAD rader, including health effects of cadio-
frequency rsdiation (RFR), electromagnetic intecrfecence, and effects on
the biophysical and socioceconomic environment, was investigated. None
of these effects is expected to be significant except under certain
specific circumstances. These effects sre summerized below.

Radiofrequency Radiation and Buman Realth

Detailed calculations were made (o estimate the magnitude snd dis-
tribution of the RFR from s NEXRAD transmitter, and the resulting values
were vsed to estimate the poscible effects of RPR. In sddition, a recent
in-depth, critical review of the avsgilable litersture on the biologicel
effects of RFR in the range from O to 300 GHz was used to draw conclu-
sions regarding possible RFR bioeffects of the NEXRAD radar, which will
operate in the band from 2,700 to 3,000 MHz.

People may be exposed to the main beam while airbocne or to low-
intensity RFR at ground level. However, because an interlock will
prevent transmission when the antenna is stationary, continuous direct
exposure wili not occur. An airplane in the general vicinity of a
NEXRAD radar may be scanned by the main beam for periods of about 0.3 s
per sweep. Calculations show that within about 550 ft of the antenna,
92 meximum pulse power density in the main beam may be as high as
8,000 mW/cm? ; beyond that distance the pulse power density diminishes
by the inverse-square law and will be approximately 300 nW/em? at
3,000 ft. The time-avecrsged power density will be 0.23 mW/cm? at
1C0 ft, 0.035 mW/cm? at about 300 ft, and still lower at greater
distances. These celculeted average power densities, which do not
ike account of the shielding properties of metal sircraft, are below
prevailing U.S. standards for permissible human exposure, and thece is
no evidence that exposure to such levels would be harmful.

The maximum pulse power density rzar ground lesvel will not exceed
200 m%/cm?. The maximum time-averaged power density will be less than
0.03 m¥W/em? and, beyond about 200 ft, will be less than 0.001 mw/em?.
These values of RFR are significantly less than any pertinent RFR
exposure standerd.

A comparison of the expected RFR exposures from the NEXRAD radar
with results in the relevan! literature indicates that there is no
reliable scientific evidence to suggest that for the cases considered,
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sxposure to RFR from Lhe NEXEAD redar will bo deletecious to the health
of sven the most suscepltible members of the populatjon such as Lthe
unborn, infirm, or sged.

Electcomagnetic Interfecence and Hezagd Effects

The MEXRAD tcansmitter will be built kEa trarsmit bebtween 2,700 MHz
and 3,000 MHz. TIn the United States, the 2,700- to 2,900-MHz band is
shared by aboubt &30 governmoent radars for uee in aicpert sarveillance,
ale traffic control, and woather survelillance. NKEXRAD could affect
these and other aystems wging the same portions of the slectcomagnetic
Fpectrum and also systems nok inkended to receiwe eleciromagretic energy.
including TV, radic, snd other radars, as well as cardiac pacemakers,
#lectroexplosive devices (EEDs), end fuel handling systlems. 1In all
cages, the operating frequencies, powsrs, and lecatlons of the existing
equipment will be considered in seleciing the {reguency for the NEXRAD
radar to avoid mutoal inkterference. For this Programmabtic Enviconmental
Impact Statement (EIS), hazard estimates have beeén made for a general
case; detailed calculations, which are highly dependent on the specific
HEXHRAD deployment situabion, will be made for e=ach final WEXKRAD sike.

The upper adjacent band, from 2,900 ko 3,100 MHz, is also used for
govacnment radars. The lower adjacent bapnd., foom 2,890 to 2,700 MWHz,
is alloceted for radicastronomy; mo U.S. radars are suthorized to
teanemit thece. WEXRAD installations will comply fully with cules
designed to avoid intéerference with the Hadio Astronomy Secvice.

Intérference to other systems by the harmonics of the MNEXRAD signal
is possible, but because intarferance situations are site-specific, thay
can be consideced in detail only when particular installations are
studied. For example, Ehe MEXREAD thicd hermonle could fall on m fre
guency used by the Federal Aviatlon Administretion (FAA) for cadar micro-
wive commupication Links, These steictly local matbers will be enalyzed
in depth when individusel WEXRAD installations are bBeing planned.

Like all other radace céurrently cperationg im the 2,700- Lo 3,000-HMz
band,. sach MEXREAD rader could cause some interference to the ceception
of brosdcest TV and radio in its ismediate vicinity. MNHo shkadies are
known to specificelly treat swch interfersnce. The number of dws!lliag
units loceted within sbovt 1 mile of ecach carndidate site will be comsid-
sred docing the selection process.

Mo definitive information ig available regarding the susceptibility
of currently used cardiac pacemakers ko Fields in the MEXRAD radar's
frequency range., but such radars do not appear to pose a plgnificant risk
Eo pacemaker owners, Most pacemakers are designed to sensge naturally
gceurring electrical signale produced by the heact and te send out a
pacing pulse only when the heart's pacing pulse seems to be missing;
fuch & pacemaker might confuse low-rate electromagnetic pulses with the
hetural cerdiac signals that it iy designed to sense. However, pulse
rabes used LY NEXRAD end similer search and szurveillance radacs are too



high to be mistaken by a pacemaker for the heart's own signal. TF bhey U
ware Lo produce any effect at all, it would probably be to cause the

pacemaksr ko beglin harmless Fived-cate paclng cether than bo remals in

the usual pulse-only-when-needed mode.

NEXEAD ig not expected to pose a4 hazird te existing or planned fuel
hand) ing operations. The Alr Force difectes that feel handling operations
should not be vndectaken in electromagnebic flelds excecding 2 pulse
power dengity of 5 W/em?. This value can be found only within NEXRAD's
main beam at distances closer than about 730 ft. The beam will usually
be wall in the aic st that distance and will mnot illuminate ground-based
fuelling operations unlezs Lhey are performed on elevated terrain near
bhe site,

The Alc Force aleo has a standard for detersining zafe separablon
distances between cadacs and acess where E€Ds sre stored, handled, or
transported. At the recommended safe geparetion distances, EEDs are
considered safe, although this does mot imply that the EEDs are unsafe
it slightly shorter distances. EEDs illuminated by the main beawm can
safely be stored or tcansported at distances beyomnd about T30 ft focom
the NEXEAD antenna. Exposed EEDs are safe accordimg to Air Force eri-
teria at distances beyond about 1,300 ft. (Civilias critecia suggest
a minimus distance of 1,000 ft.) The safe separation dictance for EED
storage or transport could present a problem to airerafl. Therefore,
it #ach prospective MEXRAD installation, the pozsibility of hazardous
main-b&am illumination of nearby elevated terrain and of EED-oquipped .
military alcoralft will be investigated.

Biophysical Effecks

Congtruction and operation of the NEXRAD system will not cesult
in any #lgnificant impacts an Lhe Biophysical enviroament. Ak axisting
sites, lagg than 1 ecre of alceady disturbed land will probably be suffl-
cient ko accommodate the new radar and any other altecations. A8 much
as 5 acres may be nepded ab mew sites that regquire wells, on-site waste-
water disposal, and aceess roads. dnly Ia these larger, probably rural
siteos could some snimals be displaced by destruction of habitat or by a
desire Lo avold humans. Unless the site iz im & sensitive area, these
effecte are not likely to be significant.

The contribution of the NEXRAD backup power plant and commuting
pergonnel to alrc pollutlion will be very small, especially compared to
obthér emissions acound most sites. In remote locatlions, the NEXRAD
emigslons may be notlceable, but they are not major sources and are not
likely to adversely affect aler quallty to eny significant degree.

Water reguicemants acge dmall and will be met by local wkillitles
where pracblical. Altarnatively, wells will be drilled on alkwe., TF
consbruction occcurs near water bodies or water courses, contaminakion
{s possible. although potential impacts cam be prevented or controlled
by good construcktion practlces. The small smcount of sanitary wastewatsr .

-4



that will be generated by NEXRAD personnel will easily be handled by
local treatment systems. TIf necessary, septic tanks or leachfields will
be used as prescribed by applicable regulations.

Socioceconomic Bffects

Construction and operation of the NEXRAD installations will have
‘minor effects on the demographics and ecomomic conditions of the areas
in which they sre located. The effects of the construction.phase will
be temporary, while those of the operating phase will be long term.
Possible effects include changes in employment conditions, the demo--
graphic characteristics of the local population, the demand for ang
supply of housing, and the costs of providing public services and
facilities.

The cost of each NEXRAD location will be $2 to $2.5 million. This
cost includes the hardware, facilities, site preparation, and construc-
tion. Construction of each NEXRAD installation 1s expected to take from
5 to 12 months. 1In most cases, the construction workforce will be hired
from the communities surrounding each site. Effects on local demograph-
ics and economic conditions will probably be negligible. Sites loceted
in rural aress and surrounded by very small communities (i.e., less than
1,000 residents) or not within commuting distsnce of populated areas may
be exceptions. At such sites, construction workers would have to be pro-
vided with housing and public services and facilities. These effects
would be temporary, however, and could be minimized by careful phasing
of the construction activities.

At existing sites, operation and maintenance of the NEXRAD radar
will be carried out by current staff. At new sites, the staff will
generally not be residents of the communities near the sites. When 8
user facility is moved to be collocated with a radar, employees and
their dependents asre likely to relocate to the new site area, thereby
increasing the populetion of the surrounding communities by a maximum
of about 44 individuals. With the exception of very small ones, com-
munities within commuting distance of the sites will probably be able to
meet the demands for housing and public secrvices and facilities created
by these new residents. Local pucrchases of goods and services by NEXRAD
personnel could induce the creation of between 8 and 32 local jobs, de-
pending on how developed the area is.

The potentisl problem of incompatibility of the radar facility
with adjascent land uses will be eddressed, in part, by care in the site
select{on process; obvious incompatibilities will be avoided whenever
possible by selecting another site. Remaining problems will be addressed
with the assistance of responsible authorities, which range from locsal
governments to federal agencies. All commonly issue permits to estab-
lish conditions on the use of land for which they are responsible.

Aesthetic considerations are not likely to be an issue for sites in
most urban locations. At non-airport sites, the NEXRAD radome and tower
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may have a negstive visual impact. Where possible, considerir~ site ~¥Jj
features and operational requirements, the radar tower will be bui.t in ’
the least obtrusive location on the site and with the minimum hzight

necessary to achieve the required radar coverage.

Excavation for construction of NEXRAD facilities may uncover cul-
tural artifacts. During the surveys made as part of the site selec—
tion process, evidence of cultural resoucces will be sought. Nane are
expected to be found on existing radar sites because this land has al-
ready been disturbed. Special care will be taken at new, relatively
undisturbed sites, especially in isoleted locations, to prevent inad-
vertent damage. If artifacts are found, prescribed procedures for
recording and preserving or recovering them will be followad.

Alternatives Considered

The following alternatives to the proposed NEXRAD system were
considered:

No ac¢tion or postponement of sckion

Continue the existing system

New non-Doppler system

New coherent non-Doppler system

Mixed system of new Doppler and non-Doppler radars
Eavironmental satellite system.

o 8 6 5 &0

The environmentael impacts of the NEXRAD system can be avoided only .
by not proceeding with the proposed action. The altecnatives involving
various combinations of Doppler and non-Doppler radars would all cause
essentially the same environmental impacts as the proposed action. The
satellite zlternative would have somewhat different impacts; whether they
would represent a net reduction of overall impacts cannot be judged by
available information.

From an operational point of view, none of the preceding alterns-
tives is capable of meeting the goals that the proposed NEXR:D system
will achieve. Each suffers from one or more defleiencies: it would
fail to meet severe westher and aiccraft safety requirem=nts as well sas
the proposed NEXRAD system; it would be less cost-effectiv2; or it would
be impractical becsuse key technologies may not be developed in the fore-
seeable future.

Conclusion

Tn general, construction and operation of the NEXRAD system will
have no significant adverse environmentsl impacts. ALl anticipated
impacts are or can probably be limited to minoc ones. <Careful atten-
tion to environmental site selection criteria and site layout will
ensure that svoidable i1mpacts are, in fact, avoided and that other
impacts are minimized. For sites where potentially significant adverse
‘mpacts are foreseen, but the sites are nevertheless highly desirable
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. for other reasons, the impacts will be snalyzed in depth. 1Ia these
cases, mitigation measures will be developed, and supplements to the
Programmatic EIS will be prepared.



1 PURPOSE AND NEED FOR A4CTLO0OH

NEXRAD 1s the Mext Generation Weabther Radar being developed jointly
by Lhe Departments of Commerce, Defense, and Transporlation® (DOC, DOD,
and DOT, respectively). The NEXRAD system will consist of approximalely
145 radar units distributed across the United States. The purpose of
the system is to acquire, process, and dislribute improved wealher radar
information to help reduce loss of life, injuries, properly damage, and
interruption of economic activity,

The radar system will be designed to meel Lhe common need among the
three departments for information on the location, intensity, and nove
ment of weather phenomena throughoul the United Staktes. Hazardous
weabther phenomena, such as tornadoes, severe thunderstorms, heavy pre
cipitation, tropical ecyclones, hail, high winds, and scvere turbulence,
are of principal interest. The NEXHAD system will improve the accu
ra:y, timeliness, and credibility of severe weather warnings. It will
also provide information useful for monitoring and assessing general
weplher conditions, such as reinfall amounls and distribution.

The NEXRAD sysbtem represents a major improvement over the capabil-
ity of existing weather radsars, primarily through the application of the
Doppler principle; the use of solid stalke technology; and improved data
processing, communication, and display devices. Existing radars measure
reflections from the precipitation droplels in clouds and the time be
tween transmission of the pulse and receplion of the reflected signal.
Analyses of these data jindicate the locallon and intensity of thunder-
slorms and areas of heavy rain. Movement can be determined by time
lapse computalion. However, the reflection pattern from the storms can
be interpreted only subjectively to estimate the likelihood of damagzing
winds and tornadoes. Unfortunately, this approach to severe wealher
detection is unreliable and typically provides a very short warning time.

The Doppler effecl is the shift in the freguency of sound or elec-
tromagnetic waves when reflected from a moving object. The frequency
shift can be used to estimate the velocity of the ebjeck. Applied to
weather rader, the velacity at which precipitation droplets are moving
Yoward or away from the radar can be determined. Because NEXRAD radars
will apply the Doppler principle and automated signal processing, they
will be able to detect wind fields inside storms and to greatly improve
warning time and accuracy for severe thunderstorms and tornadoes.



to:

The key operational goals and objsciives of the NEXRAD system ace .

Increase the average tornado warning time from the present
1-2 min to at least 20 min.

Improve the accuracy of descriptions of the location and
severity of thundecrstorms and the ability to distinguish between
severe and less-ithan-severe storms. '

Improve the deteciion of damaging winds and hail.

Tmprove the safety of aircraft operation by detecting and
measucing the wind shear and turbulence associated «ith
thunderstorms.

Provi.e improved rainfall estimates for f£lash flood warnings.

Reduce the size of warning areas to minimize unnacessacy
wWarnings.

Substantially reduce the number of false hazardous we=zther
warninzs.

Minfmize the Faillure to detect hazardous weather due to radac
outages.

Optimize the efficacy of information provided to forecasters and
other personnel by improving distribution and display of radar
information.

Detect hazardous weather conditions throuzghout the SO states and
at overseas locations specified by users.

Maintain ennual operations end maintenance costs at the same
level as that of the radar system to be replaced (exc'uding the
cost for radars in areas not at present covered).




2 PROPOSED ACTION AND ALTERNATIVES

2.1 The NEXRAD Program

2.1.1 Historical Information

In 1976, the National Oceanic and Atmospheric Administration (NOAA)
and the U.S. Air Force began an evaluation of the potential of Doppler
tadar technology for a new generation of weather radars. The Federal
Aviation Administretion (FAA) joined the effort in 1977. The Joint
Doppler Operational Project (JDOP) investigated the use of Doppler rader
data to identify tornadoes., Tests in 1977, 1978, and 1979 showed thab a
Doppler radar offers marked improvement in early and accurate identifi-
cation of thunderstorm hazards, especially tornadoes and sgquall lines.
Consequently, the JDOP staff recommended that the next-generation meteoro-
logical radar should employ Doppler technology.

Subsequently, a Working Group on Next Generation Weather Rsdar was
established under the directicn of the Federal Coordinator for Meteoro-
logicsl Services and Supporting Research (FCMSSR) as the focus for inter-
agency weather radar development and planning activities. In 1979, the
working group outlined an spproach for the development, procurenent, and
operation of a joint national westher radar network. The Federal Coordi-
nator approved the approach and directed that & Joint System Program
Office (JSPO) be established, staffed, and funded by the three peartici-
pating departments. Its role would be to plan, program, and manage the
development, procurement, and installation of MEXRAD.

The Federal Coordinator concluded, in an analysls carried ogut lst=
in 19738, that a valid basis existed for replacing the aging weather
radecs currently in =se with Doppler weather radars. Although the fund-
apental technology to suppork NEXRAD had been developed, & substantial
amount of work remained to transfer Doppler radar technology to opera-
tional use in the field. The Federal Coordinator suggested that both a
mix of Doppler and non-Doppler radars as well as 2 full Doppler system
be considered. The Federal Coordinator also concluded that the common
needs for weather radar data within the federal government and the
advantages of 8 joint ageney program made joint ascquisition and use
highly desirable.

The JSPO was formally created in November 1979 within DOC because
that department was assigned the lead role for the NEXRAD program. The
program manager is accountable to the NEXRAD program council, which is
composed of three representatives of the participating departments, and
the Pederal Cocrdinator, who chairs the council. The JSPO is staffed by
a program manager from NOAA, three deputies representing DOC, DOD, and



and DOT, and technical and support personnel from the same three
agencies.

The JSPO prepared a Mission Need Statement, approved in August
1980, expressing the joint weather-related mission needs for an advanced
weather radar with improved capabilities for detecting haszardous weather
conditions. . The JSPO then developed the Joint Program Development Plan
(JPDP), which includes the scope of the NEXRAD program, a summary of
agency mission needs, an acquisition strategy, and an estimate of re-
source requirements. A statement of the Joint Operational Requirements,
defining the specific weather radar requirements of the three depart-
ments, was approved in January 1981. Based on this document, the first
NEXRAD Technical Requirements decument was prepared and issued in August
1631.

2.1.2 System and Agency Missions

The Mational Weather Service (NWS) in DOC is the principal civilian
meteorological agency of the federal government. It is responsible for
the detection and public warning of hazardous weather such as severe
thunderstorms, tornadoes, hurricanes, floods, flash flocods, winter
storms, damaging tides, and any other meteorological events with pos-
sible harmful effects. NWS provides weather infermation to civilian
aviation, marine, and agricultural and forestry operations; the river
and flcod prediction program; and a varlety of commercial activities.
NWS operates many weather radars and uses informatiom from other radars
operated by DOD and DOT.

Within DOD, the Air Force Air Weather Service (AWS) provides world-
wide meteorological and aerospace environmental services to the Air
Force, Army, and unified and specified military commands. The Naval
Oceanography Command (NOC) provides these services to the MNavy, Marine
Corps, and unified commands. These organizations are responsible for
providing and relaying severe weather warnings to protect DOD resources
and personnel, manage flood control reservoirs, provide weather infor-
mation to aid decision-making at specific locations, and support militarcy
aviation. DOD operates weather radars in the United States and overseas
and uses information from these and from DOC and DOT radars in the conti-
nental United States.

The FAA is responsible for the safe and efficient use of U.S. ajir-
space. It provides information on the location end intensity of poten-
tially hazardous weather conditicns to pilots and others concerned with
aviation. In recent years, greater emphasis has been placed on providing
real-time hazardous weather information. The FAA has no weather radars.
It obtains its information from its air traffie control radars, which
are not designed for weather detection, and from NWS radars via remote
displays, other NWS products, and NWS personnel located at FAA facili-
ties.




2.1.3 Program Development Tasks

The NEXRAD program consists of of major development and
acquisition tasks, as shown in Figu The system definition phase
now complete, resulted in SP'CLEgLEHi n system design requirements
This phase concluded with proposals from industcy for the competitive
validation phase. The program is currently in this phase, during which
two conktractors are developing preproducti engineering medels for test
and evaluation. Limited production will be undertaken by one centractoc
Full production will begin when initial test and evalunation have been
completed on the first unit installed at an operatlonal teskt facility.

Approximately simultansously with the initieation o
duction, facilities preparation will begin h
operations will begin after instsllstion

tial operations are schedulesd to begin i
tion reached in 1992.

Concurrent with the technology development and system acquisition
activities, locaticns for installation of NEXRAD radars are being sele
ted. The site selection process will be carried out in three phases.
Using readily evailable information, zn initiel site assessment will be
carried out to evaluate the suitability of one or more cvandidate sites
in a given geogrephic area. One or more of the sites judged satisfactory
will then be the subject of & preliminery site survey, wf*c* involves a
field visit to gather information directly. Later, an in-depth site
survey will be carried ocut for the most promising candidate 51te in each

geographic aresa.

2.1.4 Environmental Review
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facilities and equlpment features of the p:opmsed ac
enough to judge their potential impacts in general t
sites at which the radars will be located havs not b
is not possible to assess whether the potential impa
significant. Therefore, the JSPQ has incorporated int
gram a provision to prepare addenda or supplements to the Programmatic
EIS, known as Environmental Assessments (EA). decisi to prepare
an EA for a particular site will be made by the JSPO based on the results
e
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of the preliminary site survey (the second step in the site selection
process) in which the environmental impact worksheet in Appendiz E will
be used as a checklist, An assassment will be appropriate if particular
site features or necessary variations in the ke plan is e

bility of significant adverse impacts that ar

Programmatic EIS. TIf the site is highly de
view, an EA will be prepared after the in-d
step in the site selection

nent to the impact, or impa
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2.2 Proposed Action--NEXRAD Sysgkbem

2.2.1 Existing Weather Radar Network

The ezisting basle weather radar network covers mosk of the 48 con-
terminous states for warnings of severe thunderstorms, tornadoes, heavy
rainfall and snowfall, and hurcicanes. The network conglsts of 51 WER-57
end 5 W3R-7145 radars operated by the NWS, 2 FPE-?7 raders operated by
the AWS, and 22 air trafflc conkrel redars operated by the FAA., Filgure
2-2 shows the location and coverage of these network cadacs. An effec-
tive range of 125 nmi 1% ghown For the NWS and AWS radarz. This is the
meximum ef fective range at which severe weakther phenomana such as hail,
mesocyslones, tornadoes, wind shear, and turbulence can be detectied with
high confidence. Coverage ig not shown far the FAA radars becapse they
were not designed for primary use as weather radace.

These radars operate 74 hours per day Lo dekbeckt and monikoc the
development and movement of significant weakher ackivity and provide
information to DOC, DOD, and FAA field offices for local warnings.
Hourly and speciel radear obsecvations are provided by network radars
in an alphanueeric format and as narcative intscpretakicns of the data.
WS personnel use remote display:s from the redars at four western Air
Roukbte Traffic Control Centers (ARTCCE) Lo manuvally prepers redar maps
for both network amd local warning purposes in the western intermountasin
aresa. The hourly radac obsecvaktions ace sobtomatically complled ak the
NMational Meteorological Center (NMC) snd distributed matiomally via
Facsimile and teletype

Thirkty-seven of the WWE network radecrs cen alzo tranzmit Low-
cegolution ceflectivity images and annotated remacks to other locations
using coaventional telephone lines. DOD, DOT, and neagovern=eant usecs
use this remote capability through both dedicated and dial-wp circuits

Local warnlng radacs ace cperated by DOC and DOD Lo supplement the
baszic network in aceas of high storm risk or where network coverage is
inadequate. There ace now &% DOC and 84 DOD local warning radars in the
conterminous United States, as shown in Figure 2-3, DOD regquirements at
22 other U.8. locatlons are met with remote devices. DOD also has 26
local warning radare at baess outgide the Unikted States and unspecified
cequlcements akt an additional & averseas locations.

Some local warning radare are designated es backups to basic metwork
radars and perform the functions of a nebtwork radar if the latter fails.
The effectiveness of thie arcangemenkt is limited beacesuse of the charac-
tecistics of local warning redars and because these radars ire not
staffed full time,

Limited weather lnformabtlon lg aleo available from all aie teaffic

control radars for alr traffle control purposes. IL is obtained when
gevere weakher radar echoes overwhelm the rader's weather suppression
ciccuitey or when the controller overrides the suppression clrcults ko
view ths weathar schoes.
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The departments involved in the development of the HEXRAD system .
are acting to extend the operatiomal 1life and to enhance the performance
of existing raders until the MEZRAD radars become operational. DOD is
modifying its FPS-77 local warning radars to extend their usefal life
into the mid- to late 1980s, when NEXRAD is expected to replace them.
The modiflicstions involve converting some elecktronic subsystems fronm
vacuum tubes to solid state electronics to remove troublesome, costly-
to-maintain items. DOT is acquiring transmitters to install on DOC
radars to transnmit redar images in digital formst over telephone cir-
cuits for color displays at FAA Air Traffic Control Centers and selescted
Flight Service Stations. This arrangement will meet some high-priority
DOT needs until the MNEXRAD system goes into operation.

2.2.2 The NEXRAD System

The NEXRAD system will consist of a national network of NEXRAD
units locstked throughout the United States. The major functional com-
ponents of each NEXRAD unit will be Radar Data Acquisition (RDA), Radar
Product Generation (RPG), and Principal User Processing (PUP) subsystems.

The RDA subsystem will consist of a Doppler radar located at the
radar site end the hardware and software reguired to perform the signal
processing, clutter suppression control, monitoring and error detection,
and displey, calibretion, and archiving functions related to radar opersa-
tlon.

The RPG subsystem will consist of ell harcrare and software requiced
for rapid zereraticn, storage, and distribution of products for opera-
tional use. Tt will also include hardware snd software required for
control, status monltoring end error detection, archiving, and hydro-
meteorological procz:ssing. Tc the extent required, this subsystem will
include display and data entry hardware end software for humen partici-
petion in the creation of products.

The PUP subsystem will consist of all herdware and software reguired
for the request, displey, local storege, and local snnotatlon and dis-
tribution of products by operating personnel of the principal user agen-
cies. It will elso include the hardware and software required for locsal
control, status monitoring, and archiving.

These components will be arranged physically in a varilety of ways
(ranging from collocation to separation at distances requlriog remote
communication links) according to user area and point coverage reguice-
ments and the location and suitability of user facllities. Whenever
feasible, all three components will be collocated. NEXRAD network sites
#will often be collocated with an NWS operational facility, such as a
Weather Service Forecast Q0ffice (WSFO), while local warning sites will
often be collocated with or near a fecility operated by the governmental
department with this requirement. This will require construction of
towers; provision and installation of power generation, air conditioning,
and like equipment; construction of access roads wher necessary; =nd per-
haps modification or construction of buildings. .
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. Communicebtions hardware and software will be needed to transmit and
receive wzather radar data via dedicated or dial-up nerrowband (i.e.,
telephone) links and also for wideband links between radsr and principal
user sites that are not collocated.

The WNEXRAD systew will include support facilities to ensure satis-
factory equipment operation and depot maintenance. These facjlities
will also provide training for operational and maintenance personnel and
will esupport davelopment, test, and evaluatiop activities. One depot
for maintenagnce and repair and three supply depots ill be establiished.
NWS and DOD will operatc separate facilities for operations and meinten-
ance trainiag. An operstional supcort facility will also be established
at Norman, Oklahome, in late 1985 to begin planning for the operational
support of the NEXRAD system.

2.2.3 System Operation

The NEXRAD system will generate four categovries of products: base,
derived, alphapumeric, and derived daca erray. Base products consist
of reflectivity and the mean end standard deviation of radial velocity
estimates presented in a format suitable for color graphic display.
Derived producte are procegsed raeder data concentrated to supply larg:
volumes end varieties of data in a form suitable for color graphi=z
displays and, where possible, raquiring minimum interpretive effort.
Alphsnumeric products are radar data processed for users without graphic
. displays. Ffinally, derived date array products provide dala in & non-
displayable format for transmission outside the MEXRAD system for furkther
processing.

The principal users of the NEXRAD system will be operating agencies
within DOC, DOD, end DOT that use weather radar data to perform their
functions. The specific organizations tc be served are the NWS within
DOC, the AWS and NOC within DOD, and the FAA within DOT. Other users
will include other governmei:L agencies (state, locel, and other federal)
and privste sector users such &s airline companies, consulting metw-oro-
logists, news media, and university laboratories,

The NEXRAD system will connect to the NWS Automated Jsather Inter-
active Processing System (AWIPS-90) to supply NEXRAD prod:cts to river
forecast centers and nationgl centers such as the National ieteorolog-
ical Center, National Hurricane Center, and National Severe Storms
Forecast Center. The system will supply NEXRAD products to DOD via
telephone lines to the Naval Envicronmental Display Station, Automated
Weather Distribution System, Air Force Global Weather Central, and the
European and Korean Forecast Offices. The NEXRAD system will interface
with the Center Weather Procesior in each ARTCC vie telephone limes.
This system will process and distribute NEXRAD weather radar data to
various other FAA systems.



e-7.4 The MEZRAD Unit

Most radars are designed and operated to detect large objects such
as ships, mirplanes, or misgiles. In contrast, the purpose of the NEXRAD
gystem is to debtect weabthor features including rabn or hall and storms
such 48 Nhurricenes and tornadoes. This difference of purpose has =
gtrong influence on the design of the signal processing components of
the recelver but little eflfect on the transmitter.

In a general wey, the MEXRAD unit will be similar te Ehe radarcs
that it is to replace. In bokth cases, Lhe transmitbted signal conelsts
of & geries of short pulses separated by celatlvely long silent inter-
wals for listening. The electcomagnetic radiakion le fermed into &
slender pencil beam by a circular parabolic reflector that is scannad
throvgh 360 deg in azimuth by continuous rotation about & vertleal axmiz.
The principal differences with Lhe older system are that both the diam-
#ter of the transmitting antenna and the peak power of NWEXRAD will be
roughly twice as large, and the minimum time bBebtween successlve pulaes
will be coughly half sz great. -The frequency renge in which the HEXRAD
radar will be able to operate i3z 2,700 bo 3,000 MHz cather then 2,700 to
2,900 MHZ

The radac will be able to opeceate at eny designated freguency in
the above range. The fregquency used &t any particular site will bes
chogen to minimize interference received from and delivered Lo cther
gyetems, including other NEXRAD cadars. The choice of Freguency is mot
simple because approzimetely 630 redars are now opeceting in the 2,700-
te 7,900-MHz band: pochape 300 sdditional cadars opecate in the 2,900-
to 3,000-MHz band. Some sxisting weather rasacs operate at freguencies
near 6,000 HHz.

A MEXRAD unit will Be & combimation of one RDA, gne BPG, cne or
more directly coanected PUPE, and the nscessary communication systems.
These componenic may all be located at one site, or they may be distcib-
uted between one cadar site end one or morce principel user sites. The
EDA will gonecate date at & very high rete. Because transmizszion of
high-epeed data over extended distences iz expensive, in many cases Lthe
RPG will be located within a few hundred fest of theé RDA. For some
locatlons, the cedar snkenna may be pliced at & considecable distance
from the user locabion, necessitabting a remote communications link
Electric power will be drawn from the local system, generslly from e
commereial utility either directly or indirectly. Eackup power eguip-
ment will be installed for routine use when severe weether approaches
ag well as for when normal power is unexpectedly inteccupbed,

A number of functional configucations will be possible for each
MEXRAD unlt. The configuration installed at a particular site will
depend on the specific¢ cequirements and conditionz at that slte. Figure
2=4 jllustrates threes possible confilgurakions. The sites are distinct
geographic locations. Thus, RDOA 1, EPG 1, and PUP 2A are collocated at
Site A--l.e., in this example, all the equipment reeded to perfacm their

2=-10




SNOILV Y DIINQD AV X3\ 3140VXT

v 34NOI

tLBGLE 0d4ST

{osn) {Sma)
L ALlS n atLils
a1 And Y An4
qUl‘| wuo}l )edfUnIma) —
PUMIApIN pIIVII PG il
C 248
1Y WD IwI JURTEO) .
pusqano I Iag p3193( (g <+ EUPRR S ———
( vny
anaoa |
(AL1S Avnvy)
(osn) 93118
1 3lls
9T dnd
— p| 043 ﬁ R IT
—
dsn) {ALIS NYva)
P — *Jf ONY (n
g4 1SAS TTYNNALXA > »a0d HOHA © s 4 ALIS
AASA JYJIINIRS O %
{MIONR) (asn)
g 3alLls J A11s
11 dn4d vt Jnd > 124
and
1 -
Ll
“ N 1 34X
J4R7230MY OL
- Tk o —— -
| vax
(rasm)
Y AlIS

-3340105

C LING

Z 11NN

1 1INO

2-11



functions is located at one& WSFO. Sites C end D, although both having
PUPs aseociated with Unit 1, are nct collocated with any other eguipment
of Unit 1. Similarly, although PUP 24 is associated with Unit 2, it is
collocated with Unit 1 equipment at the WSFO (Site A), providing an
example of a principal user site receiving data from tvo different radac
sitea. In the configuration of Unit 2, the radar site 1s not c¢ollocsted
with eguipment needed to perform RPG functions. The corxfiguration of
Unit 3 shows the RDA and PG collocated at & radar site without a collo-
cated PUP. (In this case, the RPG control capsbility would be at one of
the associated ¥UPs.)

Physicelly, the installation of a NEXRAD unit will depend grestly
on the site tcing used. Figure 2-5 shows a conceptual site layout for
a new site where the RDA is colloceted with a user facillty. It shows
80 antenna tower, an equipment building to house the trangmibtter and
receiver, and utility lines. The tower, bullding, and adjacent equip-
ment is surrounded by & 7-ft high chein-link security fence. The radar
antenna is enclosed in & nearly spherical radome about 10 m (35 ft) in
diemeter mounted on a tower, which may De as tall as 30 m, depending on
the local terrain and msn-made obstcuctions. The location aof the tower
gets the basis for the layout of the remaining faci{lities. A new site
will typically require a land are: o approximately 0.5 ascres (excluding
aceess roads and uwtility corridors). If both wells and on-site waste-
water disposal are reguired, a minimum of 1 acre will probably be re-
quirced.

In this concept, all functions are contained within the site. Hany
NEXRAD upits will be installed at locations where weather radars alceady
exist. JT5 these cases, existing equlipment and buildings will be used to
the extent feasible. HBowever, the NEXRAD antenna and its tower will
entail new construction; existing towers and radomes will not be usec.
FPurther, wherever possible, to avoid inkterrupting operations, the new
radar and tower ‘11 not be constructed in the same location as the
existing tower.

The antenna of the RDA will consist of & dish-shaped circular
parabolic reflector with a microwave feed assembly at its focal point.
The sssembly will be supported on a two-saxis (altazimuthal) mount. Rota-
tion ebout the verticel axis will provide azimuthal scanning; rotation
apout the horizontal axis will provide vertical scanning. The flexi-
bility of the NEXRAD hardware and software will permit a wide range of
scanning programs, only two of which have been defined to date. In all
of the scanning sequences, the azimuth will be scanned at & rate between
one-half and S revolutions per minute, and the elevation will be raised
progressively in specified increments from the horizontal to a maximum
of 20 deg and then returned to the horizontal. (The antenna will be
capable of operating at any elevation angle up to 60 deg, but the higher
elavation angles will be used infrequzntly.) To improve clutter suppres-—
gion, at lcest the O deg elevation will be scanned twice.
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The peak powsr radiated by the radar will be 1 BEW {10% W). The
duration of each pulee may be vearied from 0.7 to 4 ys, and pulses may
be repeated at any rate between 250 and 1,200 pulses per second (pps).
The combination will be chosen so that the average radiated power will
be about 2 ¥W. The input power requirement for the entire NEXRAD unit
ig estimated not bo eXxceed 75 kW,

Fower from the treansmitter will be delivered to the feed horn
located at the foecal point of the reflector; it will be formad by the
raflecter into & nacrow pencil beam (see Figure 2-56). The dismeter of
the antenna is expected to be between 74 and 28 ft to produce the de-
ajred beam, whieh Iw not to sxceed 1 depg between points where the power
density falls to one-half its maximum value. In the far field (beyomd
about 350 FEV, abouk TOR of the radlated power will be eoncentrated in
the main beam. The remeinder will be sent in other directlions and form &
series of sidelobes and backlobes. The flret few sidelobes will form &
wgll-defined sysmetric pattern centered on the main beam; others will be
more or lese candom in netuce and are best described 1o akbabistical
terms. The power density in the first sidelobe will mowhere be greater
than 0.0032 of that in the maim beam. The second through fifth side-
lobes will be still weaker. At angles greater than 10 deg from the axis
of the main beam, the power demsity will be nowhere grester tham 0.0004
of thet in the main beam.

More informatlon on the operation of the ®DA and the formatlon and
charackeristice of the radiated beam }s supplied in Appendices A and E.

Current plans ¢all for the NEXBAD system to operata gcontloucusly
for 20 years. Construction is scheduled to begin in 1986 and conktinue
for sakout 3 years.

Based on astimates provided by the contractors at the end of the
gystem definition phase studies, the per-unik cost, ilncluding loglstics
and tralning support, ie currently estimated &t $7.0 to $2.5 millien.
Inerenses in that estimate are expected to be egual to of less than the
average cost of Inflation experienced for this cless of electronic egquip-
ment. The NEXRAD unit costs imelude: (1) the radar; (2) data comemuni-
catlon between the radear. datsa procescing, and display subsystems apd
interfacing hardware associated with narcow-band communication to cemcte
ugers; and (3} support for initial spares and support egulipment. cadar
aite preparation, peackaging and shipping. installation and cheskout,
documentation, manuale, imitizl Eraining, beckup power, diagnostic tast
squipment, and sguipment warcanty.

The peincipal user fecility of each NEXRAD unit will be staffed, on
average, by l4 people (1 manager, 10 meteorclogiste, § techniciams), all
of whom will be elviliane currently employed by the Federal government.
The cpecatling staff will work acound the cleck in theoee shifts (3-3
people per shift), while management and maintenance will be primarily
day-shift funcklons. Thie staffing s approximately the same sz at
existing MW offices. The princlipal user facility at Alr Porce sites
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will be staffed by an average of 16 people (1 commander, 11 forecasters/ .
observers, 3 maintenance techniciens, and 1 clerk). No change in Alr
Force staffing is planned, nor will new facilities be built. Thus, noc
significant change in staffing is expected when a NEXRAD unit is inm-
stalled, Further, because no new user facilities are expected to be
built, personnel will be added to an area only if 8 user facility is
relocated to a new site,

2.3 Candidats Sites

2.3.1 Introduction

An elaborate site gelection orocess (described in Section 2.3.4)
will be employed to determine the extent to which the cendidate sites in
an area meet the diverse requirements of the principal user agencies for
the NEXRAD system.

Meeting vradar coverage requirements is 4 primary concideration.
In general, the meteorological site selection criteria call for locating
radars where climatological records show that there is a significant
threat of hazardous meteorclogieal conditions and where the radars
have a clear view in the directions from which most demaging w—eather
approaches.

xisting weather radar sites sre prime candidetes. In most cases,
they are at good locations for tracking weather conditions, the sites
are available for government use, and the needed utilities, access, and
compatible features exist. Generally, all existing user facilities and
installations, including weather radar installations, Weather Service
Offices (WS0s), WSEFOs, sirports, military bases, and other government
property in a given area will be sssessed and will be givern Jirst con-
sideration because of their prospective availability. Notwithstanding
the likely suitability of these sites as a whole, wien specific geo-
graphic areas are studied, existing sites will be torutinized Lo deter-
mine their adequacy (e.g., svailability of swace and power) and the
degres to which they meet ussr requirements.

2.3.2 Site Selection Criteria

Genereal site selection criteria have been defined for the identi-
fication of candidate sites:

® Sites on government-owned land, especially federal lend, are
preferred. Private land will be considered i1f other land is
unavailable or affords inadequate coverage.

® If practical, each NWS radar site will be located within 100 m
of an existing user facility. Although the radars will be
designed to be unattended, efforts will be made to keep radar
and uger facilities close enough to allow data transmission by
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cable. (Fiber-optic cable may be considered for this applica-
tion if {t i- found to be practical and cost-effective. Should
locating the entenna and office within practical cable distence
be impossible, miccrowave relay will be considered. However, a
cest snalysis of the glternative communication links will be
performed prior to a recommendation.) If an existing user site
is unsuitable for a new NEXRAD radar, alternative sites will be
sutrveyed to identify an adeguate area for the user facilities as
well. On the othec hand, the AWS radars will frequently be
located 5-10 km from the user facility.

Zxisting NWS radar sites will be used where possible, but the

AWS will not glways use its FPS-77 sites. Many of them sre in
acceptable locations. Relocation of the vedar to a new site
would require preparation of the new site and construction of

new facilities, and, 1n most NWS cases, would alsc require moving
the user's facilities. This alternative is more expensive than
locating a new NEXRAD radar at an existing NWS site. Therefore,
strong consideration will be given to using existing sites, pos-
sibly even at the expense of somewhet superior radar coverage
thet would be possiDle at sn alternstive site.

Considerable attention must be paid to achieving optimum
coverage in areas where radar surveillance is especielly
important, for example, for providing populated areas with
tornado warnirygs. General site elevation, the antenna height,
and 1ts exact lncation on the site must ce seleckted to give
unobstructed coverzge with minimum ground clutter effects.

Consideration will be given to electromagnetic interference (EMI)
in the initial selection of candidate sites for the radar. How-
ever, EML generally will be a secondary siting factor because,

in most cases, measures cen be taken to alleviate EMI between
radars in the same frequency band. Only in a few areas, e.g.,
Los Angeles, is this factor likely to be a significant considera-
tion.

Sites must be accessible year-round. Radars located on high
tercain can sometimes provide better radar coverage, but access
to such sites can be difficult during adverse weather,

Overall cost is a primary considecation. Costs will be esti-
mated for site preparation, facilily construction or renovation,
rosds, utjlitics, and the like. Significant cost variations can
be expected among candidate sites. 1In many cases, the final
decision is expected to be a8 irede-off between cost and radar
coverage.

If elternative commercial power sz vces exist at Lhe
attempt will be made to determine which is the most
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2.3.3 Initial Candidate Sites

The JSPO has prepared a8 working list of locationrs as e stacting
peint for the identification and evalunation of eandidate radsar siktes
(see Table 2-1 and Figure 2-7). The locations are grouped iato four
geographic regions: northeast, tornado, mountain, and coastal. The
sequence of regicns reflects the reletive priority in which they will
be surveyad. No priority is implied by the order in which the loce-
tions are listed withip each region. Table 2-2 lists additional can-
didate sites located outside the lower 48 states. Table 2-3 lists
military bases that AWS has identified as requiring weather radsr
coverage. Specific sites at or near these bases will be selected after
the NWS and FAA sites have been chosen. At that timz, i1t is expected
that ebout 25 additional NEXRAD radars will be required to ensure
coverage of military bases not adequately covered by the NWS and FAA
sites.

The status of the sites listed in Teble 2-1 varies considerably.

In some cases, =n existing site is known to be satisfactory and almost
certainly will be chosen for a WEXRAD radar. At th~ other extreme, a
requirement for radar coverage in an area may exist, but neitaer ean
existing site nor a specific plot of land has been identified as a
candidate site, only an area as much as many miles sqguere in which

the redar needs to be sited. In these cases, candidste sites will be
jdentified during the site selection process.

The sites listed in Table 2-1 cen be characterized only in general
terms, as shown for the MWS and FAA sites in Table 2-4. ‘eather radars
now exist at slightly more than helf (57%) of the listed sites. The
Jowest proportion (40%) occurs in the mountain region; it is about SO%
in the coastal region and higher in the northeast and tornsdo reglons
(67% and 70%, respectively).

Becuase they have not yet been selected, the AWS siizs cannot be
similarly characterized. However, AWS criteria for site selection
indicate that the NEXRAD sites serving these bases will be located
within about 35 nmi of the base.

In about 80% of the Table 2-1 cases in which & vadar exists, the
radar is at an airport, with a high proportion generally true for sll
regions except coastal, where the proportion is about 50%. “vhere @
radar does not exist, about 40% of the candidate sites identified to
date are at airports. Thus, overall, about &2% of the identified sites
are &t alrports. However, in many of the areas inm which a new site is
being sought, the preferred locale is at or very near an airpocrt. Coon-
sequently, the proportion of new sites at airports may turn out to be
somewhat greater than 80%, raising the overall proportion to a similar
number. These figures suggest that the number of new sites that will
not be located at an airport mey be between 20 and 30.




Table 2-1
INITIAL CANDIDATE SITES

A

Name State Radar Density Land Use

@

Northeast Region

Washington DC - U 1,2
Des Moines 1A A S 1,8
Chicago iL - U 1,2
Moline IL A R 5,6
Indianapolis IN A S 1,2
Ft. Wayne IN A R 6
Boston (Chatham) MA E R 8
Caribou ME - R 6
Portland ME - S 1,2
Alpens MI A R 8
Ann Arbor M1 - u 4
Marquette MI A R 8
Duluth MN A R 1
Minneapolis MN A U 8
Kansas City MO A R 6
Kansas City MO - N/& N/A
St. Louis MO E S 2
Atlantic City NJ A S 1
Albany NY A S 1
Binghamton NY A R N/A
Buffalo NY A S 1,2
New York (Islip) NY - N/A N/A
New York (NYC) NY E N/A N/A
Cincinnati OH A N/A N/A
Cleveland ORH A u 1,2
Harrisburg PA E R 6
Philadelphia PA - u 1,2
Pittsburgh PA E N/A N/A
Burlington VT A R 6
Green Bay WI - N/A N/A
La Crosse Wil - u 2
Milwaukee Wl - S 1
Charleston WV N/A N/A



Table 2-1 (conktipued)

Name State Radarc Density Lend Use
Tornado Region
Birmingham AL - N/A N/A
Mobile AL A R 1,6
Little Rock AR A R 1
Dodge City KS - R 6
Goodland KS A R 6
Wichita XS A S 2,8
Louisville Ky A u 1,2
Paducah Ky - R 6
Lake Charles LA A R 6
Shreveport LA A S 1,2
Slidell LA E S 1,2
Springfield MO - R 7
Jackson MS A R 6
Grand Island NE A R 6
North Platte NE A R 6
Omaha NE A R 6
Norman oK — N/A N/A
Oklahoma City 0K A R 1
Oklahoma City oK v N/A N/A
Tulsa (0].4 A u 1,8
Amarillo TX A R 6
Brownsville TX A R 7
Corpus Christi TX A R 6
Ft. Worth TX - R 6
Houston TX - R 6
Lubbock X 4 R 6
San Antonio X - S 1,2
San Angelo X A N/& N/A
Memphis N - R )
Nashville TN E R 8
Mountain Region

Flagstaff AZ v R 5
Phoenix AZ A U 1,2,3
Tucson AZ A R 7
Yuma AZ v R 7
Denver Cco - U 1,2
Grand Junction Cco - R 7,6
Pueblo Cco - R 6




Table 2-1 (continued)

Name Stale Redar Density Land Use

Mountain Region (cont.}

Boise 10 Y N 3
Pocatello 1D v R 6
Billings MT A S 1,2,7
Glasgow - MT v R 6
Greet Palls MT \'4 S 1.3
Missoula MT A R 5
Bismarck ND A R 6
Fargo ND A S 1,2
Albuguergoe NM v U 1,2
Roswell NM y R 6
Las Vegas NV A R 1,2
Reno NV \ 8] 1,2
Winnemucca NV v N/A N/A
Huron SD A R 6
Rapid City SD A R 6
Sioux Palls SD A S 1.2
El Paso b Y4 v S 1,2
Cedar City uT - R [
Salt Lake City T v S 1.,2.6
Cheyenne WY 2 S 1,2
Lander WY - R 5
Coastel Region
Eureka ca - S 1,2.3
Fresno CA v S 1,2.7
Los Angeles Ca E u 1,2
Sacramento [an} B u 1,2
San Diego o Y U 1.2
San Francisco CA - U 1,2
Jackeonville FL v N/A N/A
Kennedy Space Center FL - s 1.2.8
Key West FL A s 1,2.8
Hiami FL E
Tallahsssee FL Y R 5,8
Tampa FL, = R 7
Atlanta GA E U 1,2
Hetteras NC z N/A N/A
Raleigh K¢ A R 8
Wilmington NC A N/A N/A
Medford CR A /A N/A
Pendleton OR v R 5
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Table 2-1 (concluded)

Name State Radar Density Land Use

Coasta! Region (cont.)

Portland OR A U 1,2,23
Charleston SC A s 1,2,3
Columtkia SC A N 4
8ristol TN C R S
Norfolk VA - U 1,2
Roanoke VA - u 1,2
Seattle WA - u 1,2
Spokane WA v N/A N/A
Key:
N/A — Not available
Radar Density
A - Radar exists at airport U - Urban
E - Rsdar exists, not at airport S - Suburban
V - No radar - site at airport ® - Rural
- - No radar -~ site not st airport
Land Use
1 -~ Residential 3 - Industrial S - Forest 7 - Agricultural
2 - Commercisal 4 — Educational 6 - Open Lands 8 - Recreational
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Table 2-2

INITIAL CANDIDATE SITES OUTSIDE LOWER 48 STATES

Anchorage, AL
Anett Island, AL
Cold Bay, AL
Fairbanks, AL
Junesau, AL
¥ing Salmon, AL
Valdez, AL
Georgetown, BR
Grand Turk, BWT
San Juan, PR
Kamuela, RI
Molokai, HI
So. Ksuai, HI
Note: BH = Balamas
BWI = 3ritish Weat Indies

Overall, about half the candidate sites are in rursl (i.e., low-
density) settings. The remainder are abouv® evenly distributed between
urban an<s suburban (high and medium-density) settings. Tornsdo cegion
sites sre predominently rural (nearly 80%), while almost half the coaskt-
al sites are urban. Mountain sites tend to be in areas of somewhat lower

density and the northeast sites somewhat higher density than the national
distribution.

The list of candidate sites is expected to change somewhat as the
site selection process progresses. The areas for which weather radar
coverage are required will be the same but the sites finelly chosen may
be different from the current candidates. Consequently, the character
of the sites is also lik2ly to shift.

2.3.4 Site Selection Process

The selection of sites for the installation of NEXRAD radars is
being carried out in a three-step, iterative process in which progres-
sively more detailed information is gathered and gnalyses are performed.
First is the initial site assessment, the purpose of which is to gather
data and other information about one or more prospective candidate sites
for comparison with radar coverage and other raquirements. One or more .




Altus,
Andrews,
Barksdale,
Bergstrom,
Blytheville,
Cannon,

Cape Canaveral,

Carswell,
Charleston,
Columbus,

D. Monthan,
Dobbins,
Dover,
Dyess,
Eglin,
Ellsworth,
England,
Fairchild,
Ft. Campbell,
Ft. Hood,
Ft. Riley,
Ft. Rucker,
Ft. Sill,
Ft. Benning,
Grand Forks,
Griffis,
Grissom,
Hill,
Holloman,
Homestead,
Hunter,
Hurlburt,
Keesler,
Kelly,

Ki Sawyer,
Kirtland,

0K

LA
IX

FL
TX
e
MS
AZ
GA
DE
TX
FL
SD

WA

TX
KS
AL
OK
GA
ND

IN
uT

FL
GA
FY
MS
IX
MI
NM

Table 2-3

AWS SITES (MILITARY BASES)

Langley,
Laughlin,
Little Rock,
Loring,
Luke,
MacDil1,
Malstrom,
Maxwell,
McConnell,
McGuire,
Minot,
Moody.,
Mountain Home,
Myrtle Beach,
Nellis,
Offutt,
Pease,
Peterson,
Plattsburg,
Pope,
Randolph,
Reese,
Robins,
Scott,
Selfridge,
Seymour,
Shew,
Sheppard,
Tinker,
Tyndall,
Vance,
Vandenberg,
W. Patterson,
whiteman,
Williams,
Wurtsmith,

VA
TX
AR
ME
AZ
FL

KS
NJ
ND
GA
ID
SC

NE
NH
Cco

NC
X
TX
GA
IL
MI
NC
SC
TX
OK
FL
0K

OH
MD
AZ
MI



Table 2-4

CHARACTERISTICS OF INITIAL CANDIDATE SIitTES™

Existing Mo Existing

Density Site Radar ____Readar
Yroan At airpore. 6 3

Mot at airport 3 10
Suburban At airport Le S

dot et 1irport 2 5
Rural At airport 28 7

Mot 2t eirport 4 11
Unlknown At sirport 4 4

Not at airport S 4

b3 = s . y . .
NWS and FiA sites in 48 conterminous states.

sites in a geogrephic region under study will be recommended for further
investigation. Second, in the prelimirery site survey, a survey team
will visit each site to gather = variety of irforwation, including that
pertinent to potential environmental impacts. Based on its findings,
Lbe survey team will recommend which sites should receive an in-depth
site survey. The opjectives of the third step--the in-depth site
survey-~are Lo confirm the selection of the site and obtain detesiled
information on radar coverage, electromagnetic irterference and com-
patibility, site access, and, if an environmental essessment is to be
prepared, environmental impact.

If an existing radar site offers satisfactory coverage end other
features, site surveys will be conducted only for the existing location;
no additional site surveys will be carried out in that geographic ares.
If an existing site is not setisfactory, or in areas where no radar no-’
exists, more than one candidate site will probably be surveyed. Site
selection will then becoms essentielly a process of elimination. The
obiective will be to esliminate those sites with serious problems or de-
ficiencies as early as possible. Tt is expected that any site subjected
to an in-depth site survey will almost certainly be among those et which
NEXRAD radars are constructed. :

™~
|

N
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. Table 2-5 presents an overview of the site evaluation process in
which five general subject areas will be analyzed during each of the
three successively more detziled surveys:

@ Radar coverage analysis--how well the radsr can meet the users'
airspace coverage requirements for the site.

8 Geographic suitability analysis--difficulty of constructing the
necessary facilities at the site and the suitability of existing
facilities to accept NEXRAD equipment.

@ Roads and utilities analysis--availability and adequacy of
access roads and utilities, including power, water, sewer, and
communications.

e Operational environment analysis--potential adverse effects of
the surrounding environment on the site, including EMI, corrosive
pollutants, dust, and other deleterious factors.

o Environmental impact analysis--potential adverse effects on the
surrounding environment of constructing and operating a NEXRAD

radar on the site.

2.3.5 Environmental Impsct Analysis

‘ The objectives of this analysis are to determine the need for

special environmental design considerations and to identify sites that
may require the preparation of a site-gpecific environmental assessment.
The initial site assessment will focus on the identification of eanviron-
mental issues associated with each site. For new sites, the full range
of possible issues will be considered. At existing sites, the possi-
bility for many environmental issues has been precluded by prior develop-
ment, and only certain possible issues, such as electromagnetic radiation
hazards and sesthetics, may be significant.

The preliminary site survey will verify, by direct observation, the
inferences made during the initial site assessment. A survey team will
gather readily observable information about site features and eavironm-
mental conditions that relates to possible environmental impacts. This
information will be used to determine the need for an environmental
assessment for the site.

Additional, more detailed environmentsal information will be gathered
as part of the in-depth site survey if the preliminary site survey indi-
cates the likelihood of significant adverse impacts. Data in hand will
be expanded and updated through field observations and interviews. Envi- .
ronmental sampling and messurement will be carried out, if needed, to
resolve environmental issues. Mitigating measures will be identified.

A wide range of possible issues, including biological impacts, air
I pollution, and use or discovery of hazardous materials and their pos-

sible effects, will be considered during the continuing envircnmental
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impact anelysis. Ezxplicit guidance on these igssues will be provided to
the site survey teams. Federel, state, and locsl environmental protec
tion and resoucce consecrvation agencies will be consulted throughout the
process. Information on :cquired permits and other approvals will be
gathered beginning with the preliminacy site survey for each site. Com-
plete requirements will be determined during the in-depth site =urvey.

2.4 Alternsatives .

In the course of developjing the VMTXRAD program, aslternative methods
of meeting agency regquirements for weather radar information were inves-
tigated. Five alternative aporoaches, described below, to meeting agency
requirements for improved weather radacr informetion exist:

Continve the existing system

New non-Doppler system

New coherent non-Doppler system

Hixed system of new Doppler and non-Doppler rsadars
Environmental satelljite system.

A number of other possible variations in the technical design of
the NEXRAD system have no bearing on environmental considecations and so
ere not included here. The proposed action is preferred to any of the
alternatives because none could provide the advantages of an all-Doppler
system. The alternatives of no action end postponement of action must
aleo be considered for envircormental review purposes. The environmental
impacts of these alternatives are discussed in Section 4.4.

2.4.1 Continue the Existing System

Requirements for informeticen about weather phenomena are being met
in part today by data from several types of radars, some designed for
weather purposes and some adapted for limited weather uses. In this
alternative, the weather radars used by NWS and all DOD radars would be
renovated and modernized. Such renovation and modernization would not
meet the existing severe weather and sircraft safcty requirements.

2.4.2 New Non-Doppler Syciem

A new non-Doppler raczr system would be purchased to replace the
present system and meet some of the common agency requirements for
weather radar information derivable from reflectivity data in the same
manner as employed today. This zlternative would result in a sigaifi-
cant improvement in reliability and maintenance cost-effectiveness.
However, the severe weathev warning and aircraft safety improvements
attainable with Doppler technology would not be realized.

2.4.3 New Coherent Non-Doppler System

Existing weather redacs are "noncoherent,” meaning that the energy
pulses treansmitted by the cadar have randow phase relationships. Coher-
ent radars transmit pulses thsat have exactly the same phase relationship.
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Coherent pulses help minimize the problems first of ground clutter,
which often obscures weather echoes at shoct ranges, and second of the
very weak reflected signals mixed with “noise” at long renges, both of
which make interpretation very difficult.

New coherent redars would replace existing radars in the same way
and with the same basic benefits of reliability end maintenance cost-
effectiveness as the preceding non-Doppler alternative., Doppler capa-
bility could be added at a later date by adding the necessary components
and greatly expanding the data processing capability. Again, the adv.a-
tages of Doppler technology would not be realized.

2.4.4 Mixed System of New Doppler and Non-Doppler Radars

The Doppler radar's principal advantages lie in making possible
more accurate and timely warnings of thunderstorms and tornadoes =znd
in providing information about turbulence in storms. An alternative
national system would place non-Doppler radars in lower risk areas,
i.e., in the western intermountain areas and in portions of the north-
eastern United States. The non-Doppler radar could be essentislly tbe
same device as the Doppler radar; the latter would have the special
Doppler features and proeessing subsystems added. Development of a
non-boppler radar meeting Doppler performance requirements and the need
to provide training, maintenance, documentation, and logistics support
for a second type of operational radar would add both the initial system
cost and recurring annual burdens to the life-cycle cost of the mixed .
system. Complications of a mixed system and loss of some capability may
reduce the apparent value of this alternative.

2.4.5 Environmental Satellite Svstem

Environmental satellites operated by the U.S. government view the
earth's atmosphere periodically, day and night. These satellites carry
sensors that create images in both visible and infrared portions of the
spectrum. The visible images show clouds; the infrared images may be
interpreted to obtain cloud top heights. However, the c¢louds beneath
higher ones are hidden from view. Present and planned polar orbiting
environmental satellites provide images of the United States four times
dajily while satellites ir geosynchronous orbits provide mear-continuous
images. This alternative relies on the development of new sensors to
provide the necessary spatial resolution and information on internal
storm intensity and dynamics. Development of such sensors is not likely
in the same time frame as the availability of Doppler technology.
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3 AFFECTED ENVIRONMENT

Generally, the candidate sites may be classified by the:
e Existence of e radar

o Location of the candidate site at an airport, office location,
or other.

Except for electromagnetlec characteristics, the affected environment is
described below for =ach combination of these dimensions. The descrip-
tion of the electromegnetic environment applies to all sites.

3.1 The Electromagnetic Environment

The electromernetic environment at a particular locetion and time
consdists of el. the electromagnetic fields that are arriving there from
aumerous sources, both man-made and natural. Some of these fields are
used for communication or For radiolocation (radar). The electromag-
netic spectrum in the area 1ls a continuously usable renewable resource
having the dimensions of amplitude, time, frequency, and space. 1In
areas large enough to permit sufficient geographic separation of users,
the spectrum will accommodate a number of users on the same frequency
simultaneously. In smaller areas, the spectrum will accommodate a large
number of simultaneous users only if they are sufficiently separated in
frequency. A high-power signal caen mask a low-power signal on the same
frequency.

The electromagnetlc environmment at a point can change almost instan-
teneocusly and, at a given instant, it will not be the same at two points
a few feet apart. Therefore, it is generally convenient to deal with
averages over time and space. When there is sufficient incenktive, cer-
tain features of the electromagnetic environment can be measured and
documented. However, because of the cost, attempts are seldom, if ever,
maede to define the eleckromagnetic¢ environment simultaneously over wide
frequency ranges, large geographic areas, and long periods. Most
attempts at defining the spectrum are of very limited scope, aimed only
at providing answers to particular guestions such as, "Is the channel-5
TV «’gnal on this mountaintop above this remote community strong enough
to permit the operation of a translator?” or "Is the man-made radio
noise at this location low enough to successfully operate a sensitive HF
receiving system?" or "Are the land-mobile radio bands in Chicago too
crowded to accept additional users?” Soms measurements have been made
{n the Los Angeles area of the particular portion of the electromagnetic
spectrum to be most affected by the NEXRAD radar. The measurements
s=owed that 1n some areas that part of the spectrum can be crowded with
various other -ac:ors.



Some of the man-made contributions ko the electromagnetic environ-
ment in the vicinity of each of the candidate MEXRAD radar sites are
intentional, but others are accidental and incidental to some other
Betivity., Radio (and radar) signals are intentional man-made contribu-
tions. The electromagnetic environment in any area consists in part of
signals from various broadcast radioc and TV stations, from local or tran-
sient emateur and CB operators, freom air navigation aids, from passiog
aircraft, from satellites that provide cable TV programming, and so on.
Becguse some signals can be reflected back to the earth at great dis-
tances by high-altitude ionospheriec layers, part of the electromagnetic
environment in sny aces consists of transmissions propagated by sky wsave
from stations thousands of miles away. Signals from the NEXRAD rsdar
and others that use the same part of the spectrum do not propagate by
sky wave and will generally not propsgete very far beyond the horizon.

The unintentional human contributions to the electromegnetic
envirtonment are called man-made electromagnetic noise. Such noise is
radisted by power lines, fluorescent lights, household lighting dimmer
switches, household gppliance motors, computers, hand-held calculators,
and so on. A major contributor is the automobile ignition system, which
raediates a pulse of energy over all the communication bands with each
spark-plug firing. Although man-made electromagnetic noise is a major
feature of some parts of the spectrum, it is not & concern in the portion
of the spectcum to be used by the NEZRAD system.

Nature contributes only noise to the electromagnetic environment, .
but it can do so in a big way. ULightning strokes in storm centers in
Africa and South America can cause "statie" in redios in the United
States thousands of miles away. Each lightning stroke acts as &
powerful transmitter covering a wide fregquency band. Its "signal”
propagetes by sky wave to regions thousands of miles away. This nolse
is ap intermittent major feature of the part of the electromagnetic
spectrum used by standard AM broadcast stations and by HF internstional
brosdcast stations. 1In the portion of the elesctromagnetic¢ spectrum to
be used by the NEKRAD radar, radic noise from the sun and from the stsrs
(galactic noise) is, in the absence of signals from other radars, the
predominant Feature of the local electromagnetic environment.

Kuman beings are not generally capable of sensing the electro-
magneti¢ environment or changes in it. However, radio (and radar)
receivecrs are designed precisely for this purpose. They sample portions
of the spectrum to extract a small amount of energy, which they then
amplify and convert to & signal meaningful to the receiver‘s operstor.
This wsignal might be in the form of & picture on TV chaennel S, music
from & local FM broadcast station, a long-distance telephone conversa-
tion, en gir navigation signal, or a radar signal reflected from an
airplane or a heavy rainstorm, for example.

For man to make use of some portion of the electromagnetic enviroo-
ment for communicetion, radiclocation, radionavigation, or other such
purposes, usuelly the power of the signal must exceed the pow=r of the .
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noise in that portion of the spectrum at the receiving location. (In
gome systems, complex signal processing schemes permit use of signals
glightly weaker than the noise.) Unless the power in the desired sigral
is greater than the sum of the natural noise, the man-made noise, the
receiver's own background ncise, and any other interfering signels in
the receiver's bandwidth, usually one cannot hear or otherwise make use
of the desired station's signal. 1In the portion of the spectrum to be
used by NEXRAD, natural and man-made electromagnetic noise is ncl
significant relative to the radar receiver's internal noise level or to
signels from other radars. Thus, ths electromagnetic environment of
present concern is affected mainly by the presence of man-made signels
from otbher radsrs,

NEXRAD will share the frequency band between 2,700 MHz and
3,000 MHz with a large number of other currently operating radars, each
radar using a small part of that band and contributing to the electro-
magnetic environment there. The upper adjacent band, extending from
2,900 MHz to 3,100 MHz, is cccupied by other radar systems. In the
United States, no transmissions are permitted in the lower adjacent
bend, from 2,690 MHz to 2,700 MHz. That band is set aside for
redioastronomy measurements, with the intent that the electromagnetic
eavironment there be left in its naturel state--affected as little as
possible by radars.

Signals in the spectrum between 2,700 MHz and 3,000 MHz do not
usually travel far beyvond the horizon, so the conktributions to the
environment at any particular location will be limited to those from
redars within, at most, 100 or 200 miles. At some locstions. very few
other radars will be that close; st other locations, such as near lactge
metropolitan areas, many radars will contribute to the electromagnetic
environment in that part of the specktrum.

3.2 Biophysicel Envirooment

3.2.1 Existing Radar

3.2.1.1 Airports

Many of the NEXRAD facilities are expected to be sited at airports
where a radar and user facility elready exist. However, existing radar
towers or radomes will not be used, nor will the new radar tower be con-
structed in the same location as the old one unless absolutely necessary.
Rather, the new tower and equipment will be placed as close as practical
to the old tower and. if possible, nc more than 1.5 miles from the user
facility, assuming the latter can accommodate the necessary NEXRAD
equipment.

Airports can range from small facilities with a single building and
lending strip to those with an extensive network of runways and taxiways,
many aircraft hange:s, numerous equipment warehouses, and huge parking
lots. Substantial disturbance of the natural environment has already
occurred in major portions of most larger, and even some smaller, ajir-
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ports. For example, much of the vegetation has bean removed to allow
maximum clearance for landing; Gterrain features have also been elimi-
nated Lo reduce hazerds and bo improve visiblility. A large percentage
of the land area within an sirporkt is paved; therefore, minimal habitat
ig available for animal species. Alreraft activikies rouvtinely degrade
air quality a3 take-offs and landlngs result in reletively high pollut-
ankt emissions. Water supply and sewage disposal secvices are generally
in place at aicporte. Io addition, other infrastructure componenks such
a6 storm drainage systems ars often installed to prevent flocding of the
runwWways and adjacent fields. Accese roeds and connectors Ere CONEON

Example: The Minneapolis airport, which is located on the soubhecn
gide of the metropolitan area, contains a 70-7% radar tower approximately
L,500 bo 2,000 ft from the airport buildiog that houses so WWE office,

Minnasota--particularly the northern park, bukt also the central,
more inhabited portion where Minpeapolis iz loceted--iz knmowm for its
widespread wetland habitab that is important to large wakerfowl popula-
thlons and other animals. The Minneapolis metropoliktan ares is surcoundad
primarily by cak sevanna gresslend/forest vegebtatlon mnd slsc by maple-
bagswood foreste. Both vegetation types are underlein by dark, humusz
g0ils that ece most sulbted fFor agriculture.

In the vicinity of Minneapolis and Sk. Pawl, air gquality hes deteci
orated to the extent that levels of some pollukankts exceed federal stan-
dardz. Local alr gqualliey problems and such skate and regional concerns
ag acid rein are expected to conbtinue. In gemeral, wabter eupply For new
facilitles iz nob & problem in thisz area.

3.2.1.2 Qffice Locations

Some existing radars and agssoclakbed uwzer facilities are locabed in
urban cenkers or suburban office parks. Such commercial ereas are eavan
moce densely developed end have sz many infrastructure services aveilable
ag airports. Centers of commerce commonly comktain a varlekty ofF husiness
struckures and building Eypes, include multiple parking areas, and ace
within accezs of major transportetion thoroughfeares. Eleckric and com-
municacion links as well as wabter apd sewage Facilibies are genecally in
place, The guality of the alr in urban/suburban centers depends on the
activitien that take place there--light menufacturing and other proceseses
generakte more emissions than do the activibies occurring in an office
building. Although commerciasl aress maey be well landscaped, the vegeta-
tion provides koo liktle habitat for most animal species, and conklinuous
human acklvity scares many small species. The only lecabions where lm=
portant epecies may be present are fields and wetlands adjacent ko subur-
bap office parks that are at the outer edge of & mebcopolitan area.

Ex g: An exlsting weather radar is located on & 70-fib tower
next to an NWS faeility in a commercial section of 8t. Louis, Migsouri.
The W¥3 office iz in & one-story building wherse space i limiked. In
fact, the gite itself is small and expansion preésents m problem because
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of surrounding commercial develcopment. A 60-kW generator supplies
ackup power to the radar.

3.2.1.3 Other Locations

Existing radars are also located in rural areas. Some are on
ridgetops and others are on level terresin. Not all are collocated with
the associated user facility. The natural environment at these other
rural sites varies greatly depending on the local terrain and the region
of the country. The more remote the site, the more environmentally
sensitive it is likely to be. The most sensitive sites will be those
gsurrounded by undisturbed habitet that can support a substantial wild-
life population, with relatively clean air and water resources, without
infrastructure elements in place, and accessible by unpaved roads.

Example: At Harrisburg, Pennsylvania, the radar is located on too
of & mountein and is connected to the NWS office in the downtown area by
a microwave communications link. The radar site does not have water or
sewer facilities, the power supply has been unreliable, and access is
unpredictable. The NWS office, on the eleventh floor of the federal
building, is small with an unreliable power supply.

3.2.2 MNo Existing Radar

3.2.2.1 Airports

Some existing radar sites may be unsuitable for NEXRAD, making it
necessary to install a NEXRAD facility at another locatiom. In other
cases, no radar may exist ia the area requiring coverage. Thus, some
NEXRAD sites may involve a new radar tower, radome, and user facility.
Others, however, may involve collocating & new radar with an existing
user facility. In a large number of cases, the user facility is at an
airport. Therefore, depending on the locaticn of the user facility, the
tower might be sited either in the developed part or in a far corner of
the airport. The same will be true if there is nc user facility and
all-new facilities are reguired.

At the periphery of airports, there are often unused and generally
undisturbed areas that may be operationally suitable for NEXRAD. These
undisturbed environments may also provide sufficient habitat for small
meamzls and reptile species. Services mey or may not be available in
these remote pockets of both urban and rural airports.

Example: AWS will install a NEXRAD radar and user facility at
Chanute Air Force Base, near Rantoul, Illinois. A preliminary site
survey led to the recommendation that the radar be located in a rela-
tively isolated corner of the base. This site, which is about 1 2/3
miles from the user facility, is surrounded primarily by farmland,
including occasional structures and trees. Most base activity is at
least zs far from the radar site as the user facility.



3.2.2.7 office Locat]ong

Another alternabtive iz to localé & new NEXRAD radsr adjacent to &
uger office (currenkly operating withowl (ts own radar} at & non-airpoct
location in a commercial acea. This doss not appear likely becavse few
locations of this type, which are probably in commercial zones, could
pabialy all constcuction and operstional reguicrements. Changing the
sesthetics of an already developed srea could also be problematic.

Exgmple: Tn La Crosse, Wigcongin, & amall Wws office is housad inm
the town's post office building.

3.2.2.3 Other Locations

1f neither an airport site mor &4 commercial zite i= satisfactory
from a technical or envicronmental standpoimt for a NEMNRAD radar, othec
moré appropriate locations in relstively undeveloped rural sress may be
congidered. For operational reasons, sites surrounded by undeveloped
areis ere preferced over those in heavily congested urban Aress or
buslness dlstrickts, as long as future growth is not expected. These
remote locations mey be oputside the boundary and in the vicinity of an
sirport, or they mey be distent from population centers or commercial
Facilities., Many will not have all the necessary services provided

{i.e., commeéccinl power, communlcablons, public wabter, and sevwafs
disposal).

Examb]lg: Ann Arboc, Hichigen, does not have & radar. An NWS
office is loceted in the mebropoliban area. However, becausé no slilbe
adjacent to the WMWS facility is appropriaste for & new cadar, other loce-
tions in and on the periphery of the community will be evaluabed far
NEXRAD .

3.3 Beciveconomic Environment

3.3.1 Alcpogts

Moet airports being coAsidered ag sites foc the MEXEAD Facilikbies
are located neac communitles with populetlons greater khan 1,000; spprox-
imstaly one-thicd of the aicport sites are near cikies with more than
100,000 residents. Very few of the airport tites are located near com-
municies with populations of less than 1,000,

Housing, schools, and other public services and facilities generally

are availeble in wrban aress. These services may, however, be limited
in compurities with lese Lhan 1,000 residents. Urban areas are charac-
terited by a full rangs of land uses including residential, commercial,
industrial, recreaktional, publie, and open space. In smaller communl-
tieg, residential and commercial land uses generally predominate. The
surrounding land may be industrial or rural, with forests and agricul-
turel or open land.
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3.3.2 Office Locations

Some NEXRAD radars will be located near user facilities (both those
with and without existing radar facllitles). Non-alrport NWS offices
typically are situated in the commercial sectlons of urban or suburban
areas. Houslng and public services and facilitlies are available, and a
full range of land uses exists In most urban and suburben locations.

3.3.3 Other Locsations

Some NEXRAD radars are expected to be located in rural areas, either
near existing user facilities or in areas without such facilities. Rural
areas are characterized by forest, agricultural, recreational, or open
land uses. One or more urban areas ranging in size from less than 1,000
regidents to well over 100,000 residents are located within a SO-mile
radius of most rurel NEXKRAD sites. Housing, publlic services, and facili-
ties are generally available in urban aregs. However, these services
may be limited in communities with fewer than 1,000 residents and may be
nonexistent in very remote rural locations.



4 ENVIRONMENTAL CONSEQUEMCES

The scope of the aralysis of potentlial impacts of the construction
and operstion of the NEXRAD system includes possible health effeckts of
radiofrequency radiation (RFR), electromagnetic interference, and effec::
on the bicphysical and socioeconomic environment.

4.1 Radiofrequency Radisation

The contribution of RFR to the environmeat depends primacily on the
megnitude, nature, and distribution of the RFR. A detailed description
of the NEXRAD radar aystem is given in Appendix A, end a comprehensive
technical deseription of the resulting RFR ie presented in Appendix B.
Measurements made on existing radar systems that are similar ta NEXRAD
show that the field model 1s well founded and conservative.

The RPR power denstties that will exist in the vicinity of a NEXRAD
unit «ill depend on the minimum elevation angle of the antenna, the scan
mode, and the characteristice of the local terrain. Becavse the main
beam is quite slender and will be elevated during a large fraction of
the time, it will strike the ground only occasionally and only in
isolated locations that are higher than the general terrain. Time-
averaged values of RFR will be guite low because the maximum average
power is only 2 kW. The nsture and magnitude of the RFR produced by the
NEXRAD radar will not differ substantially from those produced by the
radars that NEXRAD will replace. In all ceses, the time-averaged power
dengity to which the general public will be exposed will be ¢% least one
order of magnitude below the maximum permissible values receatly edopted
by the Americen National Standards Institute (AdSI).

4.1.1 RFR Fields

Time-averaged values of RFR are based on = 0.2% duty cyecle, which
is the maximum peccentage of time that NEXRAD is designed o radieate.
However, some specific effects related to electromagnctic interference
depend on the pulse perer density and other details of the individual
pulses. For this reason, peak values of power density and electric
field intensity are also given. Following common usage, all values of
radiation intensity are expressed as power density in milliwatts per
square centimeter (mwW/cm?). Electric field intensities are given in
volts per meter (V/m), the accepted unit for this pa-rmeter.

Most of the power radiated by the NEXRAD antenne will be concen-
trated in the main beam end a few adjacent sidelobes. Therefore, a

distinction mwust be made between regions that are within or near the
main beam and those that are remote from it. Because the beam requires



a8 substantial distance to merge into its final form, a distinction must
also be made between regions close to the antenna and those that are
further eway. Values of RFR also depend on the scanning pettern,
antenna height, and other details. All these parameters are discussed
in Appendix B.

The properties of the NEXRAD antenna are such that the values of
RFR can be expressed uniquely in terms of two variables: horizontsal
distance from the center of the antenns and vertical distance below the
axis of the beam when the beem is at its lowest elevatlion angle. Curves
of maximum pulse and average power density, based on this representation,
are presented in Figures 4-1 and 4-2 (which duplicate Figures B-7 and B-8
fcom Appendix B).

4.1.2 Biological Effects

4,1.2.1 Human Health

In this section, which considers the effects of exposure to RFR on
human health and on plants and animals, the term "RFR"™ is used generi-
cally to include other terms commonly found in the bioeffects literature,
such as electromagnetic radistion (EMR), nonionizing electromagnetic
radiation (NIEMR), microwave radiation, tradiofrequency electromagnetic
(RFEM) fields, electromagnetic fields (EMF), microwave fields, and
others. The term applies to freguencies from O to 300 GHz, both modu-
lated and unmodulated. The frequency band of the NEXRAD transmitter is
2,700 to 3,000 MHz. The time-averaged power densities used in consider-
ing possible health hazards are based on averaging the intensities over
the worst-case 6-min interval used in U.S. exposure guidelines.

The basic RFR issue is whether brief or continuel exposure of
people to the RFR power densities produced by a NEXRAD transmitter is
likely to affect their health adversely. A critical review of the
present state of knowledge regerding biological effects of RFR, Report
SAM-TR-83-1, entitled "Biceffects of Radiofrequency Radistion: A Review
Pertinent to Air Force Opersations,” by L. N. Heynick and P. Polson,
serves as the primary reference for the human health aspects of this
assessment of NEXRAD. The cited review (discussed in Appendix C) was
prepared for the U.S. Air Force, but is useful for considering possible
bioeffects of all kinds of radar systems. In Appendix C, research re-
sults considered most significant scientificelly and pertinent to the
operational characteristics of the NEXRAD radar and to the RFR power
densities in the peneral vicinity of & hypothetical radar site were
examined to determine whether the RFR from NEXRAD would have any signi-
ficant effects on human health.

Attention is also directed to another recently completed critical
review, "Biological Effects of Radiofrequency Radiation" (Elder and
Cahill, 1983), which is the final draft of a report scheduled for
publication by EPA in summer 1984. This report is similar in many
respects to the SAM-TR-83-1 report, covering many of the same subject
areas and specific scientific references. .
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Humans could be exposed to the RFE from a NEXRAD transmibber under
two circumetances: Cicet, people alrborne near a radar could be exposed
ko the main beam; second, populations at ground level near a Ecansmitter
gite could be exposed to low-intensity RFR at distences up to seversl
miles from the anténna

4.1.2.1.1 Alrborne Exposure. Exposure of people in an aicplane to the
main beam ;g & poseibility ehared with many operational high-power radar
pyeteme. However, ae (ar a5 iz known, no case of harm to humens from
any such incidental exposure has ever been ceported, and thece is no
resson to believe that the NEXRAD situation would be different from that
of other radar installations in this respeckt.

A phanomenon assocliated with BFE pulses per se i the perception of
individual puleae ag apparent sound. The threshold pulse power densiby
for this effect ls about 300 wwsem?. An alcplene in the general
vietnity of o NEXRAD anteénng may be swept by the main beam for pericds
of about 0.5 me per eweep. Lf &0, calculations presented in Appendixz B
indicate that within about 550 ft of the antenna (the near-field region},
the maxlmum pulse power density in the main beam may be as high as
B, 000 mecni: beyond that distance {(in the far Field), the pulse power
denslty will diminish by the lnvecse-square lew, and the I00-_mW/eme
Ehreshold will be at sbout 3,000 FE. Thus, peeple whe are alcborne and
who are swWwept by the main beam within diztances of less than 3,000 FL
may “hear” the pulses. Howaver, thece is no experimental #vidence that
Ehese people would be advorsely affected by ezposure bto such lewels of
pulse power densikty.

The calculations in Appendiz B alsoc indicate that the time-averaged
power denslby at an |Ir¥11nt gwept by the main beam and all sidelobes
will be only 0.23 mWiem® at 100 f&, 0.035 mw/em’ at aboul 300 fv,
and still lower at greater distances. Such Levels are below prevailing
standacds for human exposure, and Lhere is no evidence that exposure to
such levels would be harmful. Horeover, the cited walues do not inelude
the potential shielding properties of metal aireraft.

4.1.2.1.2 Ground-Level Exposure. For & “worgst-case® ground-level
#Xposuce sitwation inm the near field, the groond near the anténna was
dspumed to be ezpentially Flat cut to o distence of abouk 3,000 fi, the
main beam wes assumed to be horizontal, amd the bottom of the sntenna
rim was assumed to be 20 ft above ground. With the latter assumption,
the center of an antenna 24 £t in dismeter would be 32 fbt ebowe ground
level, and the head of & perzon 6 Ft tall would be 26 ft below the
conter of the main beam. For this situation, caleulstions presented in
Appendix B indicete that st all distances from the antenna, the maximum
pulse power density st such hesd heights will be considerably less than
the 100-mk/cm? threshold for the auditory RFR effect discussed above.
Thus, it is wost enlikely that people anywhere at ground level will
"hear” the NEXRAD pulses.
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For this worst-cese situation, the maximum time-averaged power
density at heights of & ft or less above ground will nowhere exceed
0.03 m/em?, and will be less than 0.001 mhrem? for distances beyond
sbout 200 ft. 1In the standard recently sdopted by ANSI, the maximum
permigsible average power densiky for human exposure ko EFR in Ehe
2,700=- ko 3,000-MHz cange tg 5 mW/eme. The new USSR limit for chrenle
exposure of the general populaklon lz reparted to be ©,.01 i/ eme .
Thus. the ground-level velues of RFR within the near field of & NEXRAD
antenna will be at least 50 times lower than the new AMSI standecd, and
the values In the far field will also be well balow the new USSR
standard.

Collectively, the results of the relatively few spidemiclogic
studies performed in the United Statsc, the USSR, and othar Esstern
Europesn countries do not present convincing evidence that envicon-
mantal lévels of RFR are likely to conskitute a hazard ko the gensral
population.

Host U.8. experiments wikth animals that yielded reécegnlzable and
repeatable effecte of exposure to RFR were pecformed at incident average
power densities of more than abeut 1 mi/emf. Most such effecte are
thermal, In the sense that the RFR energy is absorbed by the organism
ad widely diskributed heat that imcersases the whole—body temparature,
or e inkternally localized heat that iz biclogically significant esven
with natural heat-exchange and thermoregulatory mechanisms sperating.

The sxistence of threshold valuves of average power denslty has beoen
experimentally demonstrated for some sffects and postulatesd For others.
Exposuré to RFR at average power densities exceeding the threshald for
a specific effect for & few minutes to & few hours (depending cn the
value), may or may nokt ceuse irreverslble tissue altecstions. Tha heat
produced by indefinitely long or chronlc exposure at power dengities
well below the threshold is not accumulated because its rate of produc-
Eion ig readily compenseted for by heat-exchange processes or bhermo-
regulation. However, it should be noted that there iz some curresmt
controversy concerning the minimum threshold for thermal-physiclogic
effects. Mevertheless, the lowest thrashold level suggested 18 well
above those sseociated with human exposure to BFR from NEXRAD.

Hogk investigations involving chronic sxposure of mammals yieldsd
either mo effects or reversible, noncumulative beshavicral or physlolog-
icel effects for average power demsities excesding about 1 mWiem?.  Tn
the few cases In which lcreversible adverse effects of eXposure warce
found, such #ffects ware absent for average powsr deneities balow
1 m/em? .

In & relatively emall number of investigations, biclogical sffects
of BFE were reported abt incident sverage power densities less than abouk
1 m/em?. Such effects have been called “nomthermal™ to distinguish
them from those mentioned above. However, this usage of nonthermal is
confusing and imprecise because the interaction mechanizms invelwved io .
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sach such effect differ considerably from thoge for the other effects,
and ¢lear distinctions between thermal and nonthermal effects baped on
precise scientific definitions of these terms are difficult to discern
in the interactioms.

The previously meationed detection of individusl RFR pulses as
apparent sound has beer characterized &3 nosthermal, primarlly on the
basis that the sversge power density would be minuscule if the time
intervale bektwean consecutive pulssa are large. However, the averag#
powsr deneity is not relavant because the interictions that producs
the affect depend primarily on the echeracteristice of individual pulses.

In sum, examination of the relevent literatures on BEFR biceffects
{Appendix C), including euch subjects of comaceérnm as poseible BRFR-induced
birth defects, cancer induction, decreased resistance to disesse, effects
on the heart, genetic alterations, and others, indicates that thace ia
ng reliable evidence Lo suggest that chromic sxposure to the RFR From
MEXRAD will be deleteriocus to the health of even the most susceptible
membars of the populakien, such as the unbora, infiem, or aged.

4.1.2.2 Plants and Animals

Signiflecant effects on planté of ahimals are not expected to result
from the RFR emitted decing operation of NEXRAD. Temporary minor effmcis
that may occur near a2 WEXRAD gite will be due ko the repulsion or stbirec-
Eion of species that are sensgitive to noize and human distucbances other
than RFR associated with radar cpecstion.

4.1.2.2.1 Hain Beam Exposura. The biota potentislly af{ected by the
main beam are airborne Fauna, such &% birds and possibly bats and
ingects. Of ecological interest are blrds and the insects invelved im
pollenization, As digcussed In Appendiz C©, the literature suggests that
biological effects., not necessarily hazardous, are possible at everage
power densitlies exceeding about ] mW/cm?. Caleuletions inm Appandixz B
indicate that the time-averaged power demsities &t distances beyond
about 10 ft from = MEERAD antenneé readome slong the propagation dicection
will be less than 1 mW/cm®. Thus, only the propagstion column within
about 10 ft from the radome would be of possible concern bto airborne
organisms. Transient eirborne organisme near an RDA, therefore, should
not experience adverse effects from RFR exposure.

For local aicborne biota, minor effects may occur in bhe near
field. The RFR from MEXRAD might tend to cause birds to aveid the
antenna eite (aee Tanner and Romero-Sierca, 1969). On the other hand,
birds might learn to seek out the EFE for warmth during cold weather
(Gandhi et al., 1978). On the basis of existing information, the
probable effects, if any, on birds are wnclear. Moreover, BFR-indoced
biological effects will vary emong sirborne biota because of species-
dependent differences in physielogy and in the rate of sbsorption of RFR
ENergy -
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Monthermal effects on blrds of low-level RFE have been claimad by
& few researchecs {(Taaner, 1966; Tanner et al., 1967), but the mathod-
ology used in these expeciments hes been questioned (Eastwood, 1967
Krupp, 1976). Temperatures of the experimental subjecte were not
measured, and the effecte may have been thermal. Irrespective of whetheg
the effects were thermal or nonthermal, the experimental arrangemsnts
{caged blrds in highly restricted areas with horn antennas mounted on
Ehe cages) bore lLittle relationship to the habitats in which_ bicds
normally oparate. Tenner and Romero-Sierca (1974} themsslves have
concluded that external environmentel parametsrs such as tempecrabure,
humidity, and stmospheric pressure, as well as internal (acktors of the
expecimental subiects, chould be considered when analyzing BFR &ffects
On orEg&nisms .

The RFR fielde from MEERAD will be similar to those of existing
military and civilian readar systemsz that have been in operation contimu-
ously for many years without any evident ecological damege. 1In addition,
for more than & decade, animal behavioriste and ornithologists have coo-
sidered radar & legitimate tool for studying animal migration, naviga-
tion, and homing (Easkwood, 1967; Krupp., 1978; Schmidt-Eoenig and
Eeeton, 1978; Williems et al., 1977).

Gary and Westerdahl (1978} summarized reports im the literature on
varlous effects of exposure of insects ko BFRE., The effectz rangsd From
uncest to death, depending on the level and duration of the exposure and
the species studied. In laboratory studies, abnormal development of
bestle pupae was reporked 4k power densitiss and exposure durakticns that
produced gignificant bheating (see Appendix €, Beckion C.6.3), In a
recent study (Westecdahl and Gary, 1981%, adult honeybees were exposed
to continuous-wave (CW) 2.45-GHr RFR at power densities from 3 to
50 mW/em? for durations of 0.5 to Za hr, after which they ware held in
af incubator for 21 days to determine the consumption of sucrose syrup
and Eo observe mortality, No significant diffecences were found betwesn
EFE-exposed and sham—expossd or conktrol bess., In another study, Garcy
and Westerdahl (1981} Ffound theat Foraging-expeclenced honeybees retained
normal flight, orientation, and memory functions after exposure to such
EFE at the zame levels for 30 min.

Bem and Trraska (1976) repockted on & case in which & pair of
gparcows built a nest within the esntenna feedline for & 2-MW, 277-kHz
transmitter. Caleuwlations indicated that the slectric Tield in the
immediaks wvicinity of Ehé nest was about 100 kEV/m. Becsuse of iks
locakion, the nest was waktched victually constantly by operating
pecsonnel, who reported that the eggs hatched normally end the baby
sgpaccows remained within the nest until they becama fledglings and Flew
off. ®Wo ill effects or deviant behavior were evident for the parents or
their brood.

In summary, no significent biclogical effects from sxposure ko the
main beam of NEXRAD are expected. At most, only a few airborne individ-
wals of Feuna common to & NEXIRAD tranemitter sikte might be affected in a
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small region outside the radome, but these effects are not likely to be
hermful.

4.).2.2.2 Ground-Leve)l Exposure. The same considerations discussed for
main-beam exposure indicate that plants and animals et or near ground
levels near a NEXRAD antenna will not be affected adversely by chronic¢
exposure to the power densitles of the RFR emitted by iV.

4.1.3 ERlectromagnetic Environment

4,1.3.1 The Addition to the Environment

An operating NEXRAD ragdar will change the electromagnetic enviroo-
ment within the physicsal space its energy reaches and over the fregtency
band (and the hasrmoaic frequencies) of its ooveration. (Appendix B cobn-
tains a detsiled analysis of the change.) This chsnge can be described
in two weys: as an actusal addition of electromagnetic energy to the
electromagnetic envicronment, and as the way in which the change affects
other systems and thus becomes perceptible to those using chem.

Government use of the radio spectrum 15 under the c¢ovatrol o thz
National Telecommunications and Information Administration (NTIA),
formerly the Office of Telecommunications Policy (OTP). Because NEXRAD
is 8 government system, a detailed spplication for spectrum “support"
(1.e., authorization to use) has been made to the Interdepartment Radlo
Advisory Committee (IRAC) of NTIA, which has the power to authorize
operation of the radar.

The NEXRAD tranamjitter will be built to transmit in the band from
2,700 MHz to 3,000 MHz. An important characteristic of radlo (or radar)
gignals in this frequency band is that they propagate almost as if they
were llght waves, and so do not normally extend a long distance beyond
the horizon. The band is shared with various other government radars
used for alrport surveillance, alr traffic control, and weather survell-
lance. The 2,700~ to 2,900-MHz part is shared with about 630 such radars
in the continental United States.

The choice of operating frequency for each NEiIRAD radar installation
will take into account all other radars in the vicinity to minimize the
likelihood of interference between the NEXRAD redar end the others.

Local coordinstion of the operating freguencies of =21l the radars in the
NEXRAD band is sccomplished by reglional FAA frequeney controllers, =ho
agpure electromagnetic compatibility between the radars.

The NEXRAD antenne will usually rotate azimuthally, transmitting
8 beam of energy that propaegates until it reaches precipitation, from
which e portion of the energy is reflected back to the antenna over the
same path, Not all the radar's power is focused in the mein-beam direc-
tion. There are also (much smaller) concentrations of power in the
antenne's sidelobes and backlobes (see Figure 2-6). Their maximum power
density is no greater than about 1/300 the maximum power density of the



mafin beam. Signals =}ll propagete from these minor lobes at a much
lower Tevel than from the main beem.

The radar will emit signals on freguencies other than the intended
one, pbut at & much lower power level. Great care will) be taken in the
design of the radar system to minimize them, as they are both a waste of
transmitter power and a potential source of interf{erence to other radars
operating on nearby frequencies. Some of these unintended frequencies
are integer multiples of the intended, or fundemental, frequency and sre
termed “harmonics.’ Others not directly related to the fundamental are
called **spurious emissions."

When & rader or other transmitter radistes a modulated signal in
its desired (requency band, it also transmits some energy ia the
directly adjecent portions of the spectrum, creating the pogsibility of
adjacent-channel interference. (The strong possibility of adjacent-
channel interference is the reason why adjeacent TV channels, such as 9
ane 10, are not used in the same community.) This out-of-band energy is
c¢lose enough in frequency to propagate along with the desired signsal.
The modulation of the NEXRAD radar transmitter will be carefully designed
to minimize the out-of-band energy. The NEXRAD emission spectrum must
moet the current Radar Spectrum Engineering Crlteria (RSEC) of the NTIA's
Manual of Regulations and Procedures for Federel Frequency Mansgement.
Some NEXRAD radars will be required to operate in unusually crowded radar
environrznts, such as near some large cities. Therefore, the NEXRAD
desgign =ill include the capability to improve the emission spectrum of
such radars great’y beyond the usuasl RSEC c¢riteria simply by adding a
waveguide filter oy other device.

4.1.3.2 The Effects of NEXRAD on Systems

NEXRAD's contribution to the electromagnetic enviconment could
affect both systems using the electromagnetic enviroament end systems
not intended to receive electromagnetic energy. Other users of the
spectrum include TV, radio, and other redsars; systems or pracesses not
intended to receive electromagnetic energy include cardiac pacemsakers,
eleciroexplosive devices (EEDs), and fuel hendling operations.

appendix D discusges intecference between radar systems and the
level of the 'Z{RAD signal relative to certain safe levels for the
handling of EEDs and fueliag of eircraft. No actual interference
predictions have been mede, as the complex csalculatlons are highly
deoendent on the circumstences at each NEXRAD site. Interference with
znother radar depends on the type of the other radar, on the distance
end terrain belween the two, and on the separation between the two
operating freouencies.
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4.1.3.2.1 Effects on Telecommunication, Radionavigation, and
Radiolocation Systems

4.1.3.2.1.1 Services That Shace the Band with NEXRAD. Because the
radar will operate in a band that is also used by other radars, mutual
interference between the NEXRAD radar snd the other radars is possible,
In all cases, the operating frequencies, powers, and locations of the
existing radars will be considered in selecting the frequency for the
NEXRAD radar to avoid mutual interference.

4.1.3.2.1.2 Services Adjscent to NEXRAD. The lower adjscent band, from
2,690 to 2,700 MHz, is allocated for rsdioastronomy, and ne V.S. radar
stations are authorized to transmit there. Becaugse interference to
radicastconomy work would be a site-specific concern, no predijctions
have been made to determine whether any NEXRAD instellsation would inter-—
fere with sny particular radicastronomy effort. The Radiocastronomy
Service can claim protection from interference from out-of-band aignals
only if the offending station is not operating in compliance with the
techaical standards or criteria applicable to the sexvice in which that
station operstes. NEXRAD instellations will be in full compliance.

The upper adjacent band, from 2,900 to 3,100 MHZ, is also usad for
radars, with government and nongovernment maritime radionavigation the
primary service, and with military aeronautical radionavigation the
secondary service. The NBXRAD radar will be capable of operating in the
lower half of this band, so that its potentislly usable frequency band
will extend from 2,700 MHz to 3,000 MHz. Therefore, interference with
this band will be avoided in the same manner &s for the in-band radars.
Intecrference specifically with maritime radiolocation systems will 2
avoided by not using frequencies in the 2,900- to 3,000~-MHz range at
sites near majoc ports.

4.1,3.2.1.3 Services Harmonically Related to NEXRAD. The harmonics

of the NEXRAD signal could interfere with other systems but because the
interference situations are site-specific, they can be considered in
detail only when particular installations are of concern. The harmonics
of the NEXRAD are integer multiples of the desired, or fundamental,
frequency. The NEXRAD third harmonic could fall on a frequency used

by the FAA far radar microwave links. These strictly local matters will
be considered when individual NEXRAD instsllations are being planned so
4s to avoid mutusal interference.

4,1.3.2.1.4 Other Radio Services. Like a&ll the other radars currently

opecating in the 2,700~ to 3,000-¥Hz bend, eech NEXRAD vadar may cause

some interference to the reception of broadcast TV und radio in its
immediate vicinity. This is sometimes heard on the radio asz a buzz at
the radar’s pulse repetition frequency (which will be between 250 and
1,200 pps for NEXRADY. The buzz is sometimes modulat.d as the redar
antenns rotates: it becomes periodically more and less noticeable,
sometimes disappearing entirely. Radar interference to television
appears as patterns cf dots on the screen.
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The presence or absence of the interference depends on chsrac-
teristics not only of the radar but elso of the particular radio or TV
receiver, and on the frequency and signal strength of the potentially
interfered-with signal. However, no studies are known to specifically
treat interference from such radars to brosdcast TV and radio. In the
NEXRAD site selectiom process, the existence of dwellipg units within
about 1 mile of each candidate site will be considered in the selectloa
decision. .

4.1.3.2.2 Effects on Pacemekers, Elscicoexplosive Dovices, and

Fuel Handling. Although no definitive information is aveilable re-
garding the susceptibility of currently used cardiec pacemakers to
fields in the NEXRAD radar's frequency renge, cadsrs such as NEKRAD are
not considered to constitute a si{gnificant threeat to pacemaker owners.
A 1975 draft standard by the Associaktion for the Advancement of Medical
Instrumentation (AAMI) contained a desigrn susceptibility threshold of
200 V/m (the electiric field equivalent to a pulse power density of 10
nW/cm?) at about 450 Hz. Maasurements had shown that implankted
pacemakers were most susceptible to signals in that general frequency
range. Further, & pacemaker is more likely to cease operating when
exposed to 8 pulsed Fleld at a low pulse rate than to a8 CW field. Most
pacemakers senge neturelly occurring electrical signals in the heart and
send out s pacing pulse only when the hzart's own pacing pulse seems to
be missing; such 2 pacemaker could possibly confuse low-rate radarc
pulses with the ratural cardiae signals that it is designed to sense.

However, implanted pacemakers are less susceptible to flields in
the NBXRAD rsiac's frequency range than to those around 450 MHz and also
less likely to raact adversely to pulse rates as high as those used by
radars in this band. (Pulse rates used by NEXRAD and similar search end
surveillance radars are too high to be mistaken by a pacemaker for the
heart's own signal.) If they were to produce any effect at all, it
would be to cause the pacemaker to begin harmless fixed-rate pacing
rather than to remain in the usual pulsz-only-when-needed mode.

Air Foree Technical Manuel T.0. 31Z-10-4, concerning electro-
magnetic redigtion hazards, instructs that fuel hendling operatlons
(a.g., fuellng of aircreft) should not be undertaken in electromagnetic
fields with pulse power densities greater than 5,000 mw/cm? . Although
auch pulse power densities can be found within the maeln beam at distances
closer than about 730 ft (225 m), at most sites they are not expected to
pose a hazard to fuel handling. At that distance from the NEXRAD radsar,
the beam will usually be well in the air; i1t will not illuminate ground-
based fueling operctions within thet potentially hazardous distance
unless they are being carried out on nearby elevated terrain. As speci-
flc candldate sites are examined, this possibility will be checked and,
if necessary, addressed in a site-specific environmenkal zssessment.

The Air Force has a standard for determining safe separation

distances between radars aend areas where EEDs are scored, handled, or
transported. Probably the most common EED is the electric blasting
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cap. At the recommended safe sepecatio.. distances, EEDs are considered
definitely safe, which does not imply Lhst the EEDs ere definitely
uncafe at slightly smaller distances.

Even considering direct main-beam illumination, NEXRAD presents no
hazerd to EEDs stored or being transported at distances beyond about
730 ft (225 m) from the antenna. This may be s problem for aircraft
or where there is elevated tercein close by the site. At each NEXRAD
installation, it will be determined whether EED-equipped militacy
aircraft are likely to fly within 730 €t and whether the redar's main
beam will sweep high ground within that same distance.

Again coansidering dicect main-begm illumination, axposed EEDs, such
g6 blasting caps being handled in preperation for some blasting opeva-
tion, aeppear safe sccording to Air Force ¢riteria at distances beyond
about 1,300 ft (400 m). Civilian criteris suggest & mininmum distance of
1,000 ft. Again., the main beam of the radar could illuminste EEDs at
ground level only if they sre on elevated tecrain.

4,1.3.2.3 Effects on Other Electronic Systems. Various other eleckronic
systems, such as high fidelity audio egquipment and computers, have been
found to be affected by scme cedar systems. Electronic equlpment pur-~
chased by the military must be capable of operating in the presence of
relatively strong electromagnetic fields without expecriencing electro-
magnetic intecrference. Equipment made for the civilian market does not
have that requirement. Actual thresholds of susceptibility are not

known for either military or civilian systems, and so there is not
sufficient information on which to base predictions as to which systems
could be gffected and at what distances from a NEXRAD redar.

4.2 Biophysical Environment

4.2.1 Plants and Animalg

4.2.1,1 Plants

Congtruction of a NEXRAD site for both s radar and & user facility
will result in the removal of trees, shrubs, and other végetation that
would interfere with site preparation, radar placement, and access. In
addition to controlling the growth of vegetation inside the security
fence snd along conanecting corridors during construction, tall trees
that would adversely affect radar operation may be selectively cut ov
topped. Some screening, however, is considered advantageous. For
example, in sress with flat terrain, obstructions that break up reflec-
tions of the raedar beam sre desirable. On the other hend, in heavily
forested eress, the preferred radar location is above tree level where
the view of the horizon is not obscured. Thecefore, decisions regarding
vegetation removal will be made case by case.

At some locations--namely. 8n airport site adjacent to existing
facilities--a small amount of vegetation (i.e., less than one-half acce)
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would probably have to be removed. This will be partlcularly true if
the site is already partislly developed (or has becn cleared for other
purposes) and if eccess coutes are available. TIp a commercisl area near
an existing user facility, about helf an acre of vegetatioon would mast
likely be disturbed if a building vooftop could not be used. If a pro-
posed site is in an undeveloped area (for exemple, on the periphery of
an airport or on a mountain top), if a1l functional components (RDA,
RPG, and PUP) are to be installed, if & well and leachfield are planned,
and if access and utility corridors must be established, then a larger
amount of vegetation (probably between 1 and 5 acres) may be affected.

Because of the susceptibility of various soil types to wind and
water erosion, edditional vegetation loeses could occur unless precau-
tions are taken. As a mitigation measure, at the end of the caonstruction
period, each site will be landscaped to prevent soil erosion, precluds
reflections from surrounding atructures {(such as the security fence),
and improve the overall aesthetics.

To comply with the requirements of federal, state, and local
environmental protectlion and vesource canservation agencies, as part
of the site evsluation procedure, these agencies will be consulted for
asg8istance in identifying trees, shrubs, grasses and forbs, crops. and
aguatic plants in the locations under consideration. Whether any rare
or endsngered plant species are present in the areas will also be deter-
mined. Such species might be found in distant, undisturbed cocners of
airports, in the vicinity of commercial developments, or in other loca-
tions that apoear technically satisfactory for a NEXRAD radar. Any rare
plant populations discovered will be avoided. 1In genersl, ecologically
gensitive sites will be avoided i€ possible.

4.2.1.2 Animals

During construction of a new NEXRAD facility. removal of ground-
cover and vegetation within the secucity aree and along the access
corridors could affect resident animal species. At airports, such
species would likely be small mammals, reptiles, and birds. At less
developed and more rural locstions, affected wildlife could include
other, largec snimals such as deer. Although each site will have 8
unigue combination of wildlife, the acreage disturbed will be rela-
tively small, i.e., probably never more and usually much less than
S acres, at each location. Assuming the existence of similar habitat
in the vicinity, wildlife present when construction begine may adapt
to being displaced during the S- to 12-month construction period. With
the planting of new vegetation after construction. smaller species may
Teinhabit the site, but larger species mey be prevented from doing 8o
by fences and structures. Thus, some wildlife losses may occcur.

During operation of the NEXRAD facilities, most enimals would not

be disturbed by normel human activities. However, st some sites distant
from populated sreas, deliberate harrassment and use of off-road vehiclas
in undisturbed habitet could be damaging.
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. The radar tower may provide perching and nesting places For bicds,
but it is aleoc a potential collision hazard. 1In addition, If abowve-
ground electric distribution lines ko the elte are not properly designed.
birds teying to perch on them could be electrocuted.

Fadersal, skate, and local environmental protection and rescurce
conservatlon agencie: will be consulted when #ach candidate site and ite
gpurroundinge are sucveyed during the site selection process for assis-
tance in chardcterizing revlident birds, mammals, reptiles, and figh and
other aguatic organisms. In evelusting sites, scologically semsitive
areas, such as eritical habitat for endangered animal species, breeding
grounds, migration corridors, and wetlands will be avoided if possible.
This etrategy will be espec.ally impoctant for remote locatlons in
reglons of the country known Lo conteim fragile ecosystems with unusual
wildlife species.

4.2.2. Adr Quality

During construction of new NEXRAD facilities ae well as modifice-
tlon of existing ones, alr pollutanks will be emitted by wehicles and
ejulpment engeged io eccese road cleacing and léveling, site prepara-
tlon, and consbtructlon {or demolition} of towers and support bulldlings.
Heavy-duty diesel-powersd construction eguipment genecates relatively
high levels of nitrogen oxide and carbon monoxide emiszsions. In addl-
tion, particulates (dust) would be created by all vehicle traffic in

. unpaved aresas.

Conebtructlon workers commukling to the site will slszc create air
emiegione., The volume of commuter traffic, snd thus incremental emle-
slons, during this period will depend on the number of workers involved
during peak activity and the distance they must bravel to and from the
conskruction site. Construction-crelated alic emissions would likely be
gEreatest at & location where there i ne existing radar tower or user
Facilicy. If the rader and the uvser facility cenmot be collocated and
two separate sites must be prepared, emiszion levels would be higher
than if the tws were adjacent,

The reder itself will not be manned, but parsonmnel will stafl the
uger Facility &t all times. ODuring normal WEERAD opératiom, about 14
people will be aszigned to the euser Facility. The Facilithes will be
manned 74 hours (thres shifts) per day. Vehlele exhaust emiszions will
not be significant,

Two independant sources of electrle power will be reguired at sach
site to minimize such problemes as brown-outs, single-phase losses, and

translents. In some cases, scrangements may be made to obtein power
from two feparste commercial sources, However, at the majority of sites,

& stendby power plant will he wsad ko ensure continuous operation and
air conditioning of the radar and related equipment. This backup power
facility will be the largest source of air pollutants during NEXEAD

. cperation.
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Generator use cannot be predicted, but is likely to be akt least
1 ho/wk for testing &rd maintenance. At all sites, the facilibty will
switch to the stzndby power source tthen severe weather approaches.
Generators at the existing radar sites vary in size. A standby genera-
tar not exceeding 75 % in size is expected to be sufficient to meet the
power requireiiints at all NEXRAD sites. Anticipated ennual emissions
fcom testing a 75-kW diesel generator 1 hr/wk are 35 1b of cacbon
monoxide, 117 1b of hydrocarbons, 160 1b of nitrogen oxides, 12 1b of
sulfur oxides, and 12 1b of particulates. Emission controls would
reduce these amounts. Under federal law, all sources that generate
“gignificant' emission rates--i.e., in the cange of 25 to 200 tons/yrc
of any polletant--are considered "major"™ sources and are subject to
New Source Performence Standards (NSPS) and Prevention of Significant
Deterioration (PSD) rexnVations. Thus, NEXRAD suxiliary power plants,
without emission controls, would mot qualify as & "major” emission
source.

In the vicinity of areas already designated or currently being
congldeced by the U.S. Forest Service and Bureau of Land Management
for clessification as "wilderness,” siting may be controversial. New
construction of various kinds within about s 20-mile rsdlius of such
areas has, in previous ceses, been constrained for air quality or other
teasans. However, this 20-mile radius is not fixed; the encircling zone
or airshed in gquestion varies asccording to the spscific circumstances.
Total emissions frcom NEXRAD facilitlies will be considerably less than
those from other projects that have been contested.

Bmissions related to NEXRAD construction ere likely to represeot
only a very minor percentage increase above background pollutant levels.
For instanca, at an girpoct site, emissions during both construction
and operation will be negligible compared to emissions from aircraft
and sirport-related automobile traffic. At an office park or other
commerclal location. these incrementel emissions will also probably be
small compared to existing traffic or power plant emissions. NEXRAD
conetruction-related air pollutant emissions may be more noticeable at
a rural locatiocn accessible, for example, only by unpaved road; if this
locatlon were 2lso remote from populated areas and thus had relatlively
high air gquality, such emissions might prove to be significaent relative
to ambient conditions. But even witn the contribotion of emisslons from
employee vehicles, local air quality is not likely to be signiflicantly
degraded.

4.2.3 Water and Water Quuiity

Many of the NEXRAD sites may require new drinking water and waste-
watec disposal arrangements for operations personnel. Approximetely
1,100 gallons of water will be reguired daily at a site for potable and
sanitary use. Although the radar and associated equipment do not require
cooling water, small amounts may be needed for cooling the backup power
plant, for & fire control system, or for msintaining the vegetative cover .
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around the buildings. The total water requirement will prdbably not ex-
ceed 1 gallon per minute (gpm). Connections will be made to local water
and sewer systems, if possible.

If connections cannot be made to municipal water or sanitary sewer
systems, & well and septic tank or leachfield will be needed. TLocal
hydrological conditions and s0il characteristics are variable, so the
implications of such development will differ from site to sjte. A well
of the size required is relatively small, however, and would not likely
have significant drewdown effects on the local water table.

Before selecting the final NEXRAD sites, local well drillers will
estimate the probable depth to potable water. 1In addition, if a septic
system is indeed required, the soil on the proposed site will be checked
against local percolation requirements and a determination made of other
pertinent local ordinances and design specifications with which to
comply. Finally, NEXRAD facilities will not be sited in floodpleins
because they must be accessible at all times.

There are several ways that local water quality may be affected in
the vicinity of & NEXRAD site. For instance, during the construction
phase, o0il and gasoline could leak from construction equipment, mix
Wwith surface runoff during a rainstorm, and flow into nearby drainage
channels. Similar contamination could occur during rader operation if
there were leaks or spills at the fuel handling and storage facilities
for the power generator. However, measures can be taken by operations
and maintenance personnel and contingency plans established to prevent
or remedy the potentially harmful consequences of such occurrences.

Other potential impacts could result from the use of chemicals at
the radar site. Chemical deicing and soil stabilization, fertilization,
weed prevention, and insect control may lead to toxic and harmful
materials flowing into surface water courses and ultimately into the
groundwater supply. Adverse effects will be avoided by good storage,
handling, and spplication procedures as well gs by careful evalustiom of
the need for chemicals and by judicious selection of ehemicals.

The only type of ligquid waste generated at & site would be domestic
waste. Yet the installation of subsurface disposal systems can result
not only in hydraulic interference but also in adverse impscts on the
quality of ground and surface waters. For this reason, water resource
agencies in many states have specific site evaluation criteris and regu-
lations for individual waste treatment and disposal facilities. As an
example, to prevent health hazards or nuisance conditioens from occur-
ring, the Celifornis Water Quality Control Board requires: natural
ground slope on all areas to be used for effluent disposal shall not
be greater than 30%; minimum soil depth below the bottom of the leach-
ing trench shall not be less than S ft; allowable minimum depth to
groundwater below the bottom of the leaching trench shall depend on
goil texture and percolation rate; and minimum setback distances from
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streams, lakes, and reservoirs shsll be specified depending on the type .
of treatment facility chosen. NEXRAD facilities will comply with all '
pertinent wastewater disposal regulations applicable at each site,

making it unlikely that water sources in the vicinity of a NEXRAD site

will be contaminated.

4.2.4 Earth Resources

4.2.4.1 Geology

Excavation of soils and perhaps bedrock may be reguired for the
foundation of each NEXRAD tower. If rock underlies the site, blasting
or drilling may be necessary. 1In addition, hook-up to commercial elec-
trical power and telephone service at the site may require the installa-
tion of buried feeder lines and cables. Underground water and sewer pipe
connections may also be required. Depending on the location of existing
utility corridors in the vicinity of the sites, several trenches may need
to be excavated.

The integrity of local geological conditions will be maintained as
much as possible during site preparation, earth movement, and excavation
for access routes, utility corridors, and parking and secvvice areas.
Access and parking areas as well as buildings will conform to the con-
tours of the terrain at each radar location.

4.2.4.2 Soils

Preparation of a NEXRAD site is likely to involve leveling or
greding to ensure adequate dreinege around the vadar equipment.

As part of the facility siting process, top soils and subsoils will
be evaluated to ensure that they can support the weight of the radar
tower. Site examination will also include identifying soil resistivity
and moisture content, depth to the water table, deepest frost penetra-
tion, slope gradients, and sucrface/subsurface geology. Other processes
will also be evaluated, including the potential occurrence of flooding,
erosion, sedimentation, compaction, and settling. If site preparation
activity takes all the above factors into account and if revegetstion is
accomplished, erosion and other soil damage should be well controlled at
the majority of sites.

4.2.4.3 Minerals

Because it is undesirable to locate a NEXRAD radsar near miniag or
quarry operations, NEXRAD facilities are not likely to be sited near any
known mineral resources with potential for future development. During
the in-depth site surveys, the potential for the presence of unknown
mineral resources in the vicinity will be considered.




4.2.4.4 Solid Waste

No unusual or toxic solid waste will be generated at a NEXRAD
site; only domestic waste (mostly paper and organic debris) will be
created by operations personnel. Waste disposal practices will be
consistent with local regulations.

4.3 Socioeconomic Environment

Some of the socioeconomic effects discussed below depend directly
on the size of the NEXRAD facility staff. These effects will be largest
at new sites or those to which & user facility is relocated., Where the
uger facility remains and a NEXRAD radar is installed, staff size is
expected to remain about the same and the corresponding effects to be
smallest--and nearly nonexistent. The discussion focuses on the '"worst
case*” of a new facility. Even in this case, the impacts will be very
small and insignificant except in arees of very low population density.

4.3,1 Employment

A portion of the construction and operating workforces for the
NEXRAD installstions will be hiced locally, creating new jobs and
thereby reducing the local rste of unemployment. New construction and
operating personnel hired from outside the local ares will infuse new
income into the local economy as these individuals and their dependents
purchase local goods and services and create additional employment
opportunities. Local purchases of construction materials and the goods
and services required to operate and maintain the redar installations
will contribute further income to the local economy and, in so doing,
create new jobs.

The approximate cost of each NEXRAD location will be $2 to $2.5
million. This figure includes hardware, facilities, site preparation,
and construction. Construction is expected to require 5 to 12 months.
Most of the construction workforce is likely to be hired locally, i.e.,
from the community in which the site is located or from other communities
within commuting distance of the site. This will favorably affect the
relatively high rates of unemployment in the construction industry that
currently characterize most sections of the nation. Spending by the
construction workers and local purchases of construction materials will
create additional employment opportunities in the communities in which
such spending occurs. Thus, locel employment conditions should be favor-
ably affected by construction of the NEXRAD facilities. The magnitude
of this effect will depend on the extent of new construction, the spend-
ing patterns of the construction workers, and the amount &nd distribu-
tion of purchases of construction materials. Problems are likely to
arise only in very remote rural areas and in urban areas with very low
unemployment rates in the construction industry. In both cases, con-
struction workers may be difficult and costly to hire.
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On average, an estimated 16 poople (1 manager, 10 meteorologists,
5 techniciens) will be enployed to operate and maintain each complete
NEXRAD installation. Sites with an existing user facility are likely to
require few new employees, ss nearly all the personnel operating the
existing radar are likely to coantinue with the NEXRAD facility. No
incTease ‘n Air Porce staffing is enticipated. Given the quslifications
rtequired Jor the NEXRAD personnel, it is unlikely that local residents
(i.e., residents of the communities near the site) will be hired to fill
these profesgional and technical positions. Thus, the direct effects an
local employment are likely to be negligible.

Local purchases of goods and services by 16 NEXRAD personnel, whose
average annusl payrell will total about $580,000, will induce the crea-
tion of additional jobs. For example, each employee will spend a portion
of his salary on purchases of goods and services such as food, housing,
transportation, and entertainment. The recipients of these dollars
will, in turn, purchase goods end services. This process of respending
continues until, eventually, the new dollars iantcodvced to the local
economy “leak’ out of the ares, and the round of expenditures comes to a
halt. An employment multiplier that gives the ratio of secondary to
primary employment cen be used to estimate the impact of this spending.
The ratio of the number of secondary jobs, sueh as jobs in retsil and
service sectors, that spending by the new NEXRAD personnel would creste,
to the number of primary jobs is determined by the new NEXRAD employees'
propencities to consume goods and services and the proportion of these
goods and services that zre purchased in the local erea. The exteat of
local pur-hases depends on the price, quality, and availebility of goods
and services thet can be purchased locally compzred with those availeble
in other relail centers. Experiente shows that the value of the multi-
plier can vary significantly from place to place. It may range from (
to 4 or greater, but multipliers will generally be lower in rural than
in urban aresas. Assuming that multipliers for NEXRAD situations range
from 0.5 (typicel of a small town in a rural area) to 2 (slightly below
the 1970 average for U.S. counties) (Murphy/Williams, 1978), spending by
the new NEXRAD personnel may create between 8 and 32 additional jobs in
the communities surrounding each site.

Becauvse the personnel to staff the 145 NEXRAD sites would already
be employed, the NEXRAD system would resuit in a redistcibution of
personnal and the corresponding local economic effects discussed above,
tut weuld negligibly affect nationwide employment totals. There will
be a short-term positive effect on employment in the construction and
selected other industries resulting from expenditures on deve?opment,
acquisition, and installstion of the NEXRAD systim,

4.3.2 Heusing

Some of the construction workers hired from outside the local erea
will seek local lodging, thereby temporarily affecting local motel and
hotel occupancy rates. Similarly, s proportion of the operating workers
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hired nonlocally will also seek housing locally. Those without depen-
dents are likely to rent housing, while those accompanied by their
families will probably purchase homes. Correspondingly, rental vacancy
rates will drop and home gales will quicken over the short term. If the
desired types of housing are in short supply, the costs of such housing
Wwill increase over the short term. Over the long term, the local housing
markets will adjust to the increased demand for housing through construc-
tion of new units (assuming financing is available).

Because the construction workers will in most cases be hicred from
the communities surrounding the sites, residential relocation will not
be necessary. The effects of the construction workforce on local housing
markets will accordingly be negligible. Exceptions could occur at sites
in remote rural areas and in aresas with very low construction sector un-
employment rates where the construction workers must be hired from out-
slde the local ares. Becsuse the construction period will be relatively
short, the workers hired to construct the NEXRAD facilities are unlikely
to relocate permanently to the site. Those workers will, however, re-
quire temporary housing such as hotel and motel accommodations. Short-
term lodging should be obtainable in most urban aress, but will generally
not be available in remote rural aress. 1In the latter case, temporary
housing may have to be provided, either directly or by providing incen-
tives for private sector participation.

NEXRAD operating personnel are likely to seek permanent housing
for themselves and their dependents in communities within commuting
distance of each NEXRAD site. Sufficient housing (i.e., adequate in
type, quantity, end price) should be available in most urban and subur-
ban areas to accommodate the 16 households associsted with each NEXRAD
installation. 1In communities of less than 1,000 people, the incoming
NEXRAD households will probebly be able to obtain housing but may have
to accept housing of lesser quality or higher cost than they desire.
Personnel assigned to remote rural NEXRAD sites may be forced to live in
distant communities and commute long distances to work or to build theirc
own homes near the site.

4,3.3 Demographics

Those construction and operating personnel not hired locally
who choose to reside in the local ares while employed at the NEXRAD
radar installation will increase the local population. These new resi-
dents and the dependents who accompany them could affect other demogra-
pPhic characteristics of the local population as well if they differ
significantly from the existing population in age, sex, marital status
and average household size, ethnicity, and level of educationsl attain-

ment. Such demographic differences could be & potential source of social
tension.

Because the construction workers will, for the most part, be hired
from the local workforce, the NEXRAD construction phase will not affect
local demographic characteristics at most sites. If construction workers



are relocated to remote rural sites, they will affect the demographic .
characteristics of any small communities (i.e., those with populations

under 1,000) in which they choose to reside. These effects would be

temporary and are unlikely to be significant. Phasing of construction

activities to moderste the peak size and fluctuations in size of the

coanstruction workforce could be used to mitigate any potentially adverse

impects on local demographics.

The 16 NEXRAD personnel and their families are likely to seek
housing in communities surrounding the NEXRAD site. Based on the 1981
national averege household size of 2.73, the communitles located within
commuting distance of each site would have to absorb & meximum of about
44 new residents. Communities generally cen talerate as much as a
10% to 20% change in population without experienclng significant demo-
graphic or social disruption. Therefore, sdverse demographic effects
are likely only in cases where the NEXRAD site is located in a rural
area in which only one or & few very small communities are available as
residentisl locations for the incoming NEXRAD personnel and their
families.

4,3.4 Public Services and Facilities

Nonlocal hires and their dependents who choose Lo reside in the
local community will create additional demands for public services and
facilities such as education, police and fire protection. sand sewage
trestment. Operation of the rader insteslletjion may also create sddi-
tiona)l service demands, particularly for utilitlies. The signlficance
of these impacts would depend on the capacity and utilization of the
current and projected service systems.

.
i
L

As discussed above, construction workers are unlikely to relocate
to the NEXRAD site area and therefore will in most cases impose very
little additionsl demand for public services and facillties on the
surrounding communities. Agein, sltes loceted in remote rural areas
could be problematic because the public infrastructure (such as sewage
treatment and disposal, utllities, roads, and the like) is likely to
be limited or nonexistent.

The public service demands of the incoming NEXRAD operatlng and
maintenance personnel and their femilies are unlikely to impose e burden
on most urban ereas. Again, only in very small communities may the
capacity of the public service system and facilities be insufficient to
accommodate the demand generasted by these new residents.

The NEXRAD radar installation itself will have its own backup power

but will depend on local uvtilities to supply primary power. The power
requirement for each site is relatively small and should pose no problem

to even a small electric utillty.




4.3.5 Land Usg
4.3.5.1 Potentjal Impacts

The HEXRAD radar may affect or be affected by activikties or land
uges adjscent to fts site. The operation of bthe cadar can be compro
mised by EHL and by screening eand the creation of multiple reflections
and clutter coused by buildings and traffic. Consequently, & number of
cciteria will be applied during the site selection process to avoid
locetions thet may be detrimentael to satisfactory operation of the redar.

From the opposite point of view, there are several ways in which
operation of the radar may affect surrounding activities The energy
cediated by Lhe radar will cauvse EMI or pose hazerds to cectain btypes
of activities if Lhey ace cloge to the cadar. Saf# separation distances
between the radear and objecks or activities inm the main beam of the radac
gre: Fuel handiing, 22% m; exposed EEDs, 400 m; and EEDs in storage or
tcapspock, #2% m, Mowewer, as described in Section 4.1 and Appendix B,
the geometry of the NEXRAD installetiom ig such that the main beam will
not gkrbike the ground within these sepacebion distances unless there i3
elevabted terrain nearby In that case, the RFE may pose & ground-level
hezard oubside the boundaries of Ehe MEKRAD site and affect succounding
land wses. Such impacts would consist of Limitations an fuel handling
and Lhe uge of EEDg.

AngLher issve is the poesibility of general imcompatibility of a
MEERAD installation with sucrounding land uses. Such incompatibalibty iz
begt judged by land wae cegulations. Local {city and coualy) cegulations
frequently enuvmérate the Lypes of land uses pr-mititéed in & specific acea,
site development criteria, sesthoblic considerabionz, and constcuction
standards. The gozls of Lhese regulabticns are to protsct public health,
safety, and welfare and Lo énsure that developmenkt is of & characber
desired by the communily

The types of uzes (e.g.. residential, industrial) permitbted on a
gpeciflic parcel are typleally dictated by zoning ordinances. These
ordinances often specify proparty line setbacks, maximum building height,
Eite coverage, and similer sttributes. Aesthetic critercia, such as
building design and landsceping, are usually implemented by a design
teview process. Construction standards, particularly the type of con-
Etfuction and the use of certain materiels, are commonly addressed by
building codes.

Special state and (ederal land use criteris and approvals often
apply in certain geographic sacrees such as coastlines or near inlamd
witerways. State and federal regulalions slso apply to lands owned or
managed by these governmental entities.

Other criteria affecting the use of 2 site may be invokad by cov-

endnLs, codes. and restrictions (CCARs). These instruments are usually
recorded with the deed of a parcel of property. CCARs are byplcally
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created by the initial developer of a Lract of land to ensure that the .
development and use of each parcel within the tract are compatible.

4.3.5.2 Mitigstion and Aveidance

Most of the potential effects on, or caused by, a NEXRAD installa-
tion can be avoided by the proper selection of sites. This will be
accomplished by the multilevel site selection process geared to identify-
ing land uses that may adversely affect the radar and, conversely, land
use incompatibilities created by the existence of the radar. The loca-
tional flexibility of the MEXR4D system will, in most cases, permit the
selection of a site in an area that does not create incompatible land
uses.

Potential land use conflicts will be identified during the site
gurveys. Zoning crdinances, master plans, and other tools to regulate
land use and development will be reviewed to determine whether incompat-
ible land uses exist or could occur near candidate sites. Where there
is a potential problem, one of the following actions will be taken: the
site will be eliminated from further consideration; a proposal to change
applicable regulations will be made to the local government; or addi-
tional property or easements will be purchased. For example, easements,
such as those used by the FAA, could be used to preclude certain types
of development or structures taller than a prescribed height.

For sites on land owned by a government entity, a use permit is
typically required by the administering agency. Such permits are
usually issued with conditions that ensure that the facility and the
manner in which it is developed are acceptable to the sdministering
agency. Property owned by federal entities is not subject to local and
state land use regulations. This includes zoning end other codes and
ordinances that would typically apply to the development of radar and
other structures at other locations. Therefore, those NEXRAD facilities
that are laocated on federal land (e.g., owned by the NWS or the DOD)
will be exempt from state and local regulations. However, the develop-
ment or modification of facilities leased from private owners for the
NEXRAD program will be subject to these regulations.

The intent of the regulations described above is to ensure a desired
level of quality and to prevent discordant structures or uses. NEXRAD
facilities will be designed to comply with the intent of land use and
development regulations, and this compliance should ensure that NEXRAD
facilities are compatible with adjacent land uses and with community
goals.

4.3.5.3  8Bite Classes

Many NEXRAD radars will be located at sirports. The clear zones
required for aviaticn safety will also serve the setback criteria of the
radar. NEXRAD will be subject to FAA height and clear zone restrictions.
In addition, the radar sites will be located to avoid potential fuel .
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handling and EED problems. Ground and building space are likely ta be
leased at mogk locally (governeent or private) owned alcports. The
radar and its structure are less likely to discupt surrownding land uses
than aviation actlvities and, therefore, wlll probably not be Ehe source
of land use eonflicks.

MEXRAD Facilitics may aleo be located on mountain Lope and ridges.
Many of thege acceas are owned by government badies. In the cese of
Federal ownevship, the presccibed permits for the primacy end support
Eacilities (e.g., wccese road) will be acqguired. Depending on the
agency and the circumstences, right-of-way, electronic-site use permits,
easements, and the like may be reguired. The Lland wse end development
critecis of the agency administecing Lhe land ace typically incorporated
jnto any permit approvals. Thus, the mechanisms to help ensure that
land use incompatibilities do mot occur are in place

In Lthose cases where the site s controlled by local or ztate
governament, vse of the NEXRAD site may also be secured by permit. [Oader
a4 permit or easement arrangement, the permit issuer has the aukhocity to
gbipulate land uses and development criteria. If land is purchased in
fee for MEXRAD facilities, such awkthority will not nocmally exist {unless
the sele is contingent on such conditions). Im either case, the radar
will be construcled and operated in & manner that will aot discupt
surrovnding land uees.

A Few NEXRAD sites will be locsted at existing user facilities.
Where these Facilities ace not governmeni-owned, compliance with local
regulations--including restrictions that affect tower height--will be
required. Again, govecrnment-owned Facilities are nob subject to local
regulation. However, local entities will be infocmed of plans snd en
eflfort made to develop the redar fecilities in a manner acceptable ko
the local commuonivty. Thue, & NEXRAD redar in this situabion will likely
be in complisnce with stated as well as unstated community goals.

4.3.6 Aesthetice

Aesthetic conslderations are not likely ko be an lssue for pro-
posed NEXEAD sites in most urban lecations. Airports already contain
air traffic control towers and okther structures that probtrude on the
landscape. Business districts may have multistory buildings as high as
the btallest radar towers anticipated, alihouph the towsr and radoms
obviously do not resemble a typicel skyscraper. Some conbroversy may
arige, however, when s radar tower iz proposed for s commercial ares
where the eristing buildings sre predominantly one or two stories tall.
And, in certain residentisl areaz and rural locations (whether the

tercain is flst, rolling, or mountainous) WEXKRAD sitiag could be
disputed for sesthetic reasons.

Before siting & NEXRAD facility, the effect of the radar tower on
Beenic views or vietas and on eny unique physical features, if any exist
in the vicinity, will be evelusted. The visual appescsnce of the radar
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tower from wilderness and open space areas, parks, or national monuments
will also be considered. To the extent operational requirements and
site features permit, the tower will be built in the least obtrusive
locetion on the site.

4,.3.7 Cultural Resources

In urban areas, archaeologists or local a..ilsct collectors are
likely to have removed pottery remains and other recognizable material
as construction has occurred. Past construction of airports, commercial
complexes, utility corridors, and other built-up ereas greatly disturbed
the lands and often destroyed cultural resources. At newer facilities,
it is more likaly that archaeclogical surveys were completed prior to or
during censtruction, and that any significant archaeological sites have
been excavated., Onl: ¢, rare occasions have intact archaeological sites
been discovered beneath structures during renovation or redevelopment.
In contrast, sparsely populated rural locations and disktnnt ridgetops
have greater potential for containing cultural resource sites that would
require either excavation or protection during NEXRAD construction.

Each location being considered for a NEXRAD site will be different and
will be evamined raparately.

During the site selection process, the survey teams will be alert
for field conditions that may indicate the presence of culturel re-
sources. IF suceh evidence is discovered or the prospective site is in 8
relatively undisturbed location, the state historic preservation office
(SHPO) will be contacted for information. Advice on how to proceed and
on mitligatlon measures will also be requested. The litecature, files,
land records, cadastral surveys, and other materials in local university
libraries, museums, and historical commissions may be ixamined to deter-
mine whether cultural resources have been previously idenlified at the
site in question. An initial reconnaissance survey (i.e., collection of
surface meterisal and shovel testing) may be conducted to discover if
surface or subsurface artifacts are present. If artifacts are discov-
ered. formel test excavations may be performed to gather enough informa-
tion necessary to judge whether the archaeclogical site 1s eligible for
the Mational Register of Historic Places. Should & site be considered
worthy of inclusion on the National Register, two basic mitigation pro-
cedures are possible: alter constructicn plans to avoid and preserve
the archaeological site; or excavate the site so that artifacts are
recovered and preserved (and significant data are not destroyed during
construction) .

4.4 Long-Term Implications

If the proposed action is implemented, some environmental impacts
will unavoidably result from both construction and operation of each
NEXRAD radar end supporting facilities. Of course, construction of the
fscilities will unavoldably alter conditions at the site itself. How-
ever, other potential impacts can be limited to the site or its immediate
vicinity and can be limited in significance.
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. The purpose of the NEXRAD system is to help reduce loss of life,
injuries, property damage, and interruption of economic activity. These
benefits will be realized nationally over the projected 20-year life
time of the system. The potential mdverse environmental impacts will
generaelly be minor and local. Therefore, there will be a favorable
belaence between locsl uses of the environment and the maintenance and
enhancement of long-term productivity.

The proposed construction of the NEXRAD system will require land,
money, materials, and fuels. The commitments of money and fuels will
be irreversible and irretrievable. This will also be true for most
materiaels. Preactically speaking, the land on which NEXRAD facilities
will be constructed will be irreversibly and irretrievably committed
because of the expense of removing buildings and other improvements.
However, most NEXRAD radars and facilities will be located in places
such eas airports where the lend has previcusly been commltted to a
gpecialized vuse.

4.5 Alternatives

Alternatives to the WEXRAD system as proposed were described in
Section 2.4. They include:

® No action o= postponement of action
‘ ® Continue th= existing system
e New non-Doppler system
e New coherent non~Doppler systen
a Mixed system of new Doppler and non-Doppler radars
e Environmentsal satellite system.

The following discussion Focuses on the envirconmental implicatiocas of
these glternatjves. The practicality of the alternatives was addressed
in Section 2.4.

Takipng no action now or postponing execution of the proposed NEXRAD
program would avoid or defer the potential impacts associsted with con-
structing and opersting the NEXRAD system. Deferral is uvwsually consid-
ered when the possibility exists that some feature of the proposed action
or the setking in which it will take place is likely to change favorably
from the point of view of environmental impacts. On the one hand, no
new developments are expected to occur over the next decade that would
alter the needs to be met by the NEXRAD system or the technological
manner in which it can be achiesved. On the other hand, no fundamental
change in the fashion in which the technology can be implemented (i.e.,
syetem of radar sites) is anticipated either. Consequently, although

4-27



deferred, there would very probably be no enviconmentsl gain reglized by .
postponing the sction,

Continving with the =2xisting system would avoid all potential
impacts associated with consttucting end operating the new sites in the
NEXRAD system, as well as any effects arising from the modification of
existing sites.

The alternatives involving verious combinations of Doppler aad
non-Doppler radars are all essentially identical from an environmental
impact point of view. This presumes that the coverage requicrements are
independent of the type of radar and thabt roughly the seme number of
radarse would be needed to meet the requirements. The key gquestion then
is whether new sites would be a pacrt of Lhe specific alternative or
whether only changes to existing sites would be made. All alternstives
would evidently have the potential to produce impacts associsted with
modifjcetion of existing sites. Any altecnative that incorporated the
construction and operation of new sites would, of course, produce the
impacts assaciated with those activities. These impackts would be
expected to be essentially the same &s those expected ta arise fcom
constructing and operating new NEXRAD sites.

The satellite alternative would result in somewhat different
impacts than produced by the NEXRAD system. The need for new sites
would probably be eliminated. If a beckup or suvpplementsal radar net-
work were required, some new sites might be needed. Some exlsting sites
might be maintalned as well. Thus, probably no or very few instances of
impacts from constructing and operating new sites would accompany this
alternative. Reduction in the number of existing sites could be an
environmental benefit in same locations, especially at isolated sites,
i1f the sites were cleared and returned to conditions and uses consistent
with their surroundings. In exchange for this reduction in impacts, new
impacts would be created by the need to launch satellites into orbit.
New launch fecilities would probably not be required, but combustion
gases would be released every time a lsunch vehicle was operated.
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Appendiz A

NEXRAD HADAR AND ANTENNA CHARACTERISTICS

A.1l Introdockion

Thic appendix describes the principal cheracterietics of the NEXREAD
radar system, which ie veary similer to systems that have besn indkallad
and are now being opecated by the Metional Weather Service (WNWS). Com-
pared to these older systems, the principal differences are that both
the diameter of the antenna and the peak power are roughly doobled. and
the minimem time betweon successive pulses i1s cough'y halved.

A tedar operatas by tramsmitbing o pulse of electromagnetic energy
and then waikting ko cecelve emergy refllzcted back to it from some object
{bargek) illuminated by Lhe pulse. The redar intecprets the Eime inter-
val between the transmission and the retucn as & measurs of the distance
from the radar Lo the tacget. To perform thelr basic functions, radsc
systems operate in very small units of time. The conventional umit- -the
microsecond (we), or one-millionth of & second--is to be distinguished
fFrom the millisecond (mad, which if one thousand times longer.

Host radar systems ace designed and aperated Lo detect objects such
ags ships, airplanes, or missiles. In conkrast, the purpose of the NERRAD
cadar is to detect weabther features suvech az cain or heil and storms such
a5 huccicanes and tornadees. This diffecence of purpose has & strong
influance on the deslgn of the signsal-processing components of the re-
ceiver, but has little effect on the transmitier or &n the antenna that
radiates the transmitted pulses and receives echoes.

It i# highly advantageous for a redar to concentrate its bcang-
mitted energy (and to limit its ceceiving capability) in a relatively
nacrow beam. A narrow beam permits greater certainty cegarding Lhe
direction in which the gnergy was sent and from which it returned; it
consecves Lhe available emeérgy by concentrating most of iL imnto & single
direction; and it permils reception of weaker returns feom a4 particuler
direction by discriminating against electromagnetic noise or extraneous,
interfering signals that may arcive from other directions,

Radar has long vsed parabolic ceflectors, er dishes, to form beams
In the same manner Lhat the csilvered reflecltor of an automebile head-
light forms & beam from the light genecated by the lamg's Fllament. To
move the beam, the radar dish and the cedialing element are typically
rotated st & particular fized rate to sweep the beam past & glven azimulh



(radial direction) every few seconds. Rotation about & second axis .
permits scanning at verious angles of elevation.

A.2 Formation of the NEXRAD Beam

Power produced by a klystron emplifier tube is delivered by wave-
guide to a tapered feed horn, which is located at the focal point of the
circular parabolic reflector. The power radiates from the feed horn,
reflects from the parabolic surface, and passes out through the radome
(rader dome) to form the beam. The radome is a nearly spherical, mostly
plastic enclosure whose function is to protect the antenna and asso-
ciated parts from dirt, wind, and weather, while providing free passage
for microwave power.

The primary function of NEXRAD is to detect weather conditions at
distances up to almost 300 miles. To perform this function, the rsadar
must radiate a very strong, well-focused beam of electromagnetic enecgy
and must provide a corresponding sophistication in receiving any echoes
that are veturned. These considerations force the system designer to
use a large antenna and provide strong motivation for refining the design
so that most of the power is concentrated in the main beam. The NEXRAD
antenna meets these criterisa.

Figure A-1 provides a general idea of the beam-forming process.*
Near the antenna face, the energy moves forward in an almost circular
column of roughly constant diameter. At a greater distance, the energy
expands as a cone with an included -angle of 2.5 deg, with its apex at
the center of the antenna face. A slender conical beam of this kind is
commonly referred to as a pencil beam. The intersection of the cone and
cylinder occurs at a distance of about 350 ft. A more detailed desecrip-
tion of the beam is provided in the following sections.

A.2.1 Beam Structure

The reflector forms the power radiated from the feed horn into a
main beam with associated sidelobes, as indicated in the upper right-
hand sketch in Figure A-1, The nulls of the main beam are separated by
about 2.5 deg; the pcints at which the power density falls to half its
maximum values are separated by no more than 1.0 deg. The sidelobes
result from the inability of Lhe reflector to concentrate all the energy
into the main beam. The locations and relative intensities of the first
few sidelobes are well known,; their intensities are never greater than
0.0032 (-25 d8) that of the main beam. The large number of higher order
(and very minor) sidelobes are distributed at various, almost random,
angles. They have power densities no greater than 0.0004 (-34 dB) of
that of the main beam and generally are smaller than 0.0001 (-40 dB)
that of the main beam.

*R.C. Hansen, Microwsve Scanning Antennss, Vol. 1: Apertures (New York
and London): Academic Press, 1964}, .
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A.2.2 Scanning Characteristics

To perform the surveillance function, the pencil beam formed by the
antenna scans continuously. Both the NEXRAD hardware and the software
that controls it are very flexible, and a wide range of scanning pro-
grams is possible. 1In all cases, the antenna will rotate continuously
around the vertical axis as the elevation of the beam is held constant.
Usually, the elevation of the beam will be changed at the end of each
revolution, )

The complete set of programs thet will be used when the NEXRAD
network becomes operational has not yet been defined. The following
scanning program illustrates the general features of the scanning
process and leads to meximum possible values of time-averaged power
dengities at and near ground level. 1In this program the antenna rotates
at a constant rate of one-half revolution per minute at each of the
following elevation angles in succession: 0, 4, 8, 12, 16, and 20 deg.
Each revolution requires 2 min, and the 0 deg elevation is scanned twice
to increase deta and improve clutter suppression. Thus, the program has
seven revolutlons, and the time requiced to complete each cycle (the
revisit time) is 14 min.

A.2.3 Scanning Limits

The NEXRAD antenna system is designed to prevent the transmitted
beam from being directed below a minimum elevation angle of -1 deg or
above & maximum elevation angle of 60 deg.

At each particular site, the limit switches that control the mini-
mum elevation angle will be set in accordance with the tower height and
local terrsain. The system operator will be strongly motivated to choose
this limit so that the full strength of the main beam never strikes the
ground because such operation would produce strong clutter signals that
would greatly interfere with the desired observations.

An interlock is provided so that transmission is prevented unless
the antenna is moving.

A.3 Pulse Shape, Duration, and Repetition Frequency

A.3.1 Pulse Shape

Many radar systems use the simple trapezoidal pulse shape shown
in Figure A-2a. 1In contrast, the NEXRAD radar will use a more compli-
cated waveform such as that shown in Figure A-2b, in which all the
corners are deliberately rounded. The purpose of using such a shaped
pulse is to narrow the frequency band occupied by the radar, thereby
reducing the potential for interference with other systems that use the
2,700- to 3,000-MHz frequency band. The waveforms of actual radars only
approximate the idealized shepes shown in Figure A-2.
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. A.3.2 Pulse Duration

The pulse duration, T, indicated in Figure A-2b, will be in the
0.7- to 4.0-us range. - The choice at any time will depend on the range
and nature of the weather feature that is of principal interest to the
system users.

A.3.3 Pulse Repetition Frequency

The number of pulses transmitted per second is called the pulse
repetition frequency (PRF). The value of PRF will be chosen in the
range of 250 to 1,200 pulses per second (PPS). Long pulses will be
associated with low values of PRF so that the average power level will
never exceed 2 kW.

A.4 Frequencies

The NEXRAD system is designed to operate at any fixed frequency in
the 2,700~ to 3,000-MHz range. The frequency to be used at any partic-
ular site will be chosen on the basis of Erequencies used by other radars
(including other NEXRAD units) located within about 300 miles of the
site. Near major seaports, the frequeacy range of 2,900 to 3,000 MHz
will be avoided. The purpose will be to minimize the risk of mutual
ipterference. In regions having few radars, the selection will be rela-

) tively easy; in urban centers where many cvadars already use the same
. general frequency band, frequency selection may be difficult.



A.S System Parsemeters

The characteristics of the NEXRAD radar sre listed in Table A-1.
The NEXRAD system is often called a Doppler radar because it takes ad-
vantage of the Doppler principle to discriminate between moving targets-- )
such as raindrops--and fixed objects. A moving target changes the fre-
quency of the returned signal, and this frequency change is used in the
Doppler processing unit of the NEXRAD receiver.

Many details of the NEXRAD system, such 8s the diameter of the
transmitting antenna, remain to be determined. Thus, the exact loca-
tions and relative power levels of the various sidelobes sre not yet
fixed. The diameter shown in Table A-1 is a reasonable estimate based
on the l-deg beamwidth and -25-dB first sidelobe designated in the
system specification. The location of the various sidelobes and the
relative intensities of the second, third, and fourth sidelobes are
estimates based on other values given in the system specification.




Table A-1

CHARACTERISTICS OF THE NEXRAD RADAR SYSTEM

System Characteristic Value

Prequency (MHz) 2,700-3,000
Wavelength® (ft)/(cm) . 0.345/10.5
Pulse power (max)? (Mw) 1.0
Maximum duty cycle (%) 0.2
Average power (kW) 2.0
Antenna diameter® (ft)/(cm) 24/730
Antenna gain? compared to nondirectional

antenna (ratio)/(dB) 32,000/45
Beamwidth at haelf power density (deg) 1.0
Main beam null (deg off-axis) 1.25
First sidelobe--max (deg off-axis) 1.75
First sidelobe relative power density--max (ratio)/(dB) 0.0032/-25
First sidelobe null (deg off-axis) 2.25
Second sidelobe relative power density--max (ratio)/(dB) 0.0021/-27
Second sidelobe null (deg off-axis) 3.25
Third sidelobe relative power density--max (ratio)/(dB) 0.00131/-29
Third sidelobe null (deg off-axis) 4.25
Other sidelobes maximum power density--relative

to main beam (ratio)/(dB) 0.0005/-34
Azimuth scan rate, max (rev/min) S
Minimum elevation angle of beam (deg) -1
Maximum elevation angle of beam (deg)d +60

Source: R.L. Hinkle, "Background Study on Efficient Use of the
2,700-2,900 MHz Band," National Telecommunication and Information
Administration Report 83-117 (1983).

8At the midband frequency, 2,850 MHz.

bconsistent with other sections of this document, the root-mean-square
{(rms) value of the maximum value of the pulse is used when present.

€The actual diameter may be as large as 28 ft. The 24-ft value is
used here and in Appendix B because it leads to maximum (i.e., worst

case) values of RFR.

dIn normal scanning, the beam elevation will not exceed +20 deg.
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Appendix B

CALCULATION OF RADLOFREQUENCY RADLATION INTENSITIES

B.1 Igtpoduction

In this appendix, an analytic procedure for calculating the in-
tensity of cediofreguency radiation {(EFR) in the wicinity of a NEXHRAD
radar ig developed. Data obtained from the NEXEAD Jolnt Eystem Program
Office (JSPO, 1933), Washington, OC, and the National Telecommunicaélions
and Information Admimistration (Hinkle, 1983} are combined with infor-
mikion available in textbooks and technical journals to develop mathemak-
feal expressions and graphical relationships that permit ealculation of
RFE intensity at specific locstions. Because this document is general
rether than specific ko & packlcular site, Lhe bceatment ig genecal. The
results ace presented in the form of analytic #xpressions and grephs,
whlch make it easy to determine values for the peak zlectric field, maxi-
mum pulse power density, and average power denmity at zelected points in
the wicinity of the reder. Power densities at the center of the beam
are aleo calculsted Lo provide s basis for esblimating thelr effeckt on
the pecsonnel and electronic systems in aiccrafb and on bicds.

This analytic technigue allows predictions Ethat are guite accursts
in free space. however, the retulis ace affecied by the presence of the
ground and of objects such as trees, buildings, end power lines. In
reslity, the tercain I8 irceguler, and objects such as tcees, buildings,
and other structures are randomly distributed. When they block the line
of sight ko the antenna, they tend to absorb, reflect,. and scatter the
beam. In such circumstances, the strengih of the field is lower tham it
would be in free space. In other situations, bthe power ceflscted from
the earth or other objecls adds to that propagated dicectly, thus in-
ertasing the intensity of the radiation. Under clrcumstances relevank
to WEXRAD, the electeic field strength ie rarely &8 much &% doubled in
this way. Fileld enhancemant of this kind is much moce imporiant in
calculakions of maximum &leckric field strengths and power densities
than of Lime averaged power densities.

B.2 Conditions and Assumptjons

A lacrge antenns that 1 many wavelengths in diemeter produces w
radiation field Lhat is concentrated in a small volume of space and is
comnmonly referred ko as & narrow or pencil besm. The MEEEAD antenna
falls into this class. The major charscteristics of such a pencil beam
{Hansen, 1976) are determined by the diameter of Lhe antenna, tha wawve
length radisted, and the power disteibution over the antenna sucface.

BE-1



The mathematical description of the complete field produced by large .
antennas is very complicated. Therefore, approximate expressions have
been developed to facilitate calculation.

The following conditions and assumptions ace applied:

(1) The antenna has a specific height h above ground level, and
all elevations are referred to the center of the antenna.

(2) The antenna rotates at a fixed speed aboukt its vertical axis
and follows the fixed scan pattecn described in Section A.2.2
of Appendix A. This pettern was used because it yields the
highest (1.e., worst case) values of average power densities
at and near ground level.

(3) The mein beam and its first five sidelobes have circular
symmetry.

(4) The intensity of the first sidelobe relative to the main beam
ig 0.0032 (-25 dB).

(S5) The transition between near-field and far-field conditions
occurs at 550 ft, which is defined here as 0.33 D2/L. rather
than the conventional 202/L (see Section B.2.1) where D is
the antenna diameter and L is the radiation wavelength.

(6) The maximum possible on-axis density in the near field is
assumed to exist throughout the near-field column.

(7) 1In most cases the greatest possible instantaneous field
strength at any ground location will exist when the antenna
main beam is et the azimuth of that location and has the
minimum elevation angle of 0 deg. The results calculated on
this basis are easily adjusted to accommodate other values of
minimum elevation angle.

(8) The duty cycle is teken as 0.2%, which is the maximum duty
cycle for the system.

(9) The calculation of RFR field strengths st any distance up to
20 miles from NEXRAD is based on direct line-of-sight propa-
gation because all other modes of propagation, such as ducting
due to temperature inversion, diffraction, or tropospheric
scatter or reflecticn, are weaker (Kerr, 1951). Ground-level
areas that are shadowed by intervening tercein will be illu-
minated by the diffraction mode of propagation. The RFR field
strengths in such areas will be overestimated because the
calculations are based on direct line-of-sight propagation.
The attenuation caused by trees and underbrush, which can
reduce RFR values by a factor of 10 or more, is not included.




{10) The calculations are intended to represent realistic estimates
rather than precise scientific values. Many spproximations
are made; therefore it is expected that the field strength at
any given location produced by operation of NEXRAD may be
either larger or smaller by as much as a factor of 2 than the
calculated value.

The electromagnetic field generated by the antenna is normally
described by dividing it into two regions, the near field and the far
field, to which different sets of analytical conditions apply. The
boundary between the two regions is not sharply defined; rather, RFR
field conditions gradually change with increasing distance from the face
of the antenna. It is also necessary to distinguish between regions
within or nesr the main beam and those at angles remote from it.

B.2.1 The Far-Field Region——Pulse Power™

The far field exists only at distances greater than 550 ft from
the antenna; it ie defined as a region over which the analytic condi-
tions are constant and the fields vary inversely with distance (i.e.,
the power density varies inversely with the square of the distance).
The conventional criterion for the distance from the antenna beyond
which the far field exists is 2D2L. For the NEXRAD antenns at
2,850 MHz, this distance is 3,300 ft; however, far-field formulas give
good approximations for all distances greater than & transition dis-
tance of 0.33 DZ/L, which is 550 ft in the present case.

B.2.1.1 The Main Beam

A well-known and generally applicable equation for the power
density on the beam axis in the far-field region of any antenna is

U = PG/4wR2 (1)

where U is the power density, P is the radiated power, G is the antenna
gain, and R is the distance; consistent units must be used. For NEXRAD,
P =1 MW and G = 32,000. To obtain results in the desired form of
mwW/cm? when the range is specified in feet, it is necessary to intro-
duce suitable factors. To convert from megawatts to milliwatts and from
square feet to square centimeters, one must miltiply by 109 and divide
by (30.48)2 = 929. Combination of these various terms leads to a key
result: for the far field, the maximum pulse power in the center of the
main beam is:

%
Here, and throughout this document, the term "pulse power" designates
the meximum root-mean-square (rms) value of the pulse, when present.



Up = 2.7 x 109/R? mW/cm? (2)
where R is the distance in feet.*

The size of the main beeam is limited by the system specification,
which requires that the power density shall fall off to half its meximum
value in not more than 0.5 deg from the axis (see Figure B-1). The
position of the first null is not specified. The value 1.25 deg shown
in Figure B-1 was chosen from data on similar antennss (Silver, 1949).
The 1l-deg interval between successive nulls was chosen on the same basis.

B.2.1.2 The Sidelobes

Both the main beam and the many sidelobes of the NEXRAD radar will
sometimes strike the ground. Therefore, 1t is necessary to consider the
distribution of power in the first and higher order sidelobes, as well
as in the main beam.

System specificstions require that the ratio of the power in the
first sidelobe to the power in the main beam at the same distance be no
greater than 0.0032 (-25 dB). The relative power densitles in the first
five sidelobes are controlled by the specification that the level shall
decrease monotonically from -25 dB in the first sidelobe to 0.0001
(-40 dB) at 10 deg from the axis. The distribution shown in Figure B-1
15 consistent with this statement.

Locstions that sometimes fall in one of the nulls shown in Figure
B-1 are at other times subject to the higher power density of the adja-
cent peak. Therefore, all calculations of peak sidelobe power use the
envelope function shown in the heavy line in Figure B-1. The envelope
function is extended to the right at the value 0.0004 (-34 dB) because
the system specification allows a few isolated peaks of this magnitude.
Use of this value with reference to Figure B-1 and Eq. {(2) leads to the
equation

U, = 0.0004U; = 1.08 x 108/R? mw/em? (3)

which describes the maximum pulse power density at any location more
than 6 deg from the axis of the main beam.

8.2.2 The Far-Field Region--Average Power

The main beam of NEXRAD 1is in constant motlon, usually as & result
of continuous rotation of the antenna around its vertical axis. This

*This Formula is correct for a beam pointed in any direction. For all
cases of interest in this appendix, the beam is nearly horizontal, and
no substantial ervor results from taking R as a horizontal distance,
which simplifies the discussion.
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mobility has en averaging effect on the RFR power density. The result .
is to reduce the intensity of the main beam and near-in sidelobes and to

£ill in the pulls in the radistion pattern. The averaging factor will

differ depending on whether the ares is illuminated by the main beam or

by some combination of sidelobes. The averaging factor becomes less

important at close ranges, where the diameter of the radiation column is

comparable to the distance through which it ts swept.

B.2.2.1 Average Power et Beagm Level

The NEXRAD radsr is capable of operating in many modes, and it is
imprectical to make a deteiled calculation for each possible mode. How-
ever, 8 lsrge fraction of the time is likely to be devoted to scanning
modes similar to those described in Section A.2.2 of Appendix A. This
particular mode is chosen for analysis because it is typical and because
it will produ¢e maximum values of tlme-averaged power densities st loce-
tions on or near ground level.

Consider a location that is level with the radar antenns and
separated from it by a distance R. (The following analysls applies
to elevated beeams if all heights are referred to the center line of the
beam.) At one wmoment during the 0-deg elevation scan, this point will
be strack with the full power of the main beam with a maxlimum intensity
of Uy = 2.7 x 10%/R?. At other instants it will be struck by sll
the sidelobes, 8s shown in Figure 8-2. The exact shape of the power .

density curve, as sketched at the top of Figure B-2, 15 not known;
however, no grest error will result from assuming that each lobe has the
shape of a half sinusofd. On thils basis the average value of each
section of the lobe pattern is 2/r times the maximum value.

The technical specifications limit the maximum rotational speed of
the antenna to 30 deg/s. Thus, even at the slowest pulse repetition
frequency of 250 pulses per second (ppg), the beam moves only 0.12 dag
between successive pulses. Therefore, no significant ervor wlll cesult
from treating the besm as continuous with a8 total power of 2 kW.

As noted in Section C.2.4, gppliceble exposure standards gre stated
in terms of averaging times not greeter than 0.1 hr = 6 min. Therefore,
8S & WOorst case, we average over the 6-min interval in which the beanm
elevation has the values O, 0, and & deg. To fecilitate calculation,
the relative power levels of the first five gldelobes of Figure B-1 sre:

Sidelobe number 1 2 3 4 5
Relative level 0.0032 0.0021 0.0013 0.0009 0.0006

The "1idth of each sidelobe is 1.0 deg, the half-width of the main lobe

is 1.25 deg. <Contributions due to the zero-leve® scan acre listed in the
first column of Table 8-1. Contributions associsted with other elevation
angles cre listed in successive columns.




SCAN
ELEVATION
degrees

0

FIGURE B-2 EFFECT OF SCANNING 8Y MAIN BEAM AND F{RST FIVE SIDELOBES




Table B-1

FACTORS FOR CALCULATION OF AVERAGE POWER DENSITY

Sidelobe Elevation Angle (degrees)
Number 0 1 2 3 4 5 6
0 1.2500 0.0625 0 0 0 0 0
1 0.0032 0.0032 0.0021 0 0 0 0
2 0.0021 0.0021 0,0021 0.0013 0 0 0
3 0.0013 0.0013 0.0013 0.0013 0.0009 0 0
4 0.0009 0.0009% 0.0009 0.0009 0.0009 0.0006 0
) 0.0006 0.0006 0.0006 0.0006 0.0006 0.0006 0.0006

Total 1.2581 0.0706 0.0070 0.0041 0.0024 0.0012 0.0006

The important conclusions to be drawn from Table B-1 are that the
contribution of the main beam is much lerger than the sum of the con-
tributions of the first five sidelobes and that the power density de-
creages rapidly with increase of beam elevation angle. 1In particular,
the contributions associated with a beam elevation angle of 4 deg are
negligible.

The contributions of all the other sidelobes that radiate in gll
directions are addressed by noting that the system specification re-
quires that throughout this region the antenna shell have a “median
gain” not greater than -10 dB, i.e., 0.20. Median gain is defined sas
“thet level over an angular region at which the probability is 50% that
the observed or measured gain at any position of the antenna will be
less than or equal to that level.'" This specification suggests, but
is not fully equivalent to, a statement that the average galn over the
entire region outside the main beam and first five sidelobes is 0.10
(-10 dB), which is equivalent to the statement that 90% of the avallable
power is concentrated in the main beam and first five sidelobes and that
only 10% remains to be distributed over all remaining directions in
higher order sidelobes.

This 10% value is used to obtain the total time-averaged power
density at the designated point. From Eg. (1) the average power density
due to higher order sidelobes is

Ug = (0.002 x 10% x 0.1)/(4% x 929R?) = 17/R? . (4)

Using the totsl of the first column of Table B-1 and introducing fac-
tors of 0.002 for the duty cycle, 2 for the repetition of the lowest
scan, 2/w for aversaging over a half sinusoid, 2 for the fact that each
sidelobe is encountered twice, and 1/(3 x 360) = 1/1,080 for the total
angle scanned in 6 min and referring to Eq. (2) gives

9
Ub = (1.26 x 0.002 x 8 x 2.7 x 10 )/(1.080WR2) = 16,000/R2 . (5)

B-8




The value of Uy is negligible compared to Uy. Therefore, the time-
averaged power density is

Uy = 16,000/8% mW/em? : (6)
This value applies Eo any point bthat is stcuck by the main beam only
twice every & min., Ik is derived on Ehe basis of far-Field conditions
and should not be uged for values of R much below 2,000 ft. |

B.2.2.2 AMverags Power ab Obher Levele

The procedure followed im the preceding sectiom can be used to
calculate average powar densities at other locations. For example,
conglder & poink that i located 1 deg below the main beam azig.
Reference bo Figure B-2 showe thabk Table B-1 still applies except bhat
only flgures in the second column should be weed. On this besis, the
caviged value of power dengiby becomes

2

U, = (0.0706 x 0.002 x B ¢ 2.7 x lﬂq:luf{.'l.ﬂﬂﬂl't }ow H-l:mfi? - (T

b
When added to the {(unchanged) value of U, this yields

Ug = 917/8¢ mh/em? : {8)

Repebtition of thiz process for depressionm angles of 2, 3, 4, 5, and
6 deg yields as respective modified values of Uy, 105, 69, 49, 33, and
25 (esch divided by RY). The results of these calculaticns are pre-
cenkted in Flgure B=3.

B.2.3 The Near-Field Region-——Maximum Pulse Fowsr

Hangen (1%7&) has studied the neacr-field region of entesnas like
that of the NEXRAD rader. Figure B-4, which is redrawn from one of his
flgures, shows bhat the powesr density on the axis of the beam e never
higher than 1% dB, l.&. 37 times itds values at the ceferance digtance
2Dc/L, which, ag moted in Section B.2.1, 1w 3,300 ft. Thus, froa
Eq. €2), the maximum value of pulse power density on the beam axis in
the near fleld is

Up = (2.7 x 10% x 321/3,3007 = 8,000 mW/ce? : (9)

This value is cvsed for all points within the circulsr ¢column of the near
Eield out to the distance of 0.17 x 204/L, which ¢corresponds very
closely to the 550-ft value previously derived by a different method.

- Additionsl information concerning power distributions in the oear
field ie¢ provided by Figure B-5 based on work at the National Bureasu of

Btln?Ird! (Hu, 1961). Out to distances grester than 1,100 FL the power
remains strongly concentrated nsar the axisz of the maln beanm.
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. In contrast to previous ones, this figure uses off-axis distances
in feet rather thsn angles as the abscissa variable. This notation is
preserved in subsequent figures because it is more convenient for cal-
culations of power densities at various points of interest.
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FIGURE B-4 RELATIVE POWER DENSITIES ON AXIS OF MAIN BEAM

B.2.3.1 The Near-Field Repgion~-Average Power

The aversage power density in the near field is calculated with
reference to Figure B-6, which shows the axis about whi¢h the antenns
rotates as well as the lowest and highest beam positions. 1In this
region the beam is represented as a circular cylinder with a 24-ft
dismeter and a power density distribution of the form shown in Figure
B-6.

Consider a (mathematical) cylindrical sucface of radius R con-
centric with the antenna vectical axis. The zone that is illuminasted
by one or more scans of the beam has a height Y given by the equation
Y = 24 + R tan 20 deg = 24 1 0.36R (10)
The ciccumference of such a cylinder is 2#R and the total area A is
A = 2eRY = 151R + 2.26R2 (11)
The average power radiated is equal to or less than 2 kW; therefore, the

average power density over the cylindrical surface cannot exceed the
. total power divided by the area.
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At the mid-height of this cylinder, the lecal power density will .
exceed the average value by a factor of two if the verticel power ‘
density distribution has either the sinusoidal form shown as a s50lid
line or a triangular form shown in dashed lines. Introducing this
factor, a factor of 10% to convert from kilowatts to milliwatts, and
dividing by 929 to convert from square feet to squere centimeters leads
to the expression

US =2 X 106 x 2/(929) (151R + 2.26&2) = 1.9 x 102/(32 + 67R) mW/cm2 (12)

which is accurate for values of R up to about 50 feet. For larger
distances the repetition of the lowest beam calls for another doubling
of the value of average power density, which leads to

Ug = 3.8 x 102/(R? 4+ 6TR) (13)

This expression is used for distances from about 100 to 550 feet.

B.2.4 Electric Field Intensities

Electromagnetic waves such as those generated by NEXKRAD are
characterized by electric and magnetic fields, both of which are per-
pendicular to the direction of propagation. Of these, the electric
field is of principeal interest. Under ell conditions relevant to the
present calculations, the electric field strength (or intensity) E is
related to the local power density U by the equation

E = (3,770 1©1/2 (14)

where E is measured in volts per meter (V/m) and U is given in W/ cm? .
The relationship is used only for pulse wvalues of E and U.

B.3 Effect of Foliage and Scattering

B.3.1 Foliage

Microwave energy is absorbed and scettered by trees and under-
brush. The effect of foliage on microwave propagation has been studied
extensively (Trevor, 1940; Head, 1960, Doeppner et al., 1972; Tamir,
1977, Nelson, 1980). Waves that ere forced to propagate directly
through a forest are attenuated in an exponential manner. For typical
woods the rate is about 0.15 dB/ft at NEXRAD frequencies; that is, the
signal loses half its power (3 dB) in traveling a distance of about
20 ft. It is reduced to 1/10th its original strength in 60 ft and
1/100th its original strength in 120 ft.

Over extended distances, waves find easier paths that curve around
or skim over the tops of the trees. Such paths usually reduce the power
to a value no larger than 1/100th of that which would exist over a direct




free-space path. Waves that graze the treetops over a long distance be-
have somewhat like those that are guided over the surface of an imper-
fectly conducting earth, and the power density variation with distance
includes & term of the form 1/R%.

In situations where vegetation provides shielding between the radar
antenns and the location of interest, the levels of RFR (both peak and
average power densities) are likely to be reduced by a factor ranging
from 10 to 100. This factor is not included in this appendixz; the pur-
pose is to provide extremely conservative, i.,e., overstated, estimates
of RFR.

B.3.2 Diffrsctionr and $Scattering

From some locations of interest, the NEXRAD antenna is not visible.
Under these circumstances it might be thought that no microwave power
would reach such locations. While this ideal is closely approached, s
small residue of power does propagate to such locations by diffraction
around the edges of the land masses or buildings that block the view,
and by scattering from trees, fences, and other objects that are struck
by the main beam or its principal sidelobes.

It is impractical to make pfecise calculastions of the RFR that
results from such effects. A conservative upper bound is obtained by
the principles of diffrection theory (ITT, 1977), which indicate that
neither the pesak nor the average power density within such regions will
exceed 1/10th of that found in unshadowed regions at an equal distance
from the radar.

B.3.3 Earth Curvature

Because the earth is nearly spherical, a horizontal beam of radia-
tion is above the earth at 8ll points. However, such a beam may be bent
toward the earth by refraction in the atmosphere, which is caused by the
decrease in atmospheric density associated with increase in altitude.
The effect of such atmospheric refraction can be accounted for by using
a fictitious earth radius that is 4/3 times the true radius. The result
of such calculations leads to a simple formula for a beam launched hori-
zontally from & particular point on the surface of the earth

h = R2/2 (15}

where R is the horizontal distance in (statute) miles and h is the beam
elevation in feet. Thus, at a distance of 10 miles the beam clearance
above the ground is increased by 50 ft as a result of earth curvature.

This effect reduces the intensity of RFR at locations distant from the
radar site.



B.4 Integration of Results

The preceding sections of this appendix have developed a set of
formulas and graphs for calculating electric field strengths and power
densities at various points relative to the NEXRAD radar. To facili-
tate calculations of RFR levels at specific locations of interest, these
relationships are used to prepare two graphs that contain all the accu-
mulated information.

B.4.1 Pulse Power Densities and Electric Field Tntensities

Figure B-7 shows maximum pulse power densities and electric field
intensities for all the distances and beam offset distances of probable
interest. The straight line segments near the top of the graph repre-
sent an envelope of maximum values of pulse power densities that could
be encountered by airborne objects. The horizontal line segment corres-
ponds to points that are level with the antenna in the near-field zone.
The sloping segment corresponds to the center of the beam in the far-
field region. The transition occurs at 550 ft, the boundary between
near-field and far-field conditions. These lines represent an upper
bound on possible pulse power and electric field intensities. Parallel
to these lines and separated from them by the factor 0.0004 (34 dB) are
two more lines. These represent a floor above which occasional spikes
will sometimes be observed. The intervening curves were obtained by
graphicael computation from Figures B-1 and B-5. The process was facili-
tated by use of Table B-2. The offset distances were arbitrarily chosen .
as convenient for this calculation and for subsequent use.

Table B-2

DISTANCES D FOR VARIOUS ANGLES AND OFFSET DISTANCES

(Feet)
Offsget
Distance Angle Z (degrees)
(feet) 1/2 1 __ 2 4
L2:5 1,432 716 358 179
2% 2,865 1,432 716 358
50 5,730 2,865 1,432 716
100 11,4860 5,730 2,865 1,432
200 22,920 11,460 5,730 2,865
400 45,840 22,920 11,460 5,730
BOO 91,680 45,840 22,920 11,460
1,600 - 91,680 45,840 27,920
K1 0.50 0.050 0.0021 0.0009%
Ko 0.50 0.060 0.0060 0.0030




The distances listed in Table B-2 appear as dashed vertical lines
in Figure B-7. Properly epplied to those lines, the values of Xq
taken from Figure B-1 yield the points needed for plotting the curves
for far-field conditions. Some adjustments were necessary to fit
near-field conditions, which were tsken from Figure B-S. The electric
field intensities shown in the right-hand margin were obtained by use of
Eq. (l4).

B.4.2 Average Power Densities

Figure B-8, which is similar to Figure B-7, was derived in the same
general way; however, it differs in many important respects. 1In partic-
ular, the abscissa scale is unconventional in that it is nearly linear
at the left margin, but fully logarithmic st the right. Use of this
scale allows locations directly below the antenna rotational axis to be
represented.

Values in the right half of the figure were obtasined from Eqs. (4)
and (6), together with values of K, derived from Figure B-3 and listed
in Table B-~2. The maximum value displayed is 1.5 mw/ch; it occurs
at R = 15 and h = 0, just outside the mid-height of the radome. Values
along the R = 0 axis were obtained from Eg. (4) by substitution of
h for R. 1In the range h < R, the values were obtained by using he 4
R2 in the denominastor. Smooth curves were used to connect these
points to those calculated from far-field relationships.

Figures B-7 and B-8 are based on & continuous scan with a minimum
elevation angle of 0 deg and the scan sequence described in Section
A.2.2, which has a revisit time of 14 min. Actually, the restriction to
zero elevation angle was removed by referring the beam offset distance h
to the center of the lowest beam. With this interpretation, Figures B-7
and B-8 apply equally to any small elevation angle, positive or negative.

Values of meximum pulse power and electric field intensity are
independent of duty cycle and scan pattern, depending only on distance
and beam offset distance. Therefore, Figure B-7 is quite general. Values
of average power density are proportional to the duty cycle and do depend
on the scen pattern. Thus, Figure B-8 is subject to modification. No
variation of the scan pattern within the capability of the NEXRAD hard-
ware will increase these values by more than 50%.
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Appendix €

HUMAN EXPOSURE TO RADIOFREQUENCY RADIATION

C.1 Human Health Effects—-Background

C.1.1 Definition of RFR

In the sections on the effects of exposure to radiofrequency
radiation (RFR) on humen health snd on plants s«nd snimals., *“RER" is
used as a generic term to include other terms commonly found in the
bioeffects literattre, such as electromagnetic radiation (EMR), non-
ionizing electromagnetic radiation (NIEMR), miccowave radigtion,
cadiofrequency electromagnetic (RFEM) fields, electromagnetic fields
(EMF), microwave fields, and others. In this document, the term "RFR"
applies to frequencies from O to 300 GHz, both modulated and unmodu-
lated. The frequency band of the NEXRAD traansmitter is 2.700-3,000 MHz,
The time-averaged power densities used in this asppendix ate bssed on
averaging intensities over the worst-case 6 ain interval, which 1s con-
sigtent with the current U.S. exposure standar:s.

C.1.2 The Problem

The basic issue addressed in this sppandix on human health is
whether brief or continual exposure of people to the power densities
of RFR produced by & NEXRAD transmitter is likely to affect their health
advergely. A criticel review of the present state of knowledge regarcing
biological effects of RFR, Report SAM-TR-83-1, entitled "Bioeffects of
Rediofrequevcy Rsdistion: A Review Pertinent to Air Force Operations,K ™
by L. N. Heynick and P. Polson, serves &s the prinary reference for the
human health aspects of this assessment of NERXRRAD. Althouzh this review
wag prepered for the V.S. Air Foree, it does not contain eny system-
specific information and is useful for considering possible bioeffects
of any radar of specified chacecteristics. The discussion and conc-u-
sions presented below regarding possible RFE-bioceffects of NEXRAD were
dertved by considering the cesearch results that are most significsant
scientifically and pertinent to the operational characteristics of the
NEXRAD radar and to the power densities of RFR in the general vicinity
of a representative radar site.

Attention is also directed to another recent’y complated critical
review, '"Biological Effects of Radiofrequency Radiation," edited by J.A.
Eldec and D.F. Cahill, Health Effects Research Laboratory, U.S. Environ-
mental Protection Agency., Research Triangle Park, North Carolina 27711,
EPA-600/8-83-026A (Revised), which is the final draft of a report sct-~d-
uled for publicetion in summer 1984. This report is similer in many



respects to the SAM-TR-B1-1 cepoct. covering many of the game subjecl
arcas and apeciflic =cientifie refercaces.

The subfections below, starting with ©.7 “Presenl Climate and
Context,” sre organized in parellel with the corcesponding sections
of the Alr Force creview. Also, whecre appropriate, parts of the review
are reproduced below with the bibliogcaphic relerences cemoved and with
other minor changes. Thic parallel sccangement is to permil use of this
assessment as o complete document without the need to cefer to the review
unless more detail and the reference citations are desirad.

Humsng could be exposed to the EFRE from a MEXREAD tramamitter under
bwg chlrcumsbances. Ficsl, people airborne in the vicinity may be exposod
to the main beam. ZSecond, populaticss in the gscgraphic cegion acound a
transmitter site will be exposed to the low-inteneity HFR near Lhe ground
for several miles from the antenns.

C.1.2.1 Algborne Exposuce

Exposure of people in an airplane to the main beam i & posaibility
shared with many operationsl high-power rader systems. However, as far
at b¢ known, Ao case of harm bto humans from eay such incidental exposure
has ever been reported, and there is no cesason to believe that Lhe NEXHAD
gltuation would be significantly different from that of ciher radar in-
etallations in this respoect.

A phenomenon associsted with EFE pulsez pec se is the perceplion of
individual pulses as apparent soumd. The threshold pulse power densily
for this effect is about 300 sW/ecm?. An gicplane in the genccal
vicloity of & MEXRAD anténna may be swept by the main beam for pericds
of about 0.3s per eweep. 1I[ 20, calculstions presented in Appendix B
(Figure B-7) indicate that within about 550 fr From the antenna (Lhe
near-Field region), the maimom pulse power demsibty in the main baam may
be as high as 8,000 ii'.i':ni', beyond that distance (in the far field),
the pulse power density will diminish by the inverse-squace law, and Eha
I00-m/cm® threshold will be at about 3,000 fr. Thus, airborne peceons
gwept by the main beam Wwikthin distances less than 2,000 Ft may "“hear” the
pulses. However, Ehere 18 no experimental evidence Lhat parsons would
be advecsely affected by exposure to such levels of pulse power denmlby,
at leaet for exposures of a (ew minutes.

The calculations in Appendix B alse indicate (Figure B-8) that the
timg-aversged power denslty at an 2ifplane swept by the main beam and
all sidelobes will be only ©.2) mw/em® at 100 fr, 0.035 m/cme al
300 Tk, and still lower ab gresater dictances. Such levels are below
preveiling standerds for human exposure, and there is no evidence that
exposure to such levele for several minutes would be harmful

Becasuse of these consideralions, possible exposcres of persoAs in
sirccaft to the wmain beam of MEERAD are not given fublher attenbtion in
this biological sssessment



C.1.2.2 Ground-Level Expoguce

To estimate the marimum ground-level exposure in the near field,
the ground nesc the antenns waz assumed Lo be essentially flat out to =
digtance of abaubt 3,000 (L, the main beam was assumed to be horizontal,
and the bottom of the anteénna rim was aseumed to be 20 ft above ground.
With the latter assumptlon, the center of an antenna 24 FE in diameter
would be 32 {L above ground level and the head of & peracn 6 Fb tall
would be 26 L below the center of the main beam. For thls slbtuation,
Figure B-7 indicates that ak all distances from the sntenna, the maximum
pulse power dencity at suvch hesd heights will be considerably less than
the 100-mW/cm? threshold for the suditory-RFR effect discussed abowve.
Thus, it is mogt unlikely that persons anywhere at ground level will
"hear” bthe WEXRAD pulses.

For the assumod gituvation, the maximum Lime-averaged power din:itg
at heights of & fL or less above Efﬁunﬂ Wwill nowhere excoed 0.03 oW/ om®,
#nd will be less bhan 0.001 mW/cm® for distances beyond about 200 fr.

In bthe standard recently adopted by the American National Standards In-
sbitute (AMSL), the maximum permicsible averaze power dansity for human
sTposure to BFR im the 2,700- to 3,000-MHz cange 15 5 nufclz. and the

new USSE limikt for chronic exposuce of the gemeral population is reported
to be 0.01 mW/cm?., Thus, the ground-level values of RFR within the

neac Field of a MEXKRAD antenna will be at least 50 times lower than the
new ANSI standard and the values in the far field will be at or below

the new USSE standacd.

C.1.3 Data Bagg and Literature Selecktion

The criteria uesed inm seleciing articles for inclusion im Lhe
biogeffects review are described therein.

C.1.4 Eastern European Bioeffects Literature

Frobably the most controversial aspects of resaaréh on the bio-=
logical effects of RFE ace the large discrepancies babtween results, at
low levels of RFRE, reported im the Esstern Eurcpean liteécatuce and bhoas
obLaimed in Wesbecn couniries such as the United States, and the baslc
diffecences in philosophy between the two groovps of coumbtries in pre-
scribing safety standards or guidelines for the protection of humans
againgt possible hazards from exposure to RFR.

From the end of World War 11 bto aboub the late 19603, few of the
scientific reports on biceffects resesarch in the USER {or other Eastern
European counteies) were amenable to éritical review because they lacksd
ezgential information. 1In the early 1970=, stacting essentially with an
intecnational eonference on the bloeffects of RFR in Warsaw in 1973 under
the joint sponsorship of the World Health Ocrganizatioa (WRD), tha U.5.
Depactment of Health, Educatjon, and Welfare (HEW)., and the Scientifie
Council to the Minister of Health and Social Welfare of Poland, inter-
natigenel interchanges of information incressed meterially, and transla-
tions of Eaglaen European articles became easier to obtain. EBEecause
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most Eastern European documents published before 1973 (and meny since
then) are merely abstracts that contain no details of the experimental
method, number of subjects, or analytical approach used in the study,
evaluating them was difficult. MHore recent Eastern European studies
contain more detail, and some of them have been cited and anslyzed in
the review.

C.?2 Present Climate and Context

C.2.1 Proliferation of RFR Emitters

Publi¢ use of RFR-genersting devices and acceptance of their
benefits have been growing almost exponentially over a number of
yerrs. Public television and radio broadcasting stations, ham radio
transmitters, citizen bend redios, ground-level and satellite com-
munication systems, civil and militsry sircraft navigetion systems,
airport traffic control systems, medical diathermy units, defense
tracking systems, remote garage--door opening devices, microwave ovens,
and a veriety of units for industrisl heating and processing of
materials contribute to the expansion of RFR use in this country.

All of these devices are regulated by the federal government,
mainly the Federal Communications Commission (FCC), and &ll are
restricted to specific frequency bands. The power levelg that most
devices may emit Bre also restricted. Still, as the number of such
devices increases, the background level of RFR in this countcy, par-
ticularly in urban and induvstrial centers, is bound to increase as
well. It is therefore appropriate to ask whether this increasing
level of RFR will be deleterious to human health.

Verious agencies of the €edersl government have established
programs to deal with the question of effects of RFR on humsn health.
The U.S. Alcr Force has taken an active role for more than 10 years to
advance the state of knowledge of RFR bioeffects in the interest of
personnel safety. The Environmental Protection Agency (EPA)} is con-
docting a study of environmental level)s of RFR. The Bucegu of Radio-
logical Heslth (BRH) has promulgeted a pecformance staandard for per-
migsible microwsve oven leakage (21 CFR 1010, “Pecformance Standards
for Electronic Products”). The National Institute for Occupational
Safety and Health (NIOSH) 1s investigating the use of industrial
microwave devices. The Air Forece, together with the Army, Navy, and
other government agencies, maintains research programs on the bio-
logical effects of RFR, with the objective of assessing effects on
human health. The results of these programs indicate that the bio-
logical effects of RFR are largely confined to avercage power densities
exceeding about 1 mwW/em?.

In summary, the benefits of RFR devices for communicaticns, cadar,
personal aud home uvee, and industrial processes are widely accepted. On
the other hand, many people are concernecd that the proliferation of the
use of RFR devices, including various military redar and communications



gystems, may be associated with some ss-yet-undefined hazardouws biolo-
gical effects. The pucrpose of this document is to address such concerns
a5 they pertain to NEXRAD.

C.2.2 Hessvrements of Epviroomental Levels of RFR in Selected V.S.
Cities

EPA has measured the envicronmental fi1eld intensities at selected
locstions in various U.S. cities. Recent rveports discuss the results
for the 15 citiee (a total of 486 sites) studied so far. The sites in
edach city were selected to permit estimatlons ¢7 cumulative frsctions
of the total population being exposed st or below variocus saverege power
densities, based on the population figures for the 1970 census enumero-
tion districts.

The measured field strengths at each site were 1ategrated over
the frequency bands from S4 to 890 MHz i1ncluded in the analyses and
converted into equivalent average power densities. The site values
in each city were then used with the population figures in the various
census enumecation districts in a statistical model designed to estimsate
the populaticn-weighted median exposure veo.ue for thail city and to csl-
culate other statistics of interest. These median values range from
0.000002 mwW/cm? (for Chicago and San Francisco) to 0.000020 mw/ em?
{for Portland, Oregon). The population-weighted median for all 15
cities g 0.0000048 mW/cmZ. Also, the percentage of the population
of each city expogsed to less than 0.001 mW/em? ranges from 97.2% (for
Washington, D.C.) to 99.99% (for Houston, Texas), with e mean value for
81l 15 cities of 39.4%. The major contribulions to t™2se exposure
values are from the FM-radio and TV broadcast stations.

EPA elso measured RFR levels st sites close to single or multiple
RFR emitters, e.g.. at the bsses of transmitter towers and at :he upper
stories (including the coof) of tali buildings or hospital complexes
c¢lose to transmitter towers. At the base of an FM tower on Mt. “/ilson,
Callfornia, for example, the fields ranged from 1 to 7 mecmz, but
guch values are believed to be uwncommon. Most measurements in tall
buildings close to ¥M and TV transmitters yielded values well below
0.01 mW/em?, but a few values were close to or slightly exceeded
0.2 mW/cm? {(¢.g., 0.23 mw/cm? on the roof of the Seacs Building,
Chicago) .

€C.2.3 Problems of Risk Assessment

Assessing risk to human health and setting standards to protect
health are extremely compl=-x problems. TIn addition to purely technical
and scientific questions, there sre problems, still only vaguely recog-
nized, of philosophy, law, administration, and feasibility of programs.
Although dealing with these subjects in detail is beyond the scope of
this document, it is jmportant that they be mentioned.



One distinction between RFR and ionizing radiation is the consider-
able experimental evidence for the exigtence of exposure thresholds for
various RFR effects. In the review of RFR bioeffects, threshold levels
are considered on 8 case-by-case basis, with due regard for the physio-
logical mechanisms of effect.

C.2.4 Exposure Standards

The term "exposure standards"™ is generally applied to specifi-
cations or guidelines for permissible occupational and/or nonoccupa~
tional exposure of humans to electromagnetic fields. The standards are
expressed 85 maximum power densities or field intensities in specific
frequency ranges end for indiceted exposure durations.

The ANSI Subcommittee C95.4 has adopted a frequency-dependent
standard for both occupational and general-public exposure to RFR, to
replace the ANSI Radlation Protection Guide, published in 1974, of
10 mW/cm?. The new ANSI stendard, shown in Table C-1 end graphicelly
in Figure C-1, was derived from analyses of many representative recent
experimental and theoretical results selected by a subcommittee of ANSI
C95.4. 1t covers the frequency range from 300 kHz to 100 GHz and is
based on a mean whole-body specific~absorption rete (SAR) limit of
0.4 W/kg instead of a constant incident power density. SAR is defined
as the rate at which radiofrequency electromagnetic energy is impsrted
to an element of mass of a biological body (see Section C.5.1.2 for a
more detailed discussion of SAR). The lowest limit, 1 mW/cm?, is for
the range from 30 to 300 MHz, within which RFR sbsorption by the human
body as a resonant entity i1s highest. The value 0.4 W/kg includes a
safety factor of 10, and the specified limits are not to be exceeded for
exposures averaged over sny O.l1-hr period.

Table C-1

NEW ANSI RADIOFREQUENCY RADIATION PROTECTION GUIDES

(1) (2) (3) (4)
Frequency 2 2 Power
B H .
Range 2 2 2 2 Densify
(MHzZ) (V /m ) (A" /m”) (mW/cm” )
0.3 - 3 400,000 2.5 100
3 - 30 4,000 (900/f2) 0.25 (900/f?) 900/ £2
30 - 300 4,000 0.025 1.0
300 - 1,500 4,000 (£/300) 0.025 (£/300) £/300
1,500 - 100,000 20,000 0.125 5.0

Note: f is the freguency in MHz.
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In the fer field of an RFE sourceé, the governing warises values
acé Lhe power densliies shown in éolume & of Table C-1, and Lhe
corresponding squaresd of the electrlie- and magnatie- fi2ld amplitudes
(8% and 8Y) in ¢olumns 2 end 3 are approximate “free-space”
sguivalents.

In the near field of an RFR source, the governing maxims sre the
values of EZ and H? but can be aEprassed in terms of corresponding
powsr deéensities ag 1s done im Figure C-1.

The ANS] powsr denmsikty limit for the NEXRAD ?,700- to 3,000-MH:z
range is 5 mkSomt.

The American Confleremce of Covernmontal Induslrial Hygienisbls
{ACGIH} has proposed (in & notlice of intent) a mew stendard also based
gn 0.4 W/kg, but fer occupational axposures only. The ACGIH threshold
limit values are displayed graphically in Figure C-1 for comparisom with
the AM51 values. The major difference iz that the 1 mé/cmd value
exbends only from 30 Lo 100 MHz and cvises from the latter with & slope
F/100 to 10 mw/esm® at 1 GHz, thus yielding Lhe latker value ag the
standerd for the NEXRAD band. This difference i3 based on the premise
that childean, Wwho have higher whole body resonsnt Fregquencies Lhan
sdults {sea Section C.5.1.7), are not 1likeély bto be occcopationslly
exposed to RPR. Another difference is that the lower frequescy limit
for the ACGIH standacd is at 10 kMez imstead of 300 kHz.

The courrently applicable Alr Force permissible sxposute limits
{PELs} are given in AFDIH Standard 161-%. For exposuces averaged over
any 0.1-hr period to fregquencies between 10 MHz and 300 GHZ, the PEL is
10 mW/em?, and from 10 MHz down bto 10 kHz, the PEL is S0 mb/em®.

For exposure within any 0.1-hr period, the product of the power demsity
and the sxposure duration shall not eiceed 3,800 wi- s femt for frequen-
cies between 10 MHz and 300 GHz, or 18,000 mW-sfem? for frequencies
between 10 kHz and 10 MHz., This standard ls being revised: curcently
proposed PELs for exposure, durlmg amy O.l-he peciod, of adultsz of
nermal size (55 im. or more in height) are the new ACGIN values, and the
PELz for exposure of humans of small size (less tham 5% in. ball) are
the new AWNSI veluss, bub exténded down to the ACGIH lower (cequency
limit of 10 EHz. For the 2,700- to 3,000 - MHz range, Lhe new PELz are
10 mW/em? for humans of normal size and § mW/cm? For humant of smaill
BLZIE.

An axposure standard for the general (nonoccupational} population
i ales under comsiderablion by the EPA.

For general intecest, Lhe sitendards of Canada and Sweden and
standarda adopted or proposed by geveral state, county, &nd municipal
goveramants in Lhe Unlled States are discussed in the BFR-bloeffecks
Tewiew.



Exposure limits in the USSR are considerably lower than those
of Western countries, especially the limits for general population
exposure. We surmise that such standards are based on the philosophy
that exposure to power density levels that cause relatively small
changes from normal mean values is potentially harmful. Until re-
cently, the maximum level for 24-hr exposure of the general population
was 0.005 mw/cmz, and the occupstional standard was as summarized in
Table C-2. This table specifies higher meximum levels then those for
the general population. For example, for rotating antennas emitting in
the 2,700~ to 3,000-MHz raenge, it permits exposures to 0.1 nW/cm? for
a full working day or 1 mw/cmﬁ for 2 hr. The Soviet military services
and establishments were specifically exempted from such standards.

Table C-2

USSR MAXIMUM PERMISSIBLE LEVELS FOR OCCUPATIONAL EXPOSURE

Frequency Exposure Exposure
(GHz) Durstion Limit Remarks
0.01 to 0,03 Working day 20 V/m -
0.03 to 0.05 Working day 10 V/m --
0.3 A/m
0.05 to 0.3 Working day S V/m --
C.15 A/m
0.3 to 300 Working day 0.01 mW/em? Stationary entennas
-- Working day 0.1 mwW/cm? Rotatlng antennas
-~ 2 hr 0.1 mw/cem? Stationary antennas
- 2 hr 1 W/ eme Rotating entennas
-- 20 min 1 mw/cm? Stationary antennas

Recent U.S. visitors to the USSR have reported pending and/or
adopted revisions to the standards above (Microwsve News, November
1982). For 24-hr exposure of the general populetion, the maximum
level has been increased from 0.005 to 0.010 mW/em2. Also, the
USSR appears to be developing standards for specific types of RFR
emitters. As examples, for & specific radar that emits 1-ps pulses
of 10-cm (3-GHz) RFR at 3 pps, the exposure limit is 0.015 mW/ cm?
(average power density), and for microwave ovens, the maximum value
at a distance of 50 cm is 0.010 mW/cm?. Regarding occupational
exposure, for the frequency range from 0.3 to 30 GHz and exposures
of 0.2 hr or longer, the product of the average power density and the
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exposure duration should not exceed 0.2 mW-hr/cm?. Thus, the

exposure limit for an 8-hr working day has been increased from

0.010 to 0.025 mW/cm?, the limit for 2-hr exposure is 0.1 mw/cm?

(no change), and the 1 mwW/cm? 1imit is for exposures of less than

12 (instead of 20) min. Though not stated, by implication these changes
are applicable to RFR from stetionary antennss; no information re-
garding rotating antennas was obtained. The limits for the frequency
ranges 0.03 to 0.05 GHz end 0.05 to 0.3 GHz are unchanged.

The exposure limits in Poland and Czechoslovekia are higher than
thogse of the USSR but lower than those of the Western countries.

Even ignoring any attenuation due to foliage, the ground-level
time-averaged power densities for chronic exposure to the near field of
e NEXRAD antenna will nowhere exceed 0.1 mW/cm? and in the far field
(beyond about 550 ft) will be less than the new USSR safety stendard of
0.010 mw/cm? for continuous (24~hr) exposure of the general populatiocn.

Thus, the controversy regarding the large differences in the U.S§.
and USSR standards is not really relevant to whether the RFR from NEXRAD
will be hazardous to human health.

C.3 Assessment of Scientific Information

In an assessment of the potential biological effects of RFR from
a specific system, it is necessary to consider cectain quentitative
relationships among (1)} the physical parameters of the RFR such as
frequency, power density, and polarization; (2) the mechanisms of
absorption and distcibution of energy within the biological organism;
and (3) the resulting biological effects as measured by some functional
or anatomic¢ alteration. Like all scientifiec theory, the body of bio-
physical theory that links these three factors has been synthesized from
a2 variety of experimental evidence. The theory is subject to refinement
or revision as valid new evidence accumulates that is inconsistent with
the theory. Nevertheless, it furnishes the context in which new experi-
mental evidence is considered.

The most directly applicable experimental evidence concecaing
possible bioceffects of any specific system would come from experiments
in which humans were exposed to its specific frequency range and likely
power density values. Furthermore, the best evidence would come from
guantitative evaluation of a large number of biolegicel endpoints. Such
data, however, do not exist. The relatively smgll amount of data on
human exposure to RFR was derived primacily from epidemiologic studies
conducted after exposure. Such studies are rarely asdequate because the
numerical values of the exposure parameters for most epidemiclogic
studies are not known in detell, and the unexposed control group of
people selected for comparison may differ significantly from the exposed
population in factors other than exposure to RFR. Most available infor-
mation is indicect because it is derived primarily from experiments with



animals and requires at least some extrapolation of species, field
characteristics, duration of exposure, and biologicsl effects.

Regardless of the particular line of evidence being considered,
certain concepts and constcaints affect the interpretation. 1In psr-
ticular, scientists dissgree over whether ap effect, especially one that
is reversible or compensable, constitutes a hazard. Furthermore, only
rarely 15 any particuler study subjected to confirmation by the per-
formance of an identical experiment by another investigator. More
often, an enalogous--but not identical--experiment is conducted with
the objective of clarifying or expanding the results of the initial
experiment. The second experiment ideally provides a better means of
incorporating the findings into the theory that underlies the body of
knowledge in & particular field of investigation, but it does not
necessarily confirm the cesults of the first investigation.

Still another consideration is also important: scientific findings
are probabilistic in nature, in that facts are known only to some level
of probability for a given population; the applicability of those facks
to a particular individual may be constrained. For example, the term
"median effective dose'" for a certain agent refers to the dose that will
elicit the response cheracteristic of thabt agent in one- half of the
exposed individuals. Before the dose is administered, however, one
cannot predict whether any specific individual will respond, elthough
the prediction that an individual will have a 50% chance of showing the
response is valid. 1In effect, the probabilistic nature of scientific
evidence means that no amount of scientific data can guarantee the
absolute safety of any agent for any individual or group of individ-
vals. Analysts disagree over whether the conventional scientific
approach, whereby an investigator finds or fails to find e statisticelly
significant {very low probsbility of chance occurrence) difference
between experimentel and control groups, is appropriste to considering
potential hazards to humans. The scientist’s statement that no statis-
tically significant differences between the groups are discernible is
not equivalent to the sbsolute stetement that there is no difference
between the groups.

Conceivably, agents may have effects that are bilologically real
but so small in magnitude that the difference in mean response between
experimental and control populations may not be discernible within the
scattering of values for both populations if the sample sizes are small.
Biological studies to detect such small differences and Lo show that
they are statistically significant (to a prespecified probability that
they are not due to chance) would require the use of large numbers of
animals and, in some cases, long exposure times. The expenditures in
time and money necessary to perform such studies may be so large that
sponsoring institutions with limited budgets often decide that such
studies are not cost-effective in terms of the sponsor's overaell objec-
tives. A frequent alternative is to predict effects at very low levels
by extrapolation from findings at higher levels, on the basis of assump-
tions about the mathematical relationship between the level (or dose)
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of Lhe agent and the degree of the effect. Such assumptions ace opan Eo
challenge. however, and this approach may lead to disagresment over the
possible existence of a threshold dose or dose rate below which the
agent has no effecks.

It must also be remembered that scientists have personal values,
goals, and abtitudes. 1t has been gaid that there is no such thing
as an vnbisgsed expert becouse becoming an accepted svthority involves
i pereonal commibtment over a period of time that leads to emphasis of
certain viewpoints. Thus, like probabilistic ecientific Findings.
objecbivity may well be charackeriatic of scientists as a group wlth=
gut neécessarily being chacacteriskic of any individual scientist.
Pergonial Biss can consciously ar unconsciously affect how the eaperi-
ment 18 designed, how the data ace interpreted, and pecticularly, how
the results ace applied to decision making. The last is egpecially
important when the decision to be made is in &an ares outside the
scientist's Field of expectisa.

Finally, scientific expeciments are usually restricted to Eha
evaluation of only one factor. In the real world, however, inter-
scLions ere Ffar more complex. The effect of combinations of factocw
18 illusktrated in the incidences of lung cancer in uranium misecs, which
i higher Lhan in the general population, presumably es & result of the
inhaletion of radicactive meterial. The extent of the incressed inci-
dence in nonemoking minerts i¢ marginmal, but miners who smoke cigareties
have & much higher incidence of lung cancer than either nonsmcking miners
et Lhe genecal population. Thu#, scientific evidence can only supply
probabilistic information that is relatively nesccow in its application
to the ceal worle,

C.4a ©Okther BEeviews

Repreésentative genecal reviews of the litecature on RFR bioceffects,
including several papers by Eastern European authors, are described
in Sectiom 1.7 of the RFi-bioeffects review, primarily ae background
matecisl. Although the conclusions of the authors of thosa reviews
were examined cacefully, it is important to aote that the corclusions
presented below regarding the constequences of human exposure to the RFE
from NEXRAD were doerived independently.

C.3 Pres=nt State of Knowledme Bepacdine Physical Effects
C.5.1 Inmteractions of BFR with Biolorpical Enkikics

Interactions of alectcomagnetic Flelds with biologlical entities are
often loosely charscterized inm the bioeffects literatuce a¢ “thermal” or
"nonthermal ," & wemga that has led to confusicn end conbroversay. There-
fore, it is appropriate sl this point to introduce working definitions
of these terms, with the récognitlion that the boundary batwesn these
types of imtecaction is not shacp-



The interaction of an ggent (e.g., RFR) with an entity (biological
or nonbiologlical) can be characterized as thermal if the energy absorbed
by the entity is transformed at the absorption site into heat. Heat
absorption, in turn, 1s defined in classical thermodynamics as either an
increase in the mean random speed (or kinetic energy) of the molecules
at the gite (8 local incresse in temperature), or as an increase in the
disorder or randomness of the molecular motion without an increase in
mean random speed (a first-order phase change, such as the process
involved in ice melting at 0 deg C), or both.

An entity can also absorb energy at specific discrete frequencies
in the form of energy packets or quants, each of which has an energy
proportional to one of the discrete frequencies. Although large numbers
of molecules can be involved, gquantum absorption is essentially a micro-
scopic phenomenon in that the constituents and configucrstions of the
vartous molecular species comprising the entity determine the specific
frequencies or characteristic spectra at which such absorption can
occur. The kinds of interactions involved are numerous and of varying
degrees of complexity. They include alterations of molecular orien—
tetions and configurations that do not change the basic identities of
the molecules, disruption of intermolecular or intramolecular bonds, and
excitation of atoms or molecules to higher electron states (including
ionization). Such interactions can be characterized as *short-range”
processes.

It is theorized that cooperative interactions also occur among
subunits of molecules within biological cells, in cell membranes, and
in extracellular fluids. Cooperative intersctions are often charac-
terized as "“long-range” because sbsorption of energy at one specific
site in a structure (e.g., in a membrane or in a biological maecro-
molecule) can affect 8 process elsewhere in the structure, or a function
of the structure as s whole can be triggered by the release of energy
stored in the structure, thereby producing biological amplification.

Conceptually, s8ll such quantum interactions cen be characterized as
“nonthermal.” However, if most of the energy thus sbsorbed is subse-
guently transformed locally into heat (as defined above), the distinc-
tion between nonthermal and thermal is blurred. Pragmaticslly, there-
fore, characterization of an interaction of RFR with a biological entlity
as nonthermal requires that the interaction give rise to a frequency-
specific effect that is experimentally distinguishable from heating
effects caused by thermalization of the absorbed RFR energy.

C.5.1.1 Thermal Interactions

Consider now the effects of continuous wave (CW) RFR on & human or
an animal. The relative magnetic permeability of most organic consti-
tuents is about unity. Therefore, thermal interactions {(as defined
above) can be described in terms of the dielectric, electrically con-
ductive, and thermal properties of the body organs, tissues, fluids, and
so forth, as well as the characteristics of the RFR (frequency, power
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density, polarization). Messurements of these properties hsve been

made for varjous mammalian tissues, blood, cellular suspenslions,

proteia molecules, and bacteria over the frequency range from ebout

10 Hz to 20 GHz. 1In the subrange from about 300 MHz to sbout 10 GHz,

the dielectric constent of such constituents as gkin, muscle., and blood
vary little with frequency; the differences in values among such consti-
tuents are lergely due to differences in water content. 1In addition,
electcical conductivity increases slowly with frequency in this subrange.

Because the index of refraction of any materisl is related to its
dielectric constant, RFR is reflected sand refracted at baundarvies
between regions of differing dielectric properties, such as at the
surface of a body (whether organic or inorganiec), for the seme physical
reagons as for light et a glass-air interface. Thus, RFR at normal
incidence to a relatively thick planar specimen is partislly reflected
at the surface, and the fraction of the power density entering the
specimen suffers progressive attenuation with depth becaugse of energy
absorption. The concept of "penetration depth” is often used. For
homogeneous specimens, the penetration depth ls defined as the distance
at which the electric-field strength is about 37% of {ts value or the
power density is about 14% of its velue just within the surface, and the
numecical values depend on the electrical properties of Lhe materiel.
Both the reflection ratlo and penetration depth vary inversely with
frequency. At 3 GHz, about 56% of the incident power density is re-
flected at the air-skin interface, and the penetration depths for skin,
muscle, and blood are sbout 1.7 cm (0.67 in.) and about tenfold larger
for fat. Thevrefore, the 44% entering the body passes through the skin
and its underlying fat layer into the muscular tissue with relatively
little attenugtion. At 100 kHz, the penetration depths of all consti-
tutents are quite large, but the reflection ratio is essentially 1. On
the other hand, at approximately 10 GHz and higher, a somewhat smaller
fraction of the incident power density than at 3 GHz is reflected, but
penetration is lsargely confined to the skin.

C.5.1.2 Dose-Rate Considerations

In the literature on bioeffects of RFR, thermal energy sbsorption
from aen electromagnetic field is usuaslly characterized by the SAR, which
is defined as the rate of energy absocrption per unit volume in 8 smsll
volume at eny locele within an entity, divided by the mean density of
the constituents in that volume. SAR is expressed in terms of W/kg or
mW/g (1L mW/g = 1 W/kg). The numerical value of SAR in any small region
within s biologicsl entity depends on the checacteristics of the incident
field (power density, fregquency, polarization), as well &s on the pro-
perties of the entity end the location of the region. For biologicsl
entities thet have complex shaepes and internal distributions of con-
stituents, spatial distributions of locel SAR are difficult to determine
oy experiment or by calculation. Thus, the concept of "whole-body SAR,"
which repcesents the epatisl average value for the body per unit of
!ncident power density, is useful because it is a guantity that can be
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measured experimentally--e.g., by calorimetry--without information on
the internsl SAR distribution.

Many investigators have celculsted or measured SAR for releatively
simple geometric models, including homogeneous and multilayered
spheroids, ellipsoids, and cylindecrs thst hsve weights and dimensions
approximately representative of various species, including humens. An
important result of this work is that the largest value of whole-body
SAR is obtained when the longest dimension of each kind of model is
parellel to the electric component of a linearly polarized plane-wave
field and when the wavelength of the incident RFR is about 2.5 times
the longest dimension. The adjective "resonant" is often applied to
the frequency corresponding to this wavelength. The resonant value of
whole-body SAR for each model is also inversely dependent on the dimen-
sion perpendicular to the polatvizetion direction (and propagation direc:
tion) of the field; i.e., the model has characteristics somewhat similar
to those of & losesy dipole antenns in free space. Resonances would also
occur for circularly polarized RFR. Such RFR can be resolved into two
mutusally perpendicular components, each having half the total power
density. Therefore, an entity exposed to circularly polarized RFR would
have lower resonant SAR vaelues than it would have if exposed to linearly
polarized RER.

Based on prolate-spheroidal models (end linearly polarized RFR),
the resonant frequency for an '"average" man, approximately S ft 9 in.
tall (1.75 m) and weighing about 154 1lb (70 kg) 1s about 70 MHz; at
this frequency the mean SAR is about 0.2 W/kg for 1 mW/em? incident
power density, or about 1/6 of his resting metabolic rate, or about
1/21 to 1/90 of his metabolic rate when performing exercice ranging
from walking to sprinting. An alternative interpretation of this mean
SAR vsalue is that exposure to 1 mW/em? for, say, 1 hr would produce a
mean temperature rise of about 0.2 deg C in the sbsence of any heat-
removal mechanisms. However, actual temperature increases would be
lower or even zero because physical heat-exchange mechanisms (conduc-
tion, convection, radiation) are always precsent, and for mammals (and
other warm-blooded species) these mechanisms are controlled by thermo-
regulatory systems.

Similarly, the resonant fregquency for an "average" woman sbout
S ft 3 in. tall 1s about 80 MHz, and her mean SAR is asbout the same as
for the sverage man. The reconant frequency of & 10-year-old ie about
95 MHz,; for a S—-year-old, about 110 MHz; and for a l-year-old, about
160 MHz. The mean resonant SAR values for such ¢hildren are sbout
0.3 W/kg for 1 mW/cm?.

If & model human were to be standing on a wet surface or near other
electrically conductive surfaces (reflectors), the resonant frequency
would be lower and the mean SAR (at the lower resonsnt frequency) would
be higher. However, because the values of incident power density from
NEXRAD at ground level are much lower than 1 mW/cm? end its opera-
tionsl frequencies are considersbly higher than the resonant frequencies



in either the &bsence or presence of nearby reflecting surfaces, no
changes lo body temperature would be expected.

The foregoing discussion of mean SAR also largely appliss to pulsed
EFE {and ather types of modulated RFR) at corcesponding carciar Fréguen-
cies and time-averaged imcident power densities. (Howsver, as discussed
in the next section, interactions of OF and pulsed EFE wikth bBlological
entities differ in several ways. )

kn sarly, very significant finding for sphérical models of the
isolated head assumed to be exposed to plame-wave RFE was the discovery
of loedl regions of relative maximum SAR values. The locakions of such
regions depend on the size of the head, the electromagnetic charackteris-
tice of its layers, and the wavelength of the incident fleld. These
regions have been conveniently dubbed "hot spote,”™ even for ¢combimatioms
of incident power density and exposure durabtion that wouwld produce blo-
logically insignificant temperature inccreamses at esuch spote. Peértinent
hok-gpol data are ghiven in the RFR-biceflects review.

Resulks of theoreticsl amalyses of SARs have been verilied experi-
méntelly. Physical models of simple geomstcy or in human- or enimal-
figurine shape were constreckted from synthetic bBiclogpical makerials that
have approrimekbely the came electromagnetic chersctecistics as kthelr
corcesponding blological constituents; the models were then szposed to
gufficient power densities to obtain resdily measurable temperasture
increnseés, which were méesfured immediately after ircadiaktion.

Among the gqualitakive results of general intecest obtalned with
human figurines are that, at Frequencles near resonance, the local
fields c¢am be much higher for certain regions such as the neck and
groln than for other body locations, and thet fisld distribuotionz for
nonprimates differ greatly from those for primates. The latkter point
ghould be given proper coneideration when one endesvors Lo extrapolate
axperimental biceffects findings on any laborstory animal species to
humans or to compare aXpecimental results on one laboratory species with
those on another species. However, the NEXEAD frequencies are much
higher than the human cesonance values {(e.g., 70 MHz for the model
average man} and the corresponding mean SAR values (per mw/cm?) are
considerably lower than the resonence values {e.g.. sbout 0.0 Wikg at
3 GHz wversus 0.2 Wkg at 7O MHz). Consegeently, local temperature cises
in body regions such ez the neck and groin would be negligible.

¢.5.1.3 Quaptus Tnterscticps epd Nonthermel Effects

For short-range quantum interactions {(as defimed inm Sectiom $.5.1)
of CW RFR, the digscrete frequencies are im the infrared range from about
19,000 ko 2,400,000 GHz, and the lower end of thiz cecge i3 about &, 000
timas higher then a4 quantum of RFR at 3 CHr. Conversely, the guantum
energy of 3-GHz radiation is too low {by the same factor or morel for
such interactlons. Therefore. the existence of aonthecmal blologhical



effects of CW RFR ascribable to such short-range molecular interaction
mechanisms is extremely doubt{ul.

It has been logically postulated that cooperative or long-cange
quantum processes in biological entities (or the functions resulting
therefrom) could be sltered by exposure of the entity to external fields
of magnitudes that do not produce heat as the primacy or initial product.
Much research has been done with models of cellular membranes. In
general, the results indicate that cooperative processes have activa-
tion energies or exhibit resonant frequencies that can be much lower
than those for short-range interactions.

The mean thermal energy corresponding to the physiological tempera-
ture 98.6 deg F (37 deg C) is sabout 0.027 eV, with a classical spectral
distribution sround a maximum at 6,500 GHz and encompassing the frequency
range for cooperative processes. Therefore, as & counter-argument to
the manifestation of such nonthermal effects, & question has been raised
whether these effects would be distinguishable from those that are
spontaneously induced thermally in vivo. Alternatively, separsation of
such RFR interactions from those thermally induced may require that the
rates of occurrence of the former exceed the rates for the latter. This
requirement implies that for manifestation of such effects of RFR, the
intensity of the incident field must exceed minimum values or thresholds
related to the specific processes.

Because predictions from various theoretical models and related
considerations conflict to & significant extent, the issue of whether
weak external fields st frequencies well below the infrared range (i.e.,
RFR) can alter biological processes is not yet resolved. However,
increases and decreases of c¢alcium-ion binding to cell membranes due
to weak external RFR, & phenomenon called "calcium efflux," has been
ascribed to alterations of cooperative processes by such fields. This
phenomenon is discussed in Section C.6.5.2.

C.5.1.4 Interactions of Modulated RFR

Precise usage of the term "CW RFR" implies the presence of only
a single frequency (and unvarying incident power density). Because of
the time variations of power density and/or frequency in modulated RFR,
possible biological effects ascribable to the modulation characteristics
per se rather than to the time-averaged power density must also be cobn-
sidered, such as the calcium--efflux phenomenon, which was reported for
SO-MHz, 147-MHz, and 450-MHz RFR modulated at sub-ELF (extremely low
frequencies) but not for unmodulated RFk at these carrier frequencies.

Periodically pulsed RFR constitutes 8 particular type of amplitude-
modulated RFR in which the pulse repetition rates are the primary modu-
lation frequencies. Biological effects ascribable to moduletion frequen-
cies per se (as distinguished from those due to individual pulses) have
been postulated.



C.5.1.5 1Interactions of RFR Pulses

The interactions of individual RFR pulses with an entity (biolo-
gical or nonbiological) are anzlogous to those of mechsnical impulses,
an impulse being defined as the sudden application of & force to an
entity for a brlief time interval, resulting in an abrupt increase in
momentum. The total energy imparted to the entity depends on the
magnitude of the force and the duration of its application. The inter-
action can be characterized as nonthermal or thermal, depending on the
properties of the entity that determine the disposition of the energy.
The impact of a piano hammer onrn a string, which excites the string into
vibraetion at its discrete resonant frequencies (the fundemental fre-
quency and integer-multiples thereof or harmonics), is an example of an
essentially nonthermal interaction as defined previously; most of the
energy 15 transformed into sound, which is converted into heat elsewhere.

A sudden blow to an entity such as a block of material having a set
of resonant frequencies that are not necessarily harmonically related to
one another will excite many of these freguencies; this illustrates the
principle that en impulse containe a broad spectrum of fregquencies. The
results of an impact on & church bell can be characterized as nonthermal
for the same reason as that given for the piano string. By contrast, the
effects of a blow to a block of lead or asphalt are essentielly thermal;
even though some sound is produced, most of the energy is converted into
heat on the surface of impact.

The temperature increase of any given region within & biological
entity due to the arrival of a single RFR pulse would be small, because
of the relatively large thermal time constants of biological materials
and the opersation of heat-exchange mechanisms. However, if the region
contains a boundary between layers of widely different dielectric
properties, then the temperature gradient (rate of temperature change
with distance) can be large at such a boundsry even though the mean
temperature incresse in the region is small.

One single-pulse effect known to occur in humans is the phenomenon
of "microwave hearing” discussed in Section C.6.5.1, or the perception
of single or repetitive short pulses of RFR as apparently sudible clicks.
The interaction mechenisms involved are not yet completely understood.
However, most of the experimental results tend to support the theory that
pulse perception occurs because the electromagnetic energy is transduced
into sound pressure waves in the head at a boundary between layers having
widely different dielectric properties (e.g., at the boundary between
the skull and the skin or the cerebrospinal fluijd). The energy in a
pulse arriving at such & boundery is converted into an abrupt increase
in momentum that is locally thermalized, producing a negligible volumet-
ric temperature increase but a large temperature gradient across the
boundary. Under such conditions, rapld local differential expansion
would occur and create a pressure (sound) wave that is detected by the
auditory apparatus. This effect is often chsracterized as nonthermal
because the power density averaged over two or more pulses can be minus-
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cule. Specifically, the time-averaged power density for two succes-
sive pulses is inversely proportional to the time interval between the
acrrivael of the pulses at the perceiver, and this interval ¢an be 1in-
definitely long without affecting the perception of each pulse. There-
fore, the time-sveraged power density has no relevance to perception.
Irrespective of how the RFR-hearing phenomenon is chacacterized, the
significant point 1s that the preponderance of experimental evidence
indicstes that the pulses are converted into actual sound in the head,
rather then perceived by direct RFR stimulation of the auditory nerves
or the brain.

As discussed in Sections C.6.5.3 and C.6.6, puleed RFR has been
tepocted to pcoduce other effects, such as altecations of the dlood-

brain barrier snd behavioral changes.

C.5.2 Exposure Systems and Instrumentation for RFR Bioefferts Research

Much of the early laeboratory research on kFR bioeffects suffered
from lack of adequate systems for exposing the biological entities undert
study and lack of accurate technigues and instrumentation for measuring
incident fields and/or datermining enecgy absocvption cates within such
entities. The environmental characteristics of the exposure systems
were often ingdequately characterized or contcolled. In addition, the
instrumentation was “requently incorrectly used, or wes the source of
significant ervors in numerical values or of spuriovs biological find-
ings (artifackts) traceable to perturbations iatroduced by the presence
of the sensors. For these reasons, meny of the early recsults should be
viewed as questionable, at least from a quantitetive standpoint. During
recent years, however, major advances have been made in spezialized
exposure systems and in instrumentation for determining incident-field
intensities for biological research and for detecmining energy-absorption
rates within biological entities. These developments are discussed in
Sections $.2.7 and 5.2.2 of the RFR-bioceffects review.

C.6 Present State of Knowledge Regarding Biclogicel Effects

C.6.1 Epidemiclogy

Epidemiology, as used in the context of this document, refers
to studies of whether one or more health-related conditions can be
associated statistically with purported or actual exposure of humans
to RFR (in contrast with assessments based on extrapolation fcom data
on animals to humans). Epidemiologic results tend to be based on
imprecise estimates of exposure characteristics (frequency, power
deansity, and duration). The extent to which the control grcup matches
the exposed group 1s sometimes open to gquestion. Because wmatehing of
all relevant factors except exposure is the basis for concluding that
any observed differences between groups are related to the RFR exposure,
selection of an appropriate control group is critical. Despite these
limitations, such studies do provide almost the only information
available ¢~ possible effects of actual RFR exposure in humans.



A group of report: Wie selected for review [rom the litecrsturse in
the Unjted States, Poland, Czechoslovakia, and the USSE, These reports
provide & representative sample of the kinds of information curreatly
available.

The U.5. Embacsy in Moscow was subjecled to EFR froom 1933, tha year
aftec the Unlted States moved its chancery to Chekoveky Street, until
Febraacy 1977, Within rooms having the highest RFR levels {(rooms with
windows or doors in outside walles toward the frradiation sourcesd, Ehe
average power densitles were tfpltlll; aboul 0.004 mW/em? within 2 ft
of a door or window, and 0.0025 mW/cm® elsewhere in the room. The
highest power density reporbed was 0.024 i..r.r.:mi, which sccurred in ong
room during & Z2-hr pericd of unusual signal strength on 24 January 1976,

A gludy was made of the haslth of U.5. personnel assigned to Lhe
Hoscow embassy during the peciod frem 1953 bo 1976, compared with the
health of Ehosé sssigned to ether U.5. Eastecrn Buropean embassies. The
investigatacs noted seversl limltations of the study but were able Lo
conclude thakt Lhere weres no discernlble differences batwoen Ehe Moscow
end control groups in total mortality or morLality from specific causes,
nor were there differences in mortality between Lhe Moscow and control
groups of depenanb childcen or adults.

In & study published in 196% of the causes of mongolism in U.5.
children, an apparent correlation was Found betwsen this inherited
condition and exposure of the fathers of affected children to RFE
before thelr conception. However, in & later gtudy (1977) in which
the eriginal study of 216 children was ezpanded te 344 childeen with
mongolism, each matched with & normal child of the same sex born ak
about the seme time and whose mother was about the same age, no such
cortelation was found. Thus, the earlier conclusion, based on & smaller
sample, that exposure to EFR contributed to mongoliem in offspring, waE
not conficmed. WNo quantitetive sssessment of the extent of the fathers®
&XpoEUCes wWid possiblae.

The causes of mortality in personnel who had served in the U.§.
Hivy during the Korsan War were monitored in an attempk to astablish
whether exposure Lo EFR is associabted with causes of death or with life
expectancles. By 1977, the recocds of about 20,000 decessed vetervans
whose military cccupational titles indicsisd mére probable sxposure Lo
BRFE had been compared with the records of an approzimstely egual number
of lese-exposed veterans. MNo quantitative exposure dats were avajl-
able. Mo differences between groups emerged in overall moctelity rates
of in the rated for about 20 epeciflc categories of cause of death.
Howaver, death rates differed slgnificantly for bwo categorie=: dasath
rates from arteriosclerotic heart disessge were lower and those from
trauma were higher in the BEFR-exposed grouwp. The toauma cabtegorcy
included military sircraft acecidentz, and & higher proportion of the
axpoged group had become fliers. It therefore appeacesd wvnreasonable ko
atteibute the higher btrauma death cate to goeater previous EFR exposure.
Ovarall death rates for both groups were lower than those fof the general
U.5. population of the same age,



The incidences of fetel enomelies and fetul death rates reported
in birth records for white children born in the vicinity of the Army
Aviation Center at Fort Rucker, Alabama, betwcen 1969 and 1972 were
evaluated in & series of three reports. Fort Rucker is of interest
becavse of the concentration of radsc units on or near the base. Taken
together, these reports identify unusually high incidences of certsin
fetal anomalies and high fetal death rates in the two counties edjacent
to Fort Rucker as compared with the corresponding statewide Alabame
statistics, and at the Lyster General Hospital (Fort Rucker) as compared
with other military and civilian hospitels. A high incidence of fetal
death at the Eglin AFB Hospital is also reparted, but no further mention
156 made of the Eglin data in the remainder of the report. However, there
was 8lso evidence that these high rates for Iort Rucker could not be
attributed specifically to the unguvantified radar exposures at or near
fort Rucker on the basis of the birth cecord data: Coffee and Dale
counties ranked only sixth and eighth for enomaly incidence among the
67 Alebsms counties; Lyster Hospital's anomaly and fetal death rcates
were not significantly higher then several other comparsble '“non radar”
hospitals in Alabama gnd were in the range of values predicted from
cacvefully coatrolled studies done in other stetes. The tresidences of
mothers bearing anomalous infants were not clustered near radar sites,
but many of Lhe anomalies reported at Lyster occurred over a small time
period, indicating a high snomaly-reportirg rate for one or two physi-
cians on the Lystec staff.

In 1971, a report was published on the vesults of & battery of
medical evaluations carried ouvt on SB employees of Czech television
transmitter stations. Exposure frequencies were estimated to range from
48.5 to 230 MHz at field intensities equivaelent to O to 0.022 mw/cm2,
with & mean exposure duvrstiaon of 7.2 years (10.6 hr/workdsy}. Electco-
cardiograms, heart and lung X-rays, standard blood tests, urinalyses,
and liver function tests were conducted, as well as ophthslmologic,
neurologic, gynecologic, psychiatric, and psychological examinstions.
The only statistically significant finding was that the mean plasma
protein levels were higher than “nocrmal” values taken from the 1lit-
erature, a8 €inding that the author desccibes as .iexplainable. The
appropristeness of the uvse of literature control values is highly
questionable.

In a lster study (1974) by the same investigators, the effects
of RFR on blood protein levels were reexamined. The authors indicated
that the only difference between exposed snd control groups was that the
menmbers of the exposed groups hed worked irregular shifts, whereas more
than helf of the control grcoup had worked o:ly morning shifts. The
cesults for both groups showed that the individual levels of blood pro-
teins and theiv fractions were within nocmael physiologic limits, but
statistically significant di{ferences were found betwran mean values for
the exposed and control groups.
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In pur oplnion, the ebsence in either study of & conteol group that
had cecelwed victually no EFE ezposure renders guestionable an inbee-
Frqt]l:.l.i;ll'l that eny diflferences [wvund were doe Lo BEFE ezposture. It is
likely that the altered values of blood proteins (which were within
normal limiks) were caused by other factors.

A 197% report by amobther lovestigator im Crechoslovakin war an
sridsiment of workers exposed to EFE at 1-150 MHz, 300-800 MHz, or
3-30 GHE, with power denslties, where specifiesd, of 0.1 te 3.3 mF em®
depending on their particular cccupstions. Changes weres reporkted in
brain wave pattecrns end In blood sugar, proteins, and cholestecol levels,
a5 compared with those in administretive (nonexposed) personnel.

The wuthors of a 1974 paper from Poland compared the health status
and fitmess for work of 307 persomns occupationally exposed to pulsed RFR
dxceeding 0.2 m/ cmé everage power density (other EFR characteristics
not specified) with & group of 334 workers st the seme installations
exposed to less then 0.2 sW/em?., Clinicel tests included ophthal-
mogcopic and meurclogic examinations, supplemented by psychologlical
tegts and zlectroencephalograms (EEGs). No statistically significant
differences between the two groups were found. 1In our opinion, the lack
of more definktive BEFE esxposure data witiates, but does not invalidate,
the negative findimgs of this study; i.e., the results provide no evi-
dence for RFE-ipduced effects on the health status of either group.

In a USEE paper published in 1974, the authors reported thai Lheic
clinical examinations of a group of specielists working with RFR geneca-
tocs in the &0~ to 200-MHz range for 1 to 9 years showed occurcencas of
functional thanges im the central nervous gystem, deccribed &s vege-
tative dysfunction saccompanied by neurasthenic symptoms. No organmic
leziong were Found, but among the many specific changes ceported were
deviations in the physiochemical and functienal properties of erythro-
cytes and leukocytees (red and white blood celled. The authors also
condugsbed sxperiments with human volunteecs and reported Functional
changes in Ehe thermoregulatory and hemodynamie systems and in the
thermal, optical, and suditory "analyzers.”™ However, no EFE intensity
values were given for either the specialists or the volunkeers; mosk of
the findings were presented in narcative form, with no sctual datas; and
the nature of the conbtrel group studied was not described. Consequently,
this paper provides 1little basis Ffor affirming or denying the occurcence
of poseible adverse effects of occupational exposure to RFR.

Another Soviet investigator presented clinical observabions on the
heslth status of two groups of USSR RFE workers., Those in the first
group §1,000) wers exposed bo up Lo a fow muf:mz, whereas those in Lha
second (180) were exposed bo values rarely ezcesding several hundredbhs
of a me:n?. both at unspecifled "microwave" frequencies., A group of
200 people of compardble beckgrounds bubt presumably oot exposed Lo RFR
gerved as controls. Sixteen kinde of symptoms were reported, including
fatigue, irritability, sleepiness, partial lose of memory, lower heart-
beat rates, hypertension, hypotension, cardlec paln, and syebolic muemur.
In the higher-power-density group, the indices For 5 of the 16 sympboms
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wers higher thean those in the lower-poweer-denglty growp; they were lower
for 9 symptoms and about the same for the remaining ¥. Lncidesces in
the control group were lower than those in elthee siposed group for 15
of the 16 symptoms.

Several spidemioclogic studies have been performed in the United
States to ascertain whetheér chronle exposure to EFR could cause
cataracks. As reported In 1941, eye defects were sought in & group
of 47% persone who wore believed to have been exposed to EFE at 11
military and nonmilitary sstablishments; & group of 359 persons served
as controls. The investigators found & slight bub statlstically signi-
ficani diffecence in defect scores between the two groups, bul they
expressed some doubt rogarding the full validity of the scoring method
used.

A 1965 report by severasl of the same investigators discusses the
axamination of Welerans Administration Hospital records of 2,986 Army
and Air Force velerans of World War II and the Korean Wear who had been
treated for catacacke. A control sample of 2,168 veterans was seleckted.
on the basis of milltary occcupational specislties, they classified sach
individual &8 & radar worker, & noncadar worker, or one whose specialty
could nol be discerned. In the radar group, they found 19 individuals
with catacacts and 2,625 individuals without cataracts; im the noncadac
group, 21 individuals had cataracts and 1,935 did not. (The remaining
510 subjects ware in the unspecified occupational category.) Thase
diffecences betwesn bthe radar and noncadsr groups are not statisbically
gignificant,

Im 1984, thewe investlgalors ceporbted on statistical analyeis of
the cecords of 7386 microwave workers and 539 coptrols for minor lens
changes, using & ecoring range from O to 3. They reporbed bthat the
defect scores Inereased with age for persont in both groups, but that
the avecage score for the microwsve group was significantly higher than
for the control group. They suggested that this finding is an indica-
tion that exposure to KFR may have an aging effeet on the lens, However,
no cabtacacts or decceases in visual aculbty were found.

In & study published in 1973, which covered a period of 5 years,
military personnel identified as having been occupationally ezposed to
RFR from reder and communications systems were matched as closely as
poieible in ege and sex with other militacy personnel on the sams bames
who had not beesn occupatlionally exposed. Several ophthalmologliste in-
dependently examined exposed and control persomnel (without knowledge of
the group Lo which esch individual belonged) for opacities, wescuoles,
and posterior subcepsular lridescence, taken as diagnostic precursors of
catarackts. Eich precursor wis scored as elther present or abseab in
#sch Iindividual, and the binary data thus cbtained were used for
skatistical snelyses by age group and numbers of persons per age E[roup.
The results indicated that more people in older age groups exhibited
these precursors, but the pocled data from several Army installations
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showed no statistically sign!iicant differences between exposed and
control groups.

As in other epidemiologic studies, the accuracy and detail of the
exposuce histories {(frequencies, intensities, durations, and so on)
taken for either the exposed or the control groups in these three oculsr
studies ere difficult to determine. However, the exposed groups quite
likely did teceive more RFR exposure than the control groups.

Tn summary, none of thsse U.S., Polish, sad Czechoslovakian epide
miologic studies offers ciesr evidence of detrimentsl effects associated
with exposure of the genersal piopulation to RFR. However, the Soviet
findings, which sre consistent with the voluminous, early Soviet lit-
erature, suggest that occupational expoaure to RFR at average power
densities less thsan 1 mW/cm? does result jn various symptoms, par-
ticularly those associated with dysorders of the central necvous system
(CNS). Because the USSR symptomatology has not been reported in Western
studies and because of the marked diffecvences between Soviet and Western
publications in the procedures used for reporting data, any prediction
of possible RFR hezards based on the USSR epidemiologic studies would
requice acceptance of these Soviet findings st fece value. We conclude
that, taking all of the epidemiologic studies together, the results do
not provide evidence that the RFR from the NEXRAD system will be haz-
ardous to the genecal population.

C.6.2 Mutagenesis and Cancer Induction

One frequently expressed concern about RFR is thet it may cause
mutations. Mutagenesis and cancer ianduction asce ¢onsidered to be
telated, end indeed many chemi~als are screened for potential cancer-
causing pcoperties by using bacterial mutation tests. Several studies
€or mutagenic effects have been carcied out on bacteria, yeast, and
fruit flies (standavd test systems for mutagenesis). All of these
studies failed to demonstcate a mutggenic effect. No mutations attri-
butable to RFR exposure were found.

Another standard test system for mutagenesis is the so-called
dominant lethel assay in which mutations vresult in the death of the
embryo. Two studies in mice (both done by the same investigator at
approximately the same time) gave marginal positive evidence of muta-
tion. Cettain aspects render these findings dubious, however. First,
there was a large difference in tt: incidence of neturslly occucring
mutations between the two studies. By comparison, exposuce produced
very small increases in the incidence of mutations. Tf the value given
for the natuorel incidence shows large variability from one study to the
next, it is likely that an uncontrolled factor rather than RFR caused
the observed mutations. Second, the mice used were anesthetized during
exposure. Anesthesia in mice blocks the normal mechanisms for control
of boly tempereture. Tempereture rise in the testes of exposed mice
might have been higher than if they were unanesthetized. B8Because heat



is known to be mutagenic in such tests, any true mutations may have
rasulted From ovecheabing of the testes.

Another study of dominant lethal mutatlons, In unanescheblized cabts,
failed ko Find evidence of mutagenic effects. However, bemporarcy
sterility, as indexed by fewer pregnancies, was seen at power denslties
of 28 mW/em’ but not at lower power densities. The 28-mW/cm? level
caused a significant imcrease in rectal and intrcatesticuler temperatures.

Studies have been carcied ocut on the effects of RFRE axposuce on
the structure of chrormosomes inm cells. The occcurcence of chromosomal
abercekbions is considered as indicatinmg the possiblility of genstle
effects but not ac absolute proof of such effects. In one study on
garlic rook tips, chromosomal aberrations were found, but the descrip-
Lion of Ehe exposure conditions was only sketchy. Power density could
have renged az high as &00 mW/em?.  Another study involved Chinese
hamgter cells and human amnion cells. Exposuce to BEFR did not induce
abercations. In another study, elfevls were seem in human lymphocyte
calle, bubt only at power densities of 20 m@/em?. Tn still snother
sbudy, effects were seenm in Chinese hamster cells ceportedly exposed to
200 and 500 nufnm?, but these power densities likely were ifcocrect,
casbing doubt on the conclusions of the study. Two other studles in-
vestigated effacks of REFE on sister chromatid exchange in Chinese hamster
evary calls and bone marcow cells of mice. Production of sister chroma-

tid sxchange was not related to EFR exposure.

Two papers reported studies on the effects of RFE on mechanisms
invalved in the repalr of cellular deoxyribooucleic zscid (DMAY. After
ulbraviolet was used to damage DHA of normal husan fibroblaszts, EFR
causad no altersblion in the DMA repair process. Similarly, Jhen mice
wore brested with streptozocin, & mubtagenic/carcinogenic ageat known Lo
demages the DMA in rodent liver cells, exposure Lo BFE did not alter Lhe
level of DNA reprir.

ong paper has claimed an assoclation belween EFE exposure and
cancer incidence. The study Involved chronic daily exposure of mice
ko brief, high-pover-densibty BEFE. An increese ion leukemis was claimed.
Resxamination of the study indicates that It waz improbable that the
léucosie {an increases in the number of white blood cells) observed was
gctually levksnia.

Two other etudies of chronle irradiation of mice and rats showed no
affects of the sxposure on & variety of general indications of health or
on the occucrence of cancer.

In summary, all of the studies on mutagenic and cytogenetic effects
of EFRE expogure ceviewsd here indicate that the effects Found are
probably relaked to heabling. Ground-level power densities from MEXRAD
are lncapable of producling significant heating. Thece i no evidence
that such low power densltles are likely to cause mutagenic effects. In
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addition, a report clalming that RFE exposuce has increased the 1nch-
dence of cancer does nobt stand up to crliticel feview: Qb does not
provide evidence that exposure to RFE is likely Lo cause cancer, Other
etudios have failed te Eind an effect of BFR exposure on the general
haalth of the cxposed animals oc on Lhe cecurcence of cancer.

C.6.) Studies on_Terstogenesis ard Developmental Abpnormalities

Teratogenssig in humans is the production of walformed infants by
Processes effecting their developmenl in the womb, The term “develop-
mantal abnormaelities” &s used here refers Lo processes affecting the
development of infents after bickh. Teratogenic and developmental
abnormalities occur naturally at s low rate in most animal species, and
celetively litile iz kncwn ebout their cavse. 1In & few cases, however,
epecific agents have been shown bto cause significant teratogenic offects;
hence, the possibllity of teratogenic effeckts From RFE is an appropriale
matter of public concern.

Terstogenic studies with BRFE have used a vaciety of animal models,
One set of studies was performed on pupae of the darkling beetla,
Tanebeio moljler. Several reports from different laborabories stated
that celatively low levels of EFR would produce developmental abnerma-
lities im the pupae. A follow-up study in one of Lhe lasboratories, how-
aver, repotlied thet the number of developmential snomalies depended on
such fectors ar the source of the larves and Lhe diet fed to them before
Lhey entered Lhe pupel stage. This stedy alse reporiled LRat production
of developmenkbal snomalies under worst conditione reguiced exposure for
? hr at a mean SAR of 54 W/kg (approximately equivalent to 192 mwW/em?).

Japanese -queil eggs were exposed ko 7.45-CHz OW RFE alb § m /e m
(SRR of about & W/kg) for 24 ho/day during the first 12 daye of develop-
menk. The investigators Found no grozs deformities in the queil when
guthanized and examined 24-3& hr after hatching, &nd no sigaificant
differences in tetal body walght or the weights of the heart, liwer,
gizzard, adrenels, and pancreas betweon RFR- and sham-cxposed groups.
Blood tests showed statistlcally significant higher hemoglobin (com-
taimed in red Blood cells and inporkant in oxygen transpert) and lower
monocyte (A& form of whikte blood cell)d counts im the EFR-oxposed bicds,
but ne diffecences in tha other bklood parametecs. The differences in
mean temperalure from ogg to egg In the REFR-gzposed arrayd were as much
s 0.5 deg C, rendering it difficult to egsociste these positive find-
ings with RFR per s&. In another study by the same investigalors, groups
of eggs ware similacly axposed and the birds woere reared for 5 wecks
after hatching. No significant differences in mortality or mean body
weights at &4 and 5 weeks were fiund between HFE- gnd sham-exposed groupd.

Teratogenle effects of EFE have been reporbled in several studies in
mica and tatd, Iin an early major study, pregnent mice wére exposed on
day 8 of pregnancy (gestallion) to Z.45 GHz RFR at 173 nW/em? for 2 Lo
5 min, corresponding to doses in the renge 3-8 calsg. On gestelional
day LB, the litters were sxamined for resorplticone, and for dead, stunted,
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malformed, and apparently normal fetuses. No ebnormalities were reported
at doses less than 3 cal/g, which correspond to about 25 to 30% of the
lethal dose for these animals. At doses above 3 cal/g, some abnorma-
lities were obtained, notably exencephaly, a disorder in which the skull
does not close and the brain is exposed ("brain hernia”).

In another investigation, pregnant mice were exposed to 2.45-GHz RFR
for 100 min daily on gestational days 1 through 17 at 3.4 to 14.0 mW cmz,
or on gestational days 6 through 15 at 28 oW cm?. Control mice were
sham-exposed similarly. All mice were euthanized on day 18 and their
uteri were examined for the number of resorbed and dead conceptuses and
live fetuses. The live fetuses were examined for gross structural
alterations and weighed. Ten types of anomalies were tabulated by the
numbers of litters affected. A total of 27 of the 318 RFR-exposed
litters, irrespective of power density, had one or more live abnormal
fetuses, versus 12 of the 336 sham-exposed litters. For most of the
individual anomalies, the numbers of litters affected were either too
small for statisticel treatment or no RFR-related pattern was apparent.
The mean live fetal weights of the litters exposed at power densities of
14 mwW/cm? or lower were not gignificantly different from those of the
cortesponding sham-exposed litters. The latter finding was confirmed in
a subsequent study by these investigators. In addition, some of the
mice exposed at 28 nW/cm? were permitted to come to term, and the mean
weight of their offspring at 7 days of age was found to be about 10%
less than that of control mice. However, there were no differences in
survival rate between RFR-exposed and control offspring.

Other studies with pregnant mice at sublethal exposure levels
yielded both comparable and conflicting results, presumably because of
differences in experimentsl apparatus and procedures, but no evidence
that doses less than 3 cal/g or power densities less than 1 mwW/ cm?
are teratogenic.

Several similar studies were conducted with pregnant rats. 1In a
representative recent study, 70 rats were exposed to 2.45-GHz CW RFR for
100 min daily on gestational deys 6 throuph 15 at 28 mwW/cm? (estimated
SAR of 4.2 W/kg). The mean colonic temperature at the end of each ex-
posure period was 104.5 deg F (40.3 deg C)., A grcoup of 67 rats was
similarly sham-exposed. No significant differences between groups were
found in: pregnancy rates; numbers of live, dead, or total fetuses;
incidences of external, visceral, or skeletal anomalies or variations;
or body weight of live fetuses. The investigators surmised that this
lack of an effect may hold true at any exposure level less than that
which will %ill a significant number of the dems by hyperthermia (colonic
temperature greater than 40 deg C).

In an investigation under way, 10 rats were exposed essentially
continuously for 16 days to 2.45-GHz pulsed RFR with a pulse duration
of 10 us and 830 pps. The average power SAR was held constant at
0.4 W/kg. Ten other rats were sham-exposed. 1In the two series of
exposures performed thus far, none of the rats was allowed to come to



term. Instead, their uteri were removed and examined. 1In a preliminary
analysis of the data, no gross visusl or histological aebnormalities or
differences in number of offspring between the RFR and sham-exposed
groups were evident.

In a study designed primarily for seeking possible effects of
chronic RFR exposure on mothecr-offspring behavioral patterns and the
EEG, 33 female squirrel monkeys were exposed nesr the beginning of the
second trimester of pregnancy to 2.45-GHz RFR at whole-body SARs of
0.034, 0.34, or 3.4 W/kg (the last value equivalent to about 10 mW/ em?
of plane-wave RFR) for 3 hr/day, S5 deys/week, until parturition. Eight
pregnant monkeys were sham-exposed for the same periods. After parturi-
tion, 18 of the RFR-exposed dams end their offspring were exposed to RFR
for an additional 6 months; then the offspring were exposed without the
dams for enother 6 months. No differences were found between RFR- and
sham-exposed dams in the numbers of live births or in the growth rates
of the offspring. The major difference between RFR- and sham-exposed
offspring was that four of the five exposed at 3.4 W/kg both prenstally
and after birth unexpectedly died before 6 months of age, but the
morlality values were too small to place much confidence in statistical
inferences. A follow-up study of mortality per se, which involved
sufficient numbers of squirrel monkeys for adequate statisticsl treat-
ment, did not confirm the RFR-induced offspring mortality results.

In summary, the studies showing demonstrable teratogenic effects
follewing exposure to RFR have involved power density levels that sre
capable of producing a significent heat load in the animsls. In general,
the results indicate that a threshold of heat induction or temperature
increase must be exceeded before teratogenic effects are produced. Be-
cauge the heat-load increase in humans from RFR exposure at the avetvage
power densities of NEXRAD will be very small relative to the normal meta-
bolic rate of about 1 to 2 W/kg, terstogenesis in humans from such expo-
sure is not likely to occur.

C.6.4 Ocular Effects

The fear that RFR can cause cstaracts is a recurcing theme in
newspapers and other popular media. Indeed, based on many investi-
gations with animals by various researchers, it is undoubtedly true
that if a person’'s eyes were exposed to intensities high enough to
elevate the temperature of the lens by about S5 deg C (9 deg F) or more,
the lens would guickly suffer damage. The lens is the region of the eye
most vulnerable to RFR because other regions have more effective means
of heat removal, such as greater blood circulation, evidenced by much
smaller temperature elevations in these regions than in the lens at the
seme incident power density. Therefore, the basic controversy regarding
ocular effects is centered on whether exposure to much lower intensities
(1.e., to power-density levels that would produce much smgller lens
temperature elevations) for long periods of time, either continuocusly or
intermittently, can cause eye damage. Implicit in this controversy is



the issue of whether affects (1f any) of long-term, low level sxposure
in Lhe eye are cumulabive.

C.6.-8.1 Humang

Some cases of ocular damapge in humans agceibed to occupatlional
exposuce Lo BRFRE were reported duriong bthe 25 years after World War 11.
Although the exposure histories of these individuals could not be
aecerteined with any degree of certitude, their actual or inpcipient
vision impaicment prebably resulted from exposuré to aversge power
densities gubstantially grester than the threshold found in animal
studies {aboul 150 sWiem©).

The occurrence of catarscis in two editors wilh the New York Times
was ascribed, in newspaper accounts durimg 1977 and 1978, to their
exposuce to supposed RFR from the cathode tay Lubes in video-dieplay
terminals wvead by them, Cases of BFR- induced bicth defectes and abor-
tione were also linked,. in other newspaper etories, to exposure to wvideo
terminale. The New York Times arranged for measurement surveys of Lhe
terminals in question. These surveys yielded negative resulkts; the only
measurable radiations emitted by the tecminale were well above the RFR
specclrus. Independent surveys of the same terminels by pecsonnel from
MIOSH coalirsed these findings.

Epidemiologic studies have been conducked to determine whether
prolonged exposure to EFR Iz cetarsctogenic. These studies wers
discuseed in Section C.6.1.

C.6.0.2 Animals

During the past 30 years, various investigations have been con-
ducted on the affects of RFR expotuce on the eyes of live experimental

animals., Hany of the results indicete bhat intraccalsr Lempetatuce
incceases of sbout 5 dag C or mafé are necedsary [or eye damage. Also,

lens opacificetions causzed by EFE exposure alone were pnot produced at
the semeé average power denzity whon the aye was cooled during exposure.

Many of the results of RFR exposure indicabe the inverse relatlon-
ehip between everage power density and exposure duration for cataract
formation and the existence of & threshold avecage power donsily of
sbout 130 mM/em? for eingle or multiple exposures for tens of minukes
o mmibe .

Bevéral investigators compared the occular &ffects of pulsed and
CW RFR at equivalenl avecage power densities. In pepresentative lnvesti-
Eationg, the average power densities were greater than 100 mW/em? and
the sxposures wera for about 1 hr/day for several weeks. No significant
diffecances between the effects of pulsed and OF BFE were found.
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The existence of a cataractopenesis threshold implies that single
or mulliple exposure for indefinitely long durations at average power
densities well below the threshold would not cause eye damage to humsns
or any other species.

In summary, based on the experimental results with animals indi-
caling the existence of a threshold power density of 150 mw/cm? and on
the finding of no statistically significant differences between exposed
and control groups of humans on military bases, there is no evidence
that prolonged exposucre of humans to the ground-level RFR from NEXRAD is
likely to cause eye damage.

C.6.5 Studies of the Nervous System

Several types of studies have been conducted on effects of RFR on
the nervous system of animals. These studies are considered particularly
important in the USSR, where RFR is believed to stimulate the nervous
system directly and thereby cause a variety of physiologicel effects.
U.S. scientists tend to doubt that RFR interacts directly with the
necrvous system exceplk, possibly, under special circumstances (to be
discussed later in this section); they consider most effects of RFR on
the nervous system to be indirect results of other physiological
interactions.

C.6.5.1 RFR Hesaring Effect

Humans in the vicinity of some types of pulsed radar systems have
perceived individual pulses of RFR as sudible clicks (without the use of
any electronic receptors). This phenomenon has attracted much interest--
especially in the United States--because it has often been cited as
evidence that nonthermal effects can occur snd because an initial
hypolLhesis was that one possible mechanism for perception is direct
stimulation of the central nervous system by RFR. Various theoretical
and experimental studies, the latter with both human volunteers and
laboratory animals, have been conducted to determine the conditions
undetr which pulsed RFR is audible and to investigate the interaction
mechanisms involved. Many of the results support the hypothesis that
an RFR pulse having the requisite pulse power density and durstion can
produce & transient thermal gradient large enough to generate an elastiec
shock wave at some boundsry between regions of dissimilar dielectric
properties in the head. &nd that this shock wave is transmitted to the
middle ear, where it is perceived as & click. Persons with impaired
hearing are unable to hear such clicks, and experimental animals in
which the cochlea {(the inner ear) has been destroyed do not exhibit
brainstem-evoked responses.

Investipgators used 3.0-GHz RFR to study the auditory effect in two
cats, two chinchillas, one beagle, and eight human volunteers. For the
animals, sucface or brainstem-implanted electrodes were used to measure
the responses to RFR pulses and the responses evoked by audio clicks
from a speaker. They found that perception of 10-us pulses required
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pulse gower densities of at leest 1.3 w/cm? for both cats, 1 and
2 W/em? for the two chinchillas, and 300 mW/cm? for the beagle.

The eight humans were given standscd sudiograms. B8Because such
audiograms do not test hearing above 8 kHz, binaural hearing thresholds
were also determined for seven of the subjects for frequencies in the
range from 1 to 20 kHz. Five of the subjects could detect 15-pus pulses
as clicks; the other three required & pulse duration of 200 us for
perception. No correlation between the results and the audiograms was
apparent; however, there was a strong correlstion between RFR perception

and hearing ability above 8 kHz as determined from the binaural thresh-
olds. The average threshold pulse power density for 15-us pulses was
about 700 mW/cm?; however, three of the subjects were able to perceive
15-us pulses at a pulse power density of 300 mw/cmz, a4 value taken
hercin as representative for humans.

Thus, humans at ground level nescr a NEXRAD antenna would not likely
"hear' the RFR pulses. However, airborne people in the main besm may
hear the pulses if they approach closer than about 3,000 ft. Within
this range, the pulse power density in the main beam will not exceed
aboul 8,000 mW/cm?. It should be noted that these investigators
exposed the human volunteers to pulse power densities as high as
2,000 mwW/cm? without apparent i1l effects.

C.6.5.2 Calcium Effluz

Exposure of brain-tissue samples from newly hatched (neonatsal)
chicks to RFR amplitude-modulated at low frequency has been reported to
increase the rate of exchange of calcium ions between the tissue and the
fluid bathing it. This effect has been demonstrated by two groups of
investigators for moduleted carrier frequencies of 50, 147, and 450 MHz,
as well as for exposure to the modulstion signal (16 Hz) alone, but not
for unmodulated 50-, 147-, or 450-MHz RFR. 1Incident power densities
that are effective in sltering the rate of calcium exchsnge lie between
approximately 0.1 and 3.6 mw/cmz. However, within this range, not
all power densities are effective. There appear to be narrow, effective
power-density "windows."” Calculations of internal field intensity appear
to indicate that this factor is important in predicting effectiveness.
The mechanisms whereby modulation effects are mediated are speculative.
Of additional interest is a report that 16-Hz amplitude modulated
147-MHz RFR &t 2.0 mW/cm? increases calcium efflux from pencreatic
tissue slices to approximately the same extent as that from neonate
chick brain tissue incubsted and exposed under similar conditions. An
atlempt to obtain alterations in calcium efflux from rat brain tissve by
use of pulse-modulated 1-GHz RFR was unsuccessful. It is uncertain
whether these negative findings were a result of diffecences in brain
tissue, exposure psrameters, carrier fresquency, or type of modulation.

All of the above studies were carried out on isolated tissues

maintained in physiological solutions. A recent study has reported that
similac alterations in calcium ion exchange occur for exposed brains of
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paralyzed live cats irradiated at 3 mwW/cmZ with 450-MHz RER
sinusoidally amplitude modulsted at 16 Hz.

The effect is scilentifically interesting in that it represents
a rare instance where RFR may be producing & biological effect by
processes other than thermal mechanisms. Interpreting these results
with regard to human health and safety is difficult. First, the
phenomenon is subtle. Large numbers of samples have to be processed to
show a statistically significant effect. Second, the observations sare
highly variable and difficult to reproduce. Third, the circumstances of
the experimental methodology are such that the observations of changes
of calcium exchange appesc to apply to the surface region of the brain
rather than to the brain as a whole. Finally, the phenomenon depends on
the amplitude moduletion of the RFR in & narrow fregquency band around
16 Hz and occurs only for nacrrow ranges of average power densities
(windows) between 0.1 and 3.6 mwW/cm?. Nevertheless, because this
range is above the levels of general public exposure from NEXRAD, the
occurrence of this effect in bhumans is unlikely.

C.6.5.3 Blood-Brain Barrier Effects

In most organs and tissues of the body, molecules in the blood
can freely diffuse into the tissue around the cspillaries. However,
presumably to protect the brain from invasion by various blood-borne
microorganisms and toxic substances, large molecules such as proteins
or polypeptides exhibit little or no movement from the blood into the
surcounding brain tissue in most vegions of the brain. The exact msnner
by which the movement is prevented is still conjectural, but the process
is referred to as the “blood-brain barrier"” (8BB). The BBB can be
"opened” by certsain egents (e.g., ionizing radistion, heat) or chemical
substances (e.g., DMSO). Studies have been conducted to examine whether
RFR also can alter the BBB permeability of animals to various large
molecules,

Four studies by two separate research groups have reported gross
permeability iancreases in the rat 8BB when the brain temperature was
raised significantly (e.g., several degrees) by RFR heating, or, equi-
valently, the local SAR was several hundred watts per kilogram. Other
researchers found scattered regions in the brain displaying permeability
changes for 2-hr exposure at 10 mW/cm?. Twenty percent of the sham-
exposed animals also showed these changes, which were reversible. The
10-mW/cm? value may represent the lower limit at which local regians
of the brain asre heated.

One study reported alterations in BBB permeability to fluorescein
by use of pulsed RFR at average power densities as low as 0.2 W/ em? .
These findings could not be repeated by three other groups using fluores-
cein and similer experimental proceduces.



Another study ceported jncreased BBB pormeability to radiotracer-
labeled molecules at sverage power densities less than 3 mw/cm?, with
pulsed RFR more eflfective thiun CW RFR. Three other research groups
could not repeat these findings. Subsequently, the researchers flcst
repocting the effect used a higher average po.er density (15 m/cm?)
and different techniques, and showed thet their orjginal findings could
be explained as an inccrease in locsl cerebral blood flow cvather than as
an incresse in BBB permeability. (lLocsl cerebral bloo? flow csn be
altered in humans by mental activity in the absence of eztecnal shysical
stimuali.)

In summery, RFR can alter BBB pecmeability at exposure levels
sufficient to ceuse heating of the brain. Exposurc to levels consideced
insufficient Lo cause heating (below several mW/cmz) have also been
reported to slter BBB permeebility, but Liese results have not been
confirmed, despite several independent 2ttempts to do so. In one case,
the aoriginsl findings may have srisen as a consequence of Liia experi-
mental techniques used. On the basis of the evidence ave®lable, it js
very unlikely that exposure of people to the levels of wiR from KIYXRAD
at ground level would have any effect on the permeabi:ity of the B8B.

C.6.5.4 Histopathology and Histochemistry of the Central Nervous System

Ristopathology is defined as the study of diseased or damaged
tissves, and histochemistcy as the study of the chemical compositicn
of various tissues. Studies of histopathological effects of RFR on
the brsin have been conduvcted in both the United States and the USSR.
Stodies in the USSR have covered a wide range of freguencies, bit the
dosimetry and methods were insdequstly reported in many inscancss.
Exposure of danimals (predominantly rats) to RFR between 500 MHz and
1 GHz (no additional information on frequency) at 10 mW/cm? for
1 br/day for 10 months veculted in various chaiiges from the normal
eppearance of nerve cells of the brain, as detected by delicate elec-
tive neurohistological methods (not otherwise specified). The suthors
reported that the power density did not raise body temperature, but
cucrrent knowledge indicstes that the method of exposing the animals was
such thal the SAR must have v.ried considsrably among the animals. The
reported changes in appearance were similac to those found in other
expecimenls of 8 frankly Lhermal anatutre (20 to 240 mw/cmz). and it
is most probable that the reported effects in the chronic exposure
experiments were also of thermal origin.

In the United States, e study of the histopathological effects of
RFR on the brein was performed on hamsters exposed to 2.45-CHz RFR at
power densities between 10 ard 50 mw/cm? for periods between 30 min
and 24 hr. Chronic exposures were also carried out at similar power
densities over s period of 22 days. 1In this study, pathological changes
were found only in the hypothalamus and subthalamus, two regions neat
the centec and base of the brain. Comments after oral presentation of
this stuvdy noted that the nature of RFR absorption inside the skull of
such e small animal at the frequency used could lead to regions in the
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brain where the SAR would be tens of times higher than that expected
from the nominal power density and that rectal temperature measurements
in the animals would not reflect such a condition. The abserved patho-
logical effects gseem likely to have resulted from thermal processes.
Quantitetive studies on the effects of RFR at relatively high levels

(10 to 46 mW/cm?, SAR approximately 2 W/kg) on vet Purkinje cells of

the cerebellum (a distinctive cell type in this region of the brain)
showed that RFR exposure pre- snd post-natally ceused & significent
decrease in numbers of these c¢ells. However, a similar study using
squirrel monkeys did not show such ar effect. Size differences between
the heads and brains of the rat and squiccel monkey may have resulted in
high local SAR in regions of the rat brain, but not in similar regions
of the sguirrel monkey brain, again indicating that the observed effects
seem likely to have resulted from thermal processes.

Two studies were reviewed that examined effects of RFR on brain
neurochemistry. Onge showed no effects on specific neurotransmitters
of mouse brain at 19 MHz for near-field exposure conditlons of 6 kV/m
(E field) or of 41 A/m (H field) for 10 min. The other showed a
sequence of amall (S to 10%) chenges of biochemical activity in sub-
cellular components agsociated with tissue crespiration at exposure
levels of 5 and 13.8 mW/cm?. The signlficance of these latter find-
ings is unclear, but they are unlikely to be indjcative of a hazard
becsuse of the wide range of tissue respiration values possible under
various environmental end sctivity situations.

In summary, RFR can ceuse observable histopsthological chavnges in
the central nervous system (CNS) of animals, but these changes sppear to
be thermal in nature. Under special conditions of frequency and skull
size, 8 focusing effect can be obteined in small rodents, cawsing local
SARS tens of times higher than would normally be expected from whole-
body SAR measucements. Such conditions do not occur for the gdult human
gkull. One study hes reported smel’ changes in brain-tissue respiratory
chain function at a oower density of S nW/em?, Tt is unlikely that
such effects would be detectable at the ground-level power densities of
NEXRAD. These studies provide no evidence that exposure to such power
densities are likely to be hazesrdous.

C.6.5.5 EEG Studies

Studies have been conducted to ascertein the effects of RFE on
the EEG or other related electrophysiological properties of the CNS.
For EEG messurements made after RFR exposure, the time consumed in
placing end attaching the electrodes and the variebility of placement
introduce problems of interpretation. Additionally, if the effects sre
transient, they may stop ‘/hen exposure ceases. For studies attempting
to measure EEG changes during application of the RFR, the electrodes and
leads used to pick up EEG signals alsa pick up electrical signals
directly from the fields, causing srtifacts that render the recordings
difficult to interpcet. In addition, indwelling or chronically attached
electrodes will perturbhb the electric (‘eids in their vicinity and
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produce great enhancement of energy absocption, thereby creating stlll
another srtifact in the biclogical dats. To meet these problems,
gpecially designed indwelling electrodes of high-resistivity materisls
that do not cauee field pertucbation have been constructed and used in @
few of the more cecent studies.

Twd groups of cesearchers, ueing implanted metallic electrodas,
reported changes in EEC patiecrng afiér acute or chronic exposure of
rabbits to EFR. Another group, uelng implented elecblrodes made of
carbon instesd of metal {an attempl Lo aveid the field distortion
artifact), reported no significant differences in EEG belween irradiated
and conbeol rabbits after 3 months of RFE exposure (1.5 W /em? | 2 he/day) .
Another study, using electrodes externally placed after exposure rather
than indwelling ones, reported no differences in EEG patbtern bebtwoan
control snd RFE-exposed monkeye after more then 12 months of exposure.

A study of rabts exposed to RFE fcom before Birth to age 97 days (lmn-
dwelling electrodes agalin not used) thowed no differences from control
inimile when both groups were teéested at 140 days of age. Lastly, the
EEGs of rabbits heving indwelling carbon-losaded Teflon (high resistance)
#lectrodes were examined befoce and during eXposore to 2.45-GHE RFR at
100 m/cm? (SAR of about 75 W/kg at the electrodes), and no obvious
differences were found.

In summary, the use of indwelling metallic electrodes in studies of
the effects of RFR on the EEGC or on evoked potentials of the CHNE may be
guéstioned ss a procedure likely te introduce artifacktual effects in the
preparablon under study, ag well as in the recordings themselves. These
artifacks may be minimized by use of electcodes appropriately deslgned
from high rezistivity meterials, TGxperiments in which such specially
consbrucked electrodes were used, or in which slectrodes were applied
aftec exposure, show no evidence of ebtabtistically significeant differ-
ences in EEGs or in evoked responses bebtwoen control and RFR-exposed
afiimels. There is no evidence that ground-level RFRE from MEXRAD iz
likely bto cause any effects on the EEGC or evoked potentials of humans.

C.6.68 Effects on Behavior

Hany erperimental stwdies have been conducted on the &ffects of EFE
on animal behavier. The results of such studies are considered parti-
cularly impoactant in the USSEH, where they are often consideced bto be
evidencs for direct effects of EFR on the CNS. Sciembtists in the United
Etakes do not always agree that behavioral effects necessarily imply
divect ¢ffects on the CNS. However, behavioral effecks are very sensi-
tive indicators of blological function and hence receive appropriate
attention in bokth Easktecn European and Western countcies. The papers
described in the RFR-bioeffects review were selected as repreéesentative
of the Lypes of behavioral studles that have been conducted. Thece
include studies of effecks on reflex activity, RFE-percepbion studies,
evaluations of effects of RFE on learning and oa porformance of Erained
tasks, stedies of interactive effects of RFR and drugs on behavior, and



investigations of behavioral thermoregulation. Studies have been con
ducted on mice, rats, rabbits, equirrel monkeys, rhesus monkeys, and
humans .

Eoviet studies have claimed that exposure of rata Lo RFR &t power
densities as low as 0.01 mid/ca® for 10 days or more have resulted in
disturbance of many inborn Forme of behavior, including condikionsd
réflex activity. The wvalidity of these claims is difficult to assess,
howeaver, because the reperts of the sxperiments Llack detsils. Attsmpts
were mede to repeat the studies im Lhe United States, but using higher
power densitles. MNo effectz on reflex development were seen ab power
densgitiesz up ko 10 me/em? Eor durations up to 92 days. Sovist reports
of effecks at low {ogumsl to or less tham 0.5 md/em?) power densities
under long-term exposure comditions and the absence of similar affecks
in the same or higher power-densikty range in the studies of U.5. ce-
gearchecs have appeared fregquently inm the RFR-bloeffecte literabure.

The BFR hescimng effect iz, by delinition, perception of pulsed
EFE. Other studies with OJ or modulated RFRE have been conducted to
determinge whether perception can $ecve &t & behavioral cue, and some
studiez have indlcated that rats modify their behavior in_response bo
pulzed RFR at average power densities és low as 0.7 mW/icm AE
discussed in Section €.6.5.1, however, average power densities are
meaningless in the perception of pulasd BFE. Pulse powar densikby is
the meaningful parameter, and humans appesar to be able to perceive pulse
powsr densities of sbout 300 m/em? and higher. By conkrast, CW RFR
i &en exkremsly feeble pecceptwal cus, with tens of milliwatks per
squace centimster (average powsc denglbiy) necessery to modify behavior,
unleszs the BFR ie eccompanied by other pecceptual cees such as Light or
sound. Thie i¢ bocrne out in studies on homens, where the threshold for
perception of werming of the skin is 27 mW/em?.

Acuke exposure to RFR will suppress pecformance of lesrned tasks
and the learning of new taszks Iln rats, squirrel monkeys, sand rhesus
monkeys at sufficiently high power densitles {(genecally 3 miw/ cmd
and wpl. The #ffect depends on durdtion of exposure, animal species,
frequency of BFR, power density, and demand charackéristics of the
behavior. A ressomsble conclusion is that suppression of learned
behavier Lasks depends om the amount and distribution of energy abeorbed
by the animal. Chronic exposure produces similar results, bub with a
slight reduction in minimum power demsity cegquirced (1 mi/cm? and up).

Studigés on the interaction of RFE and drugs in rets that sffect the
CNS have ylelded intecesting cesulks. Pulsed ?.45-GHz EFE at an average
power density of 1 m/emé (SAR of 0.2 W/kg) was found teo enhance the
effects of dextroamphetamine, a CNS stimulent, &nd chlordlezepoxide and
pentobarbital, CNS depressants. By conktrast, pulsed 2.8-GH: EFE at
1 sw/cmd did not produce any alterations in the bshavioral dose-sffact
funcktions of chlorpromazine or didzepam, two other commonly prescribad
CNS depressant drugs. Mechanisms of this synergism between RFR and
certaim drugs, but not othars, are unclesr at presant.



Studies specifically designed to examine thermoregulatory behavior
in rate and sguirrel monkeys, using 2.45-GHz RFR, have shown alterations
in behavior at power densities from 5 to 20 mW/cm? in the rat end at
6 to 8 mW/em? in the squivcel monkey. In addition, mice have been
ghown to orient themselves to reduce the percentage of RFR energy
absorbed where they might otherwise have become overheeted. Behaviorsl
thermoregulatlon depends on the existing environmental situnation. The
S-mW/cm? level appears to be the threshold value necessarv to elicit s
behavioral thermoregulatory response.

In summary, RFR is capable of producing salterations in a wide
variety of behaviors of variocus species of animals. Except for pulsed
RFR, sverage power densities required to modify behavior are almost all
at levels of approximately 3§ mW/em? and above, and most appear to be
in the thermal crange. Perception of pulsed RFR as sound is a peak-power
phenomenon, not one of averege power. It is difficult to relate most of
the behaviorel studies in animels to humans. All behavioral studies ace
directly relevant to the nature of the species being studied, and the
conclusions of a given study do not readily transfer to other species.
Because of the power densities needed to cause reported effects, how-
ever, these studies provide no evidence that exposure ko graund-levels
of RFR from NEXRAD is likely to have adverse effects on human behavior.

C.6.7 Endocrinological Effects

Exposure of animals to RFR has produced somewhat inconsistert
effects on the hormone-secreting (endocrine) system of mammals. 1In
general, the effects produced appear to be related to either the heat
load sssociated with the RFR or the stress induced in the animals by
the RFR and, possibly, other experimental circumstances. Some effects
algo sppear to be related to alteration of the circadian rhythm by RFR.
There do not appear to be any effects clearly demonstrrted to be asso-
cieted with nonthermogenic stimulation of the endocrine system or the
assoclated parts of the CNS.

Because of the known sensitivity of the testes to heat, several
investigations of the effects of RFR on gonadal function have been
conducted. In one early study, mice were exposed to 9.27-GHz RFR at
100 mwW/cm? for 4.5 min/day (which increased mean body %temperaturss by
3.3 deg C) for S days/week over 59 weeks. Testicular degeneration was
found 1n 40% of the RFR-exposed and in 8% of the control mice that had
died during the course of the experiment. Recently, other investigators
reported that exposuce of mice to 2.45-GHz RFR at 20 to 32 mW/cm? for
16 hr/day for A days hed no effect on sperm count or perceantages of
abnormal sperm.

In another receat investigation, the rear halves of anesthetized
meture male mice were exposed to 2.45-GHz RFR for 30 min at half-body
SARs ranging fcom 18 to 75 W/kg, which produced elevated rectal tem-
peratures. Ffor comparison, the rear halves of other sanesthetized mice
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were immeczed for 30 mim ia & well, heated Lo yield comparable reclkal
temperatures. Extensive degeneration of Lhe sperm-gensrating cells was
evident for RFR exposure et 75 W/kg and for well heabking Lo &5 deg C.
At BAEz of 37 W/kg or lower or & well tempecature of 37 deg C, no
affects were seen. Heasuremenle of testicular tempecstore indicabed
the exietence of a threshold of sbout 39 deg C for depletion of specrma-
tocytes and of about 41 deg € for 50% cell death after & days of RFE
exposure or dicect heating. The carresponding SARs for these bwo
thresholds were 20 and 30 W/kg.

Men occupationally exposed to EFR in the 3.6- to 10-CHz range sb
power demsities ¢f tenths to hundredths of a -Hh:n2 for 1 ta 17 years
{a mean of B years) were reporbted to show slightly reduced sperm counts,
but normal plaszma levels of hormones that comtrol the Functioning of tha
gonads .

Stimulatory @ffects on the thyroid glands of dogs wers oblained
from local sxposure of one of the two thyroids to 2.4%5-CHz RFR for
2 he et 72, 162, or 236 mw/emi., The SARs in the expored gland were
38, 121, and 190 W/kg, respectively, and the correzponding temperastures
were about 102, 106, snd 113 deg F. 1In response, the exposed glands
increased their oubtput of thyroxine {a hormone that controls the meta-
bolic rate in other c2lls) by factors of 1.5, 3.5, and 10, an effecl
atiributed to the temperature rise. AL the ground levels of RFR from
NEXEAD, no tempacabuce rise would occuc, therefore, this effect would
be ebsent.

The nececeity for minimizing stresses induced im rvats by factors
cbther Lthan BFE by allowing them Lo become sccustomed to the exparimemial
situwation {("gentling"™ them) before RFR exposuce was demonsteated in
several investlgationz. With the use of such & procedure, endocring-
logical effects asccibable to RFR esposuce can be more readily discerned
from those due to non-BFR stresses, but the latter ace difficult to
eliminate entirely. In & cecenk study, gentled rats were exposad to
?.45-CHz RFR at power densities canging from 1 to 7O W/ em e {egulvalent
EARs of 0.21 to 14.7 Wikg) for periode ranging from 1 to 8 hr ak an
environmestal temperature maintalned at 24 deg €. Sham-sxposed raks
were uged as contrels. After tresblsent, the cals were decapibabed,
coleniec temperatures were taken, and blood wss collected for aiseys
of thyroxine, thyrotropin (a hormone secreted by the pituitery glandd,
growth hormane {(also socreted by the pituitary), and cocrticostérana
{secraked by the edrensl gland). For exposures of 1 he, colanic
bemperatures Increased with power deénsity ab 20 ww/emd and higher,
but congistent elevebtion of sarum corticostercne did not occur below
50 mW/em?, Lower serem thyrotroapin and growth hormane lovels also
occurred at this and higher power densities. For sham exposures and
eIposures &b 1-20 sW/cm® Ffor longer durabions (Z-B ho), the results
were cather equivocal, presumably because such exposures sncompassed
significant portions of the circedien cycle.
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Exposure o0f warm-blocded animals Eo BEFE has been found ko affect
their involuntary thermoregulatory mechanisms. In & recent study,
gguircel monkeye were exposed Lo 2.45-0H OW RFE for 10 min or 90 mimn im
relabively cool ambient tempocabuces of 59, 68, or 77 deg F. The power
denzities ranged from 7.5 Lo 10 mi /em? (EARs from 0.4 to 1.5 W/kgl.

The metebolic heat producktion was calculakted From the oxygen deficit in
Ehe expired aic of each monkey. At &ll bhres ambient temperakures,
10-min expoasures of kwo monkeys ko & threshold power density of

4 mW/em? and one monkey to & m/ em? raliably initiated & reduction

of theicr mebtabolic heat production, and the magnitudes of the reduction
we