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COVER SHEET
SUPPLEMENTAL ENVIRONMENTAL IMPACT STATEMENT
FOR PAVE PAWS EARLY WARNING RADAR OPERATION
CAPE COD AIR FORCE STATION, MASSACHUSETTS

a. Responsible Agency: U.S. Department of the Air Force

b. Proposed Action: Continued operation of the PAVE PAWS radar at Cape Cod Air Force Station,
(AFS), Massachusetts.

C. Written comments and inquiries regarding this document should be directed to: Ms. Lynne
Neuman, HQ AFSPC/A7PP, 150 Vandenberg Street, Suite 1105, Peterson AFB, CO
80914-2370; facsimile, (719) 554-3849.

d. Designation: Supplemental Environmental Impact Statement (SEIS)

e. Abstract: This SEIS has been prepared in accordance with the National Environmental Policy Act
to evaluate potential impacts to the human environment and enrich man’s understanding of the
continued operation of the Solid-State Phased-Array Radar System (SSPARS), also known as
PAVE (an Air Force program name) Phased Array Warning System (PAWS), at Cape Cod Air
Force Station (AFS), Massachusetts. The Air Force is aware that some members of the local
community have had concerns regarding possible health effects from operation of the PAVE
PAWS radar at Cape Cod AFS. The Air Force has taken the initiative to study the effects of
radiofrequency energy (RFE), specifically those effects pertaining to the concerns expressed by
the local community. To address these concerns, the Air Force has elected to prepare this SEIS.
In addition, the Air Force has funded several studies to address the community’s health concerns
regarding the radar’s continued operation. This SEIS incorporates the findings of these studies as
well as other relevant data. The Cape Cod AFS PAVE PAWS radar is the only radar in the nation
that is able to confirm a detected missile launch towards the United States from the east. The
document describes and addresses the potential health effects of RFE from the continued
operation of the PAVE PAWS radar at Cape Cod AFS. The Air Force has and will continue to
operate the radar in accordance with applicable safety standards and has implemented
appropriate administrative controls to prevent personnel and general public exposure to RFE.
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SUMMARY

PURPOSE AND NEED FOR ACTION

The Air Force is aware that some members of the local community have
concerns regarding possible health effects from operation of the PAVE (an Air
Force program name) Phased-Array Warning System (PAWS) radar at Cape
Cod Air Force Station (AFS). To address these concerns, the Air Force has
elected to prepare this supplemental environmental impact statement (SEIS). In
addition, the Air Force has also funded several studies to address the
community’s health concerns regarding the radar’s continued operation. This
SEIS incorporates the findings of these studies as well as other relevant data.

ALTERNATIVES INCLUDING THE PROPOSED ACTION

Proposed Action. The Proposed Action is the continued operation of the Solid
State Phase Array Radar System (SSPARS), or PAVE PAWS radar, as it is
better known, at Cape Cod AFS.

As part of an early warning network, the Air Force operates the PAVE PAWS
radar to provide warning of intercontinental ballistic missile (ICBM) and sea-
launched ballistic missile (SLBM) attacks against North America. The PAVE
PAWS radar also performs a space surveillance mission.

The PAVE PAWS radar is a phased-array radar that transmits pulsed
radiofrequency (RF) signals within the frequency range of 420 to 450 megahertz
(MHz). Signals are reflected by objects back to the radar. These signals are
analyzed to determine the location, distance, size, and speed of the object. The
PAVE PAWS radar is housed in a 32-meter (105-foot) -high building. Two flat
arrays transmit and receive RF signals generated by the radar. Each array face
contains 1,792 active antenna elements out of a total of 5,354 elements. The
additional 3,562 elements per array face are not used. There are no plans to use
these additional elements, and these elements cannot be easily activated due to
a lack of solid-state transmitter/receiver modules and a lack of necessary
infrastructure for heating and cooling the elements. The two array faces are

31 meters (102 feet) wide, and are tilted back 20 degrees (°) from vertical. The
active portion of each array face is situated in the center of a circle 22.1 meters
(72.5 feet) wide. Each active antenna element is connected to a separate solid-
state transmitter/receiver within the radar building that provides 322 watts of
power for transmitting RF signals and amplifies the returning signal.

The RF signals transmitted from each of the array faces form one narrow main
beam. Most (approximately 90 percent) of the energy is contained in the main
beam. Each of the main beams can be directed electronically between 3° and
85° above horizontal.

No-Action Alternative. The PAVE PAWS radar at Cape Cod AFS is the only
radar in the Nation that is able to confirm a detected missile launch towards
North America from the east. The radar provides launch detection and
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SCOPE OF STUDY

subsequent confirmation to provide the necessary information to make critical,
nation-affecting decisions about an incoming threat. The No-Action Alternative is
not a truly viable alternative as it would result in the Air Force being unable to
accomplish its missile warning and space surveillance missions, leaving all or
portions of North America vulnerable to ICBM or SLBM attacks.

In 2000, the Air Force had originally planned to prepare an environmental impact
statement (EIS) to evaluate the potential effects of the Service Life Extension
Program (SLEP) and continued operation of the radar at Cape Cod AFS.
However, because the radar was becoming unsupportable due to a lack of
replacement parts, the Air Force decided to prepare an environmental
assessment (EA) for proposed SLEP activities and prepare a supplemental EIS
to evaluate the continued operation of the radar.

A Notice of Intent (NOI) was published in the Federal Register (65 Fed. Reg.
4406) on January 27, 2000, and seven scoping meetings were held on Cape
Cod. On July 22, 2002, the Air Force amended the NOI (67 Fed. Reg. 47,776)
and converted the ongoing SLEP EIS into two separate environmental analyses
(an EA for SLEP activities and an SEIS for public health concerns from continued
radar operations).

The EA was completed in September 2002 and resulted in a Finding of No
Significant Impact (FONSI).

The SEIS supplements the analysis provided in the 1979 EIS based on updated
information and recent studies in order to address potential health effects of RFE
from the continued operation of the PAVE PAWS radar at Cape Cod AFS.

SUMMARY OF ENVIRONMENTAL IMPACTS

During the scoping process, health concerns were raised by some individuals on
Cape Cod regarding the continued operation of the PAVE PAWS radar. These
concerns have been addressed by several Cape Cod AFS site-specific studies
and radiofrequency energy (RFE) literature reviews. These studies and literature
reviews specifically address the general concerns brought forth regarding low-
level exposures to RFE as well as the PAVE PAWS pulsed waveform generated
by a phased-array radar.

Seven studies and literature reviews have recently been completed that address
phased-array radar operation, these studies include:

e Preliminary Measurements of the PAVE PAWS Radar

e Time Domain Waveform Characterization Measurements of the PAVE PAWS
Radar

e Survey of Radio Frequency Energy Field Emissions from the PAVE PAWS
Radar
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e Assessment of Potential Health Effects from Exposure to PAVE PAWS Low-
Level Phased-Array Radiofrequency Energy

e Literature Review Public Health Evaluation of Radiofrequency Energy from
the PAVE PAWS Radar

e Risk Assessment of Low-Level Phased-Array Radio Frequency Energy
Emissions, and

e Public Health Assessment of Exposure to Low-level Radio Frequency Energy
Emitted from the PAVE PAWS Radar.

A brief overview of the studies that have been performed is provided below:

Preliminary Measurements of the PAVE PAWS Radar. The Preliminary
Measurements of the PAVE PAWS Radar conducted in March 2002 provided
information about the time-domain waveform characterization of the PAVE
PAWS radar that was used in planning the next phase of measurements. The
preliminary measurements helped determine the feasibility of low-level
measurements, determined electromagnetic signal screening feasibility,
established the community radiofrequency background level, and provided
insight about the problems that could be encountered when performing the time
domain measurements.

Time Domain Waveform Characterization Measurements of the PAVE
PAWS Radar. Time-domain waveform measurement data was collected in April
2003 and was used by medical and biological researchers to assess the
existence, and perhaps the importance, of radial electric field components,
slopes of the electric field, and phasing or “zero crossing” changes.

The data acquired indicated that the electric fields produced by the PAVE PAWS
radar are highly changeable, likely depending on a number of factors such as the
direction of the beam, multi-path effects such as ground-bounce and scattering
from neighboring objects, and the type of pulse being radiated. The
electromagnetic environment is made even more complex by other radiators in
the region such as television and radio stations. Significant changes in
measurement readings were observed by simply moving a sensor less than a
foot in any direction. This suggests that any effort to bound electromagnetic
exposures should carefully consider the possible scenarios for the potential
radiators to ensure that the correct conditions are used for the bounding process.

Survey of Radio Frequency Energy Field Emissions from the PAVE PAWS
Radar. During this survey in 2004, peak/average power density measurements
and peak/average electric field measurements were completed at various
locations on Cape Cod. Radiofrequency energy measurements collected during
the survey were below the applicable Institute of Electrical and Electronics
Engineers (IEEE) general public exposure limit. The validated geographic
exposure data from this study was used by a public health expert to support the
epidemiological study. Key findings of the survey include:
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The radar’s average power density at all 50 PAVE PAWS test sites was well
below the maximum permissible exposure (MPE) specified by known safety
standards.

The difference in power density measured at an antenna height of 30 feet
and at a height of 8 feet was highly variable. However, when averaged over
14 measurement sites, the high sites showed an approximately 5 decibel
(dB) greater signal, consistent with the “rule of thumb” that doubling the
height of a very high frequency (VHF) or ultra high frequency (UHF) antenna
in proximity to the earth’s surface approximately doubles the signal strength.

Samples of all classes of the PAVE PAWS waveform were observed. Long
range search doublets and triplets were observed independent of the
azimuth from the radar antenna, indicating the presence of secondary
sidelobes and/or reflections.

At many PAVE PAWS test sites, numerous received pulses appeared to
have amplitude modulation imposed upon them. Since the steady-state
amplitude of the transmitted PAVE PAWS signal is constant, the amplitude
modulation was likely produced by the environment. It was determined that
the most likely source is reflection from a multitude of “targets” such as
aircraft, water tanks, radio towers, and the smokestack at the Sandwich
power plant.

When observing the 24 PAVE PAWS channels in a “max hold” mode on the
spectrum analyzer for extended periods, frequency-selective fading produced
by multiple transmission paths was frequently observed.

Signals observed from behind the radar were most likely produced from
backscatter from the main beam of the radar, rather than from “behind the
array” sidelobes or “edge diffraction” effects.

The received signal level measured behind the radar is similar to paging,
land mobile, and lower powered frequency modulation (FM) station
transmitters, suggesting that considering the power of the radar, there is little
radiation “behind” the plane of the antenna.

On the roof of the PAVE PAWS facility, with the instrument penetrating the
plane of the radar face from behind, the measured radiofrequency energy
occasionally peaked to 5 percent of the occupational MPE limit. With the
instrument repositioned above the roof, just behind the plane of the radar
face, the radiofrequency energy limit fell below the sensitivity of the
instrument. This observation supports the findings that there is little radiation
behind the plane of the antenna.

It was not possible to distinguish first sidelobe pulses from secondary
sidelobe pulses that were received at a test site. There were variations in
signal levels from pulse to pulse caused by beam pointing, propagation, and
the like that blur the distinction between received first sidelobe energy and
received secondary sidelobe energy.
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e Even when miles away, large commercial aircraft have sufficient radar cross
section to return a measurable signal to the instrumentation via “backscatter”
when the plane is illuminated by the PAVE PAWS main beam.

The survey also compared the measurements from the current survey with those
taken in 1978 and 1986. Overall, the previous studies’ measurements appear to
be generally higher than the current measurements. There could be several
reasons for this difference, including limitations of the previous test systems, or
the manner in which the power density was derived from the measurements.
The radiofrequency measurements collected during the 2004 survey were below
the applicable IEEE general public exposure limit.

Assessment of Potential Health Effects from Exposure to PAVE PAWS
Low-Level Phased-Array Radiofrequency Energy. This assessment,
prepared by the National Research Council, consisted of a review of scientific
data and literature related to radiofrequency energy in the range of the PAVE
PAWS system. This was done because there were no specific studies of a
phased-array system similar to PAVE PAWS in the public domain. The review
included classified documentation of research that could be relevant to the PAVE
PAWS system and the recent waveform characterization study.

Based on the review of available scientific evidence (including classified
information), the National Research Council committee concluded that there are
no adverse health effects to the general population resulting from continuing or
long-term exposure to the PAVE PAWS phased radiofrequency emissions. The
committee also concluded that there was no observable increase in total cancers
or cancers of the prostate, breast, lung, or colon due to exposure to PAVE PAWS
radiofrequency energy.

The committee also found that the waveform characterization data collected for
the PAVE PAWS radar is similar to exposure from “dish” radars to which the
public are continuously exposed.

The committee recommended that studies of tree growth in the vicinity of the
PAVE PAWS facility should be conducted. A study of long-term exposures under
conditions similar to human exposures could provide useful information as to
possible mechanisms for a biological response that currently does not exist.

The committee also recommended that a replication of a central nervous system
endocrine function study be undertaken to confirm or refute previous Air Force-
sponsored studies that show a significant and extended influence on brain
dopamine levels during low-level radiofrequency exposures similar to that of
PAVE PAWS.

Future epidemiologic studies should not be conducted unless they are expected
to have sufficient statistical ability to be able to detect any possible health effects
in the Cape Cod population.

The Air Force supports the recommendations made by the National Research
Council and intends to pursue the dopamine and tree growth studies. As they
were not included in the scope of this SEIS as defined during the public scoping
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process, the dopamine and tree growth studies will be pursued independent of
the SEIS.

Literature Review Public Health Evaluation of Radiofrequency Energy from
the PAVE PAWS Radar. This literature review conducted in 2004 focused on
identifying studies that link radiofrequency energy to adverse health effects. The
study suggested that radiofrequency energy and adverse health effects studies
be prioritized to concerns with the listed diseases.

Leukemia

brain cancer

lung cancer in women

birth defects

auto-immune diseases such as lupus erythematosus
Alzheimer’s Disease

Parkinson’s Disease

Risk Assessment of Low-Level Phased-Array Radio Frequency Energy
Emissions. The Armed Forces Epidemiological Board, or Armed Forces
Epidemiology Board (AFEB), met in February 2002 to consider a request from
the Air Force Surgeon General regarding a risk assessment of low-level phased-
array radiofrequency energy emissions, as phased-array radar systems are used
throughout the Department of Defense (DOD) and in the commercial and private
sectors, and concern had been raised regarding potential adverse health risks
from low-level exposures at the Air Force PAVE PAWS facility on Cape Cod.

The AFEB received presentations, briefings, and materials regarding various
aspects of RFE, epidemiological studies, and operation of phased-array systems.
The AFEB also reviewed several hundred studies focusing on epidemiological
studies of RFE exposure, IEEE and DOD exposure standards and standards
setting process for radiofrequency energy, studies on RFE bio-effects, and over
45 studies and public health assessments specifically for exposure and health
outcomes of Cape Cod residents.

The AFEB found that published studies do not convincingly suggest that
exposures to continuous wave radio frequency energies (as opposed to pulse
RFE) at or below IEEE standards result in adverse health effects, and current
scientific data does not indicate that phased-array are any different. Current
exposure standards as established by the IEEE, although based primarily on
continuous wave RFE, appear completely adequate to protect worker and
general population health in relation to potential health effects of the PAVE
PAWS phased-array system.

The AFEB did not identify any evidence suggesting a cause-and-effect
relationship between the county or town level elevated standardized rate ratios of
disease in Massachusetts and the PAVE PAWS phased-array system. There
was no immediate indication to support either initiation of new, or further analysis
of existing epidemiological investigations of the association between
radiofrequency energy emissions from the PAVE PAWS facility and any specific
health outcome.
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Public Health Assessment for Exposure to Low-level RFE Emitted from the
PAVE PAWS Radar. This assessment, conducted in 2005, evaluated the
potential health effects of public exposure to low-level RFE emitted from the
PAVE PAWS radar system at Cape Cod AFS.

This assessment analyzed available data for county mortality and county cancer
mortality and from the hospital discharge registry. Data provided by the
Massachusetts Department of Public Health regarding cancer incidence, birth
defects, and birth weight were compiled and analyzed. The available
radiofrequency energy characterization survey results for the PAVE PAWS radar
in terms of the known and biologically plausible hypothesized public health
effects were analyzed and interpreted. The analysis utilized the analyses of the
outcomes data and information in relevant scientific literature to describe the
relationship among the various radiofrequency energy exposure characteristics
and existing health outcomes determined to be biologically plausible. The
assessment was submitted to the Massachusetts Department of Public Health for
review to confirm that the health data provided had been used in conformance
with the requirements of applicable laws and regulations.

The evaluation concluded that there is currently no credible evidence for adverse
health effects associated with the operation of the PAVE PAWS radar system.
Rates for most of the cancers that initially led to concerns about possible adverse
health effects from PAVE PAWS radar exposure were found to be elevated on
Cape Cod prior to 1978 when the PAVE PAWS facility began operation.
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1.0 PURPOSE AND NEED FOR ACTION

This supplemental environmental impact statement (SEIS) supplements the 1979
environmental impact statement (EIS) on the operation of the PAVE (an Air
Force Program name) Phased-Array Warning System (PAWS) Radar at Otis Air
National Guard Base (ANGB), Massachusetts. This SEIS evaluates the potential
for impacts as a result of the continued operation of the Solid-State Phased-Array
Radar System (SSPARS) (also known as PAVE PAWS) at Cape Cod Air Force
Station (AFS), Massachusetts (Figure 1.1-1).

1.1 PURPOSE AND NEED FOR ACTION

The Air Force is aware that some members of the local community have had
concerns regarding possible health effects from operation of the PAVE PAWS
radar at Cape Cod AFS. To address these concerns, the Air Force has elected
to prepare this SEIS. In addition, the Air Force has also funded several studies
to address the community’s health concerns regarding the radar’s continued
operation. These studies are briefly summarized below:

e The Armed Forces Epidemiology Board (AFEB) addressed specific
issues raised by the Air Force Surgeon General

e The Air Force Research Laboratory conducted a series of studies
characterizing the PAVE PAWS waveform

e The National Academy of Science conducted a literature review of
available radiofrequency energy (RFE) studies to determine potential
biological and health effects of the phased-array system

e The PAVE PAWS Public Health Steering Group (PPPHSG)
conducted an exposure study and public health assessment for
areas on Cape Cod.

This SEIS incorporates the findings of these studies as well as other relevant
data.

1.1.1  Environmental Impact Analysis Process

In 1969, the National Environmental Policy Act (NEPA) established a national
policy to protect the environment and ensure that federal agencies consider the
environmental effects of their actions in their decision making. The Council on
Environmental Quality (CEQ) published regulations that describe how NEPA
should be implemented. The CEQ regulations encourage federal agencies to
develop and implement procedures that address the NEPA process in order to
avoid or minimize adverse effects on the environment. 32 CFR Part 989
addresses the implementation of NEPA as part of the Air Force planning and
decision-making process.

March 2009
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To comply with these regulations, the Air Force is required to prepare an EIS if a
major federal action would significantly affect the human environment. Routine
operation of an established facility does not require preparation of an EIS or
SEIS. However, to further the purposes of NEPA and to address concerns over
possible health effects from operation of the radar, the Air Force elected to
prepare this SEIS.

This SEIS has been prepared in accordance with NEPA (42 United States Code
[U.S.C.] 4321-4347), CEQ (40 Code of Federal Regulations [CFR] Parts 1500-
1508), and Air Force Instruction (AFI) 32-7061 as promulgated at 32 CFR Part
989, et seq., Environmental Impact Analysis Process.

Originally, the Air Force intended to prepare an EIS for the Service Life Extension
Program (SLEP) action at the early warning radars located at Cape Cod AFS,
Massachusetts, Beale Air Force Base (AFB), California, and Clear AFS, Alaska.
The SLEP action involved the replacement of outdated computer components
and the rehosting of software (installation of existing and/or new software on new
hardware components). The replacement of components and the rehosting of
software would not change the power output of the radar or the characteristics of
the RFE emitted from the radar. A Notice of Intent (NOI) was published in the
Federal Register (65 Fed. Reg. 4406) on January 27, 2000, and seven scoping
meetings were held on Cape Cod. Through the review process, which took into
account comments received during the public scoping process, the Air Force
determined that public concerns centered around the possible health effects
arising from operation of the radars, rather than from the Proposed Action of
replacing outdated computer hardware and rehosting software. On July 22,
2002, the Air Force amended the NOI (67 Fed. Reg. 47,776) and converted the
ongoing SLEP EIS into separate and distinct environmental analyses efforts: an
SEIS to the 1979 EIS on the operation of the PAVE PAWS Radar System (Cape
Cod AFS, Sagamore, Massachusetts), in order to address community concerns
over possible health effects from operation of the radar; and three environmental
assessments (EASs) to address the SLEP actions at the three radar sites. The
EAs were completed in September 2002 and resulted in Findings of No
Significant Impact (FONSI).

The process for preparing this SEIS mirrors the process for preparing an EIS.
Following the publication of the amended NOI, the Air Force held four scoping
meetings on Cape Cod. The draft SEIS was filed with the U.S. Environmental
Protection Agency (EPA), and circulated to the interested public and government
agencies for a period of 45 days for review and comment. During this period, a
public hearing was held so that the public could make comments on the draft
SEIS. Atthe end of the review period, all substantive comments received were
addressed. This final SEIS contains responses to comments as well as changes
to the document (see Chapter 8).

The final SEIS will be filed with the U.S. EPA and distributed in the same manner
as the draft SEIS. Once the Final SEIS has been available for at least 30 days,
the Air Force may publish its Record of Decision (ROD).
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1.1.2 Scoping Process

A scoping process was used to identify potentially significant environmental
issues and provided an opportunity for public involvement. Notification of public
scoping was made through local media and letters to federal, state, and local
agencies and officials, and interested groups and individuals. Notification was
also made through the Federal Register (Federal Register: January 27, 2000
[Volume 65, Number 18], page 4406) with a subsequent Federal Register
amendment (Federal Register: July 22, 2002 [Volume 67, Number 140] page
A7776-47777).

Public meetings were held on the following dates to solicit comments and
concerns from the general public:

e May 8, 2000 at the Forestdale Elementary School in Sandwich,
Massachusetts

e May 11, 2000 at the Bourne Best Western in Bourne, Massachusetts

e May 15, 2000 at the Mashpee High School in Mashpee
Massachusetts

e May 16, 2000 at the Falmouth Holiday Inn in Falmouth,
Massachusetts

e August 14, 2000 at the Forestdale Elementary School in Sandwich,
Massachusetts

e August 16, 2000 at the Woods Hole Oceanographic Institute in
Woods Hole, Massachusetts

e August 17, 2000 at the Barnstable Marstons Mills Middle School in
Marstons Mills, Massachusetts

e March 17, 2003 at the Human Services Building in Sandwich,
Massachusetts

e March 19, 2003 at the Jonathan Bourne Public Library in Bourne,
Massachusetts

e March 20, 2003 at the Falmouth Town Hall in Falmouth,
Massachusetts

e March 24, 2003 at the Mashpee High School in Mashpee
Massachusetts.

At each of these meetings, representatives of the Air Force presented an
overview of the meeting's objectives, agenda, and procedures, and described the
NEPA process. In addition to verbal comments, written comments were received
during the scoping process. These comments, as well as information from the
local community, experience with similar decisions to be made, and NEPA
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requirements, were used to determine the scope and direction of
studies/analyses needed to accomplish this SEIS.

1.1.3 Public Comment Process

The Draft SEIS was made available for public review and comment in May 2008.
Copies of the Draft SEIS were made available for review in local libraries and
provided to those requesting copies (Appendix B). At a public hearing held in
Bourne, Massachusetts in July 2008, the findings of the Draft SEIS were
presented and the public was invited to make comments. All comments were
reviewed and addressed, when applicable, and have been included in their
entirety in this document. Responses to comments offering new or changes to
data and questions about the presentation of data are also included. Comments
simply stating facts or opinions, although appreciated, did not require specific
response. Chapter 8, Public Comments and Responses, more thoroughly
describes the comment and response process.

1.2 CHANGES FROM THE DRAFT SEIS TO THE FINAL SEIS

The text of this SEIS has been revised, when appropriate, to reflect concerns
expressed in public comments. The responses to the comments indicate the
relevant sections of the SEIS that have been revised. The major comments
received on the Draft SEIS involved:

e Alternative action of moving the radar facility

e Operational characteristics of the radar

e Health and safety considerations of operating the radar

e Technical clarification of recent RFE studies and literature reviews.

Based on comments from the public, the following section of the SEIS has been
updated or revised:

e Figure 3.1-8 has been revised to show sidelobe energy above and
below the main beam.

1.3 SCOPE OF THE ENVIRONMENTAL REVIEW

A primary concern raised during the scoping process was the potential health
effects of operating the PAVE PAWS radar as there is a higher than expected
rate of a number of cancers on Cape Cod. A PAVE PAWS Public Health
Steering Group (PPPHSG) was established in 2001 in response to public
requests for an independent evaluation of possible health effects associated with
exposure to the PAVE PAWS radar. The PPPHSG was made up of
representatives from local Boards of Health, the County Department of Health
and Environment, and the State Department of Public Health. Based on public
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input, three primary study efforts with regard to operation of the PAVE PAWS
radar were identified, including:

e Measuring the average and peak radar exposures experienced by
the community and then using these measurements to develop
models to predict radar exposure of people living in the area,

e Analyzing plausible health outcomes from the radar exposure using
descriptive epidemiology, and

e Characterizing special features of the PAVE PAWS waveform based
on hypotheses proposed by the public, which contended that the
PAVE PAWS radar wave form characteristics differ from dish radar
wave forms and affect the human Deoxyribonucleic Acid (DNA) as a
result of long-term exposure.

This SEIS describes and addresses the potential health effects of RFE from the
continued operation of the PAVE PAWS radar at Cape Cod AFS. The affected
environment and the potential environmental consequences from RFE emissions
relative to the continued operation of the PAVE PAWS radar are described in
Chapters 3.0 and 4.0, respectively.

1.4 RELATED ENVIRONMENTAL DOCUMENTS

The NEPA documents listed below have been prepared for similar actions being
evaluated in this SEIS. These documents provided supporting information for the
environmental analysis contained within this SEIS and are incorporated by
reference.

Environmental Assessment for Phased-Array Warning System, PAVE PAWS,
Otis Air Force Base, Massachusetts (U.S. Air Force, 1976).

Final Environmental Impact Statement for Operation of the PAVE PAWS Radar
System at Otis Air Force Base, Massachusetts (U.S. Air Force, 1979).

Environmental Assessment for the Installation of Milstar Fixed Communications
Control Station at Cape Cod AFS, Massachusetts (U.S. Air Force, 2002a).

Environmental Assessment for the Early Warning Radar System, Service Life
Extension Program Cape Cod AFS, Massachusetts (U.S. Air Force, 2002b).
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2.0 ALTERNATIVES INCLUDING THE PROPOSED ACTION

21 DESCRIPTION OF THE PROPOSED ACTION

The Proposed Action (the preferred alternative) is the continued operation of the
SSPARS, or PAVE PAWS radar, as it is better known, at Cape Cod AFS.

The PAVE PAWS radar at Cape Cod AFS is the only radar in the nation that is
able to confirm a detected missile launch towards the United States or Canada
from the east. Cape Cod AFS is operated by U.S. and Canadian personnel. The
radar provides launch detection and subsequent confirmation to provide the
necessary information to make critical, nation-affecting decisions about an
incoming threat.

2.1.1 Solid-State Phased-Array Radar System Description

As part of an early warning network, the Air Force operates the PAVE PAWS
radar to provide warning of intercontinental ballistic missile (ICBM) and sea-
launched ballistic missile (SLBM) attacks against North America. The PAVE
PAWS radar facility also performs a space surveillance mission. In general,
during the missile warning and space surveillance missions, the PAVE PAWS
radar is transmitting, at most, 25 percent of the time and listening for return
signals 75 percent of the time. The specific duty cycles for missile warning and
space surveillance are discussed below. Cape Cod AFS is situated at its current
location to maximize its ability to perform these important national defense
missions for the east coast (Figure 2.1-1).

Missile Warning

To detect and determine attack characteristics of ICBMs and SLBMs aimed at
North America, the radar generates what is called a “surveillance fence.” This
constitutes the center of the main beam scanning at elevations between 3 and
10 degrees (°) above horizontal over a 240° (120°per face) scan area (Figure
2.1-2). The surveillance fence is normally at 3°; the radar’s construction is such
that the beam actually cannot go below a 3° elevation. In the missile warning
mode, the direction of the beam is steered according to a computer-programmed
pattern, moving from one position to another. In the surveillance mode, both
faces of the radar are simultaneously active, sending out two parallel beams
moving in a fashion similar to windshield wipers. Under normal operational
circumstances, the radar is transmitting 11 percent of the time to maintain the
surveillance fence, and waiting/receiving the return signal 89 percent of the time.
The PAVE PAWS radar is capable of transmitting for up to 18 percent of the time
to perform the missile warning mission with no space surveillance mission.

Space Surveillance

The space surveillance mission is conducted to track and catalog earth satellites
and to identify other space objects. The radar is capable of focusing on

March 2009
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particular objects or a small cluster of objects. The radar can transmit from 7 to
25 percent of the time, as long as the maximum average time, in any
combination of modes (i.e., missile warning and space surveillance), does not
exceed 25 percent.

PAVE PAWS Radar Operations

The PAVE PAWS radar is a phased-array radar that transmits pulsed
radiofrequency (RF) signals within the frequency range of 420 to 450 megahertz
(MHz). Signals are reflected by objects back to the radar. These signals are
analyzed to determine the location, distance, size, and speed of the object. The
PAVE PAWS radar is housed in a 32-meter (105-foot) -high building. Two flat
arrays transmit and receive RF signals generated by the radar. Each array face
contains 1,792 active antenna elements out of a total of 5,354 elements. The
two array faces are 31 meters (102 feet) wide, and are tilted back 20° from
vertical (Figure 2.1-3). The active portion of each array face is situated in the
center of a circle 22.1 meters (72.5 feet) wide. Each active antenna element is
connected to a separate solid-state transmitter/receiver within the radar building
that provides 322 watts of power for transmitting RF signals and amplifies the
returning signal. The peak power from the radar is determined by the solid-state
modules.

The RF signals transmitted from each of the array faces form one narrow main
beam with a width of 2.2°. Most (approximately 90 percent) of the energy is
contained in the main beam (MITRE Corporation, 2000). Each of the main
beams can be directed electronically between 3° and 85° above horizontal.
Figure 2.1-2 shows the minimum and maximum vertical angles to which the main
beams can be directed.

2.2 NO-ACTION ALTERNATIVE

The 1979 EIS evaluated the potential impacts of constructing the PAVE PAWS
radar as well as the potential health effects of RFE based on studies available at
the time the EIS was prepared. The PAVE PAWS radar at Cape Cod AFS is the
only radar in the nation that is able to confirm a detected missile launch towards
the United States or Canada from the east. The radar provides launch detection
and subsequent confirmation to provide the necessary information to make
critical, nation-affecting decisions about an incoming threat. The No-Action
Alternative involves no longer operating the SSPARS at Cape Cod AFS. The Air
Force would no longer accomplish its missile warning and space surveillance
missions, leaving all or portions of North America vulnerable to ICBM or SLBM
attacks.
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2.3

ALTERNATIVES ELIMINATED FROM FURTHER CONSIDERATION

CEQ regulations require that an EIS evaluate reasonable alternatives, briefly
discuss those alternatives eliminated from detailed analysis in the environmental
impact analysis, and provide the reasons for elimination of any alternatives

(40 CFR Part 1502.14(a)). “Reasonable” is defined as practical or feasible from
a common sense, technical, and economic standpoint (51 FR 15618, April 25,
1986).

The 1979 EIS presented a discussion of alternatives considered but eliminated
from further consideration with regard to siting the radar facility and postponing
the construction of the radar facility. In addition, this SEIS considered two
alternative operational options. The first option considered the construction of
physical barriers (i.e., earthen berms, wire mesh fencing, and trees) around the
radar site to help reduce the radar side lobe RFE. Detailed descriptions of the
barriers are provided in Appendix E2.1. The barrier option provided little to no
significant reduction in radar emissions and was dismissed as having negligible
benefit. The second option involved reducing the hours of operation at the radar.
This option would reduce the emissions of the radar; however, any time the radar
was powered down, the United States and Canada would have no ground-based
warning of a missile attack on the East Coast as well as result in degraded
Space Situational Awareness. This option was dismissed as being operationally
unacceptable due to national security.

Because the primary concerns raised during the scoping process involved the
potential health effects from the continued operation of the PAVE PAWS radar,
this SEIS focuses on recent health studies and literature reviews that address
RFE emitted from radar. Other than the options discussed above, no other
alternatives were considered for this SEIS. This SEIS addresses the continued
operation of the PAVE PAWS radar at Cape Cod AFS only.
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3.0 AFFECTED ENVIRONMENT

Cape Cod AFS is situated atop Flat Rock Hill on Cape Cod, Massachusetts,
within the northern portion of the Massachusetts Military Reservation (MMR)
(Figure 3.1-1). The site is operated by the 6th Space Warning Squadron. The
installation occupies approximately 100 acres at an elevation of approximately
265 feet above mean sea level. The leased area includes 87 acres for the
installation, 11.5 acres for the access road, and 2 acres for electrical
transmission lines. Cape Cod AFS is within Barnstable County and is
approximately 70 miles south of Boston, 3 miles east of Bourne, and 2 miles west
of Sandwich (see Figure 3.1-1).

The PAVE PAWS radar is a phased-array radar that transmits energy at a
frequency range that is higher than radio stations but lower than cellular
telephones and microwave ovens (see Appendix D, Figure D-1). The radar
operates at elevations between 3° and 85° above horizontal and at a peak power
level of 340 watts with 1,792 active antenna elements (total of 3,584 active
elements). The average power level is approximately 152.5 kilowatts (kW).
Access in the immediate vicinity of the radar is restricted to authorized personnel
for reasons of both public safety and mission security.

The intent of this section is to provide information for both the interested public
and technical experts to understand the characteristics of the PAVE PAWS radar
and the potential effects of RFE.

3.1 SOLID-STATE PHASED-ARRAY RADAR SYSTEM/RADIOFREQUENCY SPECTRUM

The SSPARS, or PAVE PAWS as it is better known, is an early-warning radar
system capable of detecting ICBM and SLBM attacks against North America.
The PAVE PAWS radar is a long-range search/surveillance and tracking system
whose primary mission is missile warning. Its secondary mission involves space
surveillance in order to estimate trajectories of launched objects, as well as
tracking earth satellites and other space objects. The PAVE PAWS radar at
Cape Cod AFS provides early-warning coverage of the United States East Coast
and Atlantic Ocean. The striking difference between the PAVE PAWS and
rotating dish radars is the mode in which the radar steers its beam. Unlike radars
that rotate in order to sweep their beam over a given area, the PAVE PAWS
does not move. Rather than mechanical steering, the PAVE PAWS electronically
steers its beam across the horizon. Each array face spans an azimuth of 120°
resulting in a total azimuth coverage of 240° (i.e., scan area of 240°).

The PAVE PAWS radar operates at 24 discrete frequencies that lie in the band
between 420-450 MHz. The radar has two modes in which it operates, tracking
and surveillance. Each of these radar modes is dependent on the mission
requirements at the time. These operating parameters and others are shown in
Table 3.1-1.
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Table 3.1-1.

PAVE PAWS Operating Parameters

Parameter

Value

Peak Power

1,792 active elements at 325 watts = 582.4 kW

Duty Factor

25% (11% search, 14% track)

Average Power 152.5 kW
Transmit Gain efeciive 37.92 decibel (dB)
Active Radar Diameter 22.1 meters

Frequency Band

420 MHz to 450 MHz

Wavelength 0.69 meters at 435 MHz

Sidelobes -20 dB (first), -30 dB (second), -38 dB (rms)

Face Tilt 20 degrees

Pulse Rate 18 to 72 pulses per second

Pulse Width 0.25,0.5,1, 2, 4, 8, 16 milliseconds (ms) in tracking

mode, 0.3, 5, 8 ms in surveillance

Number of Array Faces

2

3 dB Beam Width (on boresight)

2.2 degrees

dB = decibel
kW = kilowatt
MHz = megahertz
ms = millisecond

rms root mean square

3.1.1

Transmitting a Radiofrequency Signal

The PAVE PAWS radar is a phased-array radar, which transmits pulsed RF
signals. A phased-array is typically made up of a flat, regular arrangement of
radiating elements (transmitters) in which each element is fed a microwave signal
of equal amplitude and controlled phase. A central oscillator generates the RF
signal, then transistors or specialized microwave tubes, such as traveling-wave
tubes, amplify it. The RF signal is transmitted from the 1,792 active antenna
elements per array face, or a total of 3,584 active elements. Figure 3.1-2
illustrates an example of the signal pattern emitted by the PAVE PAWS radar.
When all the elements radiate in phase, yielding wave crests that move forward

in step, the waves become superposed along the perpendicular axis of the array.
The signals interfere constructively to produce a strong sum signal, resulting in a
beam directed straight ahead (called the boresight). At greater angles to the
boresight, individual signals from different radiating elements must travel different
distances to reach a target. As a result, their relative phases are altered and
they interfere destructively, weakening or eliminating the beam. An example of
destructive interference is illustrated in Figure 3.1-3. The sidelobes of the radar
beam are the fault of destruction interference. Because of the characteristics of
interference patterns, the width of the radar beam “cone” is directly proportional
to the operating wavelength and inversely proportional to the size of the array
(Brookner, 1985).

The phasing of the RF signal refers to signals from various radiating elements
that are emitted at different time intervals in order to "steer" the radar beam. In
order for the PAVE PAWS radar to emit a signal in-line with the boresight or
straight ahead, the signals from all array elements must be in phase.
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In order for the radar beam to "look" in a different direction, the signals from each
radiating element must be delayed electronically by amounts that increase
steadily across the face of the array. Each delay causes a signal to lag a fraction
of a wavelength behind the signal from an adjacent element (Brookner, 1985).
Figure 3.1-4 illustrates this aspect of beam steering. As seen in the first graphic
of Figure 3.1-4, the RF signals do not coincide at the target or are out of phase,
resulting in a weakened signal due to destructive interference. The second and
third graphics in Figure 3.1-4 illustrate the application of phased signals in the
acquisition of a target off boresight. As the signals leave the antenna, each
element in the array transmits its delayed signal by a fraction of a wavelength as
seen by the distance of the signal from the antenna array. As the signals
coincide at the target, the signals are in phase and interfere constructively
resulting in a strong signal. The zone in which the individual signals add up in
phase to produce a strong sum signal, capable of detecting targets, lies not
straight ahead, down the boresight of the antenna, but off to the side in the
direction of increasing phase delay (Brookner, 1985). Even at the most severe
angle the radar beam can achieve, the beam takes the form of a slender cone
surrounded by regions of destructive interference.

The transmitted RFE is characterized by its waveform. The different functions
that the radar performs, tracking and surveillance, require different signal
characteristics. The radar transmits a series of signals that are pulsed. This
means that the radar transmits a series of pulses followed by silent periods.
During the silent periods, the radar is awaiting the return echo (reflected energy
beam) from its target, so that an analysis of the target may be completed. A
primary feature of the pulsed nature of the PAVE PAWS radar is that the power
is on during transmission of the pulses and off during the silent periods. The
radar transmits varying pulsewidths, in other words each pulse can have a
different duration or transmitted time period. The PAVE PAWS radar uses
pulsewidths of 0.25, 0.3, 0.5, 1, 2, 4, 5, 8, and 16 milliseconds (Kramer, 2000).
During these pulses, the radar frequency changes or “chirps.” Chirping allows
the radar to utilize a long pulse to detect smaller objects, while simultaneously
obtaining the better range resolution otherwise achieved with a shorter pulse
(Kramer, 2000).

3.1.2 Sidelobes

The region(s) surrounding the main beam of the radar, where the signals
interfere destructively, is (are) known as the sidelobe(s). Unlike the narrow,
cone-shaped main beam, the sidelobes represent energy in a more diffuse form.
Figure 3.1-5 illustrates the direction of the main beam and first four sidelobes
(black arrows), as well as their width and relative intensity (shaded area)
(Kramer, 2000).

Approximately 90 percent of the radiated power is contained within the main
beam; therefore, the sidelobes contain very little energy. The maximum intensity
of the first sidelobe is 1/100 of the main beam intensity or -20 decibels (dB). A
dB is defined as:
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Figure 3.1-5. Profile of the Main Beam and Sidelobes
Source: Kramer, 2000.

dB = 10IogI

I
Where:

l,, main beam power density, milliwatts per square centimeter (mW/cmZ)
I, power density in a specific sidelobe, mW/cm?
dB, decibel

The maximum intensity of the second sidelobe is 1/1000 of the main beam
intensity or -30 dB. Since the sidelobes are all around the main beam, in some
instances, they point lower than the horizontal (Kramer, 2000). The second
sidelobe is the primary source of ground-impacting RFE within the far-field
region, which lies within public areas surrounding the radar. Although the second
sidelobe impacts the ground, the main beam, which contains 90 percent of the
radiated power, does not. Interlock systems and computer software prevent the
main beam from reaching an elevation lower than 3° above horizontal. It is in the
basic nature of a phased-array antenna that component or equipment failures are
unlikely to cause radiation to be directed into public areas in any undesignated
direction in excess of the amounts estimated for normal operation (National
Research Council, 1979a).

The relative power in dBs for the main beam and sidelobes of the radar in
relation to the angle relative to beam peak is shown in Figure 3.1-6. The main
beam is identified by the highest peak and reflects its boresight width of 2.2°.
Each subsequent peak represents a sidelobe, starting with the first sidelobe, and
descending sequentially in order.

It is the nature of high gain antennas that the sidelobe pattern is “spiky” in the
sense that it is characterized by narrow lobes separated by deep nulls (National
Research Council, 1979a). The nulls are represented in Figure 3.1-6 as the
valleys between the peaks. Designed as the PAVE PAWS radar is, with
particular attention to minimizing the large lobes, a pattern may have a few tens
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of lobes with peaks within 5 dB of the design maximum (e.g., for PAVE PAWS,
between 30 and 35 dB below the main beam) (National Research Council,
1979a).

The main beam and first sidelobe are azimuthally symmetrical, that is they have
the same lateral (horizontal) deviation. The higher order sidelobes exhibit some
randomness due to amplitude and phase errors at individual array elements,
mutual interactions between array elements, and individual hardware component
failures (Kramer, 2000). Figure 3.1-7 shows a 3-D representation of the antenna
pattern.

The illustration in Figure 3.1-7 applies when the beam is steered to broadside
(e.g., normal to the plane of the antenna array that is +20° in elevation and either
47° or 167° azimuth) (Kramer, 2000). The large peak and the surrounding peak
represent the main beam and first sidelobe, respectively. Both the main beam
and first sidelobe are highly regular and symmetrical. The higher order sidelobes
are represented by the multitude of smaller peaks. These sidelobes are lower
intensity and are irregularly distributed throughout the antenna pattern. The
pattern seen during normal surveillance will differ as a function of the beam
steering angles (Kramer, 2000).

3.1.3 Near-field RFE Region

In regions close to RFE emitting sources, the fields are called near fields. In the
near-fields, the electric and magnetic fields are not necessarily perpendicular; in
fact, they are not always conveniently characterized by waves (Durney et al.,
1986). The near-field is defined as a region generally in proximity to an antenna
or other radiating structure, in which the electric and magnetic fields do not have
a substantially plane-wave character, but vary considerably from point to point.
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Figure 3.1-7. 3-D View of the PAVE PAWS Antenna Pattern

Source: Sparagna, 1999.

The near-field region is further subdivided into the reactive near-field region,
which is closest to the radiating structure and contains most or nearly all of the
stored energy, and the radiating near-field region where the radiation field
predominates over the reactive field, but lacks substantial plane-wave character
and is complicated in structure (Institute of Electrical and Electronics Engineers,
1999a). The electric and magnetic fields are often more nonpropagating in
nature and vary rapidly with distance (Durney et al., 1986). The reactive region
at the PAVE PAWS frequencies extends less than 10 meters from the face of the
antenna. The near-field is primarily associated with controlled exposure
environments or occupational exposures. The controlled environment exposure
applies to the people working at the site, who are aware of their potential
exposure and the hazards of exposure to RFE.

The characteristics of the near-field are very complex as the lack of uniform
dispersal of RFE within the near-field makes measurements of the electric and
magnetic fields difficult. Unlike the parallel, plane-wave nature of the far-field, the
near-field shape changes with distance. The near-field for the PAVE PAWS
radar at Cape Cod AFS extends out to a distance of 1,440 feet or 439 meters
(Sparagna, 1999). Sparagna (1999) used a half wavelength criteria that
corresponded to a phase difference of 180 degrees, as used in the 1979 EIS.
The more conventional near-field boundary is the constraint that the difference in
path length from an element at the edge of the aperture and an element at the
center of the aperture is either 0.25 or 0.125 times the wavelength. The values
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correspond to a phase difference of 45 and 90 degrees, respectively. This
distance is outside the 1,000-foot boundary of the installation. The near-field
boundary occurs at a frequency of 450 MHz and a 180° (half wavelength)
difference between the center element and the edge element. Figure 3.1-8
shows an illustration of the near-field region around the PAVE PAWS radar.

-

Far Field

4st Sidelobe

Mainbeam
1st Sidelobe

Ch
of'the Near Field

Figure 3.1-8. lllustration of the PAVE PAWS Near-field Region

3.1.4 Far-field RFE Region

The far-field region is defined as that region of the field of an antenna where the
angular field distribution is essentially independent of the distance from the
antenna (Institute of Electrical and Electronics Engineers, 1999a). Within the far-
field region, the RFE field has a predominantly plane-wave character. Unlike the
near-field region, which is not uniformly dispersed over space, the far-field region
has locally uniform distribution of the electric and magnetic fields. The electric
and magnetic field strengths both fall off at a rate of 1/d, where d is the distance
from the radiating structure (Smith, 1998).

According to Sparagna (1999), the far-field region begins at a distance of
1,440 feet or 439 meters using the methodology used by the U.S. EPA in 1979
during their initial assessment of the PAVE PAWS radar; however, Kramer
(2000) cites the far-field region beginning at a distance of 2,345 feet or

739 meters. The boundary between the near-field and far-field regions is not
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sharp because the near-fields gradually become less important as the distance
from the source increases (Durney et al., 1986). As seen in Figure 3.1-8, within
the far-field region, the RFE fields appear as propagating plane waves. The
main beam is a conical shape and uniformly dispersed through space.

Making measurements is usually easier in the far-field than in the near-field, and
calculations for far-field absorption are much easier than for near-field absorption
(Durney et al., 1986). The far-field region is primarily associated with
uncontrolled environment exposure limits or public exposures. The uncontrolled
exposure limits apply to personnel who may be unaware of their exposure
scenario and the hazards associated with RFE. In many instances, this is the
case for public access areas nearby RFE emitting structures.

3.1.5 Other Sources of Radiofrequency Energy

The rapid expansion of telecommunications services, cellular telephones, digital
music/television, and paging services has brought RF/microwave energy sources
into everyday life. Tall, metal towers with an array of relays on top of them are
common sites around communities and roadways today, as the infrastructure for
the telecommunications industry continues to expand. Although many of these
towers do not actively transmit RF/microwave signals, they do relay signals
produced by cellular telephones and pagers to their intended destinations.
Electric field strengths at ground level beneath microwave relay towers are in the
range of 20 milliVolts per meter (mV/m) to 0.6 Volts per meter (V/m)
(0.00000016 mW/cm? to 0.000095 mW/cm?) (Hankin, 1985). The electric field
strength can be converted to a power density measurement using the following
equation: S = E*/377Q where power density is (S), watts per square meter
(W/mz) and the electric field strength are (E). Other common sources of
RF/microwave energy include garage door opener remote controls, security
systems (remote keyless entry), video display terminals (VDTSs), and remote
controlled toys.

Urban areas experience higher background RF/microwave concentrations
because of the higher concentration of RF/microwave transmitters, such as
amplitude modulation (AM)/frequency modulation (FM) radio stations and very
high-frequency/ultra high-frequency (VHF/UHF) television transmitters.
Broadcast stations are significant sources of RF exposure (Janes et al., 1977).
Figure 3.1-9 shows the differential fraction of population exposed within given
power density intervals based on data from 15 major cities in the United States.
Approximately 30 percent of the populations within these cities were exposed to
power densities of 2 to 5 nanowatts per square centimeter (nW/cmz), which is
approximately six orders of magnitude less than the current uncontrolled
exposure limit for PAVE PAWS. Of the community RF measurements taken in
1986 around the Cape Cod AFS PAVE PAWS radar, the highest average power
density was 61 nwW/cm? (0.000061 mW/cmz) as measured at the rest area on
Route 6. As shown in Figure 3.1-9, approximately 3.3 percent of the population
within these specific cities were exposed to power densities of 61 nW/cm?.
Furthermore, more than 88 percent of the population within these cities was
exposed to power densities in the nW/cm? range, with substantially smaller
populations exposed at higher power density levels.
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A study conducted in 1997, explored the exposure to RF in the general and work
environments. It was noted that RF fields in the general urban environment are
principally associated with radio and television broadcast services. Studies of
general population exposure in the United States showed that approximately

3 percent of the urban population was exposed to electric field strengths greater
than 1 V/m (0.000265 mW/cmZ) from AM broadcast services (Mantiply et al.,
1997). A major difference between AM and FM transmitters is that the entire
broadcast tower is the AM transmitting antenna, while the broadcast tower
serves strictly as the support structure for the much smaller FM antenna. As a
result, AM broadcast services can emit much stronger RF fields at ground level
than FM broadcast services and can induce electric currents within objects inside
the RF field. The median electric field strengths reported in urban areas in the
United States from FM broadcast services is approximately 0.1 V/m

(0.0000026 mW/cm?) with 0.5 percent of the population exposed to field
strengths above 2 V/m (0.00106 mW/cm?) (Tell and Mantiply, 1980; Hankin,
1985). The maximum electric field strengths at ground level beneath FM towers
in the United States vary from about 2 to 200 V/m (0.00106 mW/cm? to

10.61 mW/cm?) (Gailey and Tell, 1985).

VHF/UHF television broadcast services are another major source of RF fields in
the urban environment. Calculations based on measurements in the late 1970s
showed that approximately 16 percent of the population was exposed to fields
above 0.1 V/m (0.0000026 mW/cmZ) and 0.1 percent was exposed to fields
above 2 V/m (0.00106 mW/cm?) from low band VHF-television (TV) (channels
2-6) (Mantiply et al., 1997). For high band VHF-TV (channels 7-13), 32 percent
of the population was exposed to electric field strengths above 0.1 V/m
(0.0000026 mW/cmZ) and approximately 0.005 percent were exposed to fields
above 2 V/m (0.00106 mW/cm?) (Mantiply et al., 1997). The maximum fields at
ground level beneath VHF-TV towers were estimated to be between 1 and

30 V/m (0.000265 mW/cm? to 0.23872 mW/cm?) (Gailey and Tell, 1985). For
UHF-TV (channels 14-67), general population exposure calculations showed that
about 20 percent of the population was exposed to fields above 0.1 V/m
(0.0000026 mW/cmZ) and approximately 0.01 percent was exposed above 1 V/m
(0.000265 mW/cmZ) (Tell and Mantiply, 1980).

3.1.5.1 Private Microwave Congested Areas.

The Federal Communications Commission (FCC) has designated areas within
the United States where the density of RF/microwave emitters, across certain
frequencies, has produced RF/microwave congestion. In order to identify these
congested areas, the FCC staff analyzed the microwave database and sorted
stations according to frequency bands and geographical areas. They plotted the
stations on a map of the United States divided into areas of approximately

1,000 square miles, then determined congestion based on such criteria as the
number, average power, antenna sizes, and growth rates of existing stations in
each of the different frequency bands. Taking all factors into consideration, the
FCC staff identified those areas that, in its judgment, would likely be congested.
One of the primary factors taken into consideration is where a predictable risk of
interference to other stations exists. Using the existing FCC data, maps were
compiled that showed the private microwave congested areas around Cape Cod
AFS.
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Figure 3.1-10 shows the FCC private microwave congested areas around the
Boston, Massachusetts area, including Cape Cod AFS. Cape Cod AFS is within
two of the three private microwave congested areas shown in Figure 3.1-10. The
specific frequencies for these congested areas are 952-960 MHz and 1850-1990
MHz.

In addition to these two frequency ranges, the Boston metropolitan area is also a
private microwave congested area for the 12 gigahertz (GHz) frequency. Figure
3.1-10 indicates that the Boston area, including Cape Cod AFS, has a high
density of RF/microwave emitters within the specified frequencies, resulting in a
risk of interference to other stations. The private microwave congested areas for
the Cape Cod AFS area and those specific frequencies represent services such
as broadcasting, fixed/mobile RF/microwave sources, personal communication
systems (PCSs), satellite communication (SATCOM) systems, and fixed/mobile
RF/microwave sources.

3.1.5.2 Multiple Emitters within the PAVE PAWS Frequency Range.

The frequency range in which the PAVE PAWS radar operates is 420 to

450 MHz. According to the FCC, this frequency range has been restricted to
include only amateur “Ham” radio emitters (70 cm wavelengths only), military
radars, and radiolocation emitters. The Joint Spectrum Center (JSC) completed
a search of the Frequency Record Resource System, FCC, Government Master
File, and International Telecommunications Union databases to determine the
number of emitters within a 100 nautical mile (nm) radius of Cape Cod AFS that
operate within the same frequency range as the PAVE PAWS radar. Including
the PAVE PAWS radar at Cape Cod AFS, a total of 17 emitters were identified
that operate within the same frequency range as PAVE PAWS within a 100 nm
radius of Cape Cod AFS. Many of these emitters are situated in or near the
Boston metropolitan area. Figure 3.1-11 shows the locations of the emitters
within a 100 nm radius of Cape Cod AFS.

3.1.5.3 Coastal Impacts of RF/Microwave Energy from Radars and
Emitters.

Although the PAVE PAWS radar is a ground-based unit, the Cape Cod AFS
radar is located close to the coastal waters of the Atlantic Ocean. Additional RF
emitters exist throughout the coastal waters of the United States and other
countries to provide navigational support to ships. One example of this type of
RF emitter is the Long Range Aids-to-Navigation (LORAN) transmitters.

The LORAN systems are long-range, low frequency (e.g., 100 kilohertz [kHz])
pulsed and phased RF, hyperbolic navigation systems developed in the 1960s
primarily for maritime navigation purposes. Although these systems are centered
on the frequency of 100 kHz, the LORAN emissions often overflow into the 90 to
110 kHz frequency range. The LORAN transmitters are omni-directional,
meaning they transmit in all directions. Like PAVE PAWS, these systems are
pulsed and phased RF signals; however, the frequency that the LORAN system
operates on is a frequency 4,200 times lower than the PAVE PAWS frequency
range. At a distance of 300 meters from the LORAN antenna base, the electric
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field strength varied from 3 to 9 V/m (power densities of 0.002 mW/cm? to
0.021 mW/cmz) and the magnetic field strength varied from 6 to 41 milliamps/
meter.

Although many of the LORAN transmitters are situated near coastal areas, other
LORAN systems are situated within the interior of the United States. Only one
LORAN site (on Nantucket Island approximately 45 miles from Cape Cod AFS)
operates within proximity to Cape Cod AFS. The effective transmission distance
of the LORAN system is approximately 600 to 1,100 miles, depending upon the
transmitter power and the atmospheric noise level (U.S. Coast Guard, 2001).
Therefore, the LORAN system transmissions are capable of reaching the PAVE
PAWS radar location.

3.1.5.4 Air Traffic Control Radars.

Another contributor to the overall RF environment is air traffic control radars used
at airports. Although many of these radars are rotational in nature, current
technology has progressed to include the use of phased-array radars, like PAVE
PAWS, as air traffic control radars. In areas surrounding air traffic control radars,
workers can be exposed to power densities of up to tens of W/m?, but are
normally exposed to fields in the range of 0.03 to 0.8 W/m? (0.003 mW/cm? to
0.08 mW/cmz) (World Health Organization, 1993). In an exposure survey of
civilian airport radar workers in Australia, it was found that, unless working on
open waveguide slots, or within transmitter cabinets when high voltage arcing
was occurring, personnel were, in general, not exposed to levels of radiation
exceeding the specified limits in the Australian and International Radiation
Protection Association (IRPA) RF exposure standards (Joyner and Bangay,
1986). These exposures represent occupational exposures and would not be
representative of far-field exposures as in the case of uncontrolled or public
exposure scenarios.

3.1.5.5 Milstar Fixed Communications Control Station.

The Air Force operates a Milstar fixed communication control station at Cape
Cod AFS. The Milstar antenna support shelter is approximately 20 feet by

16 feet in size and 9 feet high (Figure 3.1-12). The Milstar antenna is a 90-inch-
diameter parabolic dish with receive/transmit capability. A white spherical
radome, approximately 10 feet across by 10 feet high, encloses the antenna for
weather protection.

The Milstar communications system is designed as an inaccessible emitter by
the Air Force, meaning the system is not normally accessible to personnel.
Existing controls on the Milstar system, such as an interlock system, prevent
maintenance personnel from inadvertent RFE exposure during maintenance
activities.
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The operational angle that the Milstar system uses to communicate with satellites
is 41.5°+ the satellite’s differential from the Earth’s equator. As a result, it is not
possible for Milstar’'s main beam to impact the ground. The Milstar system
transmits RFE at a frequency of 44 GHz. The 1839th Engineering Installation
Group conducted a ground-level RFE evaluation of the Milstar antenna in 1989
(1839th Engineering Installation Group, 1989). These measurements were not
conducted at Cape Cod AFS; however, these measurements are representative
of the predicted measurements of the Milstar communications system at Cape
Cod AFS. Measurements were taken at six different distances, ranging from the
radome edge to 600 feet from the Milstar antenna. These measurement
locations evaluated the main beam and were selected based on power density
calculations and distance from the antenna. The Milstar measurements are
presented in Table 3.1-2.

Table 3.1-2. 1989 Milstar RFE Measurements

Magnitude
Average Controlled General Below
Power Environment Public Controlled
Density Standard Standard Environment
Location | Distance (feet) | (mW/cm?) (mW/cm?) (mW/cm?) Standard
1 600 0.046 5 1 108
2 327 0.265 5 1 18
3 184 0.461 5 1 10
4 75 0.472 5 1 10
5 27 0.450 5 1 11
6 Radome Edge 0.839 5 1 6
mW/cm® = milliwatts per square centimeter

Source: 1839th Engineering Installation Group, 1989.

These measurements represent occupational exposures; therefore, they were
compared to the controlled environment standard. No measurements exceeded
or significantly approached the IEEE controlled environment exposure limit of

5 mW/cm®. No individuals living in the surrounding communities would be
exposed to RFE levels in excess of the applicable IEEE safety standard. In
addition, the Milstar system does not produce significant sidelobe RFE patterns
that would approach the IEEE uncontrolled environment limit of 1 mW/cm?.

3.1.5.6 Defense Satellite Communications System.

In June 2000, the U.S. Air Force completed an RFE survey of the Defense
Satellite Communication System (DSCS) at Cape Cod AFS. The DSCS system
is a 38-foot-wide aperture satellite dish used for military satellite communications.
DSCS transmits in the frequency range from 7.9 to 8.4 GHz, which is much
higher than the SSPARS frequencies. In order to transmit to satellites, DSCS
must be pointed upward; therefore, the system is prohibited electrically from
radiating with the antenna below 7°. Unlike the SSPARS, DSCS is a satellite
communications antenna that uses narrow-beam transmission to
geosynchronous satellites, not a sweeping beam over large scan areas. Also,
DSCS is a continuous wave transmitter, not a pulsed emitter. The narrow beam
width is due to the nature of satellite communications, which require a narrow
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antenna pattern for communication purposes. The DSCS satellite dish
continuously points at 41.5° above the horizon to communicate with the
geosynchronous satellite. The DSCS measurements completed in June 2000
are presented in Table 3.1-3, and the measurement locations are shown on
Figure 3.1-13.

Table 3.1-3. 2000 DSCS RFE Measurements

Power
Antenna | Density at Controlled
Output Operating | Environment | Magnitude
Test Antenna Power Power Standard® below
Location Position® (@Bm) | (mwicm? | (mw/cm? | Standard®
1 Primary Satellite 37.1 <0.01 10 >1000
2 Secondary Satellite 38.1 0.04 10 250
3 Secondary Satellite 38.1 0.15 10 66
4 Alternate 1 55 6.20 10 1
5 Alternate 1 55 2.20 10 4
6 Alternate 1 55 0.40 10 25
7 Alternate 1 55 0.25 10 40
8 Alternate 1 55 0.05 10 200
9 Alternate 1 55 0.0875 10 114
10 Alternate 2 55 0.237 10 42
Notes: The above azimuths and elevations are based on the alignment of the DSCS with its appropriate

satellites from Cape Cod AFS.

@)

(b)

Primary-azimuth 154.08° and elevation 38.9°; secondary-azimuth 105.55° and elevation 9.75°;
alternate 1-azimuth 215.82° and elevation 7.49°; alternate 2-azimuth 296.7° and elevation
7.49°.

The measurements taken in June 2000 represent occupational exposures, not general public
exposures; therefore, the IEEE C95.1-1999 controlled environment exposure limit was used.

° = degree

dB = decibel

dBm = dB referenced to 1 milliwatt
mwW/cm? = milliwatts per square centimeter

Source: 738th Engineering Installation Squadron, 2000.

The measurements taken around the DSCS indicated that exposures were below
the occupational exposure limits for the system, as specified in IEEE C95.1-
1999. Accordingly, the highest measurement was obtained directly in front of the
feedhorn (i.e., extension protruding from the aperture), which is the actual RF
source for the aperture. This measurement was only obtained by using a man
lift; therefore, this type of exposure is not possible at ground level. Furthermore,
due to the operational angles that DSCS uses to communicate with the various
satellites, no individuals living in the surrounding communities would be exposed
to RFE levels in excess of the applicable IEEE safety standard.

3.2 HEALTH AND SAFETY

This section discusses the affected environment of the PAVE PAWS radar with
regard to public health and safety. The following section discusses the existing
RFE in the vicinity of Cape Cod AFS, other emitters of RFE at Cape Cod AFS,
and RFE measurements taken at Cape Cod AFS and within the surrounding
communities.
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Exposure to RFE is controlled in accordance with national exposure standards
(e.g., federal and voluntary exposure standards), which are set by experts in
biophysics, medicine, engineering, and epidemiology, as set forth in the following
documents:

e Institute of Electrical and Electronics Engineers (IEEE) C95.1-1999,
IEEE Standard for Safety Levels with Respect to Human Exposure to
Radio Frequency Electromagnetic Fields, 3 kHz to 300 GHz,

May 1999.

o Department of Defense (DOD), Protection of DOD Personnel from
Exposure to Radio Frequency Radiation and Military Exempt Lasers,
DOD 6055.11, February 21, 1996.

e Air Force Occupational Safety and Health (AFOSH) Standard, Radio
Frequency Radiation (RFR) Safety Program, AFOSH Standard 48-9,
August 1, 1997.

e FCC, Office of Engineering and Technology (OET) Bulletin 65:
Evaluating Compliance with FCC Guidelines for Human Exposure to
Radiofrequency Electromagnetic Fields, Edition 97-01, August 1997.

The IEEE International Committee for Electromagnetic Safety produces an RFE
standard that has been adopted by the American National Standards Institute
(ANSI) as an IEEE/ANSI standard. This voluntary standard is based on
numerous sources of scientific information that are subject to rigorous review by
experts in biophysics, medicine, electrical engineering, and epidemiology.

After reviewing the biological effects database, scientific committees concluded
that the threshold for potential adverse biological effects was 4 watts per
kilogram (W/kg) of absorbed RFE per unit mass of tissue. The standards-making
organizations have adopted safety factors for RFE exposures in occupational
and general public settings. These safety factors are set at 10 for occupational
exposures and 50 for general public exposures, thereby reducing the adverse
biological effects threshold to 0.4 and 0.08 W/kg, respectively. For ease of
measurement, these limits are expressed in units of incident power density
(mW/cmz), which is the accepted RFE parameter used to quantify RFE exposure
(Institute of Electrical and Electronics Engineers, 1999a).

The general population exposure limit for the PAVE PAWS radar is 0.28 mW/cm?
averaged over a 30-minute period, while the occupational exposure limit is

1.4 mW/cm? averaged over a 6-minute period. These limits are based on the
IEEE C95.1-1999 and FCC maximum permissible exposure of 420 MHz, which
represents the most conservative exposure limit within the PAVE PAWS
frequency range.

The scientific community believes that the IEEE/ANSI standard is applicable to
both continuous-wave and pulsed, phased-array emitters. However, a small
number of individuals have questioned whether the standard is applicable to
phased-array systems. Although the scientific evidence indicates that adverse
health effects are limited primarily to thermal effects, some theories have been
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put forward that suggest low-level RFE may have biological effects. These
theories and supporting research are reviewed by the IEEE and considered
during their standard setting process. It is recognized that health concerns have
been raised by some individuals on Cape Cod dealing with the continued
operation of the PAVE PAWS radar. These concerns have been addressed by
several Cape Cod AFS site-specific studies and RFE literature reviews including:

e Preliminary Measurements of the PAVE PAWS Radar, Phase Il —
Single and Double Dipole Field Measurements & Phase Il —
Spectrum Background Analysis, Final Report (Air Force Research
Laboratory, 2002).

e Phase IV — Time Domain Waveform Characterization Measurements
of the PAVE PAWS Radar, Final Report (Air Force Research
Laboratory, 2003).

e Final Test Report on a Survey of Radio Frequency Energy Field
Emissions from the Cape Cod Air Force Station PAVE PAWS Radar
Facility (Broadcast Signal Lab, LLP, 2004).

e An Assessment of Potential Health Effects from Exposure to PAVE
PAWS Low-Level Phased-Array Radiofrequency Energy (National
Research Council, 2005a).

e Public Health Evaluation of Radiofrequency Energy from the PAVE
PAWS Radar, Cape Cod Air Station, Massachusetts (Agreement No.
29292), Draft Literature Review (International Epidemiology Institute
[IEI], 2004).

e Memorandum regarding Risk Assessment of Low-Level
Phased-Array Radio Frequency Energy Emissions — 2002-03
(Armed Forces Epidemiological Board, 2003).

e A Public Health Evaluation of Radiofrequency Energy from PAVE
PAWS Radar, Cape Cod Air Station, Massachusetts (Agreement No.
29292), Final Report, Descriptive Studies of Disease Occurrence
and PAVE PAWS Radar (International Epidemiology Institute, 2006).

These studies and literature reviews specifically address the general concerns
brought forth regarding low-level exposures to RFE as well as the PAVE PAWS
pulsed waveform generated by a phased-array radar. A summary review of
these studies is provided in Section 3.3, Recent Cape Cod Air Force Station
Radiofrequency Studies/Reviews.

3.2.1 Cape Cod Air Force Station Radiofrequency Energy Measurements

Ground level (3-6 feet) RFE measurements were completed around the PAVE
PAWS radar and throughout the surrounding communities in 1978, 1986, and
2004. In 1978, peak power density measurements, average power density
measurements, and peak electric field measurements were completed in order to
assess the potential exposure differences under both peak and average power
conditions. The measurements from the 1978 survey are presented in

3-24

Cape Cod Air Force Station, Final Supplemental EIS March 2009



Table 3.2-1 and their locations are shown on Figure 3.2-1. RFE measurements
collected during the 1978 survey were below the applicable IEEE general public

exposure limit.

Table 3.2-1. Cape Cod AFS, 1978 Power Density Measurements

Distance Average General Public | Magnitude
Test from Radar | Power Density Standard® Below
Location | Location (miles) (mW/cm?) (mW/cm?) Standard
1 Rest Area, Route 6 0.6 0.000061 0.28 4,590
2 Shawme and Shaker House Roads 2.1 0.000027 0.28 10,370
3 Henry T. Wing School 2.1 <0.000001 0.28 >280,000
4 Dillingham and Knott Roads 2.4 0.00002 0.28 14,000
5 Sandwich High School 4.4 0.000001 0.28 280,000
6 Lakewood Hills Development 4.6 <0.000001 0.28 >280,000
(entrance)
7 Knolltop and Greenhouse Roads 5.4 <0.000001 0.28 >280,000
8 Mashpee Police Department 7.3 <0.00001 0.28 >280,000
9 Mashpee Middle School 9.2 <0.000001 0.28 >280,000
10 Seabury Golf Club 13.8 <0.000001 0.28 >280,000
11 Sagamore Bridge 1.6 0.000051 0.28 5,490
12 Canalside Apartments 2.0 0.000016 0.28 17,500
13 Hoxie Elementary School 1.7 0.000001 0.28 280,000
14 Old Plymouth Road 2.8 0.000002 0.28 140,000
15 Hilltop Drive (Maiolini residence) 1.0 0.000003 0.28 93,333
16 Keith Field 1.4 <0.000001 0.28 >280,000
17 Stone School (Otis ANGB) 7.1 <0.000001 0.28 >280,000
18 Ashumet Development (Hatchville) 8.8 <0.000001 0.28 >280,000
19 Benthos Corporation 8.9 <0.000001 0.28 >280,000
20 North Falmouth Elementary School 9.0 <0.000001 0.28 >280,000
21 Falmouth High School 11.8 <0.000001 0.28 >280,000

Note: (a) General public standard from IEEE C95.1-1999. The standard used in 1978 was IEEE C95.1-1974 that cited 10 mW/cm? as
the exposure limit.

ANGB

= Air National Guard Base

mW/cm?> = milliwatts per square centimeter

Source: Electromagnetic Compatibility Analysis Center, 1978.

In 1986, average power density measurements were completed in order to verify
that the measurements taken in 1978 were still valid and representative of the
potential RFE exposures from the radar. The measurements from the 1986
survey are presented in Table 3.2-2 and their locations are shown on Figure
3.2-2. As with the 1978 measurements, these measurements were also below
the applicable IEEE general public exposure limit; therefore, the 1978
measurements were validated and remained representative of the general public
RFE exposures from the PAVE PAWS radar.

In 2004, peak/average power density measurements and peak/average electric
field measurements were completed at various locations on Cape Cod. The
measurements from the 2004 survey are presented in Table 3.2-3 and their
locations are shown on Figure 3.2-3. RFE measurements collected during the
2004 survey were below the applicable IEEE general public exposure limit.
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Table 3.2-2. Cape Cod AFS, 1986 Power Density Measurements

Distance Average General Public | Magnitude
Test from Radar | Power Density Standard® Below
Location | Location (miles) (mW/cm?) (mW/cm?) Standard
1 Cardinal Road (Christopher 8 0.000026 0.28 10,769
Hollow)
Sandwich Fire Tower (86 feet
2 above ground in view of the 3.2 0.000139 0.28 2,014
radar)
3 Sandwich Public Library 2.3 <0.000001 0.28 >280,000
4 Crowley State Park (Les Perry’s 12 0.000012 0.28 23.333
House)
Crowley State Park (Near Camp 0.28
4a Site A-10) 1.2 0.00002 14,000
Route 130 and Greenway and 0.28
5
Gibbs (Across from base gate) 35 <0.000001 >280,000
Corner of Friendly and Freedom 0.28
° Road (Near Snake Pond Area) 5 <0.000001 >280,000
7 Beach area (Snake Pond) 4.8 <0.000001 0.28 >280,000
8 Intersection of Route 130 before 74 <0.000001 0.28 280,000
Central Road
9 Near Mashpee Middle School on 8.4 <0.000001 0.28 280,000
Lowell Road
10 Lowell Road near Quessot Golf 8.8 <0.000001 0.28 280,000
Course
1 liléclkelodeon Theatre on Route 78 <0.000001 0.28 280,000
12 Otis ANGB Central Tower 5.9 0.000003 0.28 93,333
13 VA Cemetery near entrance on 56 <0.000001 0.28 280,000
Route 151
14 Scusett Beach Fishing Pier 1.9 0.000004 0.28 70,000
15 Henry Wing School (Sandwich) 2.1 <0.000001 0.28 >280,000

Note: (a) General public standard from IEEE C95.1-1999. The standard used in 1986 was IEEE C95.1-1974 that cited 10 mW/cm? as
the exposure limit.

ANGB

= Air National Guard Base

mW/cm? = milliwatts per square centimeter

Source: 1839th Installation Engineering Group, 1986.

The Air Force performed RFE measurements in November 2003 (pre-SLEP
upgrade) and in August 2005 (post-SLEP upgrade) at the Cape Cod AFS PAVE
PAWS to determine if the SLEP upgrade caused a change in the power output
from the radar. The measurements from the 2003 and 2005 surveys are
presented in Table 3.2-4 and their locations are shown on Figure 3.2-4. RFE
measurements collected during the surveys did not show a significant change in
the power output and were below the applicable IEEE general public exposure
limit (U.S. Air Force, 2004, 2005).

Measurements of the near-field at Cape Cod AFS taken in 1979 are presented in
Figure 3.2-5. The measurements do not address the electric and magnetic fields
individually; rather, the measurements represent the total power density. Total
power density is used to evaluate the potential effects of operating the radar.
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Table 3.2-3. Cape Cod AFS, 2004 Power Density Measurements

Distance Average General Public | Magnitude
Test from Radar | Power Den5|ty Standard® Below
Location Location (miles) (mW/cm ) (mW/cmz) Standard
1 Pilgrim Monument Site 27.4 0.0000449 0.28 6,240
2 Snows Field, Snowfield Road 30.1 0.0000093 0.28 30,107
3 Cape Cod Naval Station Headquarters 30.7 0.0000013 0.28 215,385
4 Nauset Light Parking 31.1 0.0000006 0.28 466,667
5 Rock Harbor Parking 27.5 0.0000730 0.28 3,835
6 Great Hill 29.3 0.0000288 0.28 9,722
7 Keith Lane Circle 23.6 0.0000132 0.28 2,212
8 Island Pond Cemetery, Harwich Center 24.1 0.0000004 0.28 700,000
9 Scargo Hill 18.5 0.0038167 0.28 73
10 Woodside Cemetery, Yarmouth, off Summer Street | 15.5 0.0000026 0.28 107,692
11 Main Street, Centerville 12.3 0.0000056 0.28 50,000
12 Athletic Field, Route 130, North of Ashumet Road 7.2 0.0000821 0.28 3,410
13 Davisville Road, E. Falmouth School 12.3 0.0000022 0.28 127,273
14 Hashnee Island Grill 5.6 0.0001590 0.28 1,761
15 Shawme Crowell State Park 1.0 0.0346000 0.28 8
16 Cardinal Road Circle 2.8 0.0007775 0.28 360
17 Route 130 at Cotuit Road 3.7 0.0000104 0.28 26,923
18 Mt. Hope Cemetery, Route 6A 2.8 0.0001323 0.28 2,116
19 Jarves Road at Factory Street 2.5 0.0002228 0.28 1,257
20 Sandwich Public Library 2.1 0.0000589 0.28 4,754
21 Holder Lane Circle 2.6 0.0025595 0.28 109
22 Scusset Beach Parking 1 2.6 0.0001935 0.28 1,447
23 Scusset Beach Parking 1 2.6 0.0049833 0.28 56
24 Sagamore Athletic Field 1.4 0.0000200 0.28 14,000
25 Church Lane at Cape Pine Road 2.2 0.0006477 0.28 432
26 Sagamore School, Williston Road 1.8 0.0002408 0.28 1,163
27 Brigantine Passage Drive 1.9 0.0007808 0.28 359
28 Eagle Road 4.3 0.0000008 0.28 350,000
29 Route 6E Canal Overlook 1.9 0.0000109 0.28 25,688
30 Cypress Street at Route 6 Bypass 3.3 0.0000010 0.28 280,000
31 Monument Beach Former Water Tank 4.3 0.0000107 0.28 26,168
32 Wings Neck Road at Harbor Drive 6.6 0.0000061 0.28 45,901
33 Scraggy Neck Road at Cataumet Club 7.4 0.0000007 0.28 400,000
34 Carolyn Circle Forestdale 5.5 0.0000252 0.28 11,111
35 Barnstable County Fairgrounds 9.3 0.0000010 0.28 280,000
36 Falmouth High School, Brickklin Road 11.7 0.0000001 0.28 2,800,000
37 Mashpee Senior Center 9.3 0.0000004 0.28 700,000
38 N. Falmouth School 9.1 0.0000002 0.28 1,400,000
39 Marstons Mills School, 2095 Main Street 9.6 0.0000002 0.28 1,400,000
40 Shawme Crowell State Park 1.0 0.0039367 0.28 71
41 Burbank Street and Main (Route 130) 1.3 0.0000572 0.28 4,895
42 Old County Road, near State Hatchery 5.7 0.0000003 0.28 933,333
43 Assawompset School 22.1 <0.0000001 0.28 >2,800,000
44 Onset School, Union Avenue 6.3 0.0000002 0.28 1,400,000
45 Ellisville Road 5.3 0.0000777 0.28 3,604
46 October Lane Circle, Cedar Bushes 10.1 0.0000005 0.28 560,000
47 Freezer Road at Tupper Road 2.0 0.0004528 0.28 618
48 Stone School Circle, Otis ANGB 7.0 0.0000009 0.28 311,111
49 Post ‘n Rail Avenue, Cedarville 4.0 0.0000264 0.28 10,606
50 Banstable High School 13.0 0.0000002 0.28 1,400,000

Note: (a) General public standard from IEEE C95.1-1999.
NGB = Air National Guard Base
mW/cm = milliwatts per square centimeter

Source: Broadcast Signal Lab, LLP, 2004.
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Table 3.2-4. Pre- and Post-SLEP Upgrade Power Density Measurements (2003 and 2005)

2003 Average 2003 Max 2005 Average 2005 Max
Power Density | Power Density Power Density Power Density PEL
Location (mW/cm?) (mW/cm?) (mW/cm?) (mW/cm?) (mW/cm?)
CP16 0.14 0.17 0.07 0.02 1.40
CP17 0.0625 0.088 0.05 0.06 1.40
CP18 0.0775 0.15 0.09 0.13 1.40
Center of Face B 0.106 0.35 0.11 0.19 1.40
CP19 0.117 0.30 0.07 0.13 1.40
CP20 0.115 0.22 0.12 0.16 1.40
Building Center 0.17 0.21 0.12 0.13 1.40
CP21 0.130 0.20 0.14 0.15 1.40
CP22 0.142 0.22 0.16 0.20 1.40
Center of Face A 0.159 0.28 0.17 0.22 1.40
Face A Culvert 0.138 0.25 0.14 0.18 1.40
CP23 0.105 0.12 0.11 0.11 1.40
CP24 0.108 0.13 0.12 0.12 1.40
CP25 0.108 0.12 0.11 0.11 1.40
CP26 0.113 0.13 0.13 0.13 1.40
CP27 0.113 0.13 0.13 0.14 1.40
CP28 0.115 0.13 0.13 0.12 1.40
CP29 0.116 0.13 0.13 0.13 1.40
CP30 0.113 0.12 0.14 0.15 1.40
ECP Gate 0.104 0.12 0.15 0.16 1.40
Light Pole in Parking Lot | 0.116 0.13 0.13 0.14 1.40
Center of Flagpoles 0.161 0.18 0.13 0.13 1.40
Edge of Woods Face B | 0.203 0.46 0.10 0.10 0.28®
Edge of Woods Face A | 0.219 0.49 0.12 0.12 0.28®
LP19 0.0987 0.12 0.16 0.16 1.40
LP18 0.0225 0.043 0.13 0.13 1.40
LP17 0.0281 0.048 0.12 0.12 1.40
LP16 0.0406 0.056 0.13 0.13 1.40
LP15 0.0531 0.068 0.13 0.13 1.40
LP14 0.0931 0.11 0.13 0.13 1.40
LP13 0.0618 0.08 0.12 0.12 1.40
LP12 0.0925 0.11 0.11 0.11 1.40
LP11 0.0225 0.05 0.11 0.11 1.40
LP10 0.0950 0.11 0.11 0.12 1.40
LP9 0.113 0.17 0.13 0.15 1.40
LP8 0.156 0.25 0.18 0.21 1.40
LP7 0.129 0.16 0.14 0.15 1.40
LP6 0.0218 0.066 0.12 0.13 1.40
LP5 0.0575 0.10 0.06 0.10 1.40
LP4 0.0368 0.20 0.10 0.16 1.40
LP3 0.0006 0.052 0.10 0.14 1.40
LP2 0.0787 0.10 0.06 0.07 1.40
LP1 0.0612 0.10 0.01 0.01 1.40
Note: @ Measurement location is outside the installation perimeter fence; therefore, the general population exposure limit is
presented rather than the occupational exposure limit.

CP = camera pole

LP = light pole

mwW/cm® = milliwatt per square centimeter

PEL = permissible exposure limit

Sources: U.S. Air Force 2004, 2005.
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3.3

The two measurements directly in front of each array exceeded the controlled
environment exposure limit of 1.4 mW/cm?; however, these areas are
demarcated and secured to ensure no unauthorized personnel gain access to the
area

RECENT CAPE COD AIR FORCE STATION RADIOFREQUENCY STUDIES/REVIEWS

It is recognized that health concerns have been raised by some individuals on
Cape Cod regarding the continued operation of the PAVE PAWS radar. These
concerns have been addressed by several Cape Cod AFS site-specific studies
and RFE literature reviews. These studies and literature reviews specifically
address the general concerns brought forth regarding low-level exposures to
RFE as well as the PAVE PAWS pulsed waveform generated by a phased-array
radar. A summary of these studies/literature reviews is provided in the following
sections.

3.3.1 Preliminary Measurements of the PAVE PAWS Radar, Phase Il —
Single and Double Dipole Field Measurements & Phase Il —
Spectrum Background Analysis, Final Report

This document, prepared by the Air Force Research Laboratory (AFRL), presents
a summary of investigative preliminary measurements of the Cape Cod AFS
PAVE PAWS radar conducted in March 2002. These measurements were
designed to guide the measurements team in the time-domain waveform
characterization of the PAVE PAWS radiated output (Phase IV Waveform
Characterization Study).

Phase Il measurements provided information about the time-domain waveform
characterization from a single element and from two elements of the PAVE
PAWS radar that will assist in planning the Phase IV measurements. The Phase
Il measurements also provided data to support the modeling effort, determined
the instantaneous bandwidth, and described the early-time transient dipole fields.
The Phase Il measurements helped determine the feasibility of low-level
measurements, determined electromagnetic signal screening feasibility,
established the community RF background level, and provided insight about the
problems that could be encountered when performing Phase IV measurements.

3.3.2 Phase IV - Time Domain Waveform Characterization Measurements
of the PAVE PAWS Radar, Final Report

This document, prepared in September 2003 by the AFRL, presents the time-
domain waveform measurement data that were collected in April 2003 during the
Phase IV time-domain waveform characterization of the Cape Cod AFS PAVE
PAWS radar. The team consisted of representatives from Air Force Space
Command, AFRL, and the PPPHSG.

During the study, detailed characteristics of the time-domain waveform from the
PAVE PAWS radar were measured in accordance with the Environmental Health
and Safety (EHS) Program. This effort was undertaken based on a letter sent to
the Secretary of the Air Force from the Massachusetts Federal delegation
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(consisting of Senators John Kerry and Edward Kennedy, and Congressman
William Delahunt) requesting that the Air Force perform time-domain
electromagnetic measurements at the PAVE PAWS site.

The study included the measurement methods, the validity of measurements
taken, and data necessary to meet technical requirements so that it could be
used to evaluate EHS program parameters. A health analysis was not included
in the report. The data provided in the study will be used by medical and
biological researchers to assess the existence, and perhaps the importance, of
radial electric field components, slopes of the electric field, and phasing or “zero
crossing” changes. The report did not compile a complete statistical description
of such phenomena; the purpose of the report was to simply provide the data so
that such an analysis can be conducted.

3.3.3 Final Test Report on a Survey of Radio Frequency Energy Field
Emissions from the Cape Cod Air Force Station PAVE PAWS Radar
Facility

This document, prepared in June 2004 by Broadcast Signal Lab, LLP, provides
the results of measurements, modeling, and analysis of the RFE from the PAVE
PAWS radar at Cape Cod AFS. Three distinct tasks were performed:

1. The RFE emissions of the radar were measured in open, publicly
accessible locations throughout Cape Cod (50 locations both on and
near Cape Cod were selected)

2. The ambient emissions were measured from other sources in the
VHF and UHF radio frequency spectrum (ten locations on Cape Cod
were selected)

3. A mathematical model of the PAVE PAWS antenna was used to
prepare a radiofrequency propagation plot of the emissions from the
radar into the Cape Cod environment.

The validated geographic exposure data from this study were used by a public
health expert to support the epidemiological study.

During this survey, peak/average power density measurements and
peak/average electric field measurements were completed at various locations
on Cape Cod. The measurements from this survey are presented in Table 3.2-3
and their locations are shown on Figure 3.2-3. RFE measurements collected
during the 2004 survey were below the applicable IEEE general public exposure
limit.

3.3.4 An Assessment of Potential Health Effects from Exposure to PAVE
PAWS Low-Level Phased-Array Radiofrequency Energy.

This report, prepared in 2005 by the National Research Council, consisted of a
review of scientific data and literature related to RFE in the range of the PAVE
PAWS system. This was done because there were no specific studies of a

phased-array system similar to PAVE PAWS in the public domain. The review
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included classified documentation of research that could be relevant to the PAVE
PAWS system and the recent wave-form characterization study.

3.3.5 Public Health Evaluation of Radiofrequency Energy from the PAVE
PAWS Radar, Cape Cod Air Station, Massachusetts (Agreement No.
29292), Draft Literature Review

This literature review, prepared in March 2004, focused on identifying studies
that link RFE emissions to adverse health effects. The study found that the
following diseases have been studied for links to RFE:

Leukemia

brain cancer

lung cancer in women

birth defects

auto-immune diseases such as lupus erythematosus
Alzheimer’s Disease

Parkinson’s Disease.

The study suggested that RFE and adverse health effects studies be prioritized
to concerns with the above diseases.

3.3.6  Memorandum Regarding Risk Assessment of Low-Level Phased-
Array Radio Frequency Energy Emissions — 2002-03

The AFEB met in February 2002 to consider a request from the Air Force
Surgeon General regarding a risk assessment of low-level phased-array RFE
emissions, as phased-array radar systems are used throughout the DOD and in
the commercial and private sectors, and concern had been raised regarding
potential adverse health risks from low-level exposures at the Air Force PAVE
PAWS facility on Cape Cod.

The AFEB received presentations, briefings, and materials regarding various
aspects of RFE, epidemiological studies, and operation of phased-array systems
including:

e Air Force risk assessment of low-level phased-array RFE emissions

e Technical and operational overview of the Cape Cod PAVE PAWS
facility

e Summary of findings from Upper Cape public health evaluations

e Overview of the organization and functions of the IEEE and the IEEE
standards process

e Summary of published epidemiological studies on health effects of
exposure to RFE

e Presentation on the PAVE PAWS SLEP
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e Presentation on Cape Cod epidemiological studies

e Presentation on the Air Force occupational health program and RFE
protection program

e Briefing on electromagnetic theory and data applied to living
organisms

e Classified briefing and discussion on the Air Force Environmental
Health and Safety program

e Briefing on phased-array radar and radiofrequency bio-effects

e Briefing on Air Force RFE bio-effect studies in direct support of
PAVE PAWS

e Briefing on human studies of RFE bio-effects
e Briefing on RFE cancer studies.

The AFEB also reviewed several hundred studies focusing on epidemiological
studies of RFE exposure, IEEE and DOD exposure standards and standards
setting process for RFE, studies on RFE bio-effects, and over 45 studies and
public health assessments specifically for exposure and health outcomes of
Cape Cod residents. The AFEB findings from their review are presented in
Section 4.2.5.

3.3.7 Public Health Evaluation of Radiofrequency Energy from PAVE
PAWS Radar, Cape Cod Air Station, Massachusetts — 2006
(Descriptive Studies of Disease Occurrence and PAVE PAWS
Radar)

This report, prepared in April 2006 by the IEI, evaluated the potential health
effects of public exposure to low-level RFE emitted from the PAVE PAWS radar
system at Cape Cod AFS.

In preparing this evaluation, IEIl analyzed available data for county mortality and
county cancer mortality and from the hospital discharge registry. IEl also
compiled and analyzed data provided by the Massachusetts Department of
Public Health (MDPH) regarding cancer incidence, birth defects, and birth weight.
IEI analyzed and interpreted the available RFE characterization survey results for
the PAVE PAWS radar in terms of the known and biologically plausible
hypothesized public health effects. The analysis utilized the analyses of the
outcomes data and information in relevant scientific literature to describe the
relationship among the various RFE exposure characteristics and existing health
outcomes determined to be biologically plausible. The report was submitted to
the MDPH for review to confirm that the health data provided by the MDPH had
been used in conformance with the requirements of applicable laws and
regulations.
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4.0 ENVIRONMENTAL CONSEQUENCES

This section discusses the potential environmental consequences associated with
the continued operation of the PAVE PAWS radar at Cape Cod AFS.

The primary concern raised during the scoping process was the potential health
effects of operating the PAVE PAWS radar as there is a higher than expected
rate of a number of cancers on Cape Cod. Based on public input, three primary
issues regarding the operation PAVE PAWS radar were identified, including:

e Measuring the average and peak radar exposures experienced by
the community and then using these measurements to develop
models to predict radar exposure of people living in the area.

e Analyzing plausible health outcomes from the radar exposure using
descriptive epidemiology.

e Characterizing special features of the PAVE PAWS waveform based
on hypotheses proposed by the public.

These concerns are addressed in Sections 4.1 and 4.2.

Cumulative impacts result from “the incremental impact of actions when added to
other past, present, and reasonable foreseeable future actions regardless of what
agency undertakes such other actions. Cumulative impacts can result from
individually minor but collectively significant actions taking place over a period of
time” (Council on Environmental Quality, 1978). Section 4.3 summarizes other
future projects planned at or in the vicinity of Cape Cod AFS and their potential
effect.

4.1 HEALTH AND SAFETY

4.1.1 Proposed Action

Measurements collected during RFE surveys at Cape Cod AFS (Electromagnetic
Compatibility Analysis Center, 1978; 1839th Installation Engineering Group, 1986;
Broadcast Signal Lab, LLC, 2004) were below the applicable IEEE general public
exposure limit. The RFE exposure levels measured during the surveys indicate
that no known health hazards exist based on the low-intensity RFE resulting from
the PAVE PAWS emissions. RFE measurements outside the Cape Cod AFS
boundary were well below the established limit. None of the RFE measurements
outside the boundaries of Cape Cod AFS could produce an Specific Absorption
Rate (SAR) greater than the 0.08 W/kg level established by IEEE, FCC, and other
regulatory agencies.

The impact of RFE from the PAVE PAWS radar and other existing and proposed
RFE emitters would not adversely impact the health and safety of workers at the
installation or individuals living in the surrounding communities. No RFE
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measurements were above applicable safety limits. Therefore, based on the
available data (see Appendix G for a bibliography of radiofrequency studies), no
adverse health effects would be associated with the RFE emissions from the
PAVE PAWS radar.

The Air Force would continue to operate the PAVE PAWS radar and other RFE
emitters at Cape Cod AFS in accordance with Air Force Occupational Safety and
Health (AFOSH) Standard 48-9, RFR Safety Program, which includes
implementation of appropriate administrative controls to prevent personnel
exposure to RFE.

4.1.2 No-Action Alternative

No impacts to health and safety would result from implementation of the No-
Action Alternative. Because missile warning and space surveillance missions
would no longer be accomplished, RFE would no longer be emitted from the
radar or other RFE sources at Cape Cod AFS. No significant impacts are
anticipated. The No-Action Alternative would result in the Air Force no longer
accomplishing its missile warning and space surveillance missions, leaving all or
portions of North America vulnerable to ICBM or SLBM attacks.

Mitigation Measures

The Air Force would continue to operate the PAVE PAWS radar and other RFE
emitters at Cape Cod AFS in accordance with applicable safety standards to
minimize and prevent exposure to RFE. Because applicable RFE exposure
safety limits would not be exceeded, no adverse impacts are anticipated;
therefore, no mitigation measures would be required.

4.2 RECENT CAPE COD AIR FORCE STATION RADIOFREQUENCY STUDIES/REVIEWS

Although the scientific evidence indicates that adverse health effects are limited
primarily to thermal effects, some theories have been put forward that suggest
low-level RFE may have biological effects. These theories and supporting
research are reviewed by the IEEE and considered during their standard setting
process. lItis recognized that health concerns have been raised by some
individuals on Cape Cod dealing with the continued operation of the PAVE PAWS
radar. These concerns have been addressed by several Cape Cod AFS site-
specific studies and RFE literature reviews including:

e Preliminary Measurements of the PAVE PAWS Radar, Phase Il —
Single and Double Dipole Field Measurements & Phase Il —
Spectrum Background Analysis, Final Report (Air Force Research
Laboratory, 2002).

e Phase IV — Time Domain Waveform Characterization Measurements
of the PAVE PAWS Radar, Final Report (U.S. Air Force, 2003).

4-2 Cape Cod Air Force Station, Final Supplemental EIS March 2009



e Final Test Report on a Survey of Radio Frequency Energy Field
Emissions from the Cape Cod Air Force Station PAVE PAWS Radar
Facility (Broadcast Signal Lab, LLP, 2004).

e An Assessment of Potential Health Effects from Exposure to PAVE
PAWS Low-Level Phased-Array Radiofrequency Energy (National
Research Council, 2005).

e Public Health Evaluation of Radiofrequency Energy from the PAVE
PAWS Radar, Cape Cod Air Station, Massachusetts (Agreement No.
29292), Draft Literature Review (International Epidemiology Institute,
2004).

e Memorandum regarding Risk Assessment of Low-Level Phased-
Array Radio Frequency Energy Emissions — 2002-03 (Armed Forces
Epidemiological Board, 2003).

e A Public Health Evaluation of Radiofrequency Energy from PAVE
PAWS Radar, Cape Cod Air Station, Massachusetts (Agreement No.
29292), Final Report, Descriptive Studies of Disease Occurrence and
PAVE PAWS Radar (International Epidemiology Institute, 2006).

These studies and literature reviews specifically address the general concerns
brought forth regarding low-level exposures to RFE as well as the PAVE PAWS
pulsed waveform generated by a phased-array radar. A summary review of these
studies is provided in Section 3.3, Recent Cape Cod Air Force Station
Radiofrequency Studies/Reviews. Results of these studies are briefly
summarized below.

4.2.1 Preliminary Measurements of the PAVE PAWS Radar, Phase Il —
Single and Double Dipole Field Measurements & Phase Il —
Spectrum Background Analysis, Final Report

This document presented a summary of investigative preliminary measurements
of the Cape Cod AFS PAVE PAWS radar. These measurements were used to
guide the measurements team when performing the Phase IV Waveform
Characterization Study.

4.2.2 Phase IV -Time Domain Waveform Characterization Measurements
of the PAVE PAWS Radar, Final Report

This document presented the time-domain waveform measurement data that was
collected in April 2003 during the Phase IV time-domain waveform
characterization of the Cape Cod AFS PAVE PAWS radar.

The data acquired during the Phase IV survey indicated that the electric fields
produced by the PAVE PAWS radar are highly changeable, likely depending on a
number of factors such as the direction of the beam, multi-path effects such as
ground-bounce and scattering from neighboring objects, and the type of pulse
being radiated. The electromagnetic environment is made even more complex by
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other radiators in the region such as TV and radio stations. Significant changes
in measurement readings were observed by simply moving a sensor less than a
foot in any direction. This suggests that any effort to bound electromagnetic
exposures should carefully consider the possible scenarios for the potential
radiators to ensure that the correct conditions are used for the bounding process.

4.2.3 Final Test Report on a Survey of Radio Frequency Energy Field
Emissions from the Cape Cod Air Force Station PAVE PAWS Radar
Facility

The document provided the results of measurements, modeling, and analysis of
the RFE from the Cape Cod AFS PAVE PAWS radar. Key findings of the study
include:

e The radar’s average power density at all 50 PAVE PAWS test sites
was well below the maximum permissible exposure (MPE) specified
by known safety standards. At all 50 sites, the total MPE measured
with NARDA broadband instrument covering 300 kHz to 50 GHz was
below the noise level of the instrument, and fully compliant with
applicable safety standards.

e The differences in power density measured at an antenna height of
30 feet (to minimize local ground effects) and at a height of 8 feet
was highly variable. However, when averaged over 14 measurement
sites, the high sites showed approximately 5dB greater signal,
consistent with the “rule of thumb” that doubling the height of a VHF
or UHF antenna in proximity to the earth’s surface approximately
doubles the signal strength.

o At PAVE PAWS test sites where time domain waveforms were
observed on the spectrum analyzer (these measurements were
performed to insure that the radar was operational), samples of all
classes of the PAVE PAWS waveform were observed. In addition,
long range search doublets and triplets were observed independent
of the azimuth from the radar antenna, indicating the presence of
secondary sidelobes and/or reflections. This indicates that signals
were received at the test site when the radar’s search azimuth was
not aligned with the test site.

¢ At many PAVE PAWS test sites, numerous received pulses
appeared to have amplitude modulation imposed upon them. Other
pulses observed at the same site were quite clean, or modulated in a
different fashion. The frequency of this modulation ranged from a
few Hz up to tens of kHz. The choice of spectrum analyzer
parameters precluded observing higher frequency modulation. The
modulation depth was highly variable. Since the steady-state
amplitude of the transmitted PAVE PAWS signal is constant, the
“amplitude modulation” was likely produced by the environment. It
was determined that the most likely source is reflection from a
multitude of “targets” including aircraft, water tanks, radio
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communication towers, the smokestack at the Sandwich power plant,
etc.

e When observing the 24 PAVE PAWS channels in a “max hold” mode
on the spectrum analyzer for extended periods, frequency-selective
fading produced by multiple transmission paths was frequently
observed. The depth of these fades was highly site dependent. A
guantitative measurement of the frequency-selective fading
parameters (e.g., depth of fade, correlation bandwidth) was not
performed. However, they exhibited fairly broad “flat fading”
characteristics over portions of the radar band.

e Signals observed from behind the radar were most likely produced
from backscatter from the main beam of the radar, rather than from
“behind the array” sidelobes or “edge diffraction” effects.

e Behind the radar, the received signal level measured from the
455 MHz beacon antenna mounted above the roof of the PAVE
PAWS facility was within 0 to 20 dB of the measured radar emissions
at similar locations. This is not unlike the power of paging, land
mobile, and lower powered FM station transmitters, suggesting that
considering the power of the radar, there is little radiation “behind” the
plane of the antenna.

e On the roof of the PAVE PAWS facility, with the broadband survey
instruments above the radar array (that is, penetrating the plane of
the radar face from behind), the measured RFE occasionally peaked
to 5 percent of the occupational MPE limit. With the instrument
repositioned above the roof, just behind the plane of the radar face,
the RFE limit fell below the sensitivity of the instrument. These
observations support the findings discussed above that there is little
radiation “behind” the plane of the antenna.

o Of the 50 test sites, 40 were situated where the primary sidelobe of a
few beams per sweep cycle may appear. It was not possible to
distinguish first sidelobe pulses from secondary sidelobe pulses that
were received at a test site. There were variations in signal levels
from pulse to pulse caused by beam pointing, propagation, and the
like that blur the distinction between received first sidelobe energy
and received secondary sidelobe energy.

e Even when miles away, large commercial aircraft have sufficient
radar cross section to return a measurable signal to the
instrumentation via “backscatter” when the plane is illuminated by the
PAVE PAWS main beam. No effort was made to correlate the
observed signals with aircraft traffic.

The study also compared the measurements from the current survey with those
taken in 1978 and 1986. Overall, the previous studies’ measurements appear to
be generally higher than the current measurements. There could be several
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reasons for this difference, including limitations of the previous test systems, or
the manner in which the power density was derived from the measurements.

The study also found that the highest average PAVE PAWS emission level at any
of the PAVE PAWS test sites was comparable to the lowest ambient level
observed among the ambient sites.

During this survey, peak/average power density measurements and peak/
average electric field measurements were completed at various locations on
Cape Cod. The measurements from this survey are presented in Table 3.2-3 and
their locations are shown on Figure 3.2-3. RFE measurements collected during
the 2004 survey were below the applicable IEEE general public exposure limit.

4.2.4 An Assessment of Potential Health Effects from Exposure to PAVE
PAWS Low-Level Phased-Array Radiofrequency Energy

Based on the review of available scientific evidence (including classified
information), the National Research Council committee concluded that there are
no adverse health effects to the general population resulting from continuing or
long-term exposure to the PAVE PAWS phased RFE emissions. The committee
also concluded that there was no observable increase in total cancers or cancers
of the prostrate, breast, lung, or colon due to exposure to PAVE PAWS RFE.
The committee found many studies and data that support the finding of no health
or biological effects from RF exposures. Although there are a number of possible
mechanisms and pathways by which electric and magnetic fields could lead to
changes at higher power density levels than the public is exposed to from the
PAVE PAWS radar, the committee did not identify any evidence of a mechanism
shown to change biologic processes at the power levels that are associated with
the PAVE PAWS radar.

The committee also found that the wave-form characterization data collected for
the PAVE PAWS radar is similar to exposure from “dish” radars to which the
public are continuously exposed.

The committee recommended that studies of tree growth in the vicinity of the
PAVE PAWS facility should be conducted. A study of long-term exposures under
conditions similar to human exposures may provide useful information as to
possible mechanisms for a biological response that currently does not exist. The
committee also recommended that a replication of a central nervous system
endocrine function study be undertaken to confirm or refute previous Air Force-
sponsored studies that show a significant and extended influence on brain
dopamine levels during low-level RF exposures similar to that of PAVE PAWS.

Also, any future health investigations or epidemiologic studies in the vicinity of the
PAVE PAWS site should look at exposures at both the census-tract and census-
block levels, and try to better estimate personal exposure and consider the types
of factors known to complicate human-health investigations. Future or ongoing
health studies should also specifically address possible early age of exposure
and/or early age at onset of an adverse health effect. Future epidemiologic
studies should not be conducted unless they are expected to have sufficient
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statistical ability to be able to detect any possible health effects in the Cape Cod
population.

4.2.5 Public Health Evaluation of Radiofrequency Energy from the PAVE
PAWS Radar, Cape Cod Air Station, Massachusetts (Agreement No.
29292), Draft Literature Review

This report was simply a literature review focused on identifying studies that link
RFE emissions to adverse health effects. The study suggested that RFE and
adverse health effects studies be prioritized to concerns with leukemia, brain
cancer, lung cancer in women, birth defects, auto-immune diseases such as
lupus erythematosus, Alzheimer’s disease, and Parkinson’s disease.

4.2.6 Memorandum regarding Risk Assessment of Low-Level Phased-
Array Radio Frequency Energy Emissions — 2002-03

This memorandum from the AFEB states that published studies do not
convincingly suggest that exposures to continuous wave radio frequency energies
at or below |IEEE standards result in adverse health effects, and current scientific
data do not indicate that phased-array are any different. Current exposure
standards as established by the IEEE, although based primarily on continuous
RFE, appear completely adequate to protect worker and general population
health in relation to potential health effects of PAVE PAWS phased-array system.

In review of the literature, the AFEB did not identify adverse health outcomes in
animal or human studies related to exposures to continuous or phased RFE at
levels found at the Cape Cod AFS PAVE PAWS facility that should be studied or
could be used as outcome variables to study. There was no evidence to suggest
a cause-and-effect relationship between the county or town level elevated
standardized rate ratios of disease in Massachusetts and the PAVE PAWS
phased-array system. There is no immediate indication to support either initiation
of new, or further analysis of existing epidemiological investigations of the
association between RFE emissions from the Cape Cod AFS PAVE PAWS
facility and any specific health outcome.

4.2.7 Public Health Evaluation of Radiofrequency Energy from PAVE
PAWS Radar, Cape Cod AS, Massachusetts — 2006 (Descriptive
Studies of Disease Occurrence and PAVE PAWS Radar)

The IEI's evaluation concluded that there is currently no credible evidence for
adverse health effects associated with the operation of the PAVE PAWS radar
system. Rates for most of the cancers that initially led to concerns about possible
adverse health effects from PAVE PAWS radar exposure were found to be
elevated on Cape Cod prior to 1978 when the PAVE PAWS facility began
operation.

Because the community was concerned that elevated cancer rates among
residents of Cape Cod compared to the rest of Massachusetts could be due to
the radar system, they organized the PPPHSG. Although a number of descriptive
and analytic studies had been conducted to learn whether environmental factors
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might be contributing to these higher rates, no conclusive associations were
identified. The IEI was contracted to conduct a descriptive epidemiologic
analyses in order to evaluate the possibility that continuous radiofrequency
exposure to PAVE PAWS radar might be associated with adverse health effects
among Cape Cod residents. In cooperation with the PPPHSG, public meetings
were held and an agreement was reached on the specific health outcomes to be
studied by IEl. The study included certain cancers, neurological disorders,
autoimmune diseases, and birth weight. Secular trend analyses were conducted
to learn whether the patterns of cancer mortality in Barnstable County changed
after 1978 when the PAVE PAWS early warning system became operational in
comparison with three other Massachusetts counties (Berkshire, Hampshire, and
Worcester), which have demographic and socioeconomic characteristics similar
to those of Cape Cod residents. Using estimates of PAVE PAWS radiofrequency
levels for all of Cape Cod and for portions of Plymouth County provided by
Broadcast Signal Lab for small geographical areas, conclusions for exposure-
response analyses are summarized below. Data was obtained from the MDPH.

Secular Trend Analysis. The secular trend analyses revealed no changes in the
patterns of county mortality over time for lung cancer, female breast cancer,
leukemia, brain cancer, childhood cancer, colorectal cancer, or prostate cancer
that could be related to the operation of the PAVE PAWS radar system. The
secular trend analyses provided a plausible explanation for the elevated lung
cancer rates among women in terms of increased smoking rates.

Cancer Mortality Exposure-Response Analysis. The exposure-response
analyses revealed no evidence for an increase in cancer mortality rates with
increasing levels of PAVE PAWS radiofrequency energy levels, i.e., there were
no significant positive exposure-response relationships for death resulting from
female breast cancer, female lung cancer, brain cancer, or leukemia.

Cancer Incidence Exposure-Response Analysis. The exposure-response
analyses revealed no evidence for an increase in cancer incidence with
increasing levels of PAVE PAWS radiofrequency energy levels, i.e., there were
no significant positive exposure-response relationships for the incidence of
female breast cancer, female lung cancer, brain cancer, or leukemia.

Neurological Disease Mortality Exposure-Response Analysis. The exposure-
response analyses revealed no evidence for an increase in mortality due to
neurological disease with increasing levels of PAVE PAWS radiofrequency
energy levels, i.e., there were no significant positive exposure-response
relationships for deaths resulting from Parkinson’s disease, Alzheimer’s disease,
or amyotrophic lateral sclerosis (ALS).

Neurological and Autoimmune Disease Hospitalization Analysis. The exposure-
response analyses revealed no evidence for an increase in hospitalization rates
due to neurological disease or autoimmune disease with increasing levels of
PAVE PAWS radiofrequency energy levels, i.e., there were no significant positive
exposure-response relationships for hospitalizations due to Parkinson’s disease,
Alzheimer’s disease, ALS, systemic lupus erythematosus, multiple sclerosis, or
autoimmune thyroiditis.
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Birth Weight Exposure-Response Analysis. The exposure-response analyses
revealed no evidence for an increase in low birth weight with increasing levels of
PAVE PAWS radiofrequency energy levels, i.e., average birth weight did not
decrease with increasing radar exposure and there were no significant positive
exposure-response relationships for the percentage of newborns having birth
weights of less than 2,500 grams.

IEI concluded that in the absence of reliable new scientific evidence implicating
radar exposure as a risk factor for specific disease, additional epidemiologic
investigations concerning PAVE PAWS radar exposure are not warranted
(International Epidemiology Institute, 2006).

The Air Force supports the recommendations made by the National Research
Council and intends to pursue the dopamine and tree growth studies. As they are
not included in the scope of this SEIS as defined during the public scoping
process, the dopamine and tree growth studies will be pursued independent of
this SEIS.

4.3 CUMULATIVE ENVIRONMENTAL CONSEQUENCES

Cumulative impacts result from “the incremental impact of actions when added to
other past, present, and reasonably foreseeable future actions regardless of what
agency undertakes such other actions. Cumulative impacts can result from
individually minor but collectively significant actions taking place over a period of
time” (Council on Environmental Quality, 1978).

A recent (2004) action that occurred at Cape Cod AFS was the implementation of
the SLEP. SLEP replacement equipment, computer components, and rehosting
software would not change the power output or characteristics of the RFE being
emitted from the radar. No cumulative impacts have occurred as a result of
implementing Early Warning Radar (EWR) SLEP activities at Cape Cod AFS.
Other actions in the vicinity of the EWR installation were evaluated to determine
whether cumulative environmental impacts could result from the continued
operation of the PAVE PAWS radar in conjunction with other past, present, or
reasonably foreseeable future actions.

The DSCS and Milstar communication systems contributions to the general RFE
environment would not adversely impact the health and safety of the surrounding
communities. An EA addressing the installation and operation of the Milstar
fixed-communication control station at Cape Cod AFS was completed in April
2002; the EA resulted in a FONSI (U.S. Air Force, 2002a). No cumulative
impacts are anticipated.

The measurements conducted around the DSCS (738th Engineering Installation
Squadron, 2000) indicated that exposures were below the occupational exposure
limits for the system, as specified in IEEE C95.1-1999. Accordingly, the highest
measurement was obtained directly in front of the feedhorn (i.e., extension
protruding from the aperture), which is the actual RFE source for the aperture.
This measurement was only obtained by using a man lift; therefore, this exposure
is not possible at ground level. Furthermore, due to the operational angles that
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DSCS uses to communicate with the various satellites, the potential impact of
sidelobe energy within surrounding communities is unlikely, and impact of the
main beam is not possible. No cumulative impacts are anticipated.

Future upgrades to the radar are possible. If radar upgrades are proposed,
NEPA analysis would be performed at that time.
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5.0 CONSULTATION AND COORDINATION

The federal and state agencies contacted during preparation of this EIS are listed below:
FEDERAL

U.S. EPA, Region 1

STATE

Massachusetts Department of Environmental Protection
Massachusetts Department of Public Health
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8.0 PUBLIC COMMENTS AND RESPONSES

8.1 INTRODUCTION

The Air Force has complied with the NEPA mandate of public participation in the

environmental impact analysis process primarily in three ways:

e Public scoping meetings were held at the following locations at which

the Air Force presented an overview of the PAVE PAWS radar

system, described the Proposed Action and alternatives, and invited

public comments:

May 8, 2000 at the Forestdale Elementary School in Sandwich,
Massachusetts

May 11, 2000 at the Bourne Best Western in Bourne,
Massachusetts

May 15, 2000 at the Mashpee High School in Mashpee
Massachusetts

May 16, 2000 at the Falmouth Holiday Inn in Falmouth,
Massachusetts

August 14, 2000 at the Forestdale Elementary School in
Sandwich, Massachusetts

August 16, 2000 at the Woods Hole Oceanographic Institute in
Woods Hole, Massachusetts

August 17, 2000 at the Barnstable Marstons Mills Middle School
in Marstons Mills, Massachusetts

March 17, 2003 at the Human Services Building in Sandwich,
Massachusetts

March 19, 2003 at the Jonathan Bourne Public Library in Bourne,
Massachusetts

March 20, 2003 at the Falmouth Town Hall in Falmouth,
Massachusetts

March 24, 2003 at the Mashpee High School in Mashpee
Massachusetts.

A public hearing was held in Bourne, Massachusetts, on July 15,

2008 at which the Air Force presented the findings of the Draft SEIS

and invited public comments.

e The Draft SEIS was made available for public review and comment

in June 2008.
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Public comments received both verbally at the public hearing and in writing
during the review period have been considered and are addressed by the Air
Force in this section.

8.2 ORGANIZATION

This Public Comment and Response section is organized into several
subsections, as follows:

e This Introduction, which describes the process, organization, and

approach taken in addressing public comments

e A consolidated comment-response document

e Anindex of commentors

e A transcript of the public hearing

e Photocopies of written comments received.
These sections are described below.
Comments received that are similar in nature or address similar concerns have
been consolidated to focus on the issues of concern, and a response is provided
that addresses all of the similar comments. Some comments simply state a fact
or opinion; for example “the Draft SEIS adequately assesses the impacts on [a
resource area].” Such comments, although appreciated, do not require a specific
response and are not called out herein. The comments and responses are
grouped by area of concern, as follows:
1.0 Air Force Policy
2.0 Purpose and Need for Action
3.0 Alternatives Including the Proposed Action
4.0 Solid State Phased-Array Radar
5.0 Health and Safety
6.0 Recent Cape Cod Air Force Station Radiofrequency Studies/Reviews
Within each area, each consolidated comment-response is humbered
sequentially. For example, under 5.0 Health and Safety, individual comments-
responses are numbered 5.1, 5.2, etc. At the end of each numbered comment-
response is a set of numbers that refer to the specific comment in the documents
received that were combined into that consolidated comment. The numbers of
the individual comments are indicated in parentheses (e.g., 3-1, 6-2, 9-7).
Comment 3-1, for example, refers to document 3, comment number 1. A reader
who wishes to read the specific comment(s) received may turn to the
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photocopies of the documents included in this section. Below each comment
number is the number of the consolidated comment in which the specific
comment has been encompassed (e.g., 6.1). Thus the reader may reference
back and forth between the consolidated comments-responses and the specific
comment documents as they were received.

It should be emphasized that not only have responses to SEIS comments been
addressed in this comment-response section, as explained, but the text of the
SEIS has also been revised, as appropriate, to reflect the concerns expressed in
the public comments.

The list of commentors includes the name of the commentor, the identifying
document number that has been assigned to it, and the page number in this
section on which the photocopy of the document is presented.

1.0 Air Force Policy
1.1 Comment: Opposed to the operation of the PAVE PAWS radar. (7-3)

Response: In order to detect ICBM and SLBM raids against North
America, the U.S. military operates an extensive early warning network
consisting of ground-based radars and space-based sensors. The PAVE
PAWS radar at Cape Cod AFS is the only radar in the nation that is able
to confirm a detected missile launch towards the United States or
Canada from the east. The Solid-State Phased-Array Radar System or
SSPARS, is used to accomplish the missions of missile warning and
space surveillance.

2.0 Purpose and Need for Action
No comments were received for this area of concern.
3.0 Alternatives Including the Proposed Action

3.1 Comment: The SEIS did not address the alternative action of moving the
PAVE PAWS radar to a remote location. (7-7)

Response: The 1979 EIS presented a discussion of alternatives
considered but eliminated from further consideration with regard to siting
the radar facility. In addition, the 2002 EA for the PAVE PAWS Service
Life Extension program considered the alternative to move the radar
facility; however, this alternative was eliminated from further
consideration because it did not meet the purpose and need of the
Proposed Action. Because the primary concerns raised during the
scoping process involved the potential health effects from the continued
operation of the PAVE PAWS radar, this SEIS focuses on recent health
studies and literature reviews that address RFE emitted from radar.
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4.0

4.1

4.2

4.3

4.4

4.5

5.0

51

Solid State Phased-Array Radar System

Comment: A description of the polarization of the radar waves has been
omitted. (9-1)

Response: Polarization of the radar waves is right-hand circular on
transmit and left-hand circular on receive.

Comment: The peak power level of the radar is mistakenly shown as
340 watts. (9-2)

Response: The correct peak power for the active antenna elements is
340 watts.

Comment: Figures depicting sidelobe energy are not correct. (9-3)

Response: Figures depicting sidelobe energy are for illustrative
purposes only. Figure 3.1-8 has been revised to show sidelobe energy
above and below the main beam.

Comment: A number of the specifications and operational
characteristics of the PAVE PAWS radar has changed since the 1979
EIS was prepared. (9-4)

Response: The specifications presented in the 1979 EIS identified the
design specifications as the radar was being constructed. Based on
analysis and study of actual operational conditions of the radar, the SEIS
presents the most resent statistics for the operation of the facility.

Comment: Is the repetition rate the same during the tracking mode as it
is during the search mode (i.e., 54 millisecond [mSec] cycle)? (10-1)

Response: Tracking associated with range/elevation to include type of
pulse used is classified SECRET. However, the fact that the radar uses
the 17 Hz (or 18 Hz) 54 mSec resources for scheduling/planning
purposes does not mean anything is tracked at that rate. There is no
“surveillance” vs “tracking “ mode. The radar performs all of its
scheduling using the 54 mSec resource periods assigning surveillance or
track to a given resource period as needed. Except for special higher
elevation taskings, it only uses a once per 4 second or once per second
tracking rate. The radar uses a Linear Frequency Modulated chirp
waveform. It is not stepped.

Health and Safety

Comment: The conclusions regarding the potential health effects of the
operation of the PAVE PAWS radar are reasonable. (2-1)
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Response: The purpose of the SEIS is to describe and address the
potential health effects of RFE from the ongoing operation of the PAVE
PAWS radar at Cape Cod AFS and incorporate the findings of studies
and literature reviews (identified during the scoping process) regarding
RFE and radar operations.

5.2 Comment: A discussion of RFE attenuation is provided; however, a
discussion of RFE enhancement is not provided in the SEIS. (9-5)

Response: Based on scoping comments regarding exposure to sidelobe
energy, a discussion of RFE attenuation alternatives was provided to
illustrate the degree of RFE exposure that could be attained with various
barriers. A discussion of RFE enhancement is not provided; however,
Appendix F of the SEIS provides an explanation of the difficulties that
exist in assessing the potential health hazards to man from exposure to
RFE because of the complex relationship between the exposure
conditions and the energy absorbed. The absorbed dose and rate of
energy absorption depend critically on such variables as frequency,
power density, field polarization, the size and shape of the exposed
subject, and environmental factors. This appendix summarizes
information regarding RFE/microwave bioeffects including scientific/peer-
reviewed studies completed by both electromagnetic energy research
organizations and scientists related to the biological effects resulting
from the interaction of RFE/microwave energy with biological matter and
systems.

5.3 Comment: The SEIS makes no mention of enhanced energy deposition
rates in the human body as discussed in a National Research Council
report released in 1979. (9-6)

Response: In support of the findings presented in the SEIS, the National
Research Council performed a literature review of RFE studies that link
RFE exposure to adverse health effects. Appendix F of the SEIS also
provides a brief explanation of the difficulties that exist in assessing the
potential health hazards to man from exposure to RFE because of the
complex relationship between the exposure conditions and the energy
absorbed. This appendix summarizes information regarding
RFE/microwave bioeffects including scientific/peer-reviewed studies
completed by both electromagnetic energy research organizations and
scientists related to the biological effects resulting from the interaction of
RFE/microwave energy with biological matter and systems.

5.4 Comment: The enhanced search mode of operation was not mentioned
in the review of PAVE PAWS potential health effects or the SEIS. Note
that this question refers to a National Academy of Science (NAS)
statement that ends "This scan is not interrupted for other functions and
repeats approximately every 2.5 seconds." (9-7)

March 2009 Cape Cod Air Force Station, Final Supplemental EIS 8-5



55

6.0

6.1

6.2

6.3

Response: The enhanced search (surveillance) mode of operation is a
normal mode of the radar, which it uses all the time. The NAS
description does not clearly explain the enhanced search mode. The
enhanced search mode is the lowest item on the radar's list of priorities.
The radar uses available duty cycle for the enhanced search mode when
it has no other tasks to perform. The radar cannot exceed its duty cycle
(25 percent) to perform enhanced search. The enhanced search scan is
not completed within a 2.5 second period. When the system performs
enhanced search, the radar completes its surveillance scan in less than
41 seconds. For example, it may take 34 seconds to complete the
surveillance scan, rather than 41 seconds. Also, the enhanced search
operation would be interrupted if there are other tasks for the radar to
perform. Since enhanced search is always in operation, RFE
measurements have been taken with enhanced search in effect and all
measurements were below the permissible exposure limit (PEL).

Comment: As requested in 1979, continuous environmental monitoring
of the PAVE PAWS radar should be conducted. (9-8)

Response: The Air Force has begun and will continue to conduct
periodic monitoring of the RFE emitted from the PAVE PAWS radar at
Cape Cod AFS.

Recent Cape Cod Air Force Station Radiofrequency
Studies/Reviews

Comment: The Air Force should reconsider its proposal to separate the
study of tree growth in the vicinity of the PAVE PAWS facility, and the
influence of low level RFE exposures on brain dopamine levels from the
SEIS. (3-1, 4-2, 7-8)

Response: Because the tree growth study and brain dopamine level
study were not included in the scope of the SEIS as defined during the
public scoping process, the Air Force will pursue these studies
independent of the SEIS and results will be communicated to concerned
agencies and the public.

Comment: Technical comments received on the Draft SEIS related to
the methods employed or interpretation of studies conducted within the
scope of the SEIS on RFE and/or potential public health effects from the
PAVE PAWS radar should be directed to the National Research Council.
(4-1)

Response: Comments received regarding methodology and
interpretation of studies will be forwarded to the National Research
Council and/or appropriate knowledgeable experts for consideration.

Comment: Studies conducted in support of the SEIS should be made
available to the public at local libraries and maintained on the internet for
the period of time that PAVE PAWS remains operational. (4-3)
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Response: Studies conducted in support of the SEIS were posted in
local libraries when they were released. The length of time those studies
are maintained at the libraries varies based on the library policy. All
studies will be maintained in perpetuity at Cape Cod AFS. The public
may request copies of the studies by contacting the 6th Space Warning
Squadron Public Affairs office.

In addition to distribution to local libraries, the draft SEIS was posted to
the 21st Space Wing website, on the PAVE PAWS fact sheet. The final
SEIS will also be posted at that location, and filed with the Environmental
Protection Agency, and with the Defense Technical Information Center.

6.4 Comment: More research is required in a laboratory where controlled
conditions can help identify phased array radar response biomarkers in
the exposed populations of cells/organisms. If laboratory studies show a
dose/response relationship, then a human health risk assessment can be
pursued to evaluate potential adverse health outcomes. (5-1)

Response: The National Research Council (NRC) concluded that
phased array radiation is in fact similar to that of continuous narrow-band
reflectors, or “dish antennas.” There are no known physical mechanisms
that cause an RFE-tissue interaction to result in biological changes due
to exposure at power densities on the order of 1 uw/cm? Studies
indicate that adverse impact to tissue is from the thermal effect of RFE
exposure. Where RFE is not sufficient to significantly raise the
temperature in tissue, there is no evidence of adverse effects on
mammalian reproduction and development.

Phased array systems are not used in bioeffects research because the
scientific community has determined they are not necessary or practical.
The World Health Organization, in its research priorities for the
International Electromagnetic Fields Projects, does not identify phased
array radar bioeffects among the listed research deficiencies. The fact
that electromagnetic fields are formed by a phased array of multiple
antenna elements rather than by a single antenna is not relevant to
biological exposures. The overwhelming body of scientific evidence
indicates injury to biological systems can only occur if the energy content
of microwave radiation exceeds IEEE limits. In the case of PAVE
PAWS, the energy of microwave emissions reaching the public is
hundreds, if not thousands, of times below the level where biological
damage can occur due to thermal impacts. The Air Force Research
Laboratory will continue to conduct scientific studies on the biological
effects of RFE to support other military applications of microwave
energy.

6.5 Comment: The SEIS does not document publicly funded and civilian
sponsored studies. (6-1, 7-2)
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Response: The SEIS incorporates the findings of studies and literature
reviews regarding RFE and radar operations. The site-specific studies
and RFE literature reviews that were completed to specifically address
the general concerns brought forth regarding low level exposures to RFE
as well as the PAVE PAWS pulsed waveform generated by a phased-
array radar include:

e Preliminary Measurements of the PAVE PAWS Radar

e Time Domain Waveform Characterization Measurements of the
PAVE PAWS Radar

e Survey of RFE Field Emissions from the PAVE PAWS Radar

o Assessment of Potential Health Effects 1 from Exposure to PAVE
PAWS Low-Level Phased-Array RFE

e Literature Review Public Health Evaluation of RFE from the PAVE
PAWS Radar

e Risk Assessment of Low-Level Phased-Array RFE Emissions, and

e Public Health Assessment of Exposure to Low-level RFE Emitted
from the PAVE PAWS Radar.

The SEIS provides an overview of these peer-reviewed studies that
address the operation and potential health effects of RFE emitted from
the PAVE PAWS radar.

Comment: The SEIS does not accurately reflect community concerns.
(6-2, 7-1, 7-4, 9-9, 9-14)

Response: The purpose of the SEIS is to describe and address the
potential health effects of RFE from the ongoing operation of the PAVE
PAWS radar at Cape Cod AFS and incorporates the findings of studies
and literature reviews regarding RFE and radar operations.

The primary concern raised during the public scoping process was the
potential health effects of operating the PAVE PAWS radar as there is a
higher than expected rate of a number of cancers on Cape Cod. A
PAVE PAWS Public Health Steering Group (PPPHSG) was established
in 2001 in response to public requests for an independent evaluation of
possible health effects associated with exposure to the PAVE PAWS
radar. The PPPHSG was made up of representatives from local Boards
of Health, the County Department of Health and Environment, and the
State Department of Public Health. Based on public input, three primary
issues regarding the operation PAVE PAWS radar were identified,
including:
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e Measuring the average and peak radar exposures experienced by
the community and then using these measurements to develop
models to predict radar exposure of people living in the area,

e Analyzing plausible health outcomes from the radar exposure using
descriptive epidemiology, and

e Characterizing special features of the PAVE PAWS waveform based
on hypotheses proposed by the public.

Several Cape Cod AFS site-specific studies and RFE literature reviews
were completed to specifically address the general concerns brought
forth regarding low level exposures to RFE as well as the PAVE PAWS
pulsed waveform generated by a phased-array radar. These studies
include:

e Preliminary Measurements of the PAVE PAWS Radar

e Time Domain Waveform Characterization Measurements of the
PAVE PAWS Radar

e Survey of RFE Field Emissions from the PAVE PAWS Radar

e Assessment of Potential Health Effects 1 from Exposure to PAVE
PAWS Low-Level Phased-Array RFE

e Literature Review Public Health Evaluation of RFE from the PAVE
PAWS Radar

¢ Risk Assessment of Low-Level Phased-Array RFE Emissions, and

e Public Health Assessment of Exposure to Low-level RFE Emitted
from the PAVE PAWS Radar.

The SEIS provides an overview of the peer-reviewed studies that
address the operation and potential health effects of RFE emitted from
the PAVE PAWS radar.

6.7 Comment: The timeline of events and referenced documents listed on
the Coalition for the Operation of PAVE PAWS Safely website should be
printed in the SEIS. (7-5)

Response: The timeline of events as provided will be incorporated into
the SEIS with other public comments received.

6.8 Comment: The SEIS did not include the results of the Massachusetts
Department of Public Health (MDPH) study of childhood cancer in the
towns of Sandwich, Mashpee, and Barnstable. (7-6)
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Response: As part of the PPPHSG scope of studies for the PAVE
PAWS radar, a public health assessment for exposure to low-level RFE
emitted from the PAVE PAWS radar was conducted in 2005, to evaluate
the potential health effects of public exposure to low-level RFE emitted
from the PAVE PAWS radar system at Cape Cod AFS.

This assessment analyzed available data for county mortality and county
cancer mortality and from the hospital discharge registry. Data provided
by the MDPH regarding cancer incidence, birth defects, and birth weight
were compiled and analyzed. The available RFE characterization survey
results for the PAVE PAWS radar in terms of the known and biologically
plausible hypothesized public health effects were analyzed and
interpreted. The analysis utilized the analyses of the outcomes data and
information in relevant scientific literature to describe the relationship
among the various RFE exposure characteristics and existing health
outcomes determined to be biologically plausible. The assessment was
submitted to MDPH for review to confirm that the health data provided
had been used in conformance with the requirements of applicable laws
and regulations. The evaluation concluded that there is currently no
credible evidence for adverse health effects associated with the
operation of the PAVE PAWS radar system.

The recently released childhood cancer study by MDPH was not
available at the time the public health assessment was conducted in
2005.

Comment: The 2004 measurement data did not consider peak
measurement data and shows possible instances of “clipping”; therefore,
the data is inappropriate to use in health effects analysis. (1-1, 1-2, 1-3,
9-10, 9-11, 9-12, 9-13, 9-15)

Response: The epidemiological work was based primarily on antenna
and propagation modeling, rather than the 50 field measurements. The
field measurements served to validate the propagation modeling.
Therefore, even if some of the peak data and some of the average data
from the field measurements were corrupt, the concerns are irrelevant to
the outcome of the epidemiology study. The epidemiological study was
based on detailed propagation mapping which in turn was based on a
detailed modeling of the radar average antenna pattern and a detailed
drive-test assessment of the accuracy of the propagation model of ultra
high-frequency (UHF) emissions from the radar site.

The Test Plan concluded that the best outcome of the RFE study would
be to estimate the average radiofrequency power density for the entire
Cape Cod region with a geographical resolution sufficient to characterize
the exposure levels within each Census Block Group. With respect to
the epidemiological study, the measurements from the 50 sites were only
a small representative sampling of Cape Cod locations and were chosen
for their variability in distance, terrain, azimuth, and the like. The
measurements at these sites would not have been sufficient to base an
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epidemiological study upon. The results of the 50-site survey were
simply employed as a cross-check of the more geographically precise
propagation modeling. In lieu of being a statistical database of Cape-
wide radar, the field measurements at the 50 sites provides a set of
empirical data points for understanding the behavior of the radar
emissions in the Cape Cod environment, which may be particularly
useful to make comparisons with applicable safety standards and
previous surveys.

Context of the Term “Peak”. The primary measurement task of the
2004 survey was to measure the average ambient radar emissions at
50 locations; peak radar emission data was also gathered at the
locations during the survey.

The average power of a radar pulse for the duration of the pulse is
considered the “peak pulse power.” Radar pulses can be modulated by
reflections, creating minor peaks and valleys in what would originally
have been a flat-top pulse. The peak pulse power of the received pulse
would still be the average over the duration of the rippled pulse.

During signal sampling, a peak was identified as the highest level
recorded in a set of samples. While the duration of a pulse peak is by
definition the duration of the pulse, a sampling peak may have a different
duration. Power sampling was taken 20 million times a second,
representing a 50 nanosecond (ns) duration for each sample. Thus, the
highest average power among a large set of 50 ns samples is
considered the peak value for the set.

Each peak sample represents about 22 cycles of the radio waves of the
radar at about 440 megahertz (MHz). The measurement methodology of
the Final Test Report indicates that brief power excursions above the
peak pulse power captured by the fast method would be lost in a longer
time sample averaging the entire pulse. The 2004 peak sampling
method was termed “fast peak” measurement. In 2007-2008 this
measurement was termed “instantaneous peak.”

Extremely Large Data Set. The entire 2004 data set was very large,
offering a highly effective resource for analyzing the average power of
the received radar signal. The 2004 study captured and stored

6.75 million average power data points representing about 75 hours of
monitored PAVE PAWS emissions.

The 2004 study was, overall, focused on modeling the radar’'s
environmental emission levels based on potential human exposures with
respect to the consensus safety standards. Those standards are based
on average exposure to emissions in a broad spectrum. While averages
are computed from numerous collected samples, peak values are by
definition based on the single highest-level event in a data set. At each
location there were 90 minutes of data collection, and six sets of

22,500 average samples recorded. As described, the test system
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accumulated power samples at a rate of 20 million samples per second.
To limit the sheer volume of the stored data, every 1/25th of a second
the instrumentation averaged the most recent 800,000 samples,
recorded one average power data point, and cleared the buffer of the
most recent 800,000 samples. Meanwhile, the peak detector was
tracking each of those 20 million samples per second for the duration of
the measurement set and storing only the highest level observed. In the
course of taking measurements at one site, a total of 108 billion samples
were distilled to a single maximum peak value. This was termed the fast
or instantaneous peak value. It is the total power received during a
single 20-millionth of a second sample.

Ample Headroom Established. A careful examination of the data sets
and the instrument settings reveals that the average power
measurements were taken with typically >20 decibel (dB) headroom
between the consistently highest 40 ms averages and the 1 dB
compression level, accounting for the gain-set of the instrument at the
time. This is a far greater margin than needed for the 4 dB pulse-peak-
to-average ratio expected in any higher level 40 millisecond (ms) sample.

The transient nature of any purported fast-peak clipping therefore
resulted in an infinitesimal impact on the average data. Also, since those
measured peaks that resulted in the purported clipping events were more
than 20 dB above the consistently highest 40 ms averages, they were
not necessarily indicative of received peak pulse power. Since there are
not sequences of adjacent maximume-level average data points contained
in the numerous data sets examined, that the purported clipping events
were not the result of longer duration (i.e., over multiple 40 ms windows)
interference.

Outlying Average Data Points Prove Headroom Was Present. There
were two outlying data points that were most likely the result of aircraft
reflections. Calculations presented in the 2004 Final Test Report
indicate the strong possibility that the outlying data points were
opportunistic reflections off nearby aircraft which can produce single,
non-repetitive, random received pulses that could be stronger than the
strongest received pulse propagating from the radar.

With a not-to-exceed average input level in the range of -4 to -10 dBm
(decibels referenced to one milliwatt), the higher of the two outlying data
points was in that range and may have included fast peak levels above
the threshold of the instrumentation. If a peak were clipped in such a
circumstance, it would have no material impact on the average power
measurement for the site. In general, there are some measurement sets
with such outlying 4 ms average data points and many without.
However, there is not necessarily a correspondence between
measurements that show a supposedly clipped peak data point and
measurements that have outlying average data points. Therefore, it was
concluded that if some 50 ns fast peaks were clipped, they are more
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6.10

likely the result of very short duration impulsive noise events than of high
or rippled received radar pulses.

Scargo Hill. On the subject of Scargo Hill measurements, computation
indicates that the summit of Scargo Hill is at the nominal radar horizon
(160 feet elevation at about 18 miles from the radar). If the ideal antenna
pattern, with a 2.6 degree nominal first null, were emitted from the radar,
Scargo Hill would be just below the null of a 3 degree elevation search
beam. If it is assumed that the first null for the 3 degree elevation beam
is offset greater than 3 degrees from the beam center, then the summit
of Scargo Hill and any other location on the radar horizon is exposed to a
point that is low on the skirt of the main beam. This could be in the
vicinity of 20 dB below the peak of the main beam, which is a power level
similar to the peak of the first sidelobe that is emitted below the
horizontal.

Employing the free space loss calculation, because the path to Scargo
Hill is line of sight, and assuming that at the radar horizon a site has an
exposure that is approximately -20 dB below the Effective Radiated
Power of the radar, the higher than typical signal levels measured at
Scargo Hill are consistent with this assessment. The environmental
emissions of the radar are therefore consistent with the theoretical
analysis.

Differences Between 2004 and 1978/1986 Results. The lower
average environmental levels of radar energy in 2004 was likely the
result of the use of more precise instrumentation than was available in
the 1970’s and 1980’s. Power measurement has progressed
significantly in two decades. The instrumentation used in 2004 had a
noise floor that was three orders of magnitude more sensitive while at
the same time was designed to collect pulses from all channels of the
radar under normal operation. The accuracy of current day sensors in
the face of pulsed signals is significantly improved. The 2004 average
measurements can be relied upon as a state-of-the-art assessment of
environmental levels of the radar emissions.

Circular Polarization. Circular polarization is not an exotic means of
emitting radiofrequency signals. FM broadcast facilities have employed
circular polarization for decades and many television broadcast facilities
also employ circular polarization. Further, UHF television transmission
facilities frequently are licensed to operate with effective power levels of
between 500 kilowatt (kW) and 2,000 kW in the horizontal plane
(compared to the radar’s pulse effective power of about 600 kW,

3 degrees and greater above horizontal). The radar also operates within
the UHF band.

Comment: A statistically significant excess of Ewing’s sarcoma has
temporal and spatial relationships to the radar operation that was missed
in the epidemiologic study supporting the SEIS. (9-16)
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Response: The epidemiologic study performed by IEI considered
several disease endpoints selected by the PPPHSG in concert with input
from the public. Childhood cancer (all types aggregated) was among the
endpoints considered. The overall incidence of childhood cancers on the
Cape was not statistically different from the reference locations in
Massachusetts. Specific childhood cancers, such as Ewing’s
sarcoma/Ewing’s family of tumors (EFOT), were not addressed.
Subsequent public comments raised concern about the elevation in the
incidence of this rare tumor type on the Cape relative to expected cases.
The public asked whether these rare tumors could be linked causally to
exposure of residents to radar emissions from the PAVE PAWS facility.

In response to the public’s concern, the Massachusetts Department of
Health (MDPH) conducted an investigation that confirmed the elevated
incidence (i.e., new cases) of EFOT on the Cape during the ten year
period of 1995 to 2004. MDPH identified and characterized the patients
with EFOT, determined their temporal and geographic histories with
respect to years at their domicile at time of diagnosis and locations
frequented, and contracted with BSL to measure peak radar emissions at
domiciles and frequently visited locations as well as a variety of
reference locations. The report of this investigation (Massachusetts
Department of Public Health, 2007) is thoughtful and thorough. The
report carefully addresses the use of statistics as just one tool used in
the interpretation of epidemiology studies and notes that “statistical
significance does not necessarily imply public health significance (p. 6).”

The MDPH report notes that while the incidence of EFOT on the Cape is
higher than expected, generally the patients did not live near each other
(absence of geographical clustering). In the only case of nearby
domiciles, the patients were diagnosed over 5 years apart. There are
mitigating factors with regard to the temporal clustering noted in the
years 2003-04, when 5 cases of EFOT were diagnosed. Two of these
patients were short-time Cape residents (less than one year) making it
unlikely that their conditions resulted from residence on the Cape. In
addition, none of the patients lived in areas that experienced the highest
quartile of peak power density measurements from PAVE PAWS.

Taken together, the information collected and generated by the MDPH
led the Department to conclude that it is unlikely that PAVE PAWS radar
emissions are a causative factor in the incidence of EFOT on the Cape.
The MDPH states that it will persist in monitoring EFOT incidence on the
Cape and will work with local health officials and the public.
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PROCEEDINGSES Impact Statement.

COLONEL EFLEIN: Good evening, ladies The purpose of tonight's hearing is to
and gentlemen. I would like to welcome you to the receive your comments, suggesations and criticisms
public hearing on the Draft Supplemental of the Draft Supplemental Envirenmental Impact
Environmental Impact Statement for the Statement or SEIS.
phased-array radar at Cape Cod Air Force Station. Those of you who have not had an

I am Colonel Dawn Eflein, and I will be opportunity te review the Draft SEIS, may want to
the presiding officer for tonight's hearing. My read the summary of the major findings in the
purpose here tonight is to ensure that we have a handout available at the door.
fair, orderly hearing and all who wish to be heard In the first part of tonight's meeting,
have a fair chance to speak. the members of the panel will brief you on the

Since cell phones and pagers can be details of the phased-array radar operation and
distracting, it would be greatly appreciated if the findings of the Draft SEIS.
you would turn off or change the setting to The second part of the meeting will
non-audible or vibration mode on your cell phones give you an opportunity to provide information and
and pagers. make statemente for the record. This input

The panel for this public hearing ensures that the decision-makers may benefit from
tonight is composed of myself, and Ms. Lynne your knowledge of the local area and any adverse
Neuman from Headquarters Air Porce Space Command environmental effects you think may result from
whe will present an overview of actions leading to the continued operation of the radar.
the preparation of the Draft Supplemental Tonight's hearing is designed to give
Environmental Impact Statement and Lieutenant you an opportunity to comment on the adeguacy of
Colonel Paul Legendre also from headguarters Air the Draft SEIS. Keep in mind that the SBIS is
Force Space Command who will also present the simply intended to ensure that the decision-makers
findings of the Draft Supplemental Environmental will be fully apprised of the potential effects of

MARY E. PHILLIPS 1.508.888.6717 MARY E. PHILLIFS 1.508.888.6717
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Document 1

the operaticon of the phased-array radar.

Censequently, comments on lssues
unrelated to the SEIS are really beyond the scope
of this hearing and will not be addressed.

I would like to make a few
administrative comments. Pirst of all, if you
wish to speak tonight, I ask that you fill out one
of the cards that are located on the registration
table as you came in to the reom. From these
cards T will call your name for you to come
forward and state your comments.

If you did not pick up a card and would
lake to make a comment tonight, please raise your
hand and cne of ocur representatives will bring you
a card.

After the panel has finished its
presentations, we will have a 15-minute recess.
During this time, we will collect the cards. When
the meeting resumes, I will recognize elected
cfficials firet. Then I will call members of the
publie in random order from the cards that have
been handed in.

For those of you who have not indicated

on the cards that you want to make a statement,

but wish to speak later, please f£ill out ancther

MARY E. PHILLIPS 1.508.888.6717

Document 1

card at the registration table during the break.

I want te make sure that we have an
opportunity to fully consider the comments that
you make tonight. We have an individual here who
will record everything that is said so that we
won't overleock any of your comments.

I'd like to establish a few ground
rules sc that all of us have the benefit of
hearing individual comments and s¢ that we have a
good meeting transcript.

First, please speak only afrer I
recognize you and address your remarks to me. TIf
you have a written statement, you may place it in
the box next teo the podium or you may read it
aloud within the time limit or you may do both.

Second, please speak clearly and slowly
inte the microphone stating your name and the
capacity in which you appear. This will help our
recorder with the transcript.

Third, each person will be recognized
for five minutes. If you exceed this time limit,
I will ask you to stop at that point. If you have
more comments then you will be able to present in

five minutes, please prioritize them so the most

important comments are addressed first in case you

MARY E. PHILLIPS 1.506.888.6717

Document 1 Document 1 R
run out of time. Newman whe will present an overview of actions
After everyone has had the opportunity leading to the preparation of the Draft SEIS.
to comment, I will then address the audience to MS. WEWMAN: Good evening, ladies and
see if anyone would like to speak again, gentlemen. My name is Lynne Newman. I'm from Air
Fourth, please do not speak while Force Space Command in Ceolorade Springs.
ancther person is speaking. Only one person will In 1576, an Environmental Assessment
be recognized at a time. wag prepared to address the construction and
If you decide later to make a comment operatien of a radar installation at Otis Adir
after this public hearing or if you have Force Base. This Environmental Assessment
additional considerations, we encourage you to resulted in an environmental determination for the
send your written comments to the address shown on proposed phased-array warning system.
the screen or indicated on the written comment In response to reguests made by
sheet . residents of Cape Cod, members of the
Finally, if you would like a copy of Massachusetts Congressional Delegation and State
the Final SEIS, you may state that on a written officials, the Air Force prepared an EIS in 1879
comment sheet or on the attendance card you filled to provide further study at the potential
out at the deor. environmental effects of the phased-array radar
Private addresses provided will be facility.
compiled to develop the mailing list for those In 2000, the Air Force had originally
requesting copies of the Final SEIS. Personal planned te prepare an EIS to evaluate the
home addresses and phone numbers writtem on the potential effecte of the Service Life Extensien
written comment sheet or attendance card will not Program and ongoing operation of the radar at Cape
be published in the Final SEIS. Ced Air Force Station. However, because the radar
If ne one has any questions at this was becoming unsupportable due to a lack of
time, I will turn the program over to Ms. Lynne replacement parte, the Air Porce decided to
MARY E. PHILLIPS 1.508.888.6717 MARY E. PHILLIFS 1.508.6888.6717
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prepare an Environmental Assessment for the
proposed Service Life Extension Program activities
and prepare a Supplemental EIS teo evaluate the
ongoing operations of the radar.

In 2002, an Environmental Assessment
was prepared for Cape Cod Air Force Station to
address the potential effects of the Service Life
Extension Pregram. This program called for the
replacement of outdated computer components and
the rehosting of software teo allew the radar to
continue operating., This Environmental Assessment
resulted in a finding of no significant impact.

We are now in the process of preparing
the Supplemental Environmental Impact Statement
for the potential health effects of cperating the
phased-array radar at Cape Cod Rir Force Station.

The Supplemental EIS we are undertaking
supplements analysis provided in the 197% EIS
based on updated information and recent studies
regarding the operation of radar systems in order
to address potential health effects of operating
the phased-array radar at Cape Cod Alr Force
Station.

In addition to tonight's hearing,

written comments on the Draft SEIS will continue

MARY E. PHILLIPS 1.508.0888.6717

Document 1

10

te be accepted at this address until Auguet 4th.

After the comment periocd is over, we
will evaluate the comments, both written and
werbal and perform additienal analysis or change
the SEIS where necessary.

Once the review process is complete, we
will produce a Final SEIS scheduled for completion
in the fall of 2008 and mail it to those on the
original distribution list for the Draft SEIS,

If you are not on our mailing list, you
can request a copy by writing te this address.

The Final SEIS will include comments
received during the public review period and our
reaponses to those comments. If appropriate, we
will group comments inte categories and respond
accordingly.

The SEIS will serve as input for the
Recerd Of Decisicn. We expect to accomplish the
Record Of Decisieon by the winter of 2008.

The Draft SEIS was prepared to comply
with the Naticnal Environmental Pelicy Act or NEPA
and the Council on Environmental Quality
Regulationa.

Efforts were made to reduce needless

bulk, write in plain language, focus only on the
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issues that are clearly related to cperation of
the radar and to integrate with other documents
required as part of the decision-making process.

In closing, I remind you that the SEIS
is in draft stage. Our goal is to provide the
decision-maker with accurate information on the
potential environmental consequences of operating
the phased-array radar.

To do this, we are soliciting your
comments on the Draft SEIS. This information will
support informed decision-making.

I would now like to turn the microphone
over to Lieutenant Colonel Paul Legendre who will
discuss the various radar studies that have been
completed.

LIEUTENANT COLONEL LEGENDRE: Thank
you, Ms. Newman.

Good evening. Tonight, I will give you
a brief overview of the studies that have been
performed regarding the phased-array radar system.

It is recognized that health concerns
have been raised by some individuals on the Cape
-- on Cape Cod regarding the engoing operation of
the PAVE PAWS Radar.

These concerns have been addressed by

MARY E. PHILLIPS 1.508.BBB.6717
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several Cape Cod Air Force Station site-specific
studies and literature reviews. And these studies
and literature reviewa specifically address the
general concerns brought forth regarding exposure
to low-level radicfrequency energy as well as the
PAVE PAWS pulse waveform generated by a
phased-array radar.

The studies and reviews. Seven studies
and literature reviews have recently been
completed that address the phased-array radar
operaticn.

These studies include the preliminary
measurements of the PAVE PAWS Radar, the
time-domain waveform characterization measurements
of the PAVE PAWS Radar, survey of radiofrequency
energy field emissions from the PAVE PAWS Radar,
assessment of potential health effects from
exposure to PAVE PAWS low-level phased-array
radiofrequency energy, literature review public
health evaluation of radicfregquency energy from
the PAVE PAWS Radar, risk assessment of low-level
phased-array radicfreguency energy emigsions, and
public health assessment of exposure to low-level

radiofrequency energy emitted from the PAVE PAWS

Radar.
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And I'll give you a brief overview of
the studies that have been performed regarding the
phased-array radar system at Cape Cod Air Force
Station.

The preliminary measurement of the PAVE
PAWS Radar. The preliminary measurement of the
PAVE PAWS Radar conducted in March 2002 provided
information about the time-domain waveform
characterization of the PAVE PAWS Radar that was
used in planning the next phase of measurements.

The preliminary measurements helped
determine the feasibility of the low-level
measurements, determined electromagnetic signal
screening feasibility, established the community
radiofreguency background levels and provided
insight about the challenges that could be
encountered when performing the time-domain
measurements.

The time-domain waveform
characterization meagurements of the PAVE PAWS
Radar. The time-domain waveform measurements data
was collected in April of 2003 and was used to
assess the existence, and perhaps the importance,

of the radial electric field compeonents, slopes of

the electric field and phasing changes.
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The data acquired indicated that the
eleccric fields produced by the PAVE PAWS Radar
are highly changeable, likely depending on a
number of factors; such as, the direction of the
beam, multi-path effects; such as, ground-bouncing
and scattering from the neighboring objects, and
the types of pulses being radiated.

The electromagnetic envircnment is made
even more complex by other radiaters in the
region; such as, a T.V. and radio station.

Changes in measurement readings were cbserved by
simply moving a senscr less than a foot in any

direction. This suggests that any effort to

electr gnetic e should carefully
censider the possible scenarios for the potential
radiators to ensure that the correct conditions
are used for the bouncing process.

Survey of the radiofrequency energy
field emissions from PAVE PAWS Radar. During the
survey in 2004, the peak average power density
measurements and peak average electrical field
measurements were completed at various locations
on Cape Cod.

Radiofrequency energy measurements

collected during the survey were well below the
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applicable IEEE general publie exposure limit.

The validated geographic exposure data
from this study was used by public health experts
to support the epidemiclogical study.

Key findings of the surveys included
the Radar's average power density at all 50 PAVE
PAWS test sites was well below the maximum
permisaible exposure gpecified by IEEE safety
standards.

The differences in power density
meagurements at an antenna height of 30 feet and
at a height of 8 feet was highly wvariable.
However, when averaged over the 14 measurement
aites, the high sites showed approximately 5 4B
greater signal, consistent with the "rule of
thumb* that doubling the height of a VHF or a UHF
antenna in proximity to the earth's surface
approximately doubles the signal strength.

Samples of all classes of the PAVE PAWS
waveform were cbaserved., Long range search
doublets and triplets were cbserved independent of
the azimuth from the radar antenna indicating the
presence of the secondary side lobes and/or
reflections.

At many PAVE PAWS test sites, numerous

MARY E. PHILLIFS 1.508.888.6717
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received pulses appeared to have amplitude
modulation imposed upon them. Since the
steady-state amplitude of the transmitted PAVE
PAWS signal is constant, the amplitude modulation
was likely produced by the environment.

It was determined that the most likely
source is reflection from a multitude of
"targets®; such as, aircraft, water tanks, radioc
towers and the smoke stack at the Sandwich Power
Flant.

When cbserving the PAVE PAWS channels
in a "max hold" mode on the spectrum analyzer for
extended pericds, frequency-selective fading
produced by multiple tranamission paths was
frequently observed.

Signals observed from behind the radar
were most likely produced from back scatter from
the main beam of the radar, rather than from
"behind the array® side lobes or “edge
diffraction® effects.

The receiver signal level measured
behind the radar is similar te paging, land
mobiles and low-powered FM station transmitters,
suggesting that considering the power of the

radar, there is little radiation "behind" the
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characterization study.

Based on the review of available
scientific evidence, the National Research Council
Committee concluded that there was no adverse
health effects to the general population resulting
from the continued or long-term exposure to PAVE
PAWS phased-array radiofrequency emissions.

The Committee alse concluded that there
was no observable inerease in total cancer or
cancers ©f the prostate, breast, lung or colon due
to PAVE FAWS radicfreguency energy.

The Committee alsc found that the
waveform characterization data collected for the
PAVE PAWS Radar is similar to exposure from "dish®
radars to which the public are continuocusly
exposed.

The Committee recommended that the
studies of tree growth in the vicinity of the PAVE
PAWS facility should be conducted. A study of |
long-term exposures under conditions similar to
human exposures could provide useful information
as te the possible mechanisms for a biclogical
response that currently does not exist.

The Committee also recommended that a

replication of a central nervous system endecrine
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plane of the antenna. the PAVE PAWS main beam.
On the roof of the PAVE PAWS facility, The survey alsc compared the
with the instrument penetrating the plane of the meagurements from the current survey with those
radar face from behind, the measured taken in 1%78 and in 1586. Overall, the previocus
radiofrequency energy occasionally peaked to five studies' measurements appeared to be generally
percent of the occcupational exposure limit. higher than the current measurements. There could
With the instruments repositioned above be several reasons for this difference, including
the roof, just behind the plane of the radar face, limitations of the previcus test aystems or the
the radiofrequency energy limit fell below the manner in which the power denaity was derived from
sensitivity of the instruments. the measurements. The radiofrequency measurements
This cbservation supports the findings ecollected during the 2004 survey were below the
that there is little radiation behind the plane of applicable IEEE general public exposure limits.
the antenna. hegpessment of potential health effects
It was not possible to distinguish from exposure to PAVE PAWS low-level phased-array
first side lobe pulses from secondary side lobe radiofregquency energy.
pulses that were received at a test site. There This assessment, prepared by The
were variatioms in signal levels from pulse to National Research Council, consisted of a review
pulse caused by beam pointing propagation and the of the scientific data and literature related to
like that blurred the distinction between received the radiofrequency energy in the range of the PAVE
first side lobe energy and receiving second side PAWS system. This was done because there was no
lobe energy. specific studies of a phased-array system similar
Even when miles away, large commercial to PAVE PAWS in the public domain.
aircraft have sufficient radar cross section to The review included classified
return a measurable signal te the instrumentation documentation of research that could be relevant
via "backscatter” when the plane is illuminated by to the PAVE PAWS system and the waveform
MARY E. PHILLIPS 1.508.888.6717 MARY E. PHILLIPS 1.508.888.6717
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function study be undertaken to confirm or refute
previous Air Force-sponsored etudies that show a
significant and extended influence on brain
dopamine levels during low-level radiofreguency
exposures similar te that of PAVE PAWS.

The Committee clarified that the future
epidemiclogic studies should not be conducted
unless they are expected te have sufficient
statistical ability to be able to detect any
possible health effects in the Cape Cod
population.

The Air Force supports the
recommendations made by the National Research
Council. These studies would be accomplished
independent of the SEIS.

The literature review public health
evaluation of radicfrequency energy from PAVE PAWS
Radar.

Thie literature review focused on
identifying studies that link radiofrequency
energy to adverse health effects. The study found
that the diseases listed in the slides have been
studied for links to radiofregquency energy. The
study suggested that radicfreguency energy and

adverse health effect studies be prioritized to
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concerns with the listed diseases, which include
leukemia, brain cancer, lung and breast cancer in
women, low birth weight and birth defects,
auto-immune digseases; such as, lupus, Alzheimer'e
disease and Parkinson's disease.

Risk assessments of low-level
phased-array radiofrequency energy emissicona.

The Armed Forces Epidemiclogical Board
or AFEB, met in 2002 to consider a reguest from
the Air Force Surgeon General regarding a risk
apaessment of low-level phased-array
radicfreguency energy emissions, as phased-array
radar systems are used throughout the Department
of Defense and in the commercial and private
sectors and concern had been raised regarding
potential adverse health risks from low-level
exposures at the Air Force PAVE PAWS facility on
Cape Cod.

The AFEB received presentations,
briefings and materials regarding variocus aspects
of radiofreguency energy, epidemiolegical studies
and operation of phased-array systems.

The AFEB alsc reviewed several hundred
studies focusing on epidemiclogical studies of

radicfreguency energy exposures, IEEE and DOD
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exposure standards and standards setting process
for radicfregquency energy, studies on
radicfreguency energy bio-effects and over 45
studiea and public health assessments specifically
for exposure and health cutcomes of the Cape Cod
residents.

The AFEB found that published studies
do not convincingly suggest that exposures te
continuous wave radiofrequency energies at or
below the IEEE standards results in adverse health
effects, and currently scientific data do not
indicate that phased-array are any different.

Current exposure standards as
established by the IEEE, although based primarily
on continuous wave radiofrequency energy, appear
completely adequate to protect workers and general
population health in relation to potential health
effects of the PAVE PAWS phased-array system.

The AFES did net identify any evidence
suggesting a cause and effect relationship between
the county or town level elevated standardized
rate ratios of disease in Massachusetts and the
PAVE PAWS phased-array system.

There was no immediate indication to

support either initiation of new or further
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analysie of existing epidemiological
investigations of the association between
radiofrequency energy emissions from the PAVE PAWS
facility and any specific health cutcomes.

And then the public health assessment
for exposure to low-level radiofreguency energy
emitted from the PAVE PAWS Radar.

As a follow-up -- a follow-on to the
literature review conducted in 2004, this
assessment evaluated the potential health effects
of public exposure to low-level radiofrequency
energy emitted from the PAVE PAWS Radar system at
Cape Cod Air Force Station.

This assessment analyzed available data
for county mertality and county cancer mortality
and from the hospital discharge registry.

Data provided by the Massachusetts
Department Of Public Health regarding cancer
incidence, birth defects and birth weights were
compiled and analyzed.

The available radicfregquency energy
characterization survey results for the PAVE PAWS
Radar in terms of the known and biclogical
plausible hypothesized public health effects were

analyzed and interpreted.

MARY E. PHILLIPS 1.508.88B.6717

Document 1

24

The investigation utilized the analysis
of the cutcomee, outcome data and the information
and relevant scientifie literature to describe the
relationship ameng the variocus radiofreguency
ensrgy exposure characteristice and existing
health cutcomes determined to be biologically
plavaible.

The assessment was submitted to the
Massachusetts Department Of Public Health for
review to confirm that the health data previded
had been used in conformance with the requirements
of applicable laws and regulaticns.

The evaluation concluded that there ia
currently no credible evidence for adverse health
effects associated with the operation of the PAVE
PAWS Radar syatem.

Rates for most of the cancers that
initially led to concerns about the possible
adverse health effects from PAVE PAWS Radar
exposure were found to be elevated on Cape Cod
prier te 1974 when the PAVE PAWS facility began
operations.

That summarizes the findings of the
recent studies and literature reviews that have

been conducted. I'd like now to turn it back over
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to Colonel Eflein.

COLONEL EFLEIN: Thank you, Lieutenant

Colenel Legendre. We're going to take a 15-minute
recess at this time and then we will move inte the
public comment portion of the hearing.

Please fill out your cards, if yeu wish
to speak, and place them in the bex sc we can
address everybody when we come back,

(8hort break was taken.)

COLONEL EFLEIN: Ladies and gentlemen,
we'ze going te resume the hearing at this time.

Before we proceed, I will remind you of
a couple of points. Please address your remarks
to me so that they can be recorded in the offiecial
meeting transcript.

Please limit your comments te five
minutes se that everyene can be heard. Also
please state your name clearly before you make a
statement for the record.

At this time I would. like to call on

the first speaker, Mr. Wayne Sellin. Sir, that
microphone should be on for you go --
ME. WAYNE SELLIN: Wayne Sellin. oOkay.

1 have participated with the Air Porce and with

the PAVE PAWS Steering Group werking on the
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varicus studies and field studies and measurements
and the quality of the engineer for the Nawvy
submarine directorate. And the standards that
they use for their measurements and for their fact
finding and for their analysis have all been
auperb.

The situation was that we had a lot af
pecple who were just being harmful to the process
and to its finding the facts. They were dealt
with in a very effective manner by just presenting
facts until they just couldn't come up with
anything more.

But this etudy has been very important
not only for PAVE PAWS, but for other
transmissions.

For instance, it does addrese cell
phones and FM radio. If you want to talk about --
this is the same frequency as FM radio.

And the other one I would like to say a
word about which be Doctor Adair from I think it's
in Connecticut, I can't think of the school right
now. But he came and gave a presentation before
this got started addreseing all of Doctor
Albanese's comments. If anyone is intercsted, I

have the eriginal video tape of Doctor Albanese's

MARY E. PHILLIPS 1.50B.888.6717

Document 1
27
comments.

Again, I would like to commend che
Lieutenant Coleonel here and the other Air Force
pecple I've worked with -- oh, since 2002. And
it's just been a superior performance and just
well done. So thank you wvery much.

COLONEL EFLEIN: Thank you for your
comment, sir. Next speaker is Mr. Bernard Young.

MR. BERNARD YOUNG: Thank you, Colonel.

Bernard Young from Dennis. Dennis is a community
which consistently gets the highest reported
values of emissions from PAVE PAWS Radar. It was
the highest measurement made in 2004 and it was
the highest measurement made in 2007 from The
Department Of Public Health.

I would like to point out that the

peapuremants made in 2004 we're told tenight were
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from one another.

Immediately, that raises the suspicion
of common instrumentation error called eclipping.
In that caee, you den't know what the true value
of the exposure is. The instrument couldn't read
it that high.

Investigating further, we noted that
when the firm that was making the measurements had
used a gain of 20, because they knew the aignal
was being large, they got the largest value, 15
micro watts per sguare centimeter at five peints.
When the signal was not quite as large, they used
more of a gain. And again they boosted the signal
up teo saturate an amplifier, and at the next nine
points it produced 1.5 micro watts per sguare
centimeter.

and fimally; for the weaker mignais 121

4 lwes than L¥78 end 1388, Mossuremants made in of the points were reporied ap .15 micrs watts per

B9 3004 wece for bhe scat pACt suBject to 4n #juare centisstar and & gein of 40 was weed,

i instrussstabion thars Callmd slipping. They also failed Bo Compare d
1 Of the 58 sites whars msasurssanis weare with the specifications and the Isnfermatioa fre

sade, 7 of thoss wices, the peak smasucesaste hed fiven os the Ezviccooental Impacc Brstessnt is
fell on thres discrete waluse, 1% micse walte per 1578 Appemdizs €, If you do Ehat. you®ll see thar
square centimeter, 1.5 or .15. These three values the peak measurements at ten of the points of the
are each a factor of ten or a hundred different 50 stations measured throughout Cape Cod exceeded
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the envelope of the antenna pattern.

Indeed, the one in Dennis, 18 and a
half miles away, was only 3 dBE below the peak of
the main beam.

So it's nice to talk about the energy
coming from first side lobe or the second side
lobe. A measurement made in Dennis is consistent
with the main beam. We'wve been consistently teld
that the main beam never touches the earth. And
that was reiterated by the pecple who took the
meagurements in 2004.

Locking into the matter even deeper, I
went to the compact disk that was burned of the
292 measurements made at these various 50 sites.
And we found in that case 240 -- or 142 of them,
just about half, were traceable to the maximum
output of one parxticular amplifier in the chain.
That amplifier just couldn't put out any more
data.

And if you would take a lock, to plot
the data in the order from the smallest to the
largest, you can see that it reaches a step and it
doesn't go any higher. That is clipping.

S0 we really don't know what the value

of the exposure was in 2004 when these
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measurements were made.

Conseguently, we can't be sure or we
really -- it would be inappropriate to use that
data te come to any health effects conclusions.

And that corrupted data, therefore,
corrupts the measurements reported in the
Massachusetts Department of Public Health Report
on PAVE PAWS and Ewing sarcoma.

In that report, they compared the peaks
te the averages, and they reported that the value
as decibels, it stands out like a sore thumb, that
four of those cases the decibel value was
negative.

That means the peaks were less than the
averages. That's not possible. You don't take a
course where based on three grades and get a 70, a
75 and an B0 and wind up with a 35 for your
average. Peaks have to be greater than the
averages.

When -- in addressing these objecticns,
the firm that did the measurements in 2004 said
that they -- the measurements in 2004 were from
outside interferers. They said -- and they said
they'd explain that in their 2004 report. They

did no such thing.
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In the test plan, there was a question
raised about taking precautions so that cutaide
interfering didn't corrupt the measurements. And
they explained twice that they were taking
precautions to make sure that there were no
outside interferers or outside transmissions,
degradation from other sources interfering with
their measurements.

When they made their report, six
different times they explain that outside
interferers were not corrupting the data.

But when cenfronted with the clipping
problem in their data, the same contractor told
the Massachusetts Department Of Public Health that
those results are from outside interferers, That
is a self-contradiction. That self-contradiction
needs to be resclved.

I have a work in progress, which I will
try to wrap up in time to provide a written
comment that will have the figures, which I wasn't
able to put together for tonight's discussion.
Thank you.

COLONEL EFLEIN: Mr. Young, thank you
for your comments.

pid you want te leave the handout or
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the visual that you showed, did you want to leave

that for us? Or do you want to include that with

your written comments, air?
MR. BERNARD YOUNG: I'11 file it with

the written comments. It will probably be more

clear.

Those

COLONEL EFLEIN: Thank you, sir.

are the only cards that T have. Does anybody else
whe did net fill out a card wish to speak.
(No response.)

COLONEL EFLEIN: Either Mr. Sellin or
Mr. Young since apparently nobody else chooses to
speak tonight, we still have more time if eithex
of you would like to add anything.

Mr. Sellin, would you like to go again.

MR. WAYNE SELLIN: HNo, thank you.

THE COURT: Mr. Young, did you get cut
off by the five-minute time peried? Would you
like some more time, air?

MR. BERNARD YOUNG: I have some written
comments that I could go through briefly.

COLONEL EFLEIN: Excuse me, for one
moment .

Okay. He said he does have some

written comments he would like to read briefly.
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the pask valums. They waren't plotred.
Hkan they did their tent plan for goleg

te the 30 sites, they rospated tha losdes, bamwid

ab alestromaghnetic theory of sigual prepagatics,

projected the losses frem the transmitrter to the

measurement site. These include a base loss just

on the basis of distance, the further you get from

the light bulb, the less bright it appears to be.
There are losses due to Fresnel

effects, losses duc to diffraction effects and

MARY E. PHILLIPS 1.508.688.6717
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Go ahead, sir. be away from the location of potential
MR. BERNARD YOUNG: These comments were interferers.
presented in a letter to the Massachusetts From Page 6 -- also from Page 6 of
Department Of Public Health. So I have them Appendix A, to pass a mobile transmitter overload
prepared and I can read them and I will just read preamplifier for a brief pericd, this event can
a few paragraphs. readily be ascertained upon examining the recorded
I am unable to reconcile BSL statements data. To date, only one data record has been
in the 2007 test plan -- that was the test plan identified in which such is the case. And they
for the measurements to support their study of went on to explain that.
BEwing sarcoma -- with statements BSL made in their ©n Page 11 of Appendix A, additicnal
2004 report. photographs were made to show that the PAVE PAWS
In the 2007 test plan, BSL says they waveform in both the frequency and time-domain to
explained in their 2004 report that peak data illustrate normal operation of the radar and, two,
could be from other in band or near band the absence of in band interference.
emisaions. Page 17 of Appendix A. It was
I scanned the 2004 BSL report that determined that the relative amplitudes of the in
mentions possible interferers. There is a PDF band amateur radio signals were well below the
document, 8o it's very easy to put in the word level of the PAVE PAWS signals being measured.
interferer and see where it was used. Rather than explaining hoew the 2004
Conclusion 10 on Page 61 of the 2004 peak data was potential interferers, the 2004
BSL report was amateur radic operation in band report repeatedly explains the measurements were
caused no interference to measurements. not subject te the interference from other
Their conclusion 11 was out of band sources.
interference not significant, From Page & of So when they say they explain that the
their Appendix A, measurement sites were chosen to 2004 peaks were from cutside interferers, they
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told that to the MDPH, that appears to be a other losses. And they computed and presented
contradiction. these losses, but they never used that data in a
I think there's something we should comparisen with the measurements they made.
note about the 2004 report. If you pick it up, They're just hanging cut there.
the first thing you note is it's a report with You know, whenever you make a
without any authors. measurement and you have an ability to make a
In my 15 years in scientific research, prediction or an ability to compare it with a
you just don't write reports that are author-less. predicted value, you cught te do it. It is a very
The second is that the radiofrequency simple one line caleulatien. It was presented to
emissions part of the 2004 study was to lock at us in a Draft Envircnmental Impact Statement,
the peak and the average signals coming from PAVE Appendix C in 1979. 1It's a one line formula. And
FAWE, peak and average. And then as Colonel because it wasn't presented with any mathematical
LeGendre mentioned that in hie presentation. rigor, I rederived it. And I've come up with the
Bt when we ds look 4t the repors, the Sims TEEUiE.
firsr thing you Rate i8 there im #o discussion of 3 Bo & simple malvulstion comld kaws bees

made with sll the peak date. And It was pat made

Why waant that done¥ And that reieed my
eurloaity

=d mow shen we look and we was that 4F
you did do that, you see tentative 50 points
exceeded the specification. That is a cause for
cencern. We've been repeatedly told the main beam
doesn't touch the earth, but yet the measurement
made in Dennis is conmsistent with the main beam.

It is only 3 dB less than the main beam. That's
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like half of the power of the peak of the main
beam.

In comparison, the first side lobe is
10 4B down which is -- first side lobe is 20 4B
down, is one percent of thac.

S0 here we've got a measurement made in
Dennis that's 46 times the specification. And
well we're just not going te talk about that.

And when confronted with the data, your
contractor, the national research contractor has
come up with a contradiction a self-contradicrion.
I am disappocinted that those who you rely on and
we relied on and Senator Hennedy relied on.
Senator Kennedy, if you don't remember, was the
one who initiated this National Research Council
study.

We relied on them for an honest and
careful and diligent inveatigatien. And how
this -- these thinge could be overlooked is beyond
comprehension.

1 think we need to be concerned about
this because the Chairman of that committee and
the program administrator at NRC, yeah, NRC in
Washington, are the same two who are heading the

study on cell phones right now. And if we don't
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have any more diligent investigation of cell
phones as we did in the PAVE PAWS issue and
earlier in this decade, I don't know what the
wvalue of having them is. Thank you.

COLONEL EFLEIN: Thank you for your
comments, Mr. Young.

A8 no one else has indicated they wish
to speak, this concludee the publiec hearing.

If you should decide later to make
additional comments or would like to receive a
copy of the Final SEIS, you may do so through the
address that's shown on the brochure or on the
written comment sheet.

We appreciate your public -- excuse me.
We appreciate your participation in thias public
hearing. Thank you for coming. @Good night.

(Whereupon the hearing concluded

at B8:02 p.m.)
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I, MARY E. PHILLIPS, Regietered Professional
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transcript, pages 2 through 39 inclusive, was
taken by me stenographically and thereafter under
my direction was reduced to typewriting and is a
true record of the testimony of the proceedings to

the best of my abilicy.

Dated at Sagamore Beach, Massachusetts, this

25t day of July, 2008,

o iy

MARY E. P}&)L‘IPS RFR

MARY E. PHILLIPS 1.508.888.6717

Document 2

""w “'"' UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION 1
3 1 CONGRESS STREET, SUITE 1100
BOSTON, MASSACHUSETTS 021142025
1,...,«4‘
OFFICE OF
A 4, 2008 R GRONAL ATMNSTRATOR
ugust 4,

Ms. Lynne Neuman

HQ AFSPC/A4TPP

150 Vanderberg Street, Suite 1105
Petersen AFB, CO 80914-2370

Re: Draft acl for the PAVE PAWS Early
‘Warning Radar Operation, Cape Cod All che Station, Massachusetts (CEQ) #
20080239)

Drcar Ms. Neuman:

The Environmental Protection Agency (EPA) has revl:uwd the United States Department
of the Air Force™s (Air Foree) Draft Suppl Impact

(DSEIS) for the PAVE PAWS Early Waming Radar Operation at the Cape Cad Air
Force Station in Bamstable County, Massachusetts. Wi submit the following comments
on the DSEIS in accordance with our responsibilities under the National Environmental
Policy Act (NEPA) and Section 309 of the Clean Air Act.

The DSEIS for the PAVE PAWS radar was prepared by the ULS. Air Force to address the
concems of the local community about possible health effects from the PAVE PAWS
aperation, The eriteria EPA used in evaluating the DSEIS are (1) the measured
radiofrequency (RF) radiation exposure levels beyond the boundaries of PAVE PAWS
radar site at locations accessible to the public, and (2) the exposure guidelines used by the
Federal Communications Commission (FCC) 1o protect the public from adverse health
effects that might result from exposure to the RF radiation emitted by the systems
regulated by the FCC.

Based on our review of information provided in the DSEIS we conclude the following:

# The time-averaged radiofrequency (RF) radiation power density measured at 50
various lecations on Cape Cod, accessible to the public beyond the radar
installation's perimeter fence, with the exception of one location, are at and below
5 microwatt per square centimeter. These levels are well below the protective
exposure standards used by the Federal Communications Commission (FCC)
found in FCC/OET Bulletin 56 August 19‘)‘)

bt foc. ullet
loet36ed. pdf.
EIT-R18-0010
[e— 3w ik
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Document 6

L. Ronald Cronin, President

Lynne Neuman

HOQ AFSPC/A4TPP

150 Vandenberg St.

Suite 1105

Peterson AFB, CO 80914-2370

Dear Ms, Neuman,

T am enclosing my

Collation for the Operation of PAVE PAWS Safely

the Draft I | E | Impact

Document 6

epidemiological studies would be or

During the process it became very obvious that PAVEPAWS commanders put the

mission ahead of residential health concerns and sought control over any and all studies

of the radar. Our bewilderment at the behavior and study practices of the USAF and

PPPHSG tumed 1o frustration by those of us with children living on the (Tnpe and to

apathy by the students and professors. It is documented that Air

Bruce Ruscio) advised me that he mnluncd Boston University and was nssured [hul no
between the

and the medical school (conducted a 1999 study for the Massachusetts Department or
Public Health (MDPH)) as was being suggested,

August 4, 2008 Itis also well d d by formal complaint that USAF p
engineering students and Dr, Albanese (see Cronin Deposition taken by USAF attorneys).
The group of young engineers were not treated as younger peers, but instead was
ostracized by Air Foree staff and radar technicians.

Statement (DFIS) on the Precision Acquisition Vehncle Entry Phased Array Warning
System (PAVEPAWS) in operation at Sandwich, Cape Cod Air Force Station, MA,

1 This regesr dows ma property decwmess oo e s baomledg publich unded vialies ussl
i i eporeid sl ek i
B.5 The PITYM i conjusctios with Basnon Lini

o eTots i ot @ :uu]l:l uu]- Lhpssn oy remsrm fron Sogrm York {9707 0o Septembery 15, 2000 @ sudden splir iirgling)

Kirkland Air Foege leam.

repa whach a1y 30 sckoerm bedge |

mmrdu-w-u‘u-uhud-r-uu—u, e s ke e i

2 The Dt Supplemental oy eonmsial Irpact St |05 rrpom doss
mnmmm-}ﬂhumnrmulmlmlm frity o LR

iy nd Sl Lindveri In meassremery were recorded @ my homa. These ehevaled masieements oonimsd
theenigh e endl of the imemh o Septomiber wlen e spoctnim anilyer was el

wenlssan, arel lasks imgamzaling

umummuuu-ﬂmpuhw;mmm’m
ahagummery whansbd net by wand by fpderal or slae
"' nd].h}'ﬂlrl‘i.u or Dppusrtrogmd oof Ui frrwes §DF) @ (1 pomiadns namenss emon.,

The sty and specifically the PAVEPAWS Pablic FHieahi: Sieering Geoup (FPFHSG)
Timhead br mhrees oo ke dokoe the shgmi oot wid eheyated Capee Cond chikituonsd comocr

Iy chilaemi perfev

slaic Lwrmtors e alvared m o somgpicie Stceeely,

Lt Mo © s

rutien llrrpllhmrr-qmm
PP

ol il et i ey ey e o By ermail w2 L
rllrmﬁmlﬂlhl('dhlmlh and by Centificd

Tejue

by
Ihmﬂmvlrﬁﬁﬁ&ﬁbﬂm—mw-mn Thew
s paesariiesd o me Kl laned iesm msd Matenal Acadessy of Schanee comimemes afier

Both the USAF and the PPPHSG ali

interfered with citizens and sludenls from the Coalition for the Openultm of PAVEPAWS

d against and

Safely (COPPS

Jo the F I Fi

University and SuFI'alk Umuersuy engu;enng students who all allempled to assist the

of M 1

The NAS suggestion to fund (under $100,000) the taking of field measurements on a
continuous basis from every firchouse on Cape Cod in conjunction with the PFFM and
BRaoston: Uriversity and Soffolk University engineering siudenss was denied by the LISAF,

The i Toarts ol € O, thar Proofisaiimal Firefighsers of Masocfuness | FEFAD) asd
engingaring stalerts can b viaed om the woh sl Gapeopkianesrenm., formsSy

030 Virdeabeny St Sahie 1500
Petemcs AFRL €0} B 1-1170
Fan Fwtds S

ETATHFNS, MASSACHUSETTS

HE COSSIENTH 08 BRAFT SUFFLEMENT AL ENVIRONHENT AL IMPACT STATEMENT
PR FAVE PAWS EARLY WARNING RADAR OFERATION DAPE OO0 ARR FORCE.

1 mmmmhhﬂ:ﬂﬂﬁhhﬂq-

USAF by vol o effort of the PAVEPAWS radar
on Cape Cod.
Document 7 Document 7
Rty 11 200 ran et o it Lty el il rbermeskiaal sl b b el 2 e Amocen
Fior i Frosarvation of Caps Cod selled o e decomesiousag of e FAYD PAWS Geiliy
My | yere: Heuemasn
10 AFECIATEY ks i ematin e b bl s the .0 1P 5. { Comlition: o i Chpoustion al PAVE PAWS

Galiely | bt o o' SOPOCOMNE TG

PAVE PAWS Timeline

ey vt i e PN AW oy

FH0L = e Fares begias proliamary plissing s Propat FAVE PAWS
PH 0 & htn amismmmint o as et foor (bt Capes Cosll FAVE PAWS sart of o penbiic ey Plaireck

u.. S . o M e

A . Py pprtwtoon of dun mackhee

EEErCss shan el Pt s

by and

L yP——— --v-m.pq -
e wll, publucsy taadad eadars aad By yiriding B T i b imt dovommt o be
5-5 el ey oot el Al Pt A il gt of Do (D0 degirion wakors Widir Syntem, 1957

W gt he PAYE PAWS seatess bl s, Thi will sshie rrtrospoctivg headih secooms sade. =Tir rfferm ol lesg-arrm npemne 0 mervsay redianies ipe—tE drmmsay
i b oocheslond nut RnalTh sy oo Dy Skt 19 g Cenbers o b wsme b st decrcoon whoot byt e o

et e quanen b sarestod”

Thim DRI sppenrey 10 b o e 10 Pt it bty The s of Hhoomme of Caps Ul
msmns b bl sy Wy 1 (ot Bl irn Permddy s e Pedind b9 [hin diocwsare i  low

thin DATR. Severl ek grous aght the connction and sporsion of FAVE PA'WS sad gl e

g el e gl
ol meniierng of FAVE FASS mdison emisions,

R e —_— M) s s A Finrvn's st slhesitn,
477 - BAYE FAWS comtraction brgim doapits s 1974 Dofmss Inisiigrecs 4 gray dersmnt
sty tler Aar Feror i wearn of men-thrrmal e of o (s e S ma—_—
Fafaties.

Warih, 1Y E - Hessdis fled & lewsil sharpeg tee L Fores bl visisind i Nfmaal
Eavirsamenial Falicy st [VIFA] of 199 by Falling 1e sabomst 5a Eav i moninl |mps S
THESE FAVE PAWE cossirection susiiswes rees Shosgh T 1% prosors i st compleind,

o el sy e Tt EER b March b, 1978 = MA Srwinr Konssnly, Congrrms Smidh ssd Semainr s s §
sk ekt smwteat cyicical el Frigent FAVE FAYWS sl reqeesd (b e Sadmaal Aosirey sl Soiescn.
(NAS] prrfarm o study of FAVE FAWS. Some ruorp frem e A% Sasions] Rasareh Constil
mwmﬂﬁmmﬂu“&hlhlhﬁﬂn

il b dbinpandnly wreward. Theers @ ma evidewos of 8 remulsing @l ss be s,
“Thirs ire #e duis s The blslegiol i sf mioes rﬂ LT -'-

Ther D15 jrvereh comoumd public commenty WIS T epm——" e Fedas, ik
4 Mﬂrhﬂﬁnuﬂuuuﬂuﬁ-#ﬁm .ﬁh_.t.'"“'““ o
Semiags of bemdrol of Cape Usiion s apwitg Sl e Winy meac A s Sckecoen fmem absuld ke revirul
i At Mg s i i Eoss el e ot e oF el s gt AT AT M o tramsiemt,
‘wstarcrs sl pulkic o ware s ablresd b tis DETS bt perraterd byt eyl purse.

*.cotin FAVE Fasa rsslar —rhnﬂnlhq-ml st number o s mbar

dhh-—nqun—““m-&m—_&#
My mestuba i &1 e it puissibiility gumnet by rwbed e Sni
H-Tﬁwrtﬂ“qh—&--_mm

Sty o o i veiery i the ke 9N 8 i Pl puablic find s PAVE PAWE comsruction ....- e —
Bergre There s mwach prrs w6 pabisg eeorn o D b thl s rel Socararnsd Er— % masd survodlams ssd

Pratsds: comcern did oo disgpprar. 1 san

b D s Mot bbb oot vy e rmmny pubi: roups ot et the s of ot
s mirn PAVE PAWS bngan sponstag i 1970 sl anlied for ihe faciliry oo b meoved e ior e

et
PAWE, OHF Cages Canll

b
i e R s o e P e b
Sl W cpcum pption e well ey Mgl et Falt SO W

llh'l'ﬂlh'r Sl U7 = Ther Thenlt 15 b robousnd for w Mi-duy pallis cumasint poriad juil beforn

Ji.l.lu.r_, LL, 197 - & pabite nrtang o e i S i ookl 0 S Hikgh Schossl. Chilsmms
ke e of FAVE FAWS, They mia bammper stiohers assl pims thost sy ~Koop ¥ omr

(@

March 2009

Cape Cod Air Force Station, Final Supplemental EIS

8-29



Document 7

1979 - mmtlahmmuimm PAVE PAWS will be a short-term use of the
and for 10-20 years. The Air Force conceded in the EIS that

the long Itrllcirnn Mnfnpmnh PAVE PAWS pulsed microwave radiation were

unknown nﬁn time. Several urgent requests are made by the Cape Cod public in the E15

1. That the Air of radiation levels on Cape Cod;
Lmlwmmm-rmwmmmumlwwwu
turned on;
3. That the public be notified if there was ever an upgrade to PAVE PAWS
Measurements were taken once in 1978 when PAVE PAWS was turned on in Upper Cape
only. Th were tim: d; the more powerfal peak pulses were

not » proper valid study using an s rudiation
iwndmbﬂmnbﬂldmndﬁep“cw--d-eﬁdo‘nwrlm&hhk\'l
PAWS in 1996,
19%b — High cancer rates are reported on Cape Cod. The Massachusetts Department of Public
Health (MDPH) funds 2 team of researchers from Boston University (BU) to look into potential
causes of the high cancer rates on the Upper Cape. MDPH has time -averaged power deasity
measurements taken in upper Cape towns only.
Controversy over PAVE PAWS and bealth concerns continue. The Air Force continues to say that
mvzm“smmknremmmwwlwm;mm

dards for Radio ) radimtion and that there is ne conclusive
evidence that it is » hazard, m-&tywlﬁdiwﬂwubudu&eww[ﬂ&
RF/MW heats your tissue , it is 8 hazard). It does not take into sccount the long -term chronic
elfects of “non-thermal™ expasure ta PAVE PAWS unique radiation (waveform, phasing, frequency
and modulation).
1991 = BU relexses the “Upper Cape Cancer Incidence Study.” With regard to PAVE PAWS, the
BU researchers stated in Microwave News, “While no association was seen for PAVE PAWS, the
available exposure daia is inadequate. We strongly recommend that systematic power density
measurements be taken throughout the ares seanned by PAVE PAWS sa that useful data will be
available for future analysis of its potential health impact.”
1994 — The “Public Health for MMR™ that relcvant eh i
field monitoring dats be provided for the PAVE PAWS radar facility. This recommendation was
not followed up on by the MDPH or Air Force, despite numerous requests from citizens.
May, 1990 an official “Request for Radiofrequency Radiation Survey” is made following 2
'm‘.ﬂﬁa“wﬁﬁMPA\"EPAWSHM---«:WIIMWM‘

The pablic is not notif the time of the upgrade .

|w:-mu.mmmlmummmamwmmVEHWSummm
ilitary maps on the MMR researching the proposed county jail. They begin asking questions
as they realize that no comprebensive bealth studies have ever been done for PAVE PAWS.
December 11, 1997 = The Silent Spring Institute (SS1) reports that breast cancer incidence
remains 20% higher on Cape Cod than in the rest of MA for 1982-1994, SSI, funded at that time by
MDFH, dismisses PAVE PAWS from further research based on dats generated thus far. However,
551 lacked adequate exp data and critical i regarding the tech of the radar
system.
Sharon Judge begins attending meetings of the Community Assistance Panel (CAP) of the Agency

@
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for Toxics Substances and mmﬂmtsﬁemﬁth“ﬂ?ﬁ\’ﬁ PAWS and her
concerns th dies have been d. despite the high
incidence of discase on Cape Cod. MDPH officials agree there is a lack of data on PAVE PAWS but
indicate that it is not an casy thing to study and may not be the thing to focus on at this time.

Ms. Judge continues to attend CAP meetings and pushes for proper studies. Judge learns that
MDPH's Bureau of Environmental Health Assessment (BEHA) receives funding from the Air Force
through the Environmental Public Health Center (EPHC), located on the MMR. The office was
established o the MMR in 1997 to address health questions and concerns of the Upper Cape Cod
community related to potential exposures to i the

Aduly 27, 1998 = The CAP was not allowed to address PAVE PAWS but MDFH announces they
found a small amount of money 1o sddress the PAVE PAWS issue and were considering putting an
advisory panel together. Citizen’s urge that the panel be balanced and offer suggestions for
panclists.

April L3, 1998 - The Association for the Preservation of Cape Cod, Inc. calls on MA Governor
A. Paul Cellucei to “di ission and close d, the obsalete PAVE PAWS facility.”

Jduly 7, 1995 = The public finds out at 8 CAP mecting that there had been “a major modification
which allows the PAVE PAWS to operaic in 2 more powerful configaration.”

August, Y95 - Sharon Judge calls on Governor Celluced, in the process of developing » Master
Plan for the future of the MMR, to cut short the lease for PAVE PAWS as it sits atop MA state
land.

Uctober 5, 1995 — Cape Cod Citizens group, lead by Sharen Judge, holds a press conference
calling for PAVE PAWS to be decommbssioned

Uctober i4, 199, Sharon Judge and Cape Cod Citizens begin writing to MA Senators Edward
Kennedy, John Kerry and Congressman William Delahunt documenting the loag standing concerns
with PAVE PAWS.

danuary 19v9 - The Health P Is Study™ finds that higher cancer rates in
Sandwich were found in the parts of town closest to the Cape Cod Electric Plant and PAVE PAWS,
February 16, 1999 - The MDPH hosts a public meeting in Sandwich to introduce their expert
panel and to provide an opportunity for the public to present their concerns directly to the pancl.
Sharon Judge and Cape Cod citizens peint out conflicts of interest with certain panel members and
ask for their removal for a fair and balanced panel. They also call for the decommissioning of
PAVE PAWS and retrospective health studies.

September 21, 1999 - The Ballistic Missile Defense Organization (now the Missile Defense
Agency) announce their plans (af an invitation only meeting) to upgrade PAVE PAWS to play 2 key
role in the § 12 billion Missile Defense Program proposed by the Pentagon. Sharon Judge sttends
with ber husband Richard, who had recently been elected to the Sandwich Board of Selectmen.
Fall, 1999 = The lead scientist/Chairwoman of the MDPH PAVE PAWS expert panel, Linds
Erdreich, was asked to resign by MDPH when it became spparent that she was also a contractor for
the Pentagon on their Missile Defense report for PAVE PAWS upgrades. The MDPH panel report
‘was noted favorably in the Pentagon report she worked on. The public would not find out about
this until February, 2000.

September 1999, the MDPH released an evaluation of childhood cancer on showing cancer rates
19% higher on Cape Cod. The most common types of cancer were lymphomas, leukemis, and
central nervous system tumors. MDPH said “the results of the report did not suggest any common
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environmental factor 25 being responsible for the elevations.™ MDPH did not have adequate
exposure data for PAVE PAWS, just as S51 and BU did not.
'\uwmb\r 1994, munmmmmmn‘pnuru:nwsmmm
that there was i evidence whether
udhﬂu{m?ﬁﬂ?ﬁ%hhﬂhlhpﬂrhﬂﬂﬂmm&hrﬁﬂmmnﬂ
radiation levels; a repeat of what the public requested back in 1978, The Cape Cod Coalition to
Decommission PAVE PAWS pushes for PAVE PAWS to be shut down in the absence of proper
studies and no real evidence of safety.
Novenmber 5, 1999 - Sharon Judge to the Sandwich Board of
regarding the lack of health data on PAVE PAWS and the need for proper studics as well as a full
site-specific EIS for the Cape Cod PAVE PAWS. The Board voted to send a letter to the US Army
Space and Missile Command to request an in-depth study on the effects that radar ¢ missions from
the facility may have on residents and that an EIS be completed.
November ¥, 1999 - the Department of Defense announces the release of the draft EIS for the
Ballistic Missile Defense EIS that includes PAVE PAWS. There is a 45-day public comment period.
November %, 1999 - Richard and Sharon Judge travel to Virginia to testify at a public bearing
of the Ballistic Missile Defense Organization (BMDO) regarding PAVE PAWS bealth and safety
concerns. Selectman Richurd Judge resds the official letter from the Sandwich Board of Selectman
imto the record.
November ¥, 1999 - The Sandwich Board of Health calls for the Air Force to file a site-specific
EIS for PAVE PAWS
November 10, 1999 - Richard and Sharon Judge meet in Washington, DC with aides to Senator
Kennedy, Semator Kerry and Congressman Delabunt about the Air Force and Missile Defense plans
for PAVE PAWS and the long-term health concerns .
Richard and Sharon Judge continwe writing letters to state and federal representatives, public
Iealth officinls, DOD officiaks, and to the editors of local mewspapers in an effort to inform leaders
and citizens of the need for proper health studies and that the Alr Force conduct a full-site specific
EIS for the Cape Cod PAVE PAWS. They continue to push for PAVE PAWS to be relocated to a
remate ion since the DOD says it will be needed well inte the future for missile defense.
Vo\ember ‘U 1994 — MDPH releases their panel reporis on PAVE PAWS entitled; “Initial
Health of the PAVE PAWS radar at the MMR,” and
*m:dm Health Concerns Associated with PAVE PAWS Radar Installations,
November 1, 1999.” The reports are available at hitp:/www. state.ma,us/dph/behs
December 11, 1999 = The Air Force announces that they have begun the process for a NEPA
analysis which will culminate in a full EIS for PAVE PAWS.
danuary 11, 2t - The Cape Cod Coalition to Decommission PAVE PAWS halds » public
meeting in Sandwich to discuss the recently released MDPH report. They invite MDPH officials and
the expert panel and the Air Force and BMDO officials and Raytheon representatives. MDPH
declines but suys they will hold 2 mecting in February, Raytheon decline s the invitatio Ba
standing room only crowd. The Alr Force asserts PAVE PAWS safety based on 1000's of siudies.
However, none are PAVE PAWS unique phased array radiation.
March 13, ZUUU - MDPH holds » public meeting in Sandwich with the PAVE PAWS pancl
members st which time they plan to answer questions sbout the panel chair.
Mareh ZIN - The Air Force hires a facilitating sgency snd convenes & “Stakeholders Working
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Group” to address PAVE PAWS issues. Citizens express deep concerns that the Working Group
was outside of the formal EIS process and the need fo
health studies. The “Working Group” is not independent of the Air Force and does not go forward.
March 14, 2U00 - State Senator Therese Murray and State Representative Ruth Provast asked
the Air Force to complete a cumulative health sssessment before any changes are made to the PAVE
PAWS facility.
April 13, ZIMH - After the public demands it, BMDO announces » public hearing will be held on
April 27, 2000 for the Draft EIS for proposed National Missile Defense (NMD) upgrades to PAVE
PAWS. The notice is baried in the “Lifestyle and Arts" section of the Cape Cod Times newspaper.
The BMDO reschedules the meeting for May 3, after citizens push for proper public notification.
April 29, 200U - The Associution for the Preservation of Cape Cod holds s conference; “The MA
Military R fion: The Us d ions” and includes the PAVE PAWS issue on the
agenda.
May 3, 2000 - The MDPH comments on the NMD EIS calling for radistion measurements before
and after the proposed upgrades are completed.
Miay 8-11, 20U - The Air Force holds “Scoping™ meetings for the ir EIS for proposed changes to
PAVE PAWS; this is separate from the ongoing E1S process.
Miay ||,'x.ullll—nmmdummmnmmb,umwmh
the field of RFMW radiation, made a p o the BOH d s FAVE PAWS' risks.
May 23, 2 - Dr. Richard Albanese, s physician, scientist/researcher and long-time employee
of the US Air Farce, wrote u letter o the MDPH T
regarding the unigue aspects of the phased array radar,
public did not learn of Dr. Albanese’s correspondence until October, 2000. The public
learn that Albanese has studied radistion for more than 15 years , and that the work,
which be says is relevant to PAVE PAWS remains classifbed.
May 15, 2000 - s-dma Bhlld llbﬁaﬁ'llpmldnlp!thillﬂ&n\? calling for RF
and by an indep source;
various types of cancer and adverse health issues dar site; periodic ind
mdmmhr&ammmmh-.c.NWhnﬁvﬂd
cancer rates and other health disorders and the commencement of laboratory studies for long-term
exposure to PAVE PAWS radiation, They suggest independent organizations that they believe
would be appropriate to do this work.
July 11, 2001 -

-rr-l

o the MDPH ing the

and phasing pping wave fr for

PAW!.rldhlln-.Hepmﬂﬂmmwhrlle-dwmlofPAVEPA%

radiation. When AF finds out he has with MDFH, Albanese is silenced

and forbidden to continue work an PAVE PAWS using his government resources.

duiy 20 - The Air Foree County Commissi to partner with

them for an evaluation of PAVE PAWS health issucs. The C: about
the independence of the study and suggested that the Air Force distance itself as much as possible to

mmthMamMde-mNMﬁuMMhﬂmlk

County Commissioners and Air Force when the Air F, Id mot provide ind

July I, 200U - the Air Force releases a Draft DOPAA Document on PAVE PAWS Service Life

@ 0
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Extension Program (SLEP), the so-called first step in the Air Force's EIS process for PAVE PAWS,
August, 2ifil) - MITRE Corp. releases “RF Power Density Exposure st Ground Level for the
PAVE PAWS Radar at Cape Cod — Questions and Answers™

August 1417, 2000 - Air Force bolds public scoping meetings on Upper Cape Cod for the
PAVE PAWS SLEFP EIS

September 2000 - Locsl Cape Cod realtors are invited on & tour of the PAVE PAWS facility.
September 3, 2000 - in a letter to local elected officials, the PAVE PAWS commander
responds to medical concerns voiced by Dr. Richard Albanese and comments on an article that s to
appear on Sunday October 1, in the Cape Cod Times

October 13, 2000 - The US EPA provides written comments of the AF SLEP E1S; among other
things the EPA points out that the AF/County Commissioners study be under the Commissioner’s
control and not the AF, and also that there be o long ~term and
correlation with observed health effects.

November 28, 2000 - Toxies Action Center presents the USAF PAVE PAWS with its anaual
“Dirty Dozen Award.”

December 13

Ssnderich Healh Agens Daold Masoo 2t ths Svitctics of sz Alr Fomee

official, was flown out to Brooks Air Force Base, San Antonio, TX to attend discussions with
scicntisis on both sides of the PAVE PAWS safety issue. Mr. Mason docs not have the security
clearance to hear Dr. Albanese’s classified work, but does receive an unclassified briefing.
December 16, 2000 - Mr. Masen is flown to Washington, D o meet with staffl aides at Senator
Kennedy's office. At the mecting with Kennedy aide Menda Fife, Mason sought the declassification
of the rescarch material from Dr. Richard Albanese and to have him come up to Cape Cod for a
public forum; that all data needed to come forward.
December 21, ZIK0 - the Air Force invites 40+ Cape Cod elected officials and civic leaders on a
“Civie Leaders Tour™ to Colorade and Las Vegas in February. Participants will be flown out frem
Otis AF Base to meet with Alr Force Space Commund officials to understand the importance of
PA\"E PAWS misshon and to discuss relevant PA\’EPAWSM In addition to visiting

dg a1 Cheyenne M, lin Colorado, ci will hear the AF band and see an AF
air show, Sandwich Selectman Richard Judge, voices his concern that it is innppropriste to be
taking civic leaders and elected officials on an Air Force trip during the legal EIS process.
idecember 27, 2000 - It is reperted in the Cape Cod Times that Senator Kennedy took flights

interests including Raytheon (the company that built PAVE PAWS and was awarded

contracts for the NMD)
danuary 4, 2001 - The Air Force backs out of 2 proposes PAVE PAWS study with the
B County C ding to County Commissioner Mary LeClair in a Cape

Cod Times article on 1/5%01: “Federal lawyers just couldn’t accept our restrictions,” “They just
couldn’t agree with the independence we wanted, and (the study) would only have value with
independence.”

danuary 11, 2001 - MA Senator Kennedy writes to the Secretary of the AF requesting that;
L. Dr. Richard Albanese be allowed to continue with his studies related to the PAVE PAWS
system;

1. the AF declassify the studies that Dr. Albanese has conducted related to the PAVE PAWS

System;
3. the AF work closely with Dr. Albanese and allow him to express his opinions at a public forum

Document 7

hested by the Sandwich Board of Health in the near future
4. the AF fund and independent study through the NAS/National Research Council that he
Said “would csseatially be a reassessment of the 1979 (NRC) study.”
5. the AF develop a pilot project on the Cape to develop a tracking network for environmental
hazards and population exposures
State and local leaders continue to express concern regarding challenges with the US Air Force, not
allowing independent studies of PAVE PAWS
January 2001 - The Sandwich Board of Health under the direction of chairman Richard Loring
indicated that it would participate in an Air Force-funded health study of PAVE PAWS. Mr.
Lering then invited members of Upper Cape Boards of health to participate in what the Air Force
was calling “The PAVE PAWS Public Health Steering Group™ (PPPHSG).
Residents expressed concern that the PPPHSG was not independent of the Air Force, Sandwich
Selectman Richard Judge in » 1/5/01 Cape Cod Times article states; “They're looking for ssmeone
to partaer with to do a study under their terms. But their terms aren’t going to give us the type of
health study we need, and deserve 22 vears later.,™
Members of the PPPHSG did not have the expe rtise to conduct/oversee the necessary lnboratory
and anslytical epidemiological work that Cape Cod citizens and elected officials had heen calling
for over 20 years.
The Air Force was able to exerta grnl amount of control over the PPPHS(G decisions, including the
Statements of Work for both the radi effort and ealy
epidemislogical study. Members of the public were vocal st PPPHSG meetings that they felt the
PPPHSG did not represent the public and that there was too much AF influence. From the very
rwnmscmmmummmnmmmm(m
capture skgnal shape, phasing, and an
analytical I health study for PAVE PAWS such as the type that the SSI was
performing for breast cancer; and laboratery studies using an actual phased array with the signal
characteristics of PAVE PAWS. The Air Force would not fund such studies. The Air Force had
membership on the PPPHSG and affected the Statements of Work for the PPPHSG and for the
NAS/NRC Panel. It Is interesting 1o note, the former Secretary of the Alr Force, Sheila Widnall
mdo-tir!usGcm-i;ﬂurdﬂnlnpmmlﬁypﬂtbwﬂkﬁ:?A\’EPAWSMwn
being formed. Citizens. the make-up of the NAS/NRC PAVE PAWS Panel. Many
panclists had very close ties to the US Air Force and their contractors, Only a small subset of the
NRC panel had the security clearance to view the classified re search performed by Dr. Richard
Albanese’s team, and these panelists had the closest ties to the US Air Force and RF/MW industry.
Many of the US Air Fe d the REMW industry appear at public NAS, EIS and
!PPHSGWM-: PAVE PAWS safety. The Air Force dewnplays Dr. Richard
Albunese's expertise and his role in the study of phased arrays.
ApriIleiJI-m,m-mmmwhahuuhmm-ndm-ﬂnnm
spparently bricfed on his werk though they do not have “Top Secret™ Security clesrances. The MA
Federal delegation in a letter of April 6, 2001 to the Acting Sec. of the AF usks the AF “to conduct a
study of the ficld measurements of PAVE PAWS radar as performed in the Environmental Health
M&Mhmnfﬂﬂ?w-}?bq:mmhnnﬂm-d—-mwn
called direct s that provide defini of wave front shapes and
amplitudes.” The AF is asked to da this a5 soon a8 possible and to provide the data to the NRC.
April ¥, 2001 - Dr. Richard Albanese provides the protocol o the AF for the time demain
effort d by th Dr. Albanese was the lead scientist for the classified
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EHS Program that has been reported in the press to be a multi-million doliar effort over a period of
15+ years. Air Force insists on using an AF team from Kirtland AFB, that apparently
did not work on EHS and did not have as much expertise in this arca of signal measurement,
June i3, 2001 - The Air Force announces they are converting the SLEP EIS process into two
separate E1S processes (these are separate from the NMD EIS process and the public and elected
officials find the state of the ongoing E1Ss confusing).
Jdune 16, W = Dr. Richard Albancse submits his comments on the National Missile Defense EIS
for PAVE PAWS and asked that the NMD EIS be withdrawn.
duly 23, 20| - Cape Cod citizens testify at a meeting of the NRC PAVE PAWS panel in Woods
Hole.
Jduly 25, 2iHil - Sharon and Richard Judge present their concerns about the PAVE PAWS
process in direct meetings with Senator Kennedy and Senator Kerry. The following day they meet
with Congressman Delahunt. They point out the chullenges with the many EIS processes, the
marrow scope af NRC work, AF interference with Richard Albanese and adverse actions They
asked the Senators (o meel personally with Dr. Richard Albanese and hear his classified rescarch as
they have high level security clearances. They have not yet met with Dr. Albanese. Congressman
Delahunt met with Albanese but does not have the security clearance and could only receive an
unclassified briefing. Throughout the fall 0f 2001, citizens coatinue to point out the challenges with
the ongoing study processes to the Senators and the need for proper and truly independent studies
that would get us the answers we need. But the processes in place are allowed to continae.
Fall 2001 - the Air Force team begins for a stcp by step approach 1o
hering time -domain signal data reqy by the Seaators in April. They only take
measurements near the facility and do not go beyond the Upper Cape Community. The PPPHSG
measurement effort (by Broadcast Signal Lab) are only power density measurements and not time -
domain like the public snd Dr. Albancse requested, The Alr Force refused to fand s comprehensive
time -domain measurement effort on Cape Cod.

December 29, 200 - Richard Judge files for a GAO f the i
PAVE PAWS and ks assigned d a case number. mﬂlwmnﬂlhlukuuﬂy
o call for a GAO i igation to untangle the challenges with the

MNAS, EIS and EHS data withholding.

December 31, 2001 - the AF Surgeon General requests the Armed Forees Epidemiological
Board (AFEF) to perform a “Risk Asscssment of Low-Level Phased Array Radio Frequency
Energy Emissions™ for PAVE PAWS.

February i2, 2041 - the Air Force announces they are sdding a Milstar Fized Communication
‘Control Station at Cape Cod AF Station (PAVE PAWS) and relesse 2 Draft Environmental
Assessment (EA). Air Foree continues o withhold papers Dr. Richard Albanese has
written specific to phased arrays such as PAVE PAWS,

February 19-2i - some members of the PPPHSG are invited to attend the AFEB Meeting in San
Diego, CA Dr. Robert Knorr of MDPH is & presenter, Linda Erdreich of the MDPH Panel of 1999 i
a presenter. George Huefelder of the PPPHSG also attends,

February 20, 2002 - Dr. Robert Knorr releases “Upper Cape Public Health Evaluations™ and
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array radiation and the Cape Cod PAVE PAWS.
— the Air Fo i o coliect data of several of PAYVE

PAWS nspects

March 10, 2002 - Sandwich resident and firefighter Ronald Cronin submits the “PAVE PAWS

Environmental Impact Stady™ to the FPPHSG, he abso presents information to the NRC

March 15, 2002 = the Air Force makes their presentation ta the NRC

March 2002 - Dr. Richard Albanese expresses his concerns to the NAS study directors that the

EHS Program is not going to get a fair airing with the panelists.

September 2I2 - PAVE PAWS receives a secret lease extension to end in September 2006

without local input. The Dept. of the Army's 25 year real estate permit to PAVE PAWS had been

scheduled to expire on August 31, 2006,

Uctober 2002 - Air Fomﬁulmh“"!, PAWS measurement data to NAS, The Air Force
the presence of pping wave (phasing), steep wave fronts including a

measurement above 1 volt per meter per nanosecond — which Albanese has said publicly based on

classified work there should be no exposure to levels of one volt per meter per nanosecond. There

was also a radial component (ground wave) present in the Air Force measurements.

The PPPHSG contracts with the Institute (1E1) to d

qﬂubmlmumHﬂmhlmrM-itﬂPAV!PAwsMbulﬂ.ﬂeNASnd

Dr. Richard Albanese are eritical of the IEI work pointing out IEI's poor chice of contral groups

and statistical methods. Also, the measurements they used by BSL were not independent. They were

paid for the Air Force.

February 2064 - newly relessed duta from the SS1 shows higher risk of breast cancer for leng

term residents.

Uctober 2IW4 - Dr. Richard Albancse brings to the MA Semators attention that he has sgain

Ibeen admonished by AF management and was told be is not to comment on the NAS report,

January 13, 2005 - the NAS/NRC PAVE PAWS report is released. The report does not find,

based on currently svailable scientific data, that there is a human beslth hazard from PAVE

PAWS, but they suggest further studies should be donc such as a tree ring growth study snd a

study of di ine bevels. There were li with the NAS study: there was no determination of

L idual duration of individual mohbility, factors. There is no

pasitive evidence of safety indicated by o risk estimate.

duly 205 - 1t is reported in the news media that the MDPH has been quictly doing & study of

chikibood cancer in Sandwich in response to an c-mail from a concermed Sandwich resident in

2003. Sandwich Health Agent David Mason reports in a Sandwich Enterprise article of 7/1/05 that

e was unaware of the ongoing study.

February 20Uo — the MDPH finds sn unususl pattern of childh cases in Sandwich and

widens their study to inchede Mashpee and Barnstable. Residents push for the study to include the

whole Cape but MDPH keeps the focus more narrow.

February 28, 2000 - A public forum to discuss the MDPH childhood eancer study is held in

mmmhpﬂlﬂ.cmmmmlhllhl#MRdhm

Sarcoma, a very rare cancer, in children across Cape Cod. The NAS, IEI and AFEB and PPPHSG

makes for studies reg: g PAVE PAWS allMm&ﬂb’dulmmﬂhlhhnnuofw&muh!bﬁrnpnm
March 8, 2002 - nkmmmsmmun' mmm»m-mmh danuary 2007 - it is reported in the press that the MDPH is losking st & possible correlation
MA Medical Soci i Health to discuss phased hﬂweulheP.A\"EPAWSMraMEwiw&m—hehHmquMlhrDulhpﬂ
G
W
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VE WE CRIS £
FREQUENCY MEDICAL DIATHERMY UNITS

A partial definition of Medical R.F. Diathermy: Treatment using heat
produced by high-frequency cusvend, in trest muscle complaings, o
Baxtheon disgthomy amits. aied for decades by medical practices, operate
i the same 2 10 3 Gkl freguency band, used by Airbome Early
Waming (AEW) Radoar. - | Baviheon diathermy enits use a smaller
bow power version of the AEW mq,m!lh:-n ‘be’). A2V pu:mi
bowber AEW radar, i T

pulse mies ond pulse widths; freqency = ~ 24 GHz

' o Fosrmmer TSN, Chief Aviaion Electronies Technician
Raclar was may primary maimenance sesponsihilig. USAF AEW
planes have operated in Cape COD skies for decades! As furas |
knorw, without henlth relsied complaints. 18 @ Daahionohle or
peelitically valuable, for some protestors, 1o atlend public foruns 1o
make some type of impression? | empathilze with anyane having
gemuine feass of “the unknown, or partinlly koown™ —all the more
rason, for listening ard thinking more — srpuing & talking bess?

How did PAVE PAWS RADAR become such o Boogey-man
Was il a tragle spin-ofF from the horrendously expensive & totally
unnegessary EMF power line controversies?  Whene did all the
prdesting experts come from?  How did they acquire their alleged
expert Radar knowledge?  Did some of it drop from the skies, 1o
br.'hp ket 1o fan lhc llam:*i of public fear? O s il LT

acuire low oo

anid when P\‘- E PAWS is -.I..

Norm La Fleur Sr.
Korean War Vet
rev. O08/04/08
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Plicae ente? iose cossrherss ime the Diall Supsbermertal Ervirommental |
Sttt MAY M0 Gor PAVE PAWS Earby Warming Ravber Cperation Cage Cod Al
Fuorve Seasion. MA

A resdeag off the ISETS sevesils several s of ermr, offmaions, aiad decepiion, B
ek rrgueming S valid e repardag precnied healih oftocts tnm the simes rsly
pubsas. The epsaemiclogioal siudy missed the sestistcally signiiicant and rlevaind Cape
Ul Ewimg s oo chonter which pesbosd i il yesrs Bollowing e psc of %0101
Tt pemaibilisy ilest PAVE PAWS played & rede in this Sagedy iboukl] i B ovirlaolad,

B i idinurbing thas the Lipper Cape seboctmen recoived & copy of tis DSEES, bea the
eefecumen and The boaod off health from the Team of Densls, where he highest PANE
PAWS eaposure mas i, wede ot oo thee disniibs lisi.

Thia alectronic formatied docemem comtalm ook e figures which should s pe
conmend IF pepeoduced in Back and whie

Major hatien be be Falsed ane Thied here for the sromder” s cofrionicncr,

Pebarisatbun (miital

Prak Powor Erroneoudy Stated

miadilbaha Dlutrstioes Deeptise
specifieaiions Wave Changed

Exposure Enhancements Ormitted
Enhanced Search Mode Omitted

Energy Deposition Rates Omitted
Requests for Monitoring Ignored

Peak Intensity of Pulses Ignored

Seargo Tower Consistent with Main Beam
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2004 Measurements Subject to Instrumentation Error

BSL Response to Reanalysis

Comparison of 2004 to Previous Measurements Erroncous and Deceptive
Cape Cod Ewing's Sarcoma Cluster Cannot be Ignored

Other Concerns

Comments

‘Conclusions

Need for Further Investigations

References

Figures

Polarization Omitted
A, dewcripeioe ool #he froderisation of the sdei wirves ba boen omimed. This radat s

‘: mﬁ:n‘uhﬂ1hr#wdmnﬂmwnhﬂrp¢dudrmhﬁm
*1 wmy pilser o g [Py el .

Since a rotating clecinical field will excrt a rotaling 1orce on any particle with a charge, or
amoment on any particle with a polar moment. this radar may pmduce unique effects on
DNA resulting in possible adverse health effects. OF particular concern is the ability of
the electrical field to move DNA strands within the cell during replication, and thus
promote a translocation error leading to carcinogenesis. Such an effect would occurat a
disgrete point in time and would not require a latency period.

Prak Poscr Errsacously Staied

2 Pape b1 misckmves the peal porwer level of the raderat 160 watss 1 Sow been puew
4,2 socuruiely reporad eliewhere o SE2 200 sl 583000 watts.

Shllobi Dt rat o e piine

Figure 3,148 i deceptive. 10omly shares i i mmd second didelobes alvee e maln
beam. Chnilling The sidelotacs hebow (e mam b vy s the ke that poupic on e
prmenl v not axgoesed i e radar, which iy lalse

Figant 115 i alan deceptive, atnee the lint widciobe in not shown contacting the

wnid cormioys the miewage that propls on e growd ase nal coposed In B stonger find
|H|hh1~hﬂhl’|hf_

Speeificaiions lave Changed

& A b ool B spec Moamions s opermional chrscterivikes of PAYL PAWS have
4.4 changod, e differeal valoss have been tepreted @ Jifetost tiec

Twovalues have been provided for the peak power of a pulse. 1 fias beenreported s
5824 KW (AF 1979) and as 543 KW (MITRE 2000).
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Two values have been reported for the gain. It has been reported as 6200 (AF 1979) and
38.4 dB=6918 (MITRE 2000, p24).

Two values have been provided for the vertical angle (also called depression angle, below
the horizon) to the peak of the first sidelobe. It has been reported as 3.4 degrees off axis;
with minimum axis elevation of 3.0 degrees above the horizon (AF 1979, pg A-1) the
peak of the first sidelobe is 0.4 degrees below the horizon.  This vertical angle has also
been reported as 0.6 degrees below the horizon (MITRE 2000, pg 6).

We are unsure how much of the power is concentrated in the main beam. It has been
reported as 60% (AF 1979, pg A-2) and as 90% (MITRE 2000 pg 6).

MTTIE {3041} repost Incladden o refererces | Rave neot obiainsd, bt which ste of
particular sencem

AUTRE {2 mnms}umawu Anienms Pamesn Meeting Pave Pavs

Constraimts,” MiTRE Corp., Memo. DTI0-00Z927, U3 Aprii 2000,

AFMC 1996, “Computer Program Product Specifications for Tactical Application
Software CPCI 2 Type B-5, Specification,” No.G264302-2 Code Ident: 66401, HO
AFMUC S580/SDWSE, 21 February, 1996,

Thie Tirse reference gromp the yuestken: Wiy woubl MITIRE b coscernol ahoul the
pomairnints o the PAVE PAWS ststhon of the astcning puitcrn fiioes thas 10 yeany afler
the sbaion bocatss opera bmal unliow chasges i the epgiragionl charcioristics,

s lhcally fhe mvienma paiiers, wore Bong comsalored! The measaremwents. e b
E51. JBSL 2004 are el oo bviern with The g hnally spociihal antesna pamem. bt e
ooy judpra with an estinng whoss minirum angls s 0,78 Segroes abwne the heriaom,
irnivad of the §9 degroes ypwcidiod. s apperont shifl of 2.29 degroes {seo bolowh Tha

] EASITNTHS. [ CotEHEE with e Emenna panem Sflene than
e it i . isen] oy andement {AF 197W, Appoadin AL

Thir sewvmsl reforonee concarms spwi fcirions Tiv a compeler program e oontrulling the
“ maes i the appermtion of the siailon, |s 8 spesi el heig weiiem
the nperatioral Charactorni ol he afuon ar peing o be made! The
evencs raises fhe quinsion: “Whal is Jfferesl abeut B new
sy e el w B wam the s Beation implemesiod, and how dors then changs the
b ecposure™ A chisnge in the faaman exposure dook] o oooo withoum & full
emimiremial evies

Chmkle inerfenmee rom ameses milio seems G fave becomse m issse rocemily,

After years of ooex isience in this Srequescy el the Depanment of Defeme b forad
armateur ralio epeaien b redece their power Themn S0 watts i 5 wamte This supports
concermns that the forman exposure from PAVE PAWS operation Is different than

previously existed.
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Taken together, there is reason to doubd that the information made public in 1979 is sill
true, and no account has been made as o when, how, or why these changes were .,
or how they affect the human exposure,

Exposure Enhancements Omitted

B Vi sitenuation of radbs Brqeency enerpy 1 discwssnd in Appesdi I, bt & discmssion of
8.2 cnhancomanis ban heen amad

U uf the charactermins ol clovrmagects radution 1w e ingymy of morgy =
buslilings. ke phomamenan is discnacd in SHC 1999, p47; "1nchmod sructann, such
as rooms, may act as lossy resonators with electromag) felds being coupled from
windows. If such have highly ing walls, ficld by one or
two orders of magnitude may indeed be possible.”  One or two orders of magnitude
confer a ten 1o one- -hundred fold enhancement. The NRC advises: “Further research into
the refl isti ufllmc is needed in order o describe pn:clscly
the nature of field " This may be parti for
the school buildings in line-of-sight of PAVE PAWS, w|||d| hav: sﬂ:ond ar third floors,
and metal structural components,

O highly conducting ground, deposition rates for the legs may again be 5-10 times the
whole body average (NRC 1979, p47). A metallic sheet is the ideal “highly conducting
ground,” but salt water moistened sand (beach setting) is a good conductor too,
Orientation would be an important factor, and since water tends to favor horizontal
polarization, a person lying down (on the beach, a rescue board, or a surfboard) may
experience the most absorption.

There is even the posestisl fior cnhancemnl foF lwn or mon pendns sssdisg cling n
e e

Eneegs Depaition Bates Dwmitienl
§.3 The DSEIS mall s e mestin of enbesseed eneyy depunition rabes i the husrian body.

An Alr Fusie sportatad reporl, ~Analyss of e Dot Leveh and Pusengial Bishogic
FiToets ol the PANVE PAWS Padar Syshoni,” prepaded by e National Rewearch Cousell
PHRLC |9 lnmtified severasl prtostial hielogic eilfecty mentioned in thal report seg of
concermn bs the comesi of Pwing's sarcoma.

An rloctrical fickl sdimemainm volis per metors will pEodur o fineg e bt
possssuing an hocinics! charge. Th elecirical fekd of the PAYL PAWS radiaiion rotaies;
thie ierm given this chamsoteristic i “cerular polerieation | is sppeoprisg w conclede
thal any otieration of the hustian bady o Brivbs will be w alipsal al usns Sime w thal
ey sy e eifoct of the slavtrical eld will b esperiosyed
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“The highest rate of energy deposition occurs in fields that are polarized parallel 1o the
longest dimension of the body™ ...and “the longest dimension is approximately 0.36-0.40
times the free space wavelength of radiation.” (NRC 1979, p45). With PAVE PAWS
wavelengths in the range 23.6 to 27.6 inches, this condition is met for dimensions 8.50 1o
11.0 inches, the approximate length of bones in arms, legs, and pelvis of children, sites
commanly effected by Ewing's sarcoma. In free space, the neck. legs, and torso absorh
considershly higher enerpy, perhaps S-10 times the whale bady average (NRC 1979,
nahk

Thise srgulig that PAYE PAWS sabiation iy sale peserally coneemie on ey posies

aversgod wer lime., sl ignons the Eact That peak, raliation s AIG0-6000 me te
temprerad average, Wieh repet i Fwing's sanoma, # ionly neorisany in Gt ong
chromosome translocation error which goes ired to establish i

Furthermore, much of the research in biomedical effects cited to demonstrate radiation at
these lengths is safe has been conducted with mice and rabbits, neither of which
have bone lengths tuned to the higher rates of energy deposition discussed above,

Radiation at the PAVE PAWS ngihs is capable of p ing 4.3

through musele tissue before being reduced to 37% of the value at the skin (Osepchuk
2001, Table ). This is adequate to the muscle ing the bones, and may
reach deep into the limbs where Ewing's is thought to originate. While written to tout the
safety provided by existing standards, particularly with respect 1o cell phones, the paper
reveals values for radiation at PAVE PAWS frequencies that are a cause for concern with
respect to bones.

Enhanced Search Mode Omitted

The attacks of Septerhes 11, 2001, wiild be eagectd bo have an clfect on Hie ofgration
@l PAVE PAWS, B was from this Ai Feeer Pass ft fighier planes were diipatched o
Maw Yok iy, ok kowr ing whai was Rapposing. or where the s atisck was coming
Trom, it is vessonble 10 expecy the mdar opertioss) mvelspe wisld be puihad o e
i, A desergion of an “ctharesd seich™ Sade which may kive been
implrrmented om 911 and the Tollowing days i grem im MNAS 1999 p24: =The mast
weetty pepuler and sustemailc operating mode of the ralar b5 clled evdanced search. In
s pracile, e preain Beain whsits suceessively 120 dfleroit ponHioms 81 7 degeees abuie
the fumisimn, work ing Larprts o manimeam range. This scan i et interpcd fre ather
s sl pepeais approsimairly every 1% soconds, This |s than g made in which the
gremtest exposere b Bhely o ocoer @ nearby poines on the ground and bs de most ety
repctiling et of b T

Beoarmally, the survelllance patiern sepeais avery 41 saconds, a0 the eshanced sosech
e pepeming every 15 sooondi oduces § b cuosore over 16 1imes e normal

T The enbancal search made o ppotion wee, net merdioned in B revies of FAYVE
B PARE poensal health eects (SR I, MITHE 20005 o the press DSELS,
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Reeguests for Manifaring Igmoned

8 I AT 19 rogeosia Jor B g, wree b by b
wecrriaies of the OfTice of Enyieommesnal Afliirs. ihe Cape Cod Plansing s Foosomic
Developenesi T irom, thae (sge Cond Ervl J Conlition, the Comscrvathon

mm-winhﬁrﬂmﬂdﬁmﬂim

Theere remains o aevd fi listhos feom PAVE
H.‘h!. qulu-;ludu.u-uhhﬁlq-m mwwd-uuuhh,mu

53 Mmmﬁummmulm1hmhm‘b
Nme. i abwnshl B iy o snibally predict e probalsdiy of encoedeig @ ceftsn
aigrual atremyih throshokl.

enyironmesns haweds am B TR g Inuailanens as
HIVPIT‘ = u iabgec m_.‘TIePMI'E
PAWS palar station boi boen pives & "o pass” with respest o servinssnaital
m-dhldﬂwﬂhﬂn_nmhﬁwpﬁﬂ!m“hh-m
mocniling e the mnurnces we have been ghven sl coml

Peak lasensity of Pebuo bgeored

8 This DREIS gomtiners In ggnory concrraa sy sciniis sl the peblic ever précniial
66 Bpu wiffocis from interir pulved of dlecromageets rdiiion sich us ihe PAVE PAWS
mlar, The Ridio Neoqeency Imenagensy Weork Groap in commensing on the IEEE 1999
wﬂdﬂ:mﬂum‘nhhw folkewing pemarks. ~Tine-avinaglng emnes
& it i an dstemainy -sandlsted IF radision Biat oy besoapenaibis
&rnvdwngnﬂTm =T wevraging for other feaseres of RF avponarg & not
merestarily desimble, bowever, and shouk be seevalumed specifically s i deals with
muarhd#w—l-ﬂdmrmmduuh'ﬂ,uh
wnpenure.” (RFIAWG 1%} Rememiber that far chilibren living @ homic, chaic
nperng masns 24 hoars per day, 168 howrs per wiork, mol The 8 bours par day, 40 hoars
et wipek Comimin in fhe wirk place.

Thar puhes wew alsd ol éosem o il pansl of evperis oomemed o sd s e

S pssachrsetts. Depanmen of Public Healih. =The palsed mature of ihe PAYLE PAWS
wignal genermes high intesaity of exiresiely shon Surstion. Huwever, deriag the pubie.
RFE intemsitics are retatively high, Therefong, pesk, lovehs sne ol Senea. engd the
myvumilabiy information on pesk bevels shosld be eoamised = “To avodd underestimanng
EAPOAUTE, Efossre aslemment. whether by caloalation or messeremen, ibosld be based
o e level when the b b prewssl ” (MOPH 19595%)
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when the report was written and reviewed, the peak data were not plotted and were not
g with e apoeilcstiom of the madar. BSL oflees what mq. b ool il i &
ratummls fi ol analy ring B peak coissions. |n sy S sorage o skt
ABSL M00HE, phh) By sdale “No segaraid -ﬂclo{lhrmkmlnmwpﬂ‘u-ul
Wecaane the peaks are sl 3 limetion of the asieena pamem o eopegation. Hafher ey
apsrecar T b dinlisingad in a general wany Ui i hest e ritad wnthdeally o dicesed in
ction 2 18, [uie 1.4.57)~

This welier respectiilly disagrees. The peak signal essiss) a eeal e
are a valkd concers 1o the h ity sl the wcterilic
vty (RPIAN §900, RIDHE 1900 ), asd rppivicnt 4 polemilil gaus o Bokgie
ffects ool ok unslerssood o deniifed. The pesk meassromsesis requre an aalys, s
bt e iay andersiand the eomplae ponire of the eypoare. Fufthermene, m aialysh
Try thin sirier fa bchim j agpeas the poal. ieaercmeni may ol apge 1o beg
Tumciion of sxiom paiiern s propogsten ks bocsso The basm bas boen shifiel
Tt s apociTied Bemit and! the Bighest halfof the pesk and aversge measeremenis
thesssclves wee sulyect 10 6 iEnEmenion ey and sre sl Mesed {Yousg.
T

11 s Bl 1 st ol Bavaa the PAYE PAWS Pabilic Health Saserimg Do, iin
dechiscal advissr, the Malinasl Rewcandh Couneil, ased i Al Forve ol have allmed

ki peak: duts bo Be [peoimd,
Semrgo Towes Coanistend wiih Main Bram

10 Mo attorpi wam svir mesd 10 compere the posl meassremeain sk by limadean Signal
Lgke i 00w inh the aignal stpergth wiich can be prodicied from the pablnhed
foor: the rdar (AF F979) mmdd the havi Beory of elactiomagnetic wive:
mc—mﬂmmmmmmﬂhmﬁuw
iﬂl‘um.lhmh vk wlih the
ml‘hmw”m:mﬂdﬂuﬂtmw-uh
ol e peak, of the: i rader boa, and 46 times W lange 1o Be o the wiaber firg
6.9 widchirhe which iy the imly qurt off the sigral which ruonodly e contac S gnend
L 1mmmmllmﬂhlﬁmhmﬂﬂw
ar

A Tusiher mrabyss ol all A0 sy shows meassromesi #i ton sites e outside the peblinbal
T Paiern. Bl winhin e panem whick has Bee amidicially shifed dowmeand 229
degress (Vg 200TL The messurernents harve the charscieristion of an instrumenation
proor mibich wosl result in the messierens: heing less than Se e syhues.

pL TR Saibijet 10 Tn vl Eimi

In A5, mnmhhﬂhpﬂwﬂnmmwm The

51 el sl weére coempuricel. bl never sppliod in such 8 compertien.

A sewndsbog plot off peak slpss! siremgth v dissance {rom the wmenna win. prepared by
tiils weriter ared s shewn hese In Figiee I The dam exhiba seversl chameieriies ol

imigred. Pichire 0, Imom fre POF equon < i & the i d
Above this | data 3 velue ol approws 0| S icms” woan mcanisrod ot 13
dizs. There b solitany 05’ 1 i kst i |, the
Frinincetim n e garking hil. Abure this o value of sppmimately 1 b=Wen’
was memsured @ ¥ sies. mhﬁﬂhwdvumhﬂ;n1hﬂhhd
ol the gevup of | 3. Sl bighss, 51 8 leveld ol sppemimatsly | 5.0mW/cm’, b s proep of §
memurements. Apali the level of this grows of 3 s approsnstely ten tmes Be level of
e prop o Wl 1 S v, el 10K fimes the brvel of s prowp of 13 ai 0L SmWoenr’,
Thiwe sre 27 sitics whivie peak puer Mmesaifernents ine sear thoe thiee values, This
mrualt can b soew withewrt engineoriag asalyuis by vivesTly wansing the poal. values in

6.9 BSL Msh Table 2. Tha svempe walues exhibel simiar charscaeristios, aibaest with mong
wcamer i wesk signals Nrom sdjecest mder besms commibune s The tesporl aversge 3 @
st b ch ek chainges the gl

There is a vevognisal imramensation amer which explaim this data; snphiller saurson,
The cutgant of cvery smpiificr has on igper lmi beyond which its outgan in ne reliable.
17 the dsput wigeal traes b drive the sutpst shove i level, the smplifier hosnmes
saturuiod, mearmng B osiput is linsliod by tis deslgs charscioristics of the
-pzrhlmhnm_,x_hm. This in more likedy w oo 1, daring the
sigrah wire d thast e bgher s anticipuied The eliing
qﬁh#bh"ﬁﬁ't'ﬂnﬂﬂlhmﬂmwwlnw
watur, The peak vignal bt o wry ol d
mepliflers sl clipping.

Thin clippng b not rostricied o e peak digral meawmements. Sincs e peak ond
wlnwﬁmwwmwillﬂh‘
i The in the mvtrage
ll-wﬂﬁhhmrﬁhlﬂlﬁhmiﬁmhh‘

mstnumeniadum

Ahead of the peak and average power meter an attenuator and two microwave
preamplifiers in series were used to condition the signals, Analysis of the data files
reveals that when the strongest radar signals were encountered, atienuation was
introduced lowering the net gain to 20 dB. When the gain was 20d8, the power meter
returned values at 5 sites clustered about 5 dBm (dB referenced 1o | mi':mwall]. When
weaker signals were encountered less attenuation was inserted resulting in a gain of 30
dB. At 9 of 10 sites where the gain was 30 dB, the pmr rnelcr mumcd values clustered
about -5 dBm. For the weakest signals, no Jucing a net
gain of 40 dB. The 13 highest values were clustered aboul ISdBm The result is
illustrated in Figure 3 where the power measured by the power meter is plotted from
smallest to largest. The levels which could not be exceeded because the last amplifier

I suppert of tha Air Force £15 peocess,. Pmadcast Signal Lah reconied a contrss i “ Wﬁ ulaied, wsd usedd in ’wﬂm:mwm

memniife pesk asd sverage mdio Srequescy emiakinm Tom e PAVE PAWS mdar. Tl ey o oo i with ih (pecied i he
Document 9 Document 9

11 il good {AF 1979, Appesadis 4], In L 20045 path b Beoan the reaimiier o e i, e prodhece 8 ainiecese efevt. The bwer waloes al the lefi Toam & momg and e

ot sttt Tt sattirotion asl are not clifped. When the linderel juwer siemurement (-
18, -5 % dPmj are oomveried (apply veg S efTevtng emonns sres, ardrena. pae, ars) lise
loasen, and convening from docibel s linear values) the realiing power Tlus desiliv
wibers are clemiered o 0,13, 1.8, snd 13 missoestts per squsre cenllmeter.

Al pach of dhe M0 losd sbies sy sy were vssally made, 197 otal, Cuinvertieg
the pepsomed virlies hack i the sinpan of ihe sl presmplifler shiesd of the power metes
iy FEY il 1he 200 etasircmesin were Cloikined @ 28 dim, da manisus ootpal o
The preamplifier ot 1 dll compresdon, the “knee™ wherd Sic clippmg ¢Foc Booomes
wignificest. This resalt is soom in Figeer 4 where values of proampliller power ougn
i by e pomer meter b again plomed foom wmallen 1o lepes This & shnlar o
Figur 3 bl The cummgdiation vl pain b boen climinged aed aff data, sl sl th
Largend poal. messcennend o & shis ane prosemiod, |h|-|'|i|“wdmmnprhnn
eoacemiraied aknrg the level of ihe s inmem specified porpat of the § %

BS1. Wesponss jo Hesaalyss

12 DL wm awars dham this writer had found the pesk power T desslty sepored in D51
2004 b have egided Lhe spocificationi il the Fader ot 10 B 30 gl They were
6.8 et o wncer aboast Sicargn Tevwer whers the wapr wan 17401k {a fiwtor of 481, They

vy b pwmre of concares aboan ¢Hpping.

I e 00T diral) nee proocel (ASL 20074) Rof miceuseinenss by sipgon of de MOFH
Iervestigation of Dwing ™ sarcoma on Cape Cod, (W81, atiermpied o reba fhis wriser'y
Mg

“We cxplaimnd in e eriginal PP ropon Th thess peak oy wen
il nocessarily strictly ¥ perwsr beverls off the highest radar pualses, bt
conibd b estmmuneis pesks of cervy et [rom radar ek and or
vbat |ni-besal, ur near-haml emsislime, The dursibom snd seafoes of thess
s istadandous peal vl ang s Knswn.™ (A5 300Ta, Fg 1)

“li ihe Inickal 2004 ansdy for PPHSCE. Brosdcast Sagral Lab employed o
calibrated apgmrms o collect averge amd Instantaneous peak power
measurements ot each site.” (BSL 2007a Pg 2)

Mo figures, calculations. or photographs of ion displays were offered 1o
support this position,

I am unable to ile these with BSL made in their 2004 report.
A scan of BSL 2004a and 2004b did not find the term “instantaneous peak”™ anywhere in
ither report,

Are these instantaneous peaks of energy from other in-band or near-band emissions? A
scan of BSL 2004b for mention of possible interfi reveals the following
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1) “Amateur Radio Operation in Band Caused no Interference to
Measurements.” Conclusion 10 on page 61.
2)*0ut of Band Interference Not Significant.” Conclusion |1 on page 61.
3) “measurement sites were chosen 1o be away from the location of
potential interferers.” Page 6 of Appendix A.
4) “should a passing mobile itter overload the lifier for a
briel period, this event can readily be ascertained upon examining the
recorded data. ... To date, only one data record has been identified in
which such is the case.” Page 6 of Appendix A.
§)~Additional phatogeaphs were made showing the PAVE PAWS
wavelorms in both the frequency and time domain to illustrate 1) normal
operation of the radar, 2) the absence of in-band interference,...” Page 11
of Appendix A,
6) It was determined that the relative amplitudes of the in-band Amateur
Radio signals were well below the levels of the PAVE PAWS signals
being measured.” Page 17 of Appendix A.

A reader of BSL "m-lb has every reason to believe that the peak power flux

et ma e Bane
is of il PAVE PAWS radar,

;Ii\ question about potential interference was raised during discussion of the test plan {BSL
2004a), to which BLS responded

Ty i that the not be
cormp:od by inband or out-of-band emissions, To this end, we have been
ing pre-test field evaluations of our in

order 1o determine the specifications needed for our bandpass filtering. On
16 and 17 December 2003 trial measurements were performed ar 14
locations on the upper and lower Cape. We have identified not only the
filtering i but also the ions for dynamic range of our
system, The test system components will be swept for loss, linearity, and
band-pass/reject characteristics. A serendipitous feature of a radar
transmission is that it is “tumed off” for more time than it is on, That is,
there are ample opportunitics to measure any extant interference to our
radar measurements between pulses of the radar, Our power measurement
instrumentation is sufficiently fast that non-pulsed energy in the
measurements can be riminated from the radar pulses. In addition 1o
careful real-time itoring of the witha analyzer
while the measurements are taking place, additional review will be
performed in the postprocessing of the data to insure PAVE PAWS

are not pred by in-band i At this time there
is no need to conduct tests in which the radar is tumed off on command.”
(BSL 2004a, Pg. 175)

In respon: another question:
“Similarly, any received spike-like emissions of the radar are dependent
on the orient of the observation point and a given beam-pointing

angle. While spikes by nature are broadband, putting energy into a wide
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spectrum at once, lhvy are also by nature transitive and low in energy per
eq v. These istics will make spike-related interference, if

any, difficult to corrupt an average power measurement of an ambient

emission: and if it does it will be readily identified.” (BSL 2004a, Pg. 178)

Rather than explaining how the 2004 peak data was from potential interferers, the 2004
test plan and repon dly explain the would not be subject 1o
interference from other sources. In the explanation offered in the 2007 test protocol, no
calculations or pictures of | ion displays were p d 1o support the
hypothesis of an interferer. Mo interferers with power, gain, and distance from the
measurement site necessary 1o produce these instantaneous peaks were identified. Nor
was it explained how such interferers would produce instantaneous pulses that were so
brief as 1o not corrupt the average signal measurements. Potential interferers would be
broadcasting continuously (in the cast of broadeast transmitters) of for seconds (in the
case of mobile communications), not millionth’s of a second. Long signals from
interferers as large as the peaks reported in 2004 would certainly have corrupted the
aw.-rnge nu.asumnm:s upen which the eredibility of the entire NRC health assessment

depeiide

It is incomprehensible that the Air Force would have allowed other transmitters over a
broad area emitting signals larger than the PAVE PAWS radar. Remember the amateur
radio operators were forced to lower their power from 50 watts 1o 5 watts.

Furth if the durations of the “i " values are not known, it cannot be
concluded that they are brief or “instantancous.” This apparent self-contradiction should
be resolved, BLS 2004k was, after all, a report of PAVE PAWS emissions, not emissions
from unidentified, hypothetical interferers,

BSL continued 1o respond to this writer’s concemns and defended their 2004

procedures:
“To ensure we were not clipping our instrumentation, we observed the
radar pulses on the spectrum analyzer for a period of time until we had
dnscn.med the probable maximum received pulse power, The

ion was set to ace late that i with

headroom, while ensuring the noise floor remained at a usefully low level.
Ifany clipping occurred in the instrumentation, as hypothesized by Mr.
Young. it is not likely to have been from the radar pulses, based on our
setup practices. Rather, because the instrumentation was broadband (30
MHz) and the peak power sensor was looking for instantaneous peaks,
there is a possibility that apparent peaks may have been detected that were
higher than the peaks of the radar pulses.” (BSL 2007a, Pgd)

The data files refute this claim. At test site 820, the Sandwich public library, 2,08 miles
from the radar, the first measurement taken with a gain of 30 dB saturated the
preamplifier with output of 24.74 dBm. The gain was then increased o 40 dB for the
next five measurements yielding 24.81, 24.85, 24.64, 24,58, and 24.60 dBm! Not only
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does this ill advised increase in gain prove that clipping occurred. it suggests that
sufficient attention was not always being paid to the resulting data being logged.

Comparison of 24 to Previous Measurements Erroneous and Deceptive

The DSEIS states “The study also compared the measurements from the current survey
[BSL 2004b] with those taken in 1978 and 1986, Overall. the previous studies®
MO Bppoa 10 be penerally bighor thas the cerrom ssmuanments.” (AT 20, p
d:-A,0h The 2004 tesi report staies “The 1985 messaremont taken o theee siles similar w
20 becatasity wete commbaenily higher thai the 70 mesarsiesis.™ I8 20046, p 36,

The 2004 mamsareneis of dies simiber to the 1979 and 1988 siies were o8 subdect o she
elipping imiremenmution eroe sad wre nor valld Tn cases where This erter agcun, e Foe
T flan, domiuy s grater than reported The Szt canmed be inad b suppor] S
worscluni in B prevkem peragraph

FunBersore, H i oo ssd deceptive in maen el 204 meaverement, were ko
Hiani 10ES saenuresenby, the Roanist cormperin being o couster-cuimple

In 2004, measurements were taken at two Scusset Beach Parking sites, #22 and #23, ata
range of 2.6 miles. They were compared to a measurement al Scusset pier at a distance
of 1.8 miles. Since power flux density varies as the inverse square of the distance, the
base value at Scusset Beach Parking should be 48% of the values at the Scusset pier.

BSL 2004b p J3 notes of site #22 “Site near canal in shadow of canal electric power
plant” and notes of site £23 “Unobstructed site in parking lot, in second row of [sic]
facing east.” BSL 2004b Table 2 gives a power flux density peak of 1.54 microwatis per
square centimeter and average of -37.1 dB microwatts per square centimeter for site #23,
Table 2 gives a power Nux density peak of 15.0 microwatts per square centimeter and
average of -24 dB microwatts per square centimeter for site #23. It was deceptive to
compare the value of site #22 “in shadow of the mnal electric p]am to the 1986 value for
Seusset pier when a at unob 1 site #23 was available, Note the peak
values for Scusset Beach sites belong to the set of clipped values (0,15, 1.5, 15
microwalts per square centimeter) discussed above,

From Figure 1 we see that the peak power flux density for unohstructed site #
exceeded the antenna pattern specified in AF 1979 by about 7 dB, a factor of 5. It should
be pointed out that the Scusset pier site falls in the null between the first and second side
lobes and should be very small.

Cape Cod Ewing's Sarcoma Cluster Cannot be Ignored

In 2002, 2003, and 2004, a dramatic increase in Ewing's sarcoma on Cape Cod occurred
(Figure 5). The cases are found in two ensembles where higher PAVE PAWS emissions
have been d: the bles are sep d by a high pepulation density area
shadowed from PAVE PAWS where lower emissions are found. The three cases in the
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Mid-Cape ensemble were diagnosed in 2003 and 2004, One case from the Mid-Cape
ensemble and one from the Upper Cape were diagnosed the same month in 2004,

Most of the Ewing’s cases have little or no terrain between them and PAVE PAWS,
Valley locations or locations on the sides of hills away from PAVE PAWS are an
exception. Only two cases have terrain interference, but the individual in one of these
cases may lie in a particularly strong signal path, attended two schools in that path, and
s empdoresd s w | feguand during recer sammers Wi Inoguani sukdoos os posuny g
lirpe open soew with mo temais inferference. Many of the Upper Cape csses live ot high
clevatisiin (1 caics within 15 verthcal Eel of Scaign Tewes) o & lrge plaesi. Theee
Upper Capa cases B ol deprmslon angles (the angls bohrs S horinom of fe roster of
e PAVE PAWS prvienes within 0.0 degrees of S peak of the (I sldelobe ol
edaation fromm PAYE PAWS whech s found 51 0.8 degrece

Eawl of ihe Sandwich-{larmiable border, the land slopes gradhally & s lovel ol e Plass
Blbver, the bosmaary of Dennis and Yarmeuth. Hyseais, Yarmouth, sl northesn
Certerville foommunites of igh pofulaios demity are m il shadow ol the
alreemertaned high platean Wil surquisingly. lim sagnal deengths were repared by
BSL in this area. No Ewing's cases were found in this shadow region.

East of the Bass River. the elevation again rises. and much of the area emerges from the
shadow of the upper cape plateau. The path from PAVE PAWS now passes over the
Grean Salt Marsh of Barnstable, or Cape Cod Bay. Here the signal strength increases,
even though the distance is much fusther, It is here that we encounter three more cases of
Ewing's.

Two beams from the two faces of PAVE PAWS meet along the 106 degree radial. Near
that line the beams widen. To improve the “peripheral n,” four times as many pulses
are transmitted near that line. The exposure along that line is thus eight or more times
that received by the general population (MITRE 2000). Sandwich High School, Dennis-
Yarmouth Regional High School in South Yarmouth, and the Ezra H. Baker School in
West Dennis lie near that line, A young man who attended Sandwich High School and
who succumbed 1o Ewing's in January, 2007, attended Sandwich High prior to his
diagnosis; a young woman who attended D-Y High (and Ezra Baker) succumbed to
Ewing's in January, 2008, Both were diagnosed at the same clinic within days of one
another, in December 2004, Both were accomplished athletes, used to performing with
aches and pains, and whose diagnosis was delayed. This suggests that carcinogenesis in
these two cases may have occurred at a time nearer to the carlier cases than date of
diagnosis would suggest. Three cases occurred in 2003, and one in late 2002 (see Figure
5 the six cases were diagnosed over a 26 month period. Eight childhood cases have
been identified by concerned citizens over a 1e|| year peried. and an additional case in
2005 has been identified by the of Public Health (MOPH
2007); there have also been adult cases.

MDPH 2007 included a report (BSL 2007b) on PAVE PAWS peak power flux density
measurements at the homes and other places associated with the Ewing’s cases. It is the
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opinion of this writer and several epidemiologists that the study was fatally flawed from
the outset. OF greater concemn is that the report ignored the fact that control sites
measured in 2007 and 2004 had 40-500 times higher measurements in 2004 than 2007,
At six sites, peaks measured in 2007 were less than averages measured in 2004, Peaks
should be on the order of 6000 times averages.

Other Concerns
While we don’t know their true value, the electrical Fcld i in 200{
are about 1/100 the value used in the el b i din

DNA analyses for basic research and DNA identification. The moblln) ofDNJ\ in
cytoplasm is greater than in the gels used in DNA analysis. Typical cell dimensions are
several orders of il less than el phoresis channels, Ewing’s is the result of
known translocation errors so any factor which can manipulate DNA should cause
concern, Preliminary estimates by this author suggest that a strand of DNA may be
moved 1/3 the width of a cell during a pulse. The circular polarization may produce an
effect comparable to mmm DNA strands in a blender. There is a need for basic research
in this area. A review of mic leus assay studies was
suggested in RFIAWG 1999 because of the relevance to carcinogenesis,

The radar exposure typically consists of two pulses § milliseconds long or three pulses 5
milliseconds long and continually repeated every 41.04 seconds, 24 hours per day, 365
days per year. However, the radar may be operated in an “enhanced search mode™ where
the repetition is repeated every 2.5 seconds, increasing the exposure about 16 times
normal. Occasional operation in this mode, either for test purposes or in response to a
perceived military threat (such as 9/11), is of special concern, and may explain the
temporal distribution of the Cape Cod Ewing’s sarcoma cluster in 2002-2005, The
possible significance of 911 on the operation of this radar station should be taken
seripusly,

In 2002 another environmental impact statement (AF 2002) was prepared for an upgrade
of PAVE PAWS computer hardware and software, but not a change in power or
operational characteristics, This was termed the Service Life Extension Program or
SLEP. Clearly, the advances in electronics hardware, and the inability to maintain
outdated hardware made such an upgrade attractive,

It is entirely possible that the operating envelope of PAVE PAWS could be altered (for
example by lowering the main beam elevation) relatively easily, and relatively quickly.
The possibility has eome with the qualifier that there was na incentive. 25 that wenld
et wlhiet ifoialings] Jilfceltics (MRC 1979 p 55|

Perepwar, b s Hkaly that the stese of the an of phased srmay redar Bas asdvanoed bn fha 331
yeear lifie of this mdar ation. 1 is pessibie that oppomenities o improved perfrmance
pven the cainling anfosna array asd pomeer limilations bave boen mentifal. 18 m pusaitic
that the station was or is being used temporarily as a test platform for new control
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One strategy for controlling phased array radar is to generate multiple beams for multiple
tasks or targets. This would likely come with a loss of the narrow focus of the radiati
panern. Protections originally provided to minimize exposure on the ground would likely
be compromised.

Radar is vulnerable to outside interference (Jamming) from any vehicle which could
deliver a sufficiently controlled and powerful radar signal, Vehicles which may have this
capability are in the U.S. fleet, and could be eng:qged m_pammmg and countermeasure
experiments, exposing the Cape Cod pop 1o bi ional radiation exp in
excess of that we have been experiencing previously.

It is also possible that phased armay radar could be used as a low-level electromagnetic
pulse weapon. PAVE PAWS has been reported to have “shot down™ a helicopter which
strayed too close. The phased array technology is used in the “Active Denial” device, a
HUMVEE mounted radar which burns human skin at a distance of 1500 feet.

Such reasonable speculation could have been replaced with hard data if the 1979 requests
for continuous environmental monitoring had been honored.

Comments

It is this writer’s professional opinion that the power flux density of the pulses at any
point within the scanned sectors can be predicted from the specifications of the radar and
the laws of wave ion. The free space prediction was given in
AF197% and the al:nhly o campulc palh losses was demonstrated in BSL 2004a.

It is this writer's professional opinion that the power flux density from the PAVE PAWS
radar can be measured reliably. A diligent measurement program would include
ison of the with predicted values, and an interpretation of those

results,

It is this writer's opinion that the PAVE PAWS radar station has been given a “free pass™
with respect 1o environmental monitoring in spite of requests from the community.
Continuous mnnmmng would allow the exposed population to know whether or not the
radar is with predi

Conclusions

44 The DSEIS b5 ror resgemalve b the comeerm, af the seherlifle comssiinty and local
g6 oty abou potcstal health lfects froe th istenac pulues et by the PAVE
WS radar,

mialyeal it wrnikd have been agparest tha seveeal ded the pubinhed
68 For the radar, ﬂﬁmmlthlrufmhnﬁﬂmwmm
=% e comupied by nstrusseniation eroe. W sl o s knerw the tue valee of the
st enpoise o PAVE PAWS mdsr ssbalens. Funher evpossre prodactions ur
cridermhingic analy s using Sis dets ar Deally fanol

e ol of e EI% provess is i asire the pubslic sl the propone’s sciivily o be
coruluicten] withou i 1o the srimnsenl. Revicwing the foessch iujpaoning the
Eratt Supphemertal | minmmental Impad Satrment dhrss el ol dertmmagnetic
radbiation. im sphio of being endor-poporsed der in Esinrsmistion e, cooeed praviosly
16 pubdishsd specifications for the mder sation. A staliskally slgnificsm exces of

Boming'n sanumm o trmnjunal sl sptial nebetibips o T s oporativn tat wan

6.10 missd in the epidemiclogic suly mﬁm» lmnn.mﬁrmw
three years there was asple spromaniy o comsder tie Cape Cod Ewing's aroma
T

A, Fimadl 15 which relics on this Mewod rescasch canned Be pablishaod

Need for Further Investigations

A diligent review of the work reported by Broadcast Signal Lab, particularly the

power flux density measurements, must be conducted by a eredible independent third

ry.

2) p.:n t)xplanalion must be provided as to when and why the PAVE PAWS
spcclﬁalltms hu\'c changed.

3 oA ion of the radar ing modes and their resulting human
exposure must be pwvlded

4) Environmental impact reviews required by chnnger. in specifications or operational
characteristics which changed envil P must be cond

5) BSL measurements of the peak and average values of power flux density at the 50
sites visited in 2004 must be replicated by a eredible independent third party during
the winter when vegetative cover is minimal.

6) Further research as described by the NRC in 1979 regarding enhanced exposure in
buildings. such as the schools located in high exposure areas, must be conducted for
frequencies in the 420-450MHz band.

7) An independent party should be asked to assess the possibility that the PAVE PAWS
radar station has been used as a test platform for new control sirategies, for multiple
beam operation, for use as an electromagnetic pulse weapon, and for use in radar
Jamming and countermeasures experiments,

8) An independent party must assess potential for aiming the PAVE PAWS main beam

below the | degree elevation where advantages of ducting may be realized. The

technology available since this was last dismissed 30 years ago casts doubt that the
previous conclusions are still valid.

stralegies.
Decument 8 Document 9
15 Mmumn&ww&mﬂimmmiumm ) A progEun e comdia sdeped T g ol the PAVE PAWS

Endistion s by intahlilad s Bas been done fnd (il gestendial Buraidh in the
wwvinmment. Thes e mchude mstrumesting s fivend woe sl proy kEng mobile
eguipmieni b bientify “hot spots™ o s (nvesiigaie exposene ol partkoulsty sipsfos
abess, wach 59 scloals sl besches.

B0 Fiiie DifTererce Tim Dorualn (FOTD) seedcling of matomically welll sealod
s bearmam, in s from isdany thrmsgh shuton] mn by oomhesed 1 s
evtcial tha the complete chsracienstio of Be rader (el as experenonl by b
b avvurmicly madeial. Tha tmly il in halé st < the frsal posan aml
itting, w wrll gu stamling 1) mus wha denlify Frdancrmenss des b sl
porims oni o 5t ool spacings

01 A T i B o o by e ot of Ewling's semees so tar bouds can
tac enlinuatad frm o liine inlcraal prind L diggmeis o which cansmgmeis may e
!

123 Possible etlobogies awecansd with poemial Bolkgle effects in hoes from PAYE
PAWE radunisn siind be svalused gy possble comines of ihe Ewing s wanukscanisn

ormor,
193 The contineed research msd take place with fell pablic view., mnd that padicipation
by imerested parties must be allowed,

Sincerely,
Bernard J. Young, P.E.
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L d Data C: d with Predicted Antenna Pattern
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antevma, from BSL 2004k data reproduced fere i Table | Naembers adjecent v dais
Figure 1: Measured peak signal strength relative to the peak of the main beam. points identify the test site.
Measurement site identification numbers are shown for sites exceeding predicted levels
{AF 1979}, Data above the antenna pattern is outside the specifications. The theoretical
predicted antenna pattern has been arbitrarily shified by 2.25 degrees so that all data falls
within the envelope of the antenna pattern. Such a shift is a plausible cause for the higher
signal strengths encountered,
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Figure 4. Measured power output form final microwave preampiifier arranged from
Figure 3. Peak signals from BSL data disk arranged in order of increasing value. The smallest 1o largest. OF 292 measurements logged, 143 had the maximum outpat of the
staircase effect and the gaps in between steps is a ca]lon that the preamplifier was preamplifier. The true values are higher than repor

operated at too high a gain resulting in the and
i clnppmg. For the flat steps, the sum of the value logged plus the gain is 25dBm, the
maximum output of the preamplifier.
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CHILDHOOD CASES EWING'S SARCOMA
19 S AN AGE AT DAGHOSE Piadny, Sagguni 0 2008 337 PRI
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Burat Bactacs 25 Do & SASS
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Remdcots § asticd yeu.

ure 5: Histogram showing the temporal distribution of Ewing’s sarcoma cases, the
sex, and age at di is, The expected is also shown. Good moaming, Mz. PerT)

2 = pec Glad to hear you received the report and e-mail, The color handouts I tucked in the fromt
) cover of your SEIS report are printouts of the attachments I e-mailed you, sc you don't
End of document. need to ask your kids to download thes.

You're very welcome for the information. Thank you for calling to ask; I understand it's
difficult to drive to evening meetings, and Bourne is a long drive from Harwich especially
with summer traffic,

May 1 ask that
as part of the ?
matter experts to be available to look at, and answer questions about .he radar's public
health impact. HMer contact information is:

o
Lynne Neuman, Environmental Flanner, <mailto:lynne.NeumansPeterson.af.mils
MeumandPetersen.af.mil , fax 719-554-3849, or write te her at:

oceancgraphy sounds like a fascinating career. I can only imagine the sights,
w3 you've had with NORA, Thanks for giving me a new vocabulary word, ‘multi-
beam,” meaning phased array.

Sincerely,
Barbaza
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Document 10

Barbara J.5. Burnett, Comsunity ison

6th Space Warning Squadron at Cél)e Cod Air Force Station

Tel: 508-968-3283, DSN 557-2283, <mailto:Barbara.burnettécapecod.af.m
Barbara.burnettécapecod.af .mil

From

Bent: Tu esday, July 22, 2008 10:37 AM

To: Burnett, Barbara J5 Civ & SWE/PA

Subject: Re: Pave PANS public health Draft SEIS public comment thru 4Aug0S. Mailed spiral-
bound copy, and handouts 17July0s.

Dear Barbara:
I received the report yesterday and your E-mail message this morming. It says somet hmg
about attachments, but I haven't figured out how to get them out of the ﬂ;ﬂ»enlguﬂg
Perhaps my kids can help me out on that. Thank you very much for your help.

As to the rep rate in the tracking mode, there is a good description of the cycles of the
system in Chapter Four of the National Research Council Report (P.33) under rne _heading
*Wavefors gemeration®. It indicates that the system goes through a series o

consecutive cycles of 54 msec each, then is s ing an 18th cycle of rl‘-hln'-nﬂ.
During each cycle there is a transmitting pulsel(s

the search mode, the beams are cunstant\
a typical FM station gives out

It doesn't say anything, however, about the tracking mode. 1 assume that the sy
through the same 54 msec cycles, putting out sign of up to 16 msec duration and then
listening for the return. The sutgoing pulses during thellld msec transmission are apt to
contain & series of frequéncy thanges known as & *chirp®, with each frequency change being
either higher or lower than the one before, much like stair steps. My question i
whether these chirped signals are directed at the wvehicle in sach successive 54 msec cycle
during the tracking, or is there a longer interval of several cycles between chirps
Logic indicates that it is sending out a chirped signal directed at the vehicle once
during each successive 54 msec cycle. If you go out to look at the indicators showing
lectrical load in the p you should see the power load increase significantly
during the tracking mode.

necessarily by somecne who is watching the b 8, because th
be cotally automatic. Vou can reply by the internst or ma My

* derives from being a recired geclogical oceamcgrapher,
career working for NOAA. Because sonar and radar are of similar de
to phased array systems and radic transmissions. In the oceancgraphic wor
phased arsay systems "multibeam®.

Thank you for all your help. I was sorry to have to hang up so scon, but my
needs a new battery, so the present one starts beeping at me after about 10-1% minutes of
use. I check my e-mail everyday or so, and am usually home to get phone calls.

chard B. Perry
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[Federal Register: January 27, 2000 (Volume &5, Number 18)]

[Notices]

[Fage 440¢6]

From the Federal Register Online via GPO Access [wals.access.gpo.gov])
[DOCID: fr274a00-22)

DEFPARTMENT OF DEFENSE

Department of the Air Force

Notice of Intent To Prepare an Environmental! Impact Statement

{ET8) for Actions To Sustain Operability of Air Force Space Command
PAVE PAWS Radar Sites at Cape Cod Air Station (AS), Massachusetts (MA):
Beale Alir Force Base (AFB}, California {(CA); and Clear Air Station
(AS), Alaska (B&K)

Pursuant te the National Envircnmental Policy Act (NEPA) of 1969,
zs amended (42 U.3.C. 4321, et seq.), The Council on Environmental
Quality {(CEQ! Regulations for Implementing the Procedural Provisions of
NEPA (40 CFR Parts 1500-1508), and Air Force policy and procedures (32
CFR Part 989), Air Force Space Command {AFSPC) intends to prepare an
EIS for the Service Life Extension Program (SLEP) actions to modernize
the facilities at the PAVE PAWS (Phased Array Warning System) radar
sites located at Cape Cod AS, MA; Bezle AFB, CAR; and Clear AS, AK.

The current proposal includes replacements of electronic eguipment
and computer software in the PAVE PAWS Early-Warning Radar facilities.
The EIS will assess all impacts as they relate to these replacements,
including emission of radioc-frequency energy. AFSPC will be the lead
agency for the EIS. The Ballistic Misaile Defense Organization has been
invited to be a cooperating agency. AFSPC is planning to conduct public
scoping meetings to determine the issues and cencerns that should be
addressed in the EIS. Notice of time and location of the scoping
meetings will be made to public officials, agencies and announced in
the news media in areas where the meetings will be held. For further
informaticon concerning the proposed replacements of electronic
equipment and computer software in the PAVE PAWS Early-Warning Radar
facilitles at Cape Cod AS, MA; Beale AFB, CA; and Clear AS, RK, contact
Mr. George Gauger, HQ AFCEE/ECA, 3207 North Road, Brcoks AFB, TX 78235-
5363.

Janet A. Long,

Air Force Federal Register Lisiscn Qfficer.
[FR Doc. 00-1976 Filed 1-26-00; 8:45 am]j
BILLING CODE 5001-05-U



[Federal Register: July 22, 2002 (Volume €7, Number 140)]

[Notices]

[Page 47776-47777]

From the Federal Register Online wvia GPQ Access [wais.access.gpo.gov]
[DOCID: fr223yD2-40]

DEPARTMENT OF DEFENSE
Department of the Alr Force

Alr Force Space Command

AGENCY: Department of the Air Force, DoD.

RCTION: Amendment of the nectice of intent to prepare an Environment
Impact Statement for actions te sustain operability of Air Force Space
Command early warning radar sites at Cape Ced Air Force Station (AFS),
Massachusetts (MA); Beale Air Force Base (AFB), California (CA); and
Clear AFS, Alaska (AK).

SUMMARY: The Air Force hereby amends its notice of intent to prepare an
Envircnmental Impact Statement (EIS) for Service Life Extension Program
(SLEP) action at the Early Warning Radars located at Cape Cod AFS, MA;
Beale AFB, CA&; and Clear AFS, AK, as published in 65 FR 4406, published
27 January 2000. The Air Force intends to prepare a Supplemental EIS to
the 197% EIS on the Operation of the PAVE PAWS Radar 3System at Ctis
AFB, MA. The Supplemental EIS will address concerns over the possible
health effects from operation of the early warning radar at Cape Cod
AFS5. The Supplemental EIS will be prepared pursuant to section
1502.%{c} (2) of the Council on Environmental Quality regulations and
will include, among other information, the results from ongoing studies
and efforts that are addressing cconcerns related to radio frequency
energy (RFE} from the radar. These studies and efforts include a
National Research Council study; an RFE survey at Cape Cod, MA; an
exposure assessment using the results of the RFE survey; a waveform
characterization study; and & review conducted by the Armed Forces
Epidemiclogy Board. The Air Force made the decision to prepare a
Supplemental EIS following a review cf the SLEP EIS process. The review
was prompted by the decreasing zvailability of spare parts for the
early warning radars and increasing concern that the radars were
becoming unsupportable due to a lack of spare parts. Through the review
prccess, which tock inte account comments received during public
scoping meetings, the Bir Force determined that public concerns
centered around the possible health effects arising from operaticn of
the radars, rather than from the proposed action of replacing outdated
computer hardware and rehosting software. Replacing computer hardware
and rehesting software will not change the amount or characteristics of
the radic frequency energy being transmitted by the radar. Based on
present calculations, which may change, the Alr Force anticipates
releasing a draft Supplemental FIS in 2004, approximately six menths
after the results from the last of the studies is scheduled to bhe
published., The Air Force will prepare site-specific



i [Page 4777711

environmental assessments (EAs) for the SLEP actions of replacing
computer hardware and rehosting software at each of the three early
warning radar sites. Notices will be published in local newspapers when
the EAs are available for public review.

FOR FURTHER INFORMATION CONTACT: Mr. Robert Novak, HQ AFSPC/CEVP, 150

Vandenberg Street, Suite 1103, Peterson Air Force Base, CO B0S814-2370,
Fax 71%-554-3849,

Pamela D. Fitzgerald,

Alr Force Federal Register Liaiscon Officer.
[FR Doc. 02-18363 Filed 7-19-02; B:45 am]
BILLING CODE 5001-05-~P
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APPENDIX B

SUPPLEMENTAL ENVIRONMENTAL IMPACT STATEMENT MAILING LIST

This list of recipients includes interested federal, state, and local agencies and individuals that have

expressed an interest in receiving the document. This list also includes the governor of Massachusetts as

well as United States senators and representatives and state legislators.

ELECTED OFFICIALS
Federal Officials
U.S. Senate

The Honorable Edward Kennedy
United States Senator

2400 JFK Building

Boston, MA 02203

The Honorable John Kerry
United States Senator
One Bowdoin Square

10th Floor

Boston, MA 02114

U.S. House of Representatives

The Honorable William Delahunt
Representative in Congress

146 Main Street

Hyannis, MA 02601

Representative Delahunt’s Office
Attn: Mr. Mark Forest

146 Main Street

Hyannis, MA 02601

State Officials
Governor
The Honorable Deval Patrick
Governor of Massachusetts

State House, Room 360
Boston, MA 02133

March 2009 Cape Cod Air Force Station, Final Supplemental EIS

B-1



State Legislature

The Honorable Demetrius Atsalis
State Representative

State House, Room 187

Boston, MA 02133

The Honorable Matthew C. Patrick
State Representative

State House, Room 540

Boston, MA 02133

The Honorable Jeffery D. Perry
State Representative

State House, Room 136
Boston, MA 02133

The Honorable Susan Williams Gifford
State Representative

State House, Room 540

Boston, MA 02133

The Honorable Cleon Turner
State Representative

State House, Room 540
Boston, MA 02133

The Honorable Therese Murray
State Senator

State House, Room 511-C
Boston, MA 02133-1053

The Honorable Ruth W. Provost
State Representative

State House, Room 26

Boston, MA 02133

The Honorable Robert O’Leary
State Senator

State House, Room 421
Boston, MA 02133-1053

The Honorable Eric T. Turkington
State Representative

State House, Room 473-F
Boston, MA 02133

Cape Cod Air Force Station, Final Supplemental EIS
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Local Officials

The Honorable Catherine O’'Bumpus
Town Selectman

59 Town Hall SQ

Falmouth, MA 02540

The Honorable Carol A. Cheli
Bourne Board of Selectmen
24 Perry Avenue

Buzzards Bay, MA 02532

The Honorable Ahmed Mustafa
Town Selectman

59 Town Hall SQ

Falmouth, MA 02540

The Honorable John Cahalane
Town Selectman

16 Great Neck Road
Mashpee, MA 02649

The Honorable Thomas Keyes
Town Selectman

19 Shaker House Road
Sandwich, MA 02563

The Honorable Kevin Murphey
Town Selectman

59 Town Hall SQ

Falmouth, MA 02540

The Honorable Wayne E. Taylor
Town Selectman

16 Great Neck Road

Mashpee, MA 02649

The Honorable Carey M. Murphy
Town Selectmen

59 Town Hall SQ

Falmouth, MA 02540

The Honorable Virginia Valiela
Town Selectman

59 Town Hall SQ

Falmouth, MA 02540

March 2009
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GOVERNMENT AGENCIES

Federal Agencies

Advisory Council on Historic Preservation
Executive Director

Attn: John M. Foluer

Old Post Office Building

1100 Pennsylvania Avenue, NW
Washington, DC 20240

Center for Environmental Health and Injury Control
Centers for Disease Control

Attn: Director

1600 Clifton Road, NE

Atlanta, GA 30333

Department of Commerce

Office of Intergovernmental Affairs
Attn: Director

Commerce Building, Room 5414
Washington, DC 20230

Department of Health and Human Services
Office of Human Development Services

Attn: Director

200 Independence Avenue, SW, Room 324-F
Washington, DC 20201

Federal Aviation Administration
Attn: Director

800 Independence Avenue, SW
Room 939, FOB-10A
Washington, DC 20591

U.S. Department of the Interior

Office of Environmental Policy and Compliance
Attn: Director

Main Interior Building, MS 2340

1849 C Street, NW

Washington, DC 20240

U.S. Environmental Protection Agency
EIS Filing Section

Ariel Rios Building, Room 7241W1
1200 Pennsylvania Avenue, NW
Washington DC 20044

Cape Cod Air Force Station, Final Supplemental EIS
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Regional Offices of Federal Agencies

Advisory Council on Historic Preservation
Eastern Regional Office

Attn: Director

Old Post Office Building, Suite 803

1100 Pennsylvania Avenue

Washington, DC 20004

U.S. Fish and Wildlife Service

Region 5

Attn: Chief, Division of Endangered Species
300 Westgate Center Drive

Hadley, MA 01035

U.S. Environmental Protection Agency
Region 1, New England

Attn: Regional Administrator

JFK Federal Building

Boston, MA 02203

U.S. Environmental Protection Agency
Region 1, New England

Attn: Timothy T. Timmerman

JFK Federal Building

Boston, MA 02203

Department of Defense

6SWS/CC

Attn: Lt. Col. Max Lantz

1 Flatrock Hill

Sagamore, MA 02561-0428

6SWS/PA

Attn: Barbara Burnett

1 Flatrock Hill

Sagamore, MA 02561-0428

21 CES/CEVS

Attn: David Ritchie

580 Goodfellow Street

Peterson AFB, CO 80914-2370

Missile Defense Agency
Attn: Crate Spears
Navy Annex

1301 Southgate Road
Alexandria, VA 22202

Cape Cod Air Force Station, Final Supplemental EIS
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Defense Technical Information Center
8725 John J. Kingman Road

Suite 0944

Ft. Belvoir, VA 22060-6218

HQ AFCEE/ICS

Attn: Ashley Allinder

3300 Sidney Brooks

Brooks City-Base, TX 78235-5112

HQ AFSPC/A4/7PP

Attn: Lynne Neuman

150 Vandenberg Street, Suite 1105
Peterson AFB, CO 80914-4320

HQ USAF/A3S
1480 Pentagon
Washington, DC 20330-1480

HQ USAF/A7CIB

Crystal Gateway 1, Suite 1000
1235 Jefferson Davis Highway
Arlington, VA 22202

U.S. Army Space and Missile Defense Command
P.O. Box 1500
Huntsville, AL 35807-3801

U.S. Coast Guard
384 Woods Hole Road
Woods Hole, MA 02543

U.S. Coast Guard

Air Station Cape Cod

Attn: Commanding Officer
Otis ANG Base, MA 02542

State Agencies

Executive Office of Environmental Affairs

Attn: Ellen Roy Herzfelder, Secretary of Environmental Affairs
251 Causeway Street, Suite 900

Boston, MA 02114

Massachusetts Department of Conservation and Recreation
Attn: Commissioner

251 Causeway Street, Suite 600

Boston, MA 02202

B-6
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Massachusetts Department of Environmental Protection
Attn: Commissioner

1 Winter Street

Boston, MA 02108

Massachusetts Department of Environmental Protection
Southeast Regional Office

Attn: Gary S. Moran, Regional Director

20 Riverside Drive

Lakeville, MA 02347

Massachusetts Department of Public Health
Attn: Paul Cote, Commissioner

250 Washington Street

Boston, MA 02108-4619

Massachusetts Historical Commission
State Historic Preservation Officer
Attn: Executive Director

220 Morrissey Boulevard

Boston, MA 02125

Local Government Agencies

Barnstable County Health Department
Attn: Director

Superior Court House, Box 427
Barnstable, MA 02630

Bourne Board of Health
24 Perry Avenue
Bourne, MA 02532

Falmouth Board of Health
59 Town Hall Square
Falmouth, MA 02540

Mashpee Board of Health
Town Hall

16 Great Neck Road North
Mashpee, MA 02649

Mashpee Board of Selectmen
Town Hall

16 Great Neck Road North
Mashpee, MA 02649

Mashpee Environmental Coalition
P.O. Box 274
Mashpee, MA 02649
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Sandwich Board of Health
16 Jan Sebastian Drive
Sandwich, MA 02563

Wareham Board of Health
54 Marion Road
Warham, MA 02671

Libraries

Cape Cod Community College Library
Attn: Librarian

2240 lyanough Road

West Barnstable, MA 02668-1599

Falmouth Public Library

Attn: Librarian

123 Katharine Lee Bates Road
Falmouth, MA 02540

Jonathan Bourne Library
Attn: Librarian

19 Sandwich Road
Bourne, MA 02532

Mashpee Public Library

Attn: Librarian

Steeple Street, Mashpee Common
Mashpee, MA 02649

Sandwich Public Library
Attn: Librarian

142 Main Street
Sandwich, MA 02563

U.S. Coast Guard Library
Bldg. 5205
Otis ANGB, MA 02542
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OTHERS
Other Organizations/Individuals

BAE Services

Attn: Stephanie Syler

P.O. Box 305

Sagamore, MA 02561-0305

Cape Cod Coalition to Decommission PAVE PAWS
Attn: Sharon Judge

P.O. Box 150

Sandwich, MA 02563

Cape Code Commission
3225 Main Street
Barnstable, MA 02630

Mashpee Wampanoag Tribe
Attn: Shawn D. Hendricks Sr.
20 Black Brook Road
Mashpee, MA 02535

Wampanoag Tribe of Gay Head (Aquinnah)
Attn: Matthew Vanderhoop

Tribal Historic Preservation Officer

20 Black Brook Road

Aquinnah, MA 02535

Richard B. Perry, Ph.D.
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APPENDIX C
RADIOFREQUENCY REGULATIONS AND SAFETY STANDARDS

The assessment of human health and safety related to environmental exposure hinges on adhering to
exposure limits recommended in scientifically based standards. The relevant primary exposure limits to
protect health and safety regarding radiofrequency energy (RFE) are those developed by the Institute of
Electrical and Electronics Engineers (IEEE) and adopted by the American National Standards Institute
(ANSI). The IEEE standard was developed in 1991 and adopted by ANSI in 1992. The 1999 Edition
(IEEE C95.1-1999) specifically modifies induced and contact current limits, but does not modify the
exposure limits applicable to the general public. In addition to IEEE/ANSI, other organizations have
published relevant limits, including state, federal, and international organizations.

Cl1l UNCONTROLLED ENVIRONMENT/GENERAL PUBLIC EXPOSURE LIMITS FOR
RADIOFREQUENCY ENERGY

The standards for the human exposure limits to radiofrequency energy for the frequencies used by PAVE
PAWS, 420-450 megahertz (MHz), are similar throughout the world. However, rationales differ for the
magnitude of the safety factor, for the circumstances of exposure, for the nature of sensitive populations,
and for the presumed health status of the individuals for whom the basic restriction (standard) is
applicable (Erdreich and Klauenberg, 2001). Agencies and organizations that have promulgated exposure
limits include IEEE/ANSI, United States Federal Communications Commission (FCC), World Health
Organization (WHO)/International Commission on Non-lonizing Radiation Protection (ICNIRP), United
States Occupational Safety and Health Administration (OSHA), National Council on Radiation Protection
(NCRP), Australia/New Zealand, Canada, and the United Kingdom'’s National Radiological Protection
Board (NRPB). The exposure limits from several of these organizations are summarized in Table C-1 and
illustrated in Figure C-1.

Table C-1. Radiofrequency Energy Limits for the General Public at 420-450 MHz
Applicable
Frequency Exposure Limit | Averaging
Range Derivation at 420 MHz Time
Organization (MHz) (mW/cm?) (mW/cm?)@ (minutes)
IEEE, (1999) 300-3,000 /1,500 0.28 30
U.S. FCC, (1997) 300-1,500 /1,500 0.28 30
WHO/ICNIRP, (1998) 400-2,000 /2,000 0.21 6
U.S. OSHA® 300-3,000 /1,500 0.28 30
NCRP, (1986) 300-1,500 /1,500 0.28 30
Aus/NZ, (1994) 400-2,000 /2,000 0.21 6
Canada'®, (1999) 300-1,500 /1,500 0.28 6
U.K. NRPB, (1993) 400-800 - 2.6"9 15

Notes: (a) In the relevant frequency range, the lowest limit is for 420 MHz; therefore, only this limit is

presented in this table.

(b) NRPB refers to these numbers as “investigation levels” and are measurement benchmarks for
investigating whether compliance with basic restrictions (e.g., 0.4 W/kg) is achieved.

(c) This is not specific to occupational or general public exposures, rather it is based on the presence
or absence of small children in the exposure environment.

(d) Health Canada.

(e) OSHA has adopted the IEEE exposure limits; (e.g., U.S. EPA has adopted the FCC exposure

limits).
f = frequency in MHz
MHz = megahertz
mW/cm? = milliwatts per square centimeter
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|:| IEEE Uncontrolled Environment Exposure Limit (2)
[ FCC Uncontrolled Environment Exposure Limit (@)

[ ] ICNIRP Guidelines: Reference Levels for
General Public (a)

[ ] State of Massachusetts Non-Occupational RF
Exposure Limits for General Public (a)

PAVEPAWS/090

0.28 mW/cm?
0.28 mW/cm?
0.21 mW/cm?
0.28 mWj/cm?
0.21 mW/cm?
0.00002 mWj/cm?
20 mW/cm?
\ | | | | \ |
0.00001 0.0001 0.001 0.01 0.1 1 10 100

Power Density (mW/cm?2)

I WHO General Population Exposure Limits (a)

[] 1986 RFE measurement taken at Crowley State
Park (Camp Site A-10), 1.2 miles from Cape Cod
AFS PAVE PAWS Radar

I Maximum intensity at 2.2 cm away from a cell phone
antenna using a 1W 1800 MHz cell phone (b)

EXPLANATION
(a) Frequency of 420 MHz
(b) Source: Independent Expert Group on Mobile Phones, 2000.
FCC Federal Communications Commission
ICNIRP  International Commission on Non-lonizing Radiation Protection
IEEP Institute of Electrical and Electronics Engineers
MHz megahertz
mW/cm2  milliwatts per square centimeter
RF radiofrequency
RFE radiofrequency energy
WHO  World Health Organization

Comparison of RFE
Measurements and
Exposure Standards

Figure C-1
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C.2 FEDERAL COMMUNICATIONS COMMISSION
The FCC is the agency responsible for regulating the use of electromagnetic (EM) spectral frequencies for

broadcasting, transmitting, and telecommunications services. Table C-2 contains a listing of systems and
applications regulated by the FCC.

Table C-2. Systems/Applications Regulated by the FCC

Experimental Radio Service Wireless communications service

RF Devices Radio broadcast services

Multipoint Distribution Service Experimental/auxiliary/special broadcast
and other program distribution services

Paging and Radiotelephone Service Stations in the Maritime Service

Cellular Radiotelephone Service Private land mobile, paging operations

PCS Private land mobile, “covered” Specialized
mobile radio

Satellite Communications Amateur radio service

General Wireless Communication Service | Local multipoint distribution service

FCC = Federal Communications Commission

PCS = personal communication system

RF = radiofrequency

The FCC has developed regulations that specify what services may be provided and what systems may
operate on certain frequencies across the EM spectrum (e.g., primarily in the RF and microwave radiation
frequencies ranging from approximately 30 kilohertz [kHz] up to 300 gigahertz [GHZ]).

In addition to regulating the use of EM spectral frequencies, the FCC has also adopted guidelines

(47 Code of Federal Regulations [CFR] Parts 2.1 and 1.1310) to be used for controlling human exposure
to RFE. First established in 1985, these guidelines were revised and updated on August 1, 1996. The
FCC’s Maximum Permissible Exposure (MPE) limits are based on exposure limits recommended by the
NCRP and, over a wide range of frequencies, the exposure limits developed by the IEEE and adopted by
the ANSI in 1992.

In reaching its decision on adopting new guidelines, the FCC carefully considered the large number of
comments submitted in its rule-making proceeding, and particularly those submitted by the

U.S. Environmental Protection Agency (EPA), the Food and Drug Administration (FDA), and other federal
health and safety agencies.

The FCC’s limits, and the NCRP and ANSI/IEEE limits on which they are based, are derived from
exposure criteria quantified in terms of Specific Absorption Rate (SAR). The basis for these limits is a
whole-body averaged SAR threshold level of 4 watts per kilogram (W/kg), as averaged over the entire
mass of the body. Expert organizations have determined that potentially hazardous exposures may occur
at levels above this threshold. The new MPE limits are derived by incorporating safety factors that lead, in
some cases, to limits that are more conservative than the limits originally adopted by the FCC in 1985.
Where more conservative limits exist, they do not arise from a fundamental change in the RFE safety
criteria for whole-body averaged SAR, but from a precautionary desire to protect subgroups of the general
population who, potentially, may be more at risk. The standards have been separated into two categories:
Occupational/Controlled Exposure and General Population/Uncontrolled Exposure. The specifics of the
standards are listed in Tables C-3 and C-4.
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Table C-3. MPE Limits for Occupational/Controlled Exposure

Frequency Range Electric Field [E| Magnetic Field [H|  Power Density  Averaging Time |E[°,

(MHz) Strength (V/m) Strength (A/m) (S) (mW/cmZ) |H|2, or S (minutes)
0.3-3.0 614 1.63 (100)® 6
3.0-30 1842/f 4.89/f (900/f4)@ 6
30 - 300 61.4 0.163 1 6
300 - 1500® - - /300 6
1500 - 100,000 - - 5 6

Notes: (a) Plane-wave equivalent power density.
(b) PAVE PAWS range 420-450 MHz.

A/m = amperes per meter

|E|2 = square of electric field

f = frequency in megahertz

|H|2 = square of magnetic field

MHz = megahertz

MPE = Maximum Permissible Exposure
mW/cm? = milliwatts per square cm

S = power density

V/m = volts per meter

Source: FCC, Office of Engineering and Technology (OET), OET Bulletin 65: Evaluating Compliance with FCC Guidelines
for Human Exposure to Radiofrequency Electromagnetic Fields, Ed. 97-01, August 1997.

Table C-4. MPE Limits for General Population/Uncontrolled Exposure

Frequency Range Electric Field (E) Magnetic Field (H)  Power Density ~ Averaging Time |E[,

(MHz) Strength (V/m) Strength (A/m) (S) (mW/cm?)  |HJ% or S (minutes)
0.3-1.34 614 1.63 (100)® 30
1.34 - 30 824/f 2.19/f (180/f4)@ 30
30 - 300 275 0.073 0.2 30
300 - 1500(b) - - /1500 30
1500 - 100,000 - - 1 30

Notes: (a) Plane-wave equivalent power density
(b) PAVE PAWS range 420-450 MHz.

A/m = amperes per meter

|E|2 = square of electric field

f = frequency in megahertz (MHz)
|H|2 = square of magnetic field

MHz = megahertz

MPE = Maximum Permissible Exposure
mW/cm? = milliwatts per square cm

S = power density

V/m = volts per meter

Source: FCC, Office of Engineering and Technology (OET), OET Bulletin 65: Evaluating Compliance with FCC Guidelines
for Human Exposure to Radiofrequency Electromagnetic Fields, Ed. 97-01, August 1997.

The occupational/controlled exposure limits apply in situations in which persons are exposed as a
consequence of their employment, provided those persons are fully aware of the potential for exposure
and can exercise control over their exposure. Limits for occupational/controlled exposure also apply in
situations when an individual is transient through a location where occupational/controlled limits apply,
provided he or she is made aware of the potential for exposure.

The general population/uncontrolled exposures apply in situations in which the general public may be
exposed, or in which persons that are exposed as a consequence of their employment may not be fully
aware of the potential for exposure or cannot exercise control over their exposure.
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The FCC exposure limits are also based on data showing that the human body absorbs RFE at some
frequencies more efficiently than at others. The most restrictive limits apply to the frequency range of
30-300 MHz, in which whole-body absorption of RFE by human beings is most efficient. This concept is
illustrated in Figure C-2. At other frequencies, whole-body absorption is less efficient and consequently
the MPE limits are less restrictive.

C.2.1 FCC Exposure Limit Safety Factors

Standard-making organizations have incorporated varying safety factors into their existing exposure
standards, thus explaining the difference in exposure standards. The FCC has incorporated safety factors
into the MPE limits based on a whole-body SAR of 4 W/kg. Consensus throughout the scientific
community has established 4 W/kg as the threshold where thermal effects begin, resulting in observable
bioeffects. The lowest whole-body average SAR that caused detrimental health effects in animal studies
was found to be 4 W/kg. An exposure of humans to 4 W/kg for 30 minutes would result in a body
temperature rise of less than 1 degree Centigrade (°C), which is considered an acceptable rise in body
temperature.

The SAR is the rate of energy absorption per unit mass of an exposed object, or the basic RFE dosimetric
quantity. The SAR is directly proportional to the following variables:

Power density (S)

Square of the electric field |E|*
Square of the magnetic field |H|*
Square of the induced current (I°).

When exposed to RFE, the maximum SAR produced is 0.28 milliwatt per square centimeter (mW/cmz) at
a frequency of 70 MHz (|E| polarization). By comparison, the maximum aerobic power (heat conversion)
generated by a healthy man during heavy exertion is approximately 16.7 W/kg (Pacific Northwest National
Laboratory, 2001). Examples of ellipsoidal models used to predict SAR values are found in Figure C-3.
These models show varying orientations for the multiple variables involved in the prediction of the SAR.
Models such as the ones in Figure C-3 are often used in animal studies and human studies to predict SAR
values for given RFE exposure scenarios. Variables such as frequency and polarization of the RFE field,
size and shape of the exposed body, thermal conductivity of the body, and the surrounding
environment/ground plane all contribute to the measured SAR.

However, in the absence of adequate knowledge concerning the mechanisms of interactions between
radiofrequency (RF)/microwave energy and biological systems, and in light of the limitations inherent in
the SAR, the following conclusions can be drawn (World Health Organization, 1981):

¢ SAR alone cannot be used for the extrapolation of effects from one biological system to another, or for
the extrapolation of biological effects from one frequency to another

e Curves for exposure that produce equivalent SARs for a given body over the RF/microwave energy
spectrum may be used to predict equivalent average heating, provided the data concerning heat
dissipation indicate equivalent heat dissipation dynamics. Such curves cannot, however, be used as
the only basis for predicting biological effects or health risks over the RF/microwave spectrum, since
from current knowledge, it is not possible to state that equivalent average energy absorption rates for
given radiation frequencies is associated with equivalent biological effects.
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Based on the whole-body average SAR of 4 W/kg, the FCC adopted a limit of 0.4 W/kg as averaged over
the whole-body as the occupational/controlled exposure SAR limit. This exposure limit thus incorporates a
safety factor of 10 in order to allow for unfavorable, thermal, environmental, and possible long-term effects
and other variables. However, the distribution of the absorbed energy in the human body can be very
inhomogeneous and dependent on the RFE exposure conditions. In partial body exposure situations,
depending upon the frequency, the absorbed energy can be concentrated in a limited amount of tissue,
even though the whole-body average SAR is restricted to less than 0.4 W/kg. Therefore, the spatial peak
SAR cannot exceed 8 W/kg as averaged over any 1 gram of tissue (defined as a tissue volume in the
shape of a cube). Exceptions to this limit include the hands, wrists, feet, and ankles where the spatial
peak SAR shall not exceed 20 W/kg, as averaged over any 10 grams of tissue (defined as a tissue
volume in the shape of a cube). This is due to the fact that devices such as hand-held transmitting radios
may exceed or cause a higher localized SAR in these body regions, but would not exceed the whole-body
SAR.

Based on the whole-body average SAR of 4 W/kg, the FCC adopted a limit of 0.08 W/kg as averaged
over the whole-body as the general population/ uncontrolled exposure SAR limit. This limit incorporates
an additional safety factor of 5 above that for controlled exposure, for a total safety factor of 50, to allow
for unfavorable, thermal, environmental, and possible long-term effects, and other variables. The spatial
peak SAR cannot exceed 1.6 W/kg as averaged over any 1 gram of tissue (defined as a tissue volume in
the shape of a cube). The spatial peak SAR for the hands, wrists, feet, and ankles shall not exceed

4 W/kg as averaged over any 10 grams of tissue (defined as a tissue volume in the shape of a cube).

C.2.2 Restricted Access and Warning Signhs

Another aspect to the FCC exposure limits relates to accessibility to areas where high RFE levels may be
present. Exposure may be limited by restricting access by means of erecting security fencing, posting
warning signs, or locking out unauthorized persons in areas, where practical. There may be situations in
which RFE levels may exceed MPE limits for the general population in remote areas, such as
mountaintops or sparsely populated areas, which could conceivably be accessible but are not likely to be
visited by the public. In such cases, if appropriate warning signs properly mark the area of concern,
fencing or the erection of a permanent barrier may not be necessary. The FCC has adopted the RFE
warning sign format produced by ANSI (ANSI C95.2-1982), and recommends the use of such signs;
however, in some circumstances, long-lasting and clearly visible symbols are more important than the
exact color used on the signage.

C.2.3 Summary

A brief overview of the FCC’s regulations relating to RFE exposure has been presented above. The
complete regulation can be examined by reading OET Bulletin 65: Evaluating Compliance with FCC
Guidelines for Human Exposure to Radiofrequency Electromagnetic Fields, including Supplements A, B,
and C. These documents are available in an electronic format through the FCC’s website at
http://www.fcc.gov/oet/rfsafety. Even though the FCC has promulgated their own regulations through the
CFR, these regulations are based on the ANSI/IEEE C95.1-1992 (i.e., basic SAR and current limits) and
NCRP exposure standards (i.e., MPEs and frequency range); therefore, these standards represent the
intense scrutiny and peer reviewed findings from a multidisciplinary panel of experts.
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Robert Brenner, Acting Deputy Assistant Administrator for Air and Radiation, U.S. EPA Office of Air and
Radiation, wrote a letter to the FCC dated April 30, 1999, relating to the FCC RFE Guidelines and the role
of other government agencies in the FCC rule-making process. Mr. Brenner stated:

The FCC guidelines expressly take into account thermal effects of RF energy, but
do not directly address postulated non-thermal effects, such as those due to
chronic exposure. That is the case largely because of the paucity of scientific
research on chronic, non-thermal health effects. The information base on non-
thermal effects has not changed significantly since the EPA's original comments
in 1993 and 1996. A few studies report that at non-thermal levels, long-term
exposure to RF energy may have biological consequences. The majority of
currently available studies suggest, however, that there are no significant non-
thermal human health hazards. It therefore continues to be EPA's view that the
FCC exposure guidelines adequately protect the public from all scientifically
established harms that may result from RF energy fields generated by FCC
licensees.

Based on the scientifically and regulatory-accepted standards-making process, the RFE exposure limits
adopted by the FCC provide an acceptable level of protection to persons occupationally exposed to RFE
and to the general population who may not be aware of potential RFE exposures within their surrounding
environment. Even though these RFE exposure limits and regulations apply only to FCC-licensed facilities
and transmitters, the rapid commercialization of the telecommunications industry brings the potential for
the application of these regulations into the everyday lives of the general population.

C3 THE INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS

The IEEE is a non-profit, technical professional association of more than 350,000 individual members in
150 countries. Through its members, the |IEEE is a leading authority in technical areas ranging from
computer engineering, biomedical technology, and telecommunications, to electric power, aerospace/
consumer electronics, and RF/microwave radiation.

The basis for the ANSI/IEEE C95.1-1999 standard goes back to the promulgation of ANSI C95.1-1982. In
1992, extensive revisions of the earlier standard were introduced into ANSI C95.1-1982 based on
improved dosimetry that defined frequency-dependent limits on fields and power density. Also, the validity
of the previously adopted SAR criterion of 4 W/kg as a basis for standard setting was questioned. A
majority of the Risk Assessment Working Group agreed that the literature was still supportive of the

4 W/kg criterion, in addition to reaffirming the safety factor of 10 that yielded an SAR of 0.4 W/kg as the
working basis for the MPE. Finally, a debate arose as to the need for two tiers of MPEs to distinguish
occupational and general public exposures. In deliberations about the two-tiered system, ANSI concluded
that no reliable scientific data exist indicating that:

e Certain subgroups of the population are more at risk than others
o Exposure duration at ANSI C95.1-1982 levels presents a significant risk
o Damage from exposure to EM fields is cumulative

¢ No thermal (other than shock) or modulation-specific sequelae of exposure may be meaningfully
related to human health.
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In the promulgation of ANSI/IEEE C95.1-1999 (includes the 1992 standard), ANSI/IEEE adhered to the
scientific base of data in the determination of exposure levels that would be safe not only for personnel in
the working environment, but also for the public at large. ANSI determined that no verified reports exist of
injury to human beings or of adverse effects on the health of human beings who have been exposed to
EM fields within the limits of frequency and SAR specified by previous ANSI standards, including ANSI
C95.1-1982.

In ANSI/IEEE C95.1-1999, there are extensive modifications of the averaging time for determining
permissible exposure. At the upper frequencies, these rules agree with soundly based averaging times
derived from optical considerations. At the lower frequencies, new rules on induced currents have been
introduced to prevent RFE shock or burns upon grasping contact with an object in an RF environment.
For the 1999 revisions, research on the effects of chronic exposure and speculations on the biological
significance of nonthermal interactions have not resulted in any meaningful basis for alteration of the
standard.

In reaching their conclusion that existing research has not resulted in a meaningful basis for alteration of
the standard, ANSI/IEEE selected an initial list of 321 papers as representative of the current state of
knowledge on the many RFE bioeffects topics. The prime criterion governing the first selection was peer
review before publication. Other selection criteria were publication date (with greater emphasis given to
more recent publications on each topic), possible significance of findings (positive or negative) to human
health, and relevance to concerns expressed by citizens groups. A final database for the standard
comprised 120 papers.

Furthermore, in the continued support of the 4 W/kg SAR criterion, which marks the threshold for
unfavorable biological effects in human beings, the IEEE cited: “in terms of human metabolic heat
production, 4 W/kg represents a moderate activity level (e.g., housecleaning or driving a truck) and falls
well within the normal range of human thermoregulation.”

The IEEE C95.1-1999 RFE exposure limits are designed to protect specific exposure groups, thus the two
separate exposure standards. The exposure limits have been separated into two categories:

(1) Controlled Environments and (2) Uncontrolled Environments. The specifics of the exposure limits are
listed in Tables C-5, C-6, C-7, and C-8.

The controlled environment exposure limits apply in situations in which persons are exposed as a
consequence of their employment, provided those persons are fully aware of the potential for exposure
and can exercise control over their exposure. Limits for controlled environments also apply in situations
when an individual is transient through a location where controlled environment limits apply, provided he or
she is made aware of the potential for exposure. Controlled environments would be the most likely areas
where the induced and contact RF current limits would apply, as these measurements are primarily made
in the near-field because far-field RFE levels are negligible.

Exposure associated with an uncontrolled environment is the exposure of individuals who have no
knowledge or control of their exposure. The exposure may occur in living quarters or workplaces where
there are no expectations that the exposure levels may exceed those in Table C-7, and where the induced
currents do not exceed those in Table C-8.

C.3.1 Relaxation of Partial Body Exposure Limits

The adoption of IEEE C95.1, 1999 Edition brought the relaxation of the existing partial body exposure
limits, with the exception of the eyes and testes. Compliance with the MPEs of Tables C-5, C-6, C-7, and
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Table C-5. Maximum Permissible Exposure Limits for Controlled Environments®

Frequency Electric Field  Magnetic Field Power Density (S) Avegaging Time
Range |E| Strength |H| Strength |E|-field, |H|-field IE|°, [H| or S
(MH2z) (V/im) (A/m) (mW/cmZ) (minutes)

0.003 - 0.1 614 163 (100, 1 x 10°)® 6
0.1-3.0 614 16.3/f (100, 1 x 10%/F)® 6
3-30 1842/f 16.3/f (900/f%, 1 x 10%/f%) 6
30 - 100 61.4 16.3/f (1.0, 1 x 10*f?) 6
100 - 300 61.4 0.163 1.0 6
300 - 3000 - - /300 6
3000 - 15,000 - - 10 6
15,000 - 300,000 - - 10 616,000/

Notes: (a) The exposure values in terms of electric and magnetic field strengths are the mean values obtained by
spatially averaging the squares of the fields over an area equivalent to the vertical cross section of the
human body (projected area).

(b) These plane-wave equivalent power density values, although not appropriate for near-field conditions, are
commonly used as a convenient comparison with MPEs at higher frequencies and are displayed on some
instruments in use.

A/m = amperes per meter

|E|2 = square of electric field

f = frequency in megahertz

|H|2 = square of magnetic field

MHz = megahertz

MW/cm? = milliwatts per square centimeter
S = power density

V/m = volts per meter

Source: |EEE Standard for Safety Levels with Respect to Human Exposure to Radiofrequency Electromagnetic Fields,
3 kHz to 300 GHz, April 1999; IEEE Standard C95.1, 1999 Edition.

Table C-6. Induced and Contact Radiofrequency Currents (Controlled Environments)(a)
Frequency Range Maximum Current (mA)

(MHz) Through both feet Through each foot Contact
0.003 - 0.1 2000 x f 1000 x f 1000 x f
0.1-100 200 100 100

Note: (a) It should be noted that the current limits given above may not adequately protect against startle reactions
and burns caused by transient discharges when contacting an energized object.

frequency in megahertz

milliamperes

megahertz

f
mA
MHz

Source: |EEE Standard for Safety Levels with Respect to Human Exposure to Radiofrequency Electromagnetic
Fields, 3 kHz to 300 GHz, April 1999; IEEE Standard C95.1, 1999 Edition.

C-8 is determined from spatial averages of power density or the mean squared electric and magnetic field
strengths over an area equivalent to the vertical cross section of the human body (projected area) at a
distance no closer than 20 cm from any object. Table C-9 summarizes the relaxation of partial-body
exposures.

At low frequencies, the magnetic field limits have been relaxed relative to ANSI C95.1-1982. Models have
been used to demonstrate that the new limits will ensure SARs less than 1/20 of those specified

(i.e., 0.4 and 0.08 W/kg). For frequencies between 0.003 and 0.1 MHz (far below the frequencies used by
PAVE PAWS), the induced current in controlled environments is limited to reduce the probability of
reactions caused by induced currents that exceed perception thresholds for grasping contact with
energized objects. For uncontrolled environments, the contact current is based on laboratory data on
perception of currents at different frequencies in humans.
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Table C-7. Maximum Permissible Exposure Limits for Uncontrolled Environments®

Frequency Electric Field  Magnetic Field = Power Density (S) Averaging Time
Range |E| Strength |H| Strength |E|-field, |H|-field IE% S, or [HP?
(MHz) (V/m) (A/m) (mW/cmz) (minutes)

0.003 - 0.1 614 163 (100, 1 x 10°)® 6 6
0.1-1.34 614 16.3/f (100, 1 x 10%/F)® 6 6
1.34-3.0 823.8/f 16.3/f (180/f, 1 x 10%/f%) /0.3 6
3.0-30 823.8/f 16.3/f (180/, 1 x 104/f22 30 6

30 - 100 27.5 158.3/f' 08 (0.2, 940000/f>3%°) 30 0.0636f" %7
100 - 300 27.5 0.0729 0.2 30 30
300 - 3000 - - /1500 30 -
3000 - 15,000 - - /1500 90000/ -
15,000 - 300,000 - - 10 616000/ -

Notes: (a) The exposure values in terms of electric and magnetic field strengths are the mean values obtained by spatially
averaging the squares of the fields over an area equivalent to the vertical cross section of the human body
(projected area).
(b) These plane-wave equivalent power density values, although not appropriate for near-field conditions, are
commonly used as a convenient comparison with MPEs at higher frequencies and are displayed on some
instruments in use.

A/m = amperes per meter

|E|2 = square of electric field

f = frequency in megahertz

|H|2 = square of magnetic field

MHz = megahertz

mW/cm? = milliwatts per square centimeter
S = power density

V/m = volts per meter

Source: |EEE Standard for Safety Levels with Respect to Human Exposure to Radiofrequency Electromagnetic Fields, 3 kHz
to 300 GHz, April 1999; IEEE Standard C95.1, 1999 Edition.

Table C-8. Induced and Contact Radiofrequency Currents (Controlled Environments)(a)

Frequency Range Maximum Current (mA) Contact
(MHz) Through both feet Through each foot
0.003 - 0.1 900 x f 450 x f 450 x f
0.1-100 90 45 45

Note: (a) It should be noted that the current limits given above may not adequately protect against startle
reactions and burns caused by transient discharges when contacting an energized object.

frequency in megahertz

milliamperes

megahertz

f
mA
MHz

Source: |EEE Standard for Safety Levels with Respect to Human Exposure to Radiofrequency Electromagnetic
Fields, 3 kHz to 300 GHz, April 1999; IEEE Standard C95.1, 1999 Edition.

At frequencies above 6 GHz, the exposure in human tissue is quasi-optical and the SAR exclusion does
not apply. At higher frequencies (i.e., greater than 15 GHz), it is known that penetration depth into tissue
is much less than 1 cm and thermal time constraints drop to seconds. Conversely, below 0.1 MHz the
SAR exclusion rule does not apply; in fact, limits on internal current density can substitute as the basis for
exclusion. At these frequencies, the limits are meant to limit the internal current produced by the RF field
in order to prevent shock or burns from the discharge of internal body current with an object. The
radiating structure must be more than 2.5 cm from the body.
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Table C-9. Partial Body Exposure Limits

Exposure Frequency Peak value of mean Equivalent power density
Characteristics (GHz) squared field (mW/cm?)
0.0001<f<0.3 < 20 |EJ or 20 [H[*® -
Controlled 03<f<6 - <20
Environment 6<f<96 - < 20 (f/6)"
96 < f <300 - 40
0.0001 <f<0.3 <20 |EF or 20 [H["™
Uncontrolled 0.3<f<6 - 4
Environment 6<f<30 - /1.5
30 <f< 300 - 20

Notes: (a) |E|and |H| are the spatially averaged values from Table C-5.
(b) |E| and |F| are the spatially averaged values from Table C-7.

f frequency in gigahertz

gigahertz

milliwatts per square centimeter

GHz
mW/cm?

Source: |EEE Standard for Safety Levels with Respect to Human Exposure to Radiofrequency Electromagnetic Fields,
3 kHz to 300 GHz, April 1999; IEEE Standard C95.1, 1999 Edition.

C.3.2 ANSI/IEEE Exposure Limit Safety Factors

Biological hazards commonly pose special difficulties to the formulation of safety factors. This is the case
regarding the causal relationship between RF exposure levels and an observable biological effect. For
some phenomena, the threshold concept may be accepted; however, the distribution of responses is
inadequately known to formulate a moderately precise factor or margin of safety. A practical discussion of
inference guidelines for risk management is included in the National Research Council’'s Committee on
the Institutional Means for Assessment of Risks to the Public Health, Risk Assessment in the Federal
Government: Managing the Process, Commission on Life Sciences. IEEE states, “It is the explicit
recognition of the need to distinguish between ‘science’ and ‘science policy’ in the formulation of
guidelines.” The previous standard, ANSI C95.1-1982, invoked a safety factor of 10 on the threshold of

4 W/kg whole-body average SAR, but incorporated numerous “conservative assumptions” or implicit
contributions toward “safety.” The list of conservative assumptions included the following:

o The threshold selected itself (evidence of behavioral disruption) is not a defined hazard; rather it was
assumed that chronic exposure under such conditions constitutes a health hazard

e The direct extrapolation from animal to man, arguably, is a conservative assumption given the
demonstrably superior thermoregulation of man compared to the reference species

e The selection of the far-field, E-polarized “worst-case” exposure as the reference conditions (the SAR
decreases markedly for other polarizations)

e The incorporation in one contour of the resonance frequencies (maximum absorption occurs at about
708 mHz for a standard man [about 175 cm in height]) for all size humans (the SAR falls off markedly
for frequencies below resonance).

The collective impact of these “conservative” assumptions is to provide a degree of safety or freedom
from hazard for a given human over time and space much greater than is implied by the explicit safety
factor of 10. In the context of human thermoregulation, the impact of exposure to 0.4 W/kg is practically
indistinguishable from the impact of normal ambient temperature variation, exposure to the sun, exercise,
etc. The effect of the last two bullets above greatly reduces the likelihood that the exposure of a given

March 2009 Cape Cod Air Force Station, Final Supplemental EIS C-13



human to the fields permitted under the standard will produce a whole-body average SAR of 0.4 W/kg,
except at the individual’s resonant frequency, oriented for E-polarization in the far-field. IEEE concluded
that, for the ANSI/IEEE C95.1, 1999 Edition, an additional safety factor was justified only in an
uncontrolled environment and then only for exposures that are penetrating or associated with complicating
factors like effects from contacting metal objects. The existing safety factor, which is already very
conservative, was unchanged by IEEE in the 1999 Edition.

In summary, the use of a safety factor presupposes the selection of a threshold for a hazard. The existing
MPEs are based on the threshold for behavioral disruption with acute (short-term) exposures of
experimental animals. The threshold selected was 4 W/kg and the explicit safety factor of 10 was applied
to obtain a maximum permitted SAR (whole-body average) of 0.4 W/kg. In addition to this explicit safety
factor, the MPE contains multiple conservative assumptions that constitute implicit or hidden contributions
to a less precise, but much greater margin of safety. An extra safety factor is justified only for some
exposures in an uncontrolled environment.

C.3.3 Restricted Access and Warning Signs

Revisions to the existing ANSI/IEEE C95.2-1988 standard include the expanded use of the well-known
C95 symbol as well as the introduction of a symbol to discourage contacting metal surfaces that could
result in undesirable contact currents. Otherwise, the existing signage and restricted access requirements
around areas where potential exposure to RFE levels approaching or exceeding the MPEs continues to be
emphasized in the revised ANSI/IEEE C95.2-1999, Standard for Radiofrequency Energy and Current Flow
Symbols. Figure C-4 provides a graphical illustration of the advisory symbol for RFE.

C.3.4 Summary

Both ANSI and IEEE standards review policies require that each of its standards and/or guides be
reviewed at 5-year intervals. Revisions to the previous ANSI/IEEE C95.1-1982 standard have resulted in
the promulgation of C95.1, 1999 Edition, which contains updated scientific, peer-reviewed research in the
area of RFE exposure and has based revised exposure limits (MPEs) on these data. IEEE standards are
considered international; therefore, the input, scrutiny, and development of IEEE standards come from a
diverse and multidisciplinary assembly of persons. Over the last 30 years, there have been attempts by
the U.S. EPA, National Institute for Occupational Safety and Health (NIOSH), and the Occupational Safety
and Health Administration (OSHA) to develop federal standards or guidance on safe RFE exposure, but
all have failed. Federal agencies have primarily relied on the ANSI/IEEE C95 series of standards for the
determination of safe exposure limits for RFE. An important factor in this process has been and is the
existence of a Federal Policy, OMB A-119, mandating support of and participation by Federal agencies in
the voluntary standards-setting process (OMB, 1993). In all, the credibility of the IEEE standards-making
process has bestowed an international acceptance of IEEE standards, although other standards-making
organizations have created their own RFE exposure standards (e.g., International Radiation Protection
Association [IRPA]), resulting in a general consensus of exposure limits used today throughout the United
States and many countries worldwide.
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C4 INTERNATIONAL RADIATION PROTECTION ASSOCIATION AND THE INTERNATIONAL
COMMISSION ON NON-IONIZING RADIATION PROTECTION

In 1974, the IRPA formed a working group on non-ionizing radiation, which examined the problems arising
in the field or protection against the various types of non-ionizing radiation. At the IRPA Congress in Paris,
France, in 1977, this working group became the International Non-lonizing Radiation Committee (INIRC).
In cooperation with the Environmental Health Division of the WHO, the IRPA/INIRC developed a number
of health criteria documents on non-ionizing radiation as part of WHO’s Environmental Health Criteria
Programme, sponsored by the United Nations Environment Programme (UNEP).

At the Eighth International Congress of the IRPA in Montreal, Canada, in 1992, a new, independent
scientific organization, the International Commission on Non-lonizing Radiation Protection (ICNIRP), was
established as a successor to the IRPA/INIRC. The functions of the Commission are to investigate the
hazards that may be associated with the different forms of non-ionizing radiation, develop international
guidelines on non-ionizing radiation exposure limits, and deal with all aspects of non-ionizing radiation
protection.

Guidelines on high-frequency and 50/60 Hertz (Hz) EM fields were issued by IRPA/INIRC in 1988 and
1990, respectively, but are superseded by the 1998 ICNIRP Guidelines for Limiting Exposure to Time-
Varying Electric, Magnetic, and Electromagnetic Fields (up to 300 GHz). The 1998 ICNIRP RFE
reference levels are listed in Tables C-10 and C-11.

According to ICNIRP, the occupationally exposed population consists of adults who are generally exposed
under known conditions and are trained to be aware of potential risks and to take appropriate precautions.

According to ICNIRP, the general public comprises individuals of all ages and of varying health status, and
may include particularly susceptible groups or individuals. In many cases, members of the general public
are unaware of their exposure to EM fields. Moreover, individual members of the public cannot
reasonably be expected to take precautions to minimize or avoid exposure. It is these considerations that
underlie the adoption of more stringent exposure restrictions for the public than the occupationally
exposed population.

The ICNIRP has established two types of exposure limits: Basic Restrictions, Reference Levels.
Restrictions on the effects of exposure are based on established health effects and are termed basic
restrictions. Depending on frequency, the physical quantities used to specify the basic restrictions on
exposure to EM fields are current density, SAR, and power density. Protection against adverse health
effects requires that these basic restrictions are not exceeded. Reference levels of exposure are provided
for comparison with measured values of physical quantities; compliance with all reference levels given in
the 1998 ICNIRP Guidelines for Limiting Exposure to Time-Varying Electric, Magnetic, and
Electromagnetic Fields (up to 300 GHz) will ensure compliance with the basic restrictions. If measured
values are higher than reference levels, it does not necessarily follow that the basic restrictions have been
exceeded, but a more detailed analysis is necessary to assess compliance with the basic restrictions.

Because the body perceives/absorbs the RFE differently at different frequencies, the 1998 ICNIRP
guidelines established basic restrictions for multiple frequency ranges for both the occupationally exposed
and general public populations. The basic restrictions are listed in Tables C-12 and C-13. The basis for
the revision of the 1988 and 1990 guidelines, and promulgation of the 1998 ICNIRP Guidelines for Limiting
Exposure to Time-Varying Electric, Magnetic, and Electromagnetic Fields (up to 300 GHz) was a thorough
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Table C-10. Reference Levels for Occupational Exposure to Time-varying
Electric/Magnetic Fields (unperturbed rms values)

Equivalent Plane Wave

Frequency |E|-field Strength  [H|-field Strength B-field Power Density,
Range (V/m) (A/m) (uT) Seq (W/m?)
Upto 1 Hz - 1.63x 10° 2x10° -
1-8Hz 20,000 1.63 x 10°%/f 2 x 10°%/f -
8-25Hz 20,000 2 x 10%f 2.5 x 10%/f -
0.025 - 0.82 kHz 500/f 20/f 25/f -
0.82 - 65 kHz 610 24.4 30.7 -
0.065 - 1 MHz 610 1.6/f 2.0/f -
1-10 MHz 610/f 1.6/f 2.0/f -
10 - 400 MHz 61 0.16 0.2 10
400 - 2000 MHz 3f” 0.008f” 0.01f” /40
2-300 GHz 137 0.36 0.45 50

Notes: (a) fas indicated in the frequency range column.

(b) Provided that basic restrictions are met and adverse indirect effects can be excluded, field strength values
can be exceeded.

(c) For frequencies between 100 kHz and 10 GHz, Seq, |E|2, |H|2, and B? are to be averaged over any
6-minute period.

(d) For peak values at frequencies up to 100 kHz (see Table 4 in the Standard, note 3).

(e) For peak values at frequencies exceeding 100 kHz (see Figures 1 and 2 in the Standard). Between
100 kHz and 10 MHz, peak values for the field strengths are obtained by interpolation from the 1.5-fold
peak at 100 kHz to the 32-fold peak at 10 MHz. For frequencies exceeding 10 MHz, it is suggested that
the peak equivalent plane wave power density, as averaged over the pulse width, does not exceed
1000 times the Seq restrictions, or that the field strength does not exceed 32 times the field strength
exposure levels in Table 3.2-8.

(f)  For frequencies exceeding 10 GHz, Seq, |E|2, |H|2, and B are to be averaged over any 68/f"%-minute
period (f in GHz).

(g9) No |E|-field value is provided for frequencies <1Hz, which are effectively static electric fields.

A/m = amperes per meter
EZ = electric field

f = frequency in megahertz
GHz = gigahertz

H? = magnetic field

Hz = hertz

kHz = kilohertz

MHz = megahertz

rms = root mean square

S = power density

uT = microTesla

V/m = volts per meter

Wim? = watts per square meter

Source: 1998 ICNIRP Guidelines for Limiting Exposure to Time-Varying electric, Magnetic, and Electromagnetic Fields
(up to 300 GHz).
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Table C-11. Reference Levels for General Public Exposure to Time-varying

Electric/Magnetic Fields (unperturbed rms values)

Equivalent Plane Wave

Frequency |E|-field Strength  [H|-field Strength B-field Power Density, S¢q
Range (V/m) (A/m) (uT) (W/m?)

Upto 1 Hz - 3.2x10" 4x10* -
1-8 Hz 10,000 3.2 x 10%/f 4 x 10%/f -
8-25 Hz 10,000 4000/f 5000/f -
0.025-0.8 kHz 250/f 4/f 5/f -
0.8-3 kHz 250/f 5 6.25 -
3-150 kHz 87 5 6.25 -
0.15-1 MHz 87, 0.73/f 0.92/f
1-10 MHz 87/f" 0.73/f 0.92/f -
10-400 MHz 28 0.073 0.092 2
400-2000 MHz 1.375f"* 0.0037f" 0.0046f" /200
2-300 GHz 61 0.16 0.2 10
Notes: (a) fas indicated in the frequency range column

(b)
(c)

(d)
(e)

®

(9
A/m

E[*
f

GHz
H?
Hz
kHz
MHz
S

uT
V/m
W/m

2

Provided that basic restrictions are met and adverse indirect effects can be excluded, field strength values
can be exceeded
For frequencies between 100 kHz and 10 GHz, Seq, |E|2, |H|2, and B? are to be averaged over any
6-minute period
For peak values at frequencies up to 100 kHz (see Table 4 in the Guidelines, note 3)
For peak values at frequencies exceeding 100 kHz (see Figures 1 and 2 in the Guidelines). Between
100 kHz and 10 MHz, peak values for the field strengths are obtained by interpolation from the 1.5-fold
peak at 100 kHz to the 32-fold peak at 10 MHz. For frequencies exceeding 10 MHz, it is suggested that
the peak equivalent plane wave power density, as averaged over the pulse width, does not exceed 1000
times the Seq restrictions, or that the field strength does not exceed 32 times the field strength exposure
levels in Table 3.2-9.
For frequencies exceeding 10 GHz, Seq, |E|2, |H|2, and B are to be averaged over any 68/f1.05-minute
period (f in GHz)
No |E|-field value is provided for frequencies <1Hz, which are effectively static electric fields

= amperes per meter
electric field
frequency in MHz
gigahertz
magnetic field
hertz
kilohertz
megahertz
power density
microTesla
volts per meter
watts per square meter

Source: 1998 ICNIRP Guidelines for Limiting Exposure to Time-Varying electric, Magnetic, and Electromagnetic Fields
(up to 300 GHz).
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Table C-12. Basic Restrictions for Time-varying |E|- and |H|-fields (up to 10 GHz)

Current Density  Whole-body Localized Localized

for head and average SAR (head SAR
Exposure Frequency trunk SAR and trunk) (limbs)
Characteristics Range (mA/mz)(rms) (W/kg) (W/kg) (W/kg)
Upto1Hz 40 - - -
1-4Hz 40/f - - -
Occupational 4 Hz-1kHz 10 - - -
Exposure 1-100 kHz /100 - - -
100 kHz - 10 MHz /100 0.4 10 20
10 MHz — 10 GHz - 04 10 20
Upto1Hz 8 - - -
1-4Hz 8/f - - -
General Public 4 Hz-1 kHz 2 - - -
Exposure 1-100 kHz /500 - - -
100 kHz - 10 MHz /500 0.08 2 4
10 MHz — 10 GHz - 0.08 2 4

Notes: (a) Because of electrical inhomogeneity of the body, current densities should be averaged over a cross-section
of 1 cm2 perpendicular to the current direction.

(b) For frequencies up to 100 kHz, peak current density values can be obtained by multiplying the rms value by
2% (~1.414). For purposes of duration to the equivalent frequency to apply in the basic restrictions should
be calculated as f = 1/(2tp).

(c) For frequencies up to 100 kHz and for pulsed magnetic fields, the maximum current density associated with
the pulses can be calculated from the rise/fall times and the maximum rate of change of magnetic flux
density. The induced current density can then be compared with the appropriate basic restriction.

(d) All SAR values are to be averaged over any 6-minute period.

(e) Localized SAR averaging mass is any 10 g of contiguous tissue; the maximum SAR so obtained should be
the value used for the estimation of exposure.

(f) For pulses of duration tp, the equivalent frequency to apply in the basic restrictions should be calculated as
f=1/(2tp). Additionally, for pulsed exposures, in the frequency range of 0.3 to 10 GHz and for localized
exposure of the head, in order to limit or avoid auditory effects caused by thermoelastic expansion, an
additional basic restriction is recommended. This is that the specific energy absorption (SA) should not
exceed 10 mJ/kg for workers and 2 mJ/kg for the general public averaged over 10 g of tissue.

E = electric field

f = frequency in hertz
GHz = gigahertz

H = magnetic field

Hz = hertz

kHz = kilohertz

mA/m? = milliamperes per square meter
MHz = megahertz

rms = root mean square

SAR = specific absorption rate
W/kg = watts per kilogram

Source: 1998 ICNIRP Guidelines for Limiting Exposure to Time-Varying electric, Magnetic, and Electromagnetic Fields
(up to 300 GHz).

review of existing scientific literature related to short-term, immediate health effects (i.e., established
effects). Regarding long-term effects of RFE exposure, ICNIRP concluded that available data are
insufficient to provide a basis for setting exposure restrictions, although epidemiological research has
provided suggestive, but unconvincing, evidence of an association between carcinogenic effects and long-
term, low-level RFE exposures.
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Table C-13. Basic Restrictions for Power Density (10 GHz to 300 GHz)

Exposure Characteristics Power Density (W/m®)
Occupational Exposure 50
General Public 10

Notes: (a) Power densities are to be averaged over any 20 cm? of exposed area and any 68/f1.05-minute period
(where fis in GHz) to compensate for progressively shorter penetration depth as the frequency increases.
(b) Spatial maximum power densities, averaged over 1 cm? should not exceed 20 times the values above.
GHz = gigahertz
W/m? watts per square meter

Source: 1998 ICNIRP Guidelines for Limiting Exposure to Time-Varying electric, Magnetic, and Electromagnetic Fields
(up to 300 GHz).

Although the ICNIRP reviewed biological effects and epidemiological studies from a multitude of
frequencies, the frequency range between 100 kHz and 300 GHz will be discussed here because of its
relevance to PAVE PAWS. A discussion of biological effects associated with all frequencies evaluated for
the purpose of the ICNIRP RFE exposure limits can be found in the 1998 ICNIRP Guidelines for Limiting
Exposure to Time-Varying Electric, Magnetic, and Electromagnetic Fields (up to 300 GHz).

In their summary of the biological effects for frequencies between 100 kHz and 300 GHz, ICNIRP pointed
toward the available experimental evidence that indicates that exposure of resting humans to EM fields for
approximately 30 minutes resulting in a whole-body SAR between 1 and 4 W/kg yields a body temperature
increase of less than 1°C. These data form the basis for an occupational exposure restriction of 0.4 W/kg,
which provides a margin of safety for other limiting conditions, such as high ambient temperature,
humidity, or level of physical activity.

C.4.1 ICNIRP Exposure Limit Safety Factors

There is insufficient information on the biological and health effects of EM fields (e.g., RFE) exposure of
human populations and experimental animals to provide a rigorous basis for establishing safety factors
over the whole frequency range and for all frequency modulations. Further, some of the uncertainty
regarding the appropriate safety factor derives from a lack of knowledge regarding the appropriate dose
metric (Repacholi, 1998). The following general variables were considered by ICNIRP in the development
of safety factors for high-frequency fields.

o Effects of exposure to EM fields under severe environmental conditions (e.g., high temperature, high
humidity) and/or high-activity levels

e The potentially higher thermal sensitivity in certain population groups, such as the elderly, infants and
young children, and people with diseases or taking medications, that compromise thermal tolerance.

Based on the available scientific data that indicate an SAR of 4 W/kg is the threshold for the occurrence of
harmful biological effects, ICNIRP has established a whole-body average SAR of 0.4 W/kg as the
restriction that provides adequate protection for occupational exposures. Thus, the ICNIRP has
incorporated a safety factor of 10 into the whole-body average SAR restriction. This is consistent with the
whole-body SAR safety factor for occupational exposures adopted by other regulatory/standard-making
organizations (i.e., IEEE and the FCC). For the general public, an additional safety factor of 5 was
introduced, giving an average whole-body SAR restriction of 0.08 W/kg, again consistent with the whole-
body SAR safety factor for general public exposures regulatory/standard-making organizations (i.e., IEEE
and the FCC). The lower restriction for the whole-body SAR exposure for the general public takes into
account the likelihood that the age and health status (e.g., infants, elderly) of the general population may
differ from those of workers exposed to RFE occupationally.
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The ICNIRP incorporated specific safety factors into the derivation of the reference levels for exposure of
the general public by using various factors over the entire frequency range. These factors have been
chosen on the basis of effects that are recognized as specific and relevant for the various frequency
ranges. Generally speaking, the factors follow the basic restrictions over the entire frequency range. The
safety factors for specific frequencies include the following:

¢ In the frequency range up to 1 kHz, the general public reference levels for |E|-fields are one-half of the
values established for occupational exposures. This value was chosen to prevent adverse indirect
effects for more than 90 percent of exposed individuals.

¢ In the low-frequency range up to 100 kHz, the general public reference levels for |H|-fields are set at a
factor of 5 below the values set for occupational exposures.

¢ In the frequency range of 100 kHz to 10 MHz, the general public reference levels for |H|-fields have
been increased compared with the limits given in the 1988 IRPA guideline. The 1988 IRPA guideline
exposure limits were considered too conservative, because the |H|-field at frequencies below 10 MHz
do not contribute significantly to the risk of shocks, burns, or surface charge effects that form the
basis for limiting occupational exposure to |E|-fields in that frequency range.

¢ In the high-frequency range (10 MHz to 10 GHz), the general public reference levels for |E|- and |H|-
fields are lower by a factor of 2.2 than those set for occupational exposure. The factor of 2.2
corresponds to the square root of 5, which is the safety factor between the basic restrictions for
occupational exposure and those set for general public exposures. The square root is used to relate
the quantities field strength and power density the whole-body SAR safety factor for general public
exposures.

¢ In the high-frequency range 10 GHz to 300 GHz, the general public reference levels are defined by the
power density, as in the basic restrictions, and are lower by a factor of 5 than the occupational
exposure restrictions.

e For frequencies between ~0.3 GHz and several GHz and for localized exposure of the head, in order
to limit or avoid auditory effects, the specific absorption from pulses must be limited (this concept is
described in greater detail within the 1998 ICNIRP guidelines).

In Tables C-10 and C-11, different frequency break points occur for occupational- and general public-
derived reference levels. This is a consequence of the varying factors used to derive the general public
reference levels, while generally keeping the frequency dependence the same for both occupational and
general public levels.

C.4.2 Restricted Access and Warning Signs

Although the ICNIRP does not specifically address these topics, they do provide recommended
procedures relating to protective measures for occupational and general public exposure groups. ICNIRP
states, “Protective measures must be implemented when exposure in the workplace results in the basic
restrictions being exceeded.” Protective measure recommendations include engineering controls

(e.g., good safety design, interlocks, or similar measures); administrative controls (e.g., audible/visual
warnings); and personal protective equipment (PPE) (e.g., protective clothing). PPE should be
implemented as the last resort to ensure worker protection. With the exception of PPE, the same
measures can be applied to the general public whenever there is a possibility that the general public
reference levels might be exceeded. It is also essential to establish and implement rules that will prevent:

o Interference with medical electronic equipment and devices (including cardiac pacemakers)
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e Detonation of electroexplosive devices (EEDs)

e Fires and explosions resulting from ignition of flammable materials by sparks caused by induced
fields, contact currents, or spark discharges.

C.43 Summary

The development of international EM field standards requires a critical in-depth evaluation of the
established scientific literature. The ICNIRP is the independent, non-governmental, scientific organization,
comprising all essential scientific disciplines, which is qualified to assess health effects of exposure to EM
fields and RFE. Based on this assessment, the ICNIRP has developed health-based exposure guidelines,
free from vested interest. The ICNIRP guidelines can be accessed at http://www.icirp.de.

Various differences exist between the ICNIRP and IEEE RFE exposure guidelines/limits; for example:

e Each organization uses a different range of frequencies for establishing exposure limits

Each organization uses different averaging times for frequencies greater than 10 GHz

e Each organization uses slightly different safety factors, including the basis for those safety factors
¢ ICNIRP establishes limits on magnetic flux density, whereas IEEE does not

¢ |ICNIRP establishes restrictions to address the auditory effect, whereas IEEE does not

o At 420 MHz, the ICNIRP general public reference level of 0.21 mW/cm? is slightly lower than IEEE
uncontrolled environment exposure limit of 0.28 mW/cm?.

Although the specific exposure limits may differ, both organizations agree that the dosimetric limits or
whole-body average SARs of 0.4 and 0.08 W/kg for occupational and general public exposures,
respectively, are well-founded scientifically and provide conservative protection factors to both groups.

C5 THE NATIONAL COUNCIL ON RADIATION PROTECTION AND MEASUREMENTS

The NCRP has been active in the areas of radiation protection and measurements since its inception as
The Advisory Committee on X-Ray and Radium Protection in 1929. It was originally established to
represent all of the national radiological organizations in the United States on a collective, scientific basis
and to serve, in essence, as the United States national analog of the International X-Ray and Radium
Protection Committee which was created in July 1928 under the auspices of the 2nd International
Congress of Radiology and, subsequently, evolved into the International Commission on Radiological
Protection. The NCRP originally operated as an informal association of scientists seeking to make
available information and recommendations on radiation protection and measurements.

With the vast increase in the use of radiation that took place in the 1940s and 1950s, the NCRP’s program
expanded significantly to meet the new needs and, subsequently, it was recognized that continuation of
the informal mode of operation was inappropriate. As a result, the NCRP was reorganized and chartered
by the U.S. Congress in 1964 as the National Council on Radiation Protection and Measurements.
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The recommendations promulgated by the NCRP provide the scientific basis for radiation protection
efforts throughout the country. Governmental organizations including the U.S. Nuclear Regulatory
Commission (NRC), the Public Health Service, the U.S. EPA, and state governments utilize the NCRP’s
recommendations as the scientific basis of their radiation protection activities.

In 1982, ANSI promulgated a new revision to the 1966 exposure limits that incorporated recognition of
substantial frequency-dependent variations in rates of energy transfer to the human body from an RF field.
NCRP Report No. 86 adopts the 1982 ANSI exposure limits, with minor differences. NCRP Report

No. 67, Radiofrequency Electromagnetic Fields: Properties, Quantities and Units, Biophysical Interaction
and Measurements, 1981, was used in the basis for the development of the 1982 ANSI standard. The
specific exposure limits are shown in Table C-14.

Table C-14. 1982 ANSI Radiofrequency Exposure Limits®

Frequency Range  Equivalent Power Density™ (Electric Field)*  (Magnetic Field)*
(MHz) (mW/cm?) (V3Im?) (A%Im?)
0.3-3 100 4x10° 25
3-30 900/f? 4 x 10° (900/f%) 0.025 (900/f)
30-300 1 4x10° 0.025
300-1500 /300 4 x 10° (f/300) 0.025 (f/300)
1500-100,000 5 2x10* 0.125
Notes: (a) Measured equal to or greater than 5 cm from any object in the field and averaged for any 6 minute
period.

(b) (Electric Field)2/1200n or 12n (Magnetic Field)z, whichever is greater.

AZim? = amperes squared per meter squared
ANSI = American National Standards Institute
f = frequency

MHz = megahertz

mW/cm? = milliwatts per square centimeter
Vv3im? = volts squared per meter squared

NCRP indicated that because of the multiplicity of interacting factors, exposure criteria must be
established in a manner such that allowance is made for maximal amplification of biological effects as a
result of field-object interactions. Furthermore, the criteria should take into account possible effects rising
from unusual circumstances in either the external environment of the individual (e.g., ambient temperature
and humidity) or the internal environment of the individual (e.g., hyperthermia, debility, and disease). The
approach used by ANSI in establishing exposure criteria focused on the frequency dependence of the
SAR, with particular emphasis on examination of the domain of resonant frequencies of human beings
(i.e., 30-300 MHz) from small infants to large adults. According to NCRP, behavioral disruption appears to
be the most statistically significant endpoint that occurs at the lowest observed SARs. In spite of marked
differences of field parameters within the reviewed scientific studies, thresholds of behavioral impairment
were found within a relatively narrow range of whole-body average SARs ranging from ~3 to ~9 W/kg. In
contrast, the corresponding range of power densities was 8 to 140 mW/cm?. Regarding the SAR limit, the
1982 ANSI standard specified a whole-body average SAR limit of 4 W/kg, and incorporated a safety factor
of 10 into the limit resulting in a whole-body average SAR limit of 0.4 W/kg. The fundamental criterion of a
whole-body average SAR of 0.4 W/kg averaged over any 6-min exposure period, arrived at by the NCRP
in NCRP Report No. 86, did not differ from that chosen by ANSI. This value is proposed as a limit only for
occupationally exposed individuals and, in contrast to ANSI, NCRP proposed lower limits of averaged
exposure for members of the general public.
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The reasons for a two-fold set of criteria presented by NCRP included:

¢ Individuals exposed in the workplace should be relatively well informed of the potential hazards
associated with their occupation. Furthermore, these workers may have the opportunity to make
personal decisions regarding their exposure, based on the relative risk as they perceive it.

e The population at large contains sub-populations of debilitated or otherwise potentially vulnerable
individuals for whom there is inadequate knowledge to set firm exposure standards.

o The general population is much larger than the occupational population; therefore, the proportionate
number of persons susceptible to potential harm can be greater unless exposure of the general
population is lower.

Therefore, the NCRP recommends that there be an averaged exposure criterion for the general public that
is set at a level equal to that of occupationally exposed individuals. Therefore, the whole-body averaged
SAR for the general public for continuous exposure should not exceed 0.08 W/kg. The rationale for the
reduction by a factor of 5 is based on the exposure periods of the two populations, rounded off to one digit
(40 hours per week/168 hours per week [7 days x 24 hours/day] - ~0.2). For exposure of the general
population, an averaging period of 30-min is recommended. The 30-min averaging period is responsive to
some circumstances for the public at large, including transient passage by the individual past high-
powered RF sources and brief exposure to civilian telecommunication systems.

The NCRP has established a committee to evaluate new and recent data relating to the biological effects
of RF exposure, and evaluate the scientific validity of the existing NCRP exposure limits.

C.6 OTHER STANDARD-MAKING ORGANIZATIONS/FEDERAL AGENCIES

In addition to the regulatory agencies and standard-making organizations previously identified, other
federal agencies have put forth RFE exposure limits, promulgated regulatory exposure limits for RFE, or
presented papers/organized proceedings related to RFE exposure. These agencies/organizations
include:

e American Conference of Governmental Industrial Hygienists (ACGIH)

e OSHA

e FDA

e Department of Defense (DOD)

e Federal Aviation Administration (FAA)

e Foreign Countries (International Community)

e States (Massachusetts).
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C.6.1 American Conference of Governmental Industrial Hygienists

The ACGIH is an organization devoted to the administrative and technical aspects of occupational and
environmental health. ACGIH is a professional society, not a governmental organization, which has
established occupational exposure limits for multiple hazards, including RFE. In establishing occupational
exposure limits, ACGIH has adopted the IEEE C95.1-1991 controlled environment MPEs (i.e., for
occupational exposures). The 2000 Threshold Limit Values (TLVs) for Chemical Substances and Physical
Agents, and Biological Exposure Indices (BEIs) Booklet does not cite the adoption of the ANSI/IEEE
C95.1, 1999 Edition; however, future editions of the TLV Booklet may adopt the revised standard. ACGIH
does not address the issue of uncontrolled environments or general population exposure to RFE.

C.6.2 Occupational Safety and Health Administration

OSHA promulgated an RFE exposure standard, 29 CFR Part 1910.97, in 1966, which limited workers'
RFE exposure to 10 mW/cm?. The 1966 standard was ruled unenforceable by the courts because its
language was not mandatory (it used the word should and not shall). OSHA has not replaced this
regulation with updated versions. OSHA has agreed that use of updated ANSI/IEEE C95.1 standards,
including that for warning symbols, is generally acceptable in a responsible RF safety program in the
workplace. By its nature, OSHA is committed to the establishment of exposure limits for occupational
purposes, not exposure limits for the general population. OSHA regulations can be accessed at
http://www.osha.gov.

C.6.3 Federal Drug Administration

FDA has had a key role in the development of regulatory guidance related to RFE starting with the
passage of the Radiation Control for Health and Safety Act of 1968. The performance standard for
microwave ovens, which was developed by FDA, has long since become universally adopted throughout
the world (5 mW/cm? at 5 cm distance from the unit). The FDA has also contributed to the work, at the
committee level, of the ANSI/IEEE C95.1 standard. Recently, FDA has emphasized the need for new
measures to control hazardous RF interference (RFI), especially when medical devices are involved.
Figure C-5 illustrates the overlap of FDA enforcement authorities for radiation-emitting products.

C.6.4 Department of Defense

DOD has established standards regulating the use of RFE-emitting equipment and personnel exposure to
RFE. The primary regulation governing DOD operations is Department of Defense Instruction (DODI)
6055.11, Protection of DOD Personnel from Exposure to Radiofrequency Radiation and Military Exempt
Lasers, which incorporates the ANSI/IEEE C95.1-1991 standard. In addition to this standard, several of
the individual branches of DOD (e.g., Air Force, Army, and Navy) have established regulations and
standards governing exposure to RFE. The U.S. Air Force recently updated their previous RFE exposure
standard designated Air Force Occupational Safety and Health Standard (AFOSH) 48-9, Radio Frequency
Radiation (RFR) Safety Program, which incorporated the ANSI/IEEE C95.1-1991 standard. The U.S.
Navy’s Occupational Safety and Health Program, OPNAVINST 5100.19D provides guidance on RFE
exposure and has incorporated the ANSI/IEEE C95.1-1991 standard into its own regulation. The U.S.
Army’s regulation, Army Regulation (AR) 40-1, Health Hazard Assessments, provides guidance on the
assessment of health hazards including RFE exposure. AR 40-1 has incorporated the ANSI/IEEE C95.1-
1991 standard.
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Figure C-5. Overlap of FDA Enforcement Authorities (with examples of products)

Television Receivers, Microwave Ovens,
Electric Blankets, Mercury Vapor Lamps, : o
CD Players, Video Monitors, Police Radar, \ (Mammography Facilities)
Cabinet X-Ray Systems, Retail Laser Scanners,
Laser Printers, Laser Welders, Laser Pointers &
Cellular Telephones, Electronic Article Surveillance

Mammography
Equipment
Stereotactic
Diagnostic X-ray Equip, Devices
Microwave Diathermy,
PUVA, Surgical Lasers,
Diagnostic Ultrasound, ;
Radiation Therapy, MRI, gt ceesecs
Ophthalmic Instruments,
Sunlamps, Lithatripter

Cobalt Therapy,
Radium Needles,
Gamma Cameras,
Radiation Therapy
Afterloaders

DEVICES

Note: Not all of the devices listed above are RF/microwave energy emitters.

RCHSA = Radiation Control for Health and Safety Act of 1968
MQSA = Mammography Quality Standards Act of 1992
Devices = Federal Food, Drug, and Cosmetic Act, Chapter 5, Medical Devices

C.6.4.1 Restricted Airspace near Cape Cod AFS

Airspace restrictions have been identified near Cape Cod AFS, as designated by DOD and FAA, not to
prevent occupational or inadvertent RFE exposure to military or civilian aircraft operators, respectively, but
to prevent the inadvertent explosion of EEDs (i.e., weapon systems, ejection system rockets, or
countermeasures) that maybe present on military aircraft (Figure C-6). EEDs are initiated electrically;
therefore, stray EM energy (of which RF/microwave are forms of EM energy) could cause the accidental
firing of these EEDs. Air Force Manual (AFMAN) 91-201, Explosives Safety Standards has established
U.S. Air Force guidance related to EM energy exposure to EEDs.
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C.6.5 Federal Aviation Administration

The FAA had adopted the most current RF/microwave energy exposure criteria published by the ACGIH
and ANSI/IEEE C95.1-1991, as of the publication date of their internal radiation program in the FAA
Occupational Safety and Health Program, Order 3900.19B, Chapter 14. In its adoption of ANSI/IEEE
C95.1-1991, the FAA incorporated the distinction between controlled and uncontrolled exposure
environments. The only difference is that the FAA has established the ANSI/IEEE C95.1-1991
uncontrolled environment exposure standards as “action levels”, not as ceiling limits for exposure, for
implementing the specific guidance in FAA Order 3900.19B, Chapter 14. In addition, the FAA established
interim measures in 1997, prior to the update of FAA Order 3910.3A, in which RFE measurements would
be quantified in existing/proposed sites for child care centers in the vicinity of FAA radar and
communications facilities. This feature of FAA Order 3910.3A was devised solely by the FAA, not in
response to regulatory requirements. The acceptance of the FAA radiation safety program by OSHA is
documented in Figure C-7.

C.6.6 Foreign Countries (International Community)

RFE exposure standards from different countries have been as diverse as the countries themselves. The
WHO generated a compendium of RFE exposure standards from nine countries (some of which no longer
exist, principally the USSR and Eastern European countries) in 1981, in Environmental Health Criteria 16:

Radiofrequency and Microwaves. These included:

Australia (0.57 mW/cm? @ 420 MHz)

Bulgaria (0.01 mW/cm?)

Canada (1 mW/cm?)

Czechoslovakia (0.001 mW/cm?)

East Germany (1,000 mW/cm?)

Poland (100 mW/cm?)

Sweden (1 mW/cm?)

United States (0.28 mW/cm? @ 420 MHz)

Union of Soviet Socialist Republics (0.005 mW/cmz).

Many of these countries used different rationales and included differing safety factors into their exposure
standards, so no direct comparison is possible. Although several countries had very conservative
exposure limits, these limits were possibly intended for political propaganda purposes (Eastern Block
countries and Union of Soviet Socialists Republic) or based on different viewpoints and rationales.
Several articles have been written recently regarding the very conservative exposure limits promulgated by
the USSR and other Eastern Block countries, and their origins. As Yost (1992) has explained, differences
between exposure limits “may be largely due to different viewpoints used in setting standards. In Russia,
exposure limits tend to be set below the level at which any observable biological effect is found; in the
U.S., exposure limits typically are set below the level of any harmful biological effects [within a margin of
safety].” In addition, it should be noted that the guidelines in Russia were intended to apply only in
nonmilitary situations (McRee, 1979). It has been postulated that “the Soviets, in practice allowed
exposure above their guidelines, since they knew that it was not seriously hazardous” (Sliney and Cuellar,
1992). Furthermore, very recently, these guidelines were relaxed enormously. (Other aspects of invalid
comparisons between Soviet and U.S. standards have been discussed by Osepchuk [1987].)
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Figure C-7. OSHA Acceptance of FAA Radiation Safety Program

U.5. Department of Labor Occupational Safety and Health Administration
Washington, D.C. 20210

Reply to the Attention of

SEP 21 1998

The Honorable Melissa J. Spillenkothen
Assistant Secretary for Administration
Department of Transportation

M-1, Room 10314

400 Tth Street 5.W.

Washington, D.C. 20590

Dear Ms, Spillenkothen:

The Occupational Safety and Health Administration (OSHA) has reviewed your document entitled
Chapter 28; Radiation Safety Program,” and believes that when implemented this doc- ument will
provide equal or greater protection than 29 CFR 1910.97. Thus OSHA agrees that

the Federal Aviation Administration (FAA) may use this standard in place of 29 CFR 1910.97

to regulate occupational exposure to radiation.

The exposure limits selected by FAA are well recognized and supponed by the safety and health
community as well as OSHA by reference (e.g. ACGIHTLYs and ANSI), Although morne
restrigtive than the OSHA standards, complying with the selected consensus standards is feasible
and will provide a more protective workplace, The selection of the more restrictive public
exposure limits from the current ANSI C95.1 standard as an "action level” which determines
when an RF Safety Program is necessary is particularly useful. Most importantly, the adoption
of the most recently published ACGIH TLVs will ensure that the FAA program is not locked
into outdated standards, in that limits are awtomatically updated with each update to the TLV's.
Of course, full implementation of this program is key to providing the worker protection
described.

Accordingly, the FAA is permitted by 29 CFR 1960, 16 to prescribe and enforce more stringent
permissible exposure levels or threshold limit values and may require more fregquent monitoring of
exposures without recourse to the approval procedures for alternate standards described in 29

CFR 1960.17, OSHA belicves that the radiation program proposed by the FAA is more

profective than the 1910 standard and agrees that FAA should adept this as its radiation standard,
Additionally OSHA will use this proposed standard 10 determine worker exposure to radiation

and will not measure compliance against 29 CFR 1910.97.
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Figure C-7. OSHA Acceptance of FAA Radiation Safety Program, continued

Please advise this office when full implementation is expected, so that we can
apprise our compliance inspectors.

Sincerely,

=7 =
T— -

_'___,-'—"'_

‘mzell Blanton, Jr
Deputy Assistant Secretary
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Many of the exposure limits are for the general population, although the averaging times differ significantly
ranging from 30 minutes to unlimited (24 hours). Also, many of the exposure limits account for both
continuous wave (CW) and pulsed energy waveforms, whereas the IEEE C95.1-1991 limits are not
specific for either CW or pulsed waveforms.

C.6.7 State Regulatory Agencies (Massachusetts)

The regulations governing RF/microwave energy exposure in the State of Massachusetts are listed under
the Department of Public Health or in Part 105, Section 122.000 of the Commonwealth of Massachusetts
Regulations (CMR) (105 CMR Section 122.000). 105 CMR Section 122.000 parallels the FCC and
ANSV/IEEE C95.1-1982 standards, with marginal differences in definitions. Table C-15 lists the
occupational RF exposure limits for employees, as shown in 105 CMR Section 122.100, and Table C-16
lists the non-occupational RF exposure limits for the general public, as shown in 105 CMR Section
122.015.

Table C-15. Massachusetts Occupational RF Exposure Limits

Equivalent Plane Wave,
Free Space Power
|E|2-field Strength |F|2-field Strength Densit
Frequency Range (V/im)* (A/m)* (mW/cm?)®
10 kHz — 3 MHz 400,000 25 100
3 MHz — 30 MHz 4,000 (900/f) 0.025 (900/f) 900/f
30 MHz — 300 MHz 4,000 0.025 1.0
300 MHz — 1500 MHz 4,000 (f/300) 0.025 (f/300) /300
1500 MHz — 100 GHz 20,000 0.125 5

Note: (a) Power density measurements are averaged over any 6 minute period.

A/m? = amperes per square meter

E = electric field

f = frequency in megahertz

GHz = gigahertz

H = magnetic field

kHz = kilohertz

MHz = megahertz

mW/cm? = milliwatts per square centimeter
V/m? = volts per square meter

Table C-16. Massachusetts Non-Occupational RF Exposure Limits for the General Public

_ Equivalent Plane Wave,
|E|*field Strength | |H|’field Strength Free Space Power
Frequency Range (V/m)? (A/m)’ Density (mW/cm?)®
300 kHz — 3 MHz 80,000 0.5 20.0
3 MHz — 30 MHz 800 (900/f%) 0.005 (900/f) 180/f
30 MHz — 300 MHz 800 0.005 0.2
300 MHz — 1500 MHz 800 (f/300) 0.005 (f/300) /1500
1500 MHz — 100 GHz 4,000 0.025 1.0
Note: (a) Power density measurements are averaged over any 30-minute period.
A/m? = amperes per square meter
E = electric field
f = frequency in megahertz
GHz = gigahertz
H = magnetic field
kHz = kilohertz
MHz = megahertz
mW/cm? = milliwatts per square centimeter
Vim? = volts per square meter
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105 CMR Section 122.000 exposure limits (both occupational and non-occupational) do not address the
low frequency ranges that ANSI/IEEE C95.1-1991 does; therefore, induced currents within the body may
not be factored into the establishment of limits as in ANSI/IEEE C95.1-1999. The regulation also states
the use of warning signs in accordance with ANSI/IEEEC9122.12-1982, or subsequent revisions (i.e.,
ANSV/IEEE C95.2-1999).

C.6.8 The Precautionary Principle

The precautionary principle was first introduced in 1984 at the First International Conference on Protection
of the North Sea. Following this conference, the principle was integrated into several international
conventions and agreements including the Maastricht Treaty, the Barcelona Convention, and the Global
Climate Change Convention. It has been implicitly incorporated into several U.S. environmental laws such
as the Pollution Prevention Act of 1990. The precautionary principal is a concept of taking anticipatory
action in the absence of complete proof of harm, particularly when there is scientific uncertainty. The
principal states that action should be taken to prevent environmental damage when evidence from several
studies combined, indicates actual or potential environmental harm (Tickner, 1997).

The precautionary principle asserts that decision-makers should act in advance of scientific certainty to
prevent harm to humans and the environment. It is a concept to address limitations of current decision-
making methods such as problems of cumulative effects and limitations of science. However, this
concept provides few guidelines for policy makers, and fails to constitute an analytical framework for
implementation. Although several frameworks for integrating the principal into environmental decision
making have been proposed, no comprehensive, systematic structure for precautionary decision-making
has been applied on a national or international level (Tickner, 1997).

With regard to RFE, scientific committees have concluded that the threshold for potential adverse
biological effects occurs at exposures greater than 4 W/kg. Thresholds for workers with potential RFE
exposure are set with a safety factor of 10, thus, 0.4 W/kg is used as a limit for workers around RFE. A
safety factor of 50 is applied for individuals in public locations as an extra measure of safety; thus, limiting
public RFE exposure to 0.08 W/kg. These safety limits for worker and public exposure to RFE are used in
RFE standards adopted throughout the world including the United States, Europe, Japan, Australia, and
Canada.

Establishing the more conservative safety limits do not arise from a fundamental change in the RFE safety
criteria, but from a precautionary desire to protect specific groups of the general population (i.e., workers
around RFE and general population) who may be at more risk. Complying with these accepted RFE
safety standards constitutes compliance with the concepts of the precautionary principal.
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APPENDIX D

ELECTROMAGNETIC SPECTRUM

D.1 ELECTROMAGNETIC SPECTRUM

The electromagnetic (EM) spectrum refers to the many different types of radiation ranging from radio
waves to gamma rays. The EM spectrum permeates the entire planet, either from naturally occurring EM
sources, or from man-made EM sources. The types of EM radiation are classified according to their
wavelengths/frequencies and the amount of energy they carry. An illustration of the EM spectrum and
associated man-made sources of EM is shown in Figure D-1.

Figure D-2 represents the significant difference in wavelengths and, thus, energy levels from one end of
the EM spectrum to another. Gamma rays have wavelengths on the order of millions of times shorter than
those of visible light and radio waves have wavelengths billions of times longer than those of visible light.
The shorter the wavelength or higher the frequency of the radiation, the higher the energy. Thus, several
feet of concrete or steel shielding is needed to block gamma rays because the very short wavelengths can
pass between molecular bonds. Radio waves with longer wavelengths cannot pass between molecular
bonds and can be easily shielded with less dense materials. Within the EM spectrum are seven types of
radiation that listed below in order of lowest energy to highest energy, or longest wavelength to shortest
wavelength:

Radio waves (RF)
Microwaves (PAVE PAWS)
Infrared radiation

Visible light

Ultraviolet radiation

X-rays

Gamma rays.

All EM radiation, except the wavelengths within the visible light spectrum, is invisible to the human eye.
Some EM radiation, such as microwaves, can be sensed as a clicking sound resulting from thermoelastic
expansion within the brain; infrared radiation can be sensed as heat. Of the seven listed, only X-rays and
gamma rays constitute the ionizing radiation portion of the EM spectrum. These types of EM radiation
have high energy levels capable of disassociating electrons from atoms or molecules, thus creating ions
or charged particles. Non-ionizing radiation does not contain sufficient energy to ionize atoms or
molecules.

Some organizations consider cosmic radiation, a type of ionizing radiation, to be the eighth type of
radiation within the EM spectrum. This type of radiation originates in space, outside of the Earth’s
atmosphere, from stars, pulsars, and other luminous celestial bodies. Cosmic radiation consists of high-
energy particles produced by all luminous objects within the universe. The sun, part of our solar system,
is a major source of cosmic radiation that contacts the Earth’s atmosphere. Secondary cosmic rays,
formed by interactions in the Earth’s atmosphere, account for approximately 45 to 50 millirems of the
360-millirem background radiation that an average individual receives in one year (U.S. Nuclear
Regulatory Commission, 2001).
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All EM radiation is composed of two components, an electric field and a magnetic field. These fields
propagate outward from the EM source as waveform (similar to waves created by an object dropped into
water) with the electric and magnetic field perpendicular (i.e., at right angles) to one another. Figure D-3
represents the waveform of EM radiation. These waves of EM radiation travel at the speed of light
through a vacuum, and slightly slower speeds through more dense media (e.g., planetary atmosphere).

D.1.1 Radio Waves (Radiofrequency Radiation)

Radio waves or RF radiation is generally categorized as the lowest energy radiation within the EM
spectrum. Some organizations designate separate subgroups within the RF category (e.g., Extremely
Low Frequency [ELF] radio waves). Radio waves/RF radiation is characterized by:

e Long wavelengths (less than a centimeter [cm] to hundreds of meters)
e Low energy.

A Frequency Modulation (FM) radio station, at 100 on the radio dial, has a wavelength of about three
meters; whereas an Amplitude Modulation (AM) radio station, at 750 on the radio dial, has a wavelength of
about 400 meters. As indicated above, the shorter the wavelength or higher the frequency of the
radiation, the higher the energy. Radio waves, with the longest wavelengths and lowest frequencies within
the EM spectrum (see Figure D-2), have the lowest energy.

Radio waves, or RF, radiation falls within the category of non-ionizing radiation because it does not have
the necessary energy to disassociate electrons from atoms or molecules. Radio waves are naturally
produced on Earth and by celestial bodies/phenomena within the universe, including the sun.

Earth is constantly inundated with radio waves (RF radiation) from the sun and other natural objects in
space. As the sunis a celestial source of RF radiation, other sources, such as the Earth itself and man-
made sources of radio waves (RF radiation) collectively permeate everyday life. Although many man-
made sources of RF radiation are the result of AM/FM radio transmissions, television transmissions, and
radar operations, many more sources of man-made RF radiation exist within our homes, cars, and work
places. Examples of these man-made sources of radio waves (RF radiation) and their respective
frequencies are:

Video Display Units (VDUSs) (15-35 kilohertz [kHZz])

Garage door openers and alarm systems (~40 megahertz [MHz])
Standard cordless phones (~40-50 MHz)

Baby monitors (~49 MHz)

Radio-controlled toy airplanes (~72 MHz)

Radio-controlled toy cars (~75 MHz)

Industrial equipment (RF sealers) (<100 MHz)

Medical diathermy (<100 MHz)

FM radio transmitters (88-108 MHz)

Television (channels 7 to 13) transmitters (174-216 MHz).

The frequencies within the radio wave (RF radiation) range of the EM spectrum that present the most
danger to human beings are those between 30 and 300 MHz. The celestial contribution of radio waves
within this frequency range equals approximately 10 picowatts (pW)/square cm (cm?) (World Health
Organization, 1981). The reason this frequency range presents the highest degree of danger is that this
frequency range represents the resonant-frequency domain for human beings from smallest child to tallest
man, under both grounded and ungrounded conditions. This means that the human body absorbs the
highest amount of RFE at these frequencies.
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D.1.2 Microwaves

Microwaves occupy the spectral region of the EM spectrum between radio waves and infrared radiation
(see Figure D-1). Microwave radiation is often considered a subset of radio waves, although an
alternative convention treats microwaves and radio waves as two spectral regions. The wavelengths of
microwaves generally range from approximately 1 millimeter (the thickness of a pencil) to approximately
30 cm or 12 inches (see Figure D-2).

Microwaves fall into the category of non-ionizing radiation because they do not have sufficient energy to
disassociate electrons from atoms or molecules. Microwaves are naturally produced here on Earth and by
celestial bodies/phenomena within the universe. In 1965, two radio astronomers discovered the cosmic
microwave background radiation, a diffuse radiation that emanates uniformly from all directions in the sky.
The scientific consensus believes the cosmic microwave background radiation is the cooled remnant of
the "Big Bang," or theorized creation of the universe.

As the universe itself is a source of microwave radiation, other sources such as man-made sources
permeate everyday life. Even though many of the man-made sources of microwaves are represented by
radars (e.g., Doppler/NEXRAD meteorological radars and air traffic control radars), other sources such as
satellite communication systems (SATCOM) and wireless communications also operate in the microwave
frequencies. In addition to these sources, a common household appliance, the microwave oven, operates
in the microwave frequencies. Also, many police radars used to determine a vehicle’'s speed operate in
the microwave frequencies. The PAVE PAWS radar system operates within the microwave frequency
range of 420-450 MHz. Examples of man-made sources of microwaves and their respective frequencies
are:

PAVE PAWS (420-450 MHz)

Taxi/industry/transport communications services (452.05-452.5 MHz)
Ambulance/hospital radio communication services (467.95-468.175 MHz)
Microwave ovens (2,450 MHZz)

Cellular telephones (~824-849 MHz)

Aircraft telephones (894-896 MHz)

New 900-MHz cordless phones (900 MHz)

Digital audio broadcasts (1,435-1,524 MHz)

Global Positioning Systems (GPS) (1,227 and 1,575 MHz)

Personal communication systems (PCS) (1,755-2,290 MHz).

The primary hazard associated with microwaves is the heating of tissue, which can cause, other problems
or bioeffects throughout the body. As in a microwave oven, microwaves heat tissue at the molecular level
resulting in the heating of water within the system. The amount of microwave energy, which tissue has
absorbed, and the penetration depth of the microwaves determine the degree of heating. Microwaves
penetrate to different depths at different frequencies. For example, at 2,450 MHz, microwaves penetrate
in muscle to a depth of 1.67 cm and fat to a depth of 8.1 cm (Cember, 1996). With regards to biological
effects, the microwave frequencies above 10 GHz have increasingly small penetration depths in human
tissue, thus they are closer to the way infrared and visible light interacts with biological tissue (e.g., quasi-
optical). While at the human resonance frequencies (30-300 MHz), almost all of the RFE is absorbed
deeply in the body, whereas in the so-called quasi-optical portion of the microwave frequency range (10-
300 GHz), penetration depth in tissue is only a few millimeters.

D-6 Cape Cod Air Force Station, Final Supplemental EIS March 2009



D.1.3 Infrared Radiation

Infrared radiation (IR) is categorized as the wavelengths between the visible light and microwave ranges
of the EM spectrum (see Figure D-1). IR has shorter wavelengths (see Figure D-2) and higher energies
than radio waves and microwaves. IR is frequently separated into two categories:

e Near-IR
e Far-IR.

Near- and far-IR radiation refers to the regions that lie at each end of the IR spectrum, one near the
microwave spectrum and the other near the visible light spectrum. IR is characterized by heat.

Any object that has a temperature above absolute zero (0° Kelvin [K] or -459.67°F) radiates IR. Even
objects one may think of as being very cold, such as an ice cube, emit IR. Another example is hot
charcoal, which may not give off visible light, but emits IR that humans perceive as heat. Human beings
emit IR at a wavelength of ~10 microns (or 0.0000001 meter), as do all other warm-blooded mammals. IR
falls within the category of non-ionizing radiation because it does not have sufficient energy to disassociate
electrons from atoms or molecules. Although IR has a higher energy level than radio or microwaves. IR
is naturally produced on Earth and by celestial bodies/phenomena within the universe, including the sun.

As the sun is a celestial source of IR, other sources, such as the Earth itself and man-made sources of IR,
collectively permeate everyday life. Examples of these IR sources include:

Television/electronics remote control devices
Cafeteria food heat lamps

IR lasers

IR transfer ports on computers or calculators
Fires

Welding equipment.

IR is perceptible as a sensation of warmth on the skin. The increase in tissue temperature upon exposure
to IR depends upon the wavelength, the total amount of energy delivered to the tissue, and the length of
exposure. The far wavelength (far-IR) region of 5,000 nanometers to 0.1 cm is completely absorbed in
the surface layers of the skin. The wavelengths within the IR range that present the most danger to
human beings are those in the range of 750 to 1,500 nanometers (nm). This short wavelength (near-IR)
region is capable of causing injuries to the cornea, iris, retina, and lens of the eye. The condition known
as “glass blower’s cataract,” or “heat cataract,” is the result of excessive exposure to IR/visible light from
furnaces or similar hot bodies. This condition is an opacity of the rear surface of the lens in the eye.

D.1.4 Visible Light

Visible light consists of the wavelengths between the IR and ultraviolet ranges in the EM spectrum (see
Figure D-1). Visible light has shorter wavelengths (see Figure D-2) and higher energies than radio waves,
microwaves, and IR. Visible light is the part of the EM spectrum that we are able to view with the unaided
eye. Visible light is the rainbow of colors, which coincide with the wavelength(s) of greatest intensity
emitted by the sun. The wavelengths of visible light range from approximately 7.5 x 107 meters to 4.0 x
10" meters. Visible light is characterized by the following colors:

e Red
e Orange
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Yellow
Green
Blue

Indigo
Violet.

Visible light falls within the category of non-ionizing radiation because it does not have sufficient energy to
disassociate electrons from atoms or molecules. Visible light is naturally produced on Earth and by
celestial bodies/phenomena within the universe, including the sun.

As the sun and other celestial bodies/phenomena are sources of visible light, other sources such as
naturally-occurring (non-celestial) man-made sources of visible light collectively permeate everyday life.
Naturally-occurring (non-celestial) sources of visible light include lightning, the northern lights, and specific
animals (e.qg., fireflies, some deep ocean animals). Examples of man-made sources of visible light
include the following:

Incandescent light bulbs
Fluorescent light bulbs
Search lights

Laser pointers

Welding operations.

The primary hazard associated with visible light is potential damage to the unprotected eye as a result of
exposure to extremely luminous sources of visible light. Although lasers are not limited to the frequencies
of visible light, the primary hazard associated with optical lasers is damage to the unprotected eye. Unlike
incandescent sources of visible light that radiate their light in all directions and frequencies, lasers emit a
highly concentrated and coherent beam of light in the same direction and frequency, yielding light beams
of high energy and intensity. Laser light may be concentrated within the eye to a degree that causes
serious damage to the retina, whereas, a light-bulb cannot produce serious harm because the energy is
unfocused.

D.1.5 Ultraviolet Radiation

UV radiation is categorized as the wavelengths between the visible light and X-ray ranges of the EM
spectrum (see Figure D-1). UV has shorter wavelengths (see Figure D-2) and higher energies than radio
waves, microwaves, IR, and visible light. UV radiation is frequently separated into three categories,
according to wavelength:

e UV-A (315-400 nm)
e UV-B (280-315 nm)
e UV-C (100-280 nm).

Most UV radiation falls within the category of non-ionizing radiation because it does not have sufficient
energy to disassociate electrons from atoms. UV radiation can be characterized by the biological effect
each wavelength range has on the human body:

e UV-A s the wavelength range responsible for pigmentation of the skin, also called the (“black light
region”)

e UV-Bis the wavelength range responsible for harmful effects to the human body and can cause a
sunburn
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e UV-C does not reach the surface of the Earth as it is readily absorbed by the air; however, some arc-
welding operations produce UV-C that can have harmful effects on the cornea within the human eye.

UV radiation is produced by celestial bodies/phenomena throughout the universe, including the sun. As
previously noted, most of the UV radiation does not reach the surface of the Earth as it is absorbed in the
upper atmosphere by the ozone layer. However, as the ozone layer is depleted, increasing amounts of
UV radiation can reach the Earth’s surface, increasing the risk to humans. Man-made sources of UV
radiation are also common. Examples of man-made sources of UV radiation are:

Black light lamps

Tanning salon sunlamps

Arc-welding operations

Fluorescent light bulbs (produced internally, but shielded by the glass bulb)
Germicidal lamps.

Even though a small amount of UV radiation is healthy and contributes to the overall health of our skin,
overexposure to sunlight or an excessive dose of UV radiation can be extremely detrimental to our health.
UV radiation has two primary effects, dermatological and ocular. The dermatological effects produce
immediate changes in the skin such as darkening of the cellular pigment, the occurrence of a sunburn,
production and migration of melanin granules, and changes in cell growth in the epidermis. Long-term
effects to the skin include decreased elasticity of the skin giving the appearance of premature aging and
an increase in certain types of skin cancer, specifically melanoma.

Although a small amount of UV may not produce permanent injury to the eyes, increased exposure can
cause significant damage to the eyes without discomfort during exposure. The development of corneal
and conjunctival irritation may result from excessive exposure of the eyes to intense sunlight, or exposure
to man-made sources such as arc-welding operations. Arc-welding flashes are the most common
industrial exposure to UV radiation resulting in damage to the eye called “welder’s flash”.

D.1.6 X-rays

X-rays are categorized as the wavelengths between the UV radiation and gamma ray range of the EM
spectrum (see Figure D-1). X-rays have shorter wavelengths (see Figure D-2) and higher energies than
radio waves, microwaves, IR, visible light, and UV radiation. X-rays are frequently separated into two
categories:

e Soft X-rays
e Hard X-rays.

The X-rays of longer wavelengths (i.e., near the UV boundary) or soft X-rays are less penetrating and may
be shielded with thin layers of steel, whereas X-rays of shorter wavelengths (i.e., near the gamma ray
boundary) or hard X-rays will penetrate several cm of steel. The X-ray region generally marks the
transition from non-ionizing radiation to ionizing radiation. X-rays do possess the energy necessary to
disassociate electrons from atoms or molecules. As a result, X-rays can produce significant damage to
cellular/biological systems. In addition, ionizing radiation can produce mutagenic/teratogenic effects in
biological systems, resulting in chromosomal and DNA changes to both existing and future generations.

X-rays are naturally-produced by celestial bodies/phenomena within the universe, including the sun. Man-
made sources of X-rays are also common. Examples of man-made sources of X-rays are:
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Medical X-ray units (including dental)

X-ray units used for non-destructive inspection of industrial welds/components
X-ray lasers

X-ray fluorescence (XRF) device used for lead-based paint inspections

X-ray spectrometer used in chemical analyses

X-ray diffraction device

Transmission electron microscope

Scanning electron microscope.

X-ray radiation is an external radiation source meaning x-rays originate outside the nucleus of an atom
and are capable of ionizing molecules from a distance outside of the body. The brief, low-intensity
exposure incurred during medical diagnostic procedures does not present a significant hazard. However,
the effects of ionizing radiation exposure are cumulative, so the amount of radiation exposure received (if
any) is measured. Multiple exposures combine to equal a potentially hazardous dose to the human body
and its physiological systems. lonization strips electrons from atoms and breaks their chemical bonds
with other atoms. A simple molecular structure, such as water, will recombine after ionization; however,
this is not the case in a complicated living cell. lonization may give many possible atomic recombinations
in living cells, including the onset of cancer. The rupture of a few bonds in the elaborate structure of the
molecules of a living cell may have profound effects.

D.1.7 Gamma Rays

Gamma rays are generally categorized as the highest energy radiation within the EM spectrum (see
Figure D-1), although some organizations consider cosmic rays to be higher in the EM spectrum than
gamma rays. Gamma rays are frequently separated into two categories:

e Soft gamma rays
e Hard gamma rays.

Gamma rays of longer wavelength (i.e., near the X-ray boundary) or soft gamma rays are less penetrating,
whereas gamma rays of shorter wavelengths (i.e., near the top of the gamma ray range) are more
penetrating and energetic. With X-rays, gamma rays make up the ionizing radiation part of the EM
spectrum. Gamma rays possess the necessary energy to disassociate electrons from atoms or
molecules; therefore, gamma rays present a significant hazard to biological systems. As with X-rays,
gamma rays can produce mutagenic/teratogenic effects in biological systems, resulting in chromosomal
and DNA changes to both existing and future generations of people. Gamma rays present an external
hazard, because with their short wavelength and high energy, they can easily pass through the body and
cause damage to biological systems. Gamma rays are an internal source of radiation meaning they
originate inside the nucleus of an atom. Gamma rays are produced during the radioactive decay or
transformation of specific elements.

The decay process for ¥ Cesium isotope emits a gamma ray when the intermediate isotope 1¥Mcesium
loses energy in reaching the stable **’Barium (**'Ba) isotope. Gamma rays are produced by specific
elements within the Earth and celestial bodies/phenomena within the universe, including our sun. Man-
made gamma ray sources that are utilized include:

Household smoke detectors

Nuclear fission reactors

Specific radiopharmaceuticals

*Radium-coated dials on watches and compasses (outdated practice)
Older model fueled-lanterns (e.g., specifically the mantel).
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Gamma rays have similar qualities to X-rays and thus have similar harmful effects. Unlike X-rays, whose
radiation originates outside the nucleus of an atom, gamma ray radiation originates inside the nucleus of
an atom and is capable of ionizing molecules from a great distance outside of the body. Also like X-rays,
ionizing gamma rays produce cumulative effects in biological systems and multiple exposures combine to
create a potentially hazardous dose to the human body and its biological systems. With their extremely
short wavelengths, gamma rays can pass completely through the body, resulting in internal damage to
biological systems.

D.2 IONIZING RADIATION AND NON-IONIZING RADIATION

All regions of the EM spectrum below X-rays are categorized as non-ionizing radiation, while X-rays and
gamma rays are categorized as ionizing radiation. Definitions of these terms are as follows:

Non-ionizing radiation cannot damage biological material through ionization. However, it can cause
damage through other processes (e.g., photochemical reactions, heat-buildup). Non-ionizing radiation
includes ultraviolet radiation, microwaves, radio waves, and low-frequency electric and magnetic fields.
The SSPARS RFE emissions are a form of non-ionizing radiation.

lonizing radiation refers to forms of radiation that can cause ionization in biological material and thus
cause damage. lonizing radiation originates from both natural sources (e.g., cosmic radiation, outer
space, radon) and from man-made sources such as X-ray equipment and nuclear reactors.

A typical source of ionizing radiation is radioactive material. Naturally occurring radioactive materials such
as uranium (238U), radium (mRa), and radon (222Rn) exist throughout the environment. Uranium and
radium are found in subsurface rocks as ore and are actively mined, while radon is a gaseous decay
product of uranium and seeps up through rocks to the surface. Radon can seep into basements and
other subsurface structures or foundations and present a significant exposure hazard to the public.
lonizing radiation sources are in many households in the form of small radioactive sources

(e.g., **Americium) in smoke detectors.

The primary difference between ionizing and non-ionizing radiation is the photon energy. The photon
energy produced by a gamma ray emission from a naturally occurring radioactive ore, 28y, is as high as
663 kilo-electron volts (keV) (i.e., 1 keV is 1,000 electron volt [eV]), while the photon energy of radio
waves and microwaves corresponds to 4.1 x 10™ eV at 100 kHz and 1.25 x 10 eV at 300 GHz.
Therefore, the EM spectrum is easily differentiated by the categories of non-ionizing and ionizing radiation.

References
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APPENDIX E

ATTENUATION OF RADIOFREQUENCY ENERGY

E.l NATURAL ATTENUATION

The PAVE PAWS radar is housed in a 32-meter high, three-sided building, in which two flat arrays of
individual radiating elements transmit and receive radiofrequency (RF) signals generated by the radar.
The two array faces are 31 meters wide and tilted back 20 degrees (°) from vertical. The active portion of
the array resides in a circle 22.1 meters wide in the center of the array. Each radiating element provides
325 watts of power (U.S. Army Space and Missile Defense Command, 2000).

The RF signals transmitted from each array face form one narrow main beam with a width of 2.2°.
Approximately 90 percent of the energy is contained in the main beam. The near-field region extends to
183 meters and the far-field region begins at 439 meters, with a transition zone in between. The exclusion
area at Cape Cod AFS is at approximately 1,000 feet (305 meters) from the radar. The security fence at
Cape Cod AFS is situated at approximately 150 feet (46 meters) from the radar face.

Persons on the ground or in buildings or residences are not subject to RF from the main beam. This is
accomplished by restricting the lowest elevation of the main beam to three degrees above horizontal. The
elevation of the main beam is still substantially above ground level even when the topography of the sites
surrounding the radars is taken into account. The highest elevation in the vicinity of Cape Cod AFS is the
road portion of the Sagamore Bridge at 275 feet. The bridge is approximately 8,370 feet (2,582 meters)
from the radar (U.S. Air Force, 1979). At this location, the center of the main beam would be 149 meters
above the ground, and the bottom of the beam width would be 101 meters above the ground. Software
programming and redundant automatic interlocks combine to provide a triple-redundant system.
Therefore, a simultaneous failure of three systems would be required to direct the beam outside the
designated elevation.

The radar emits smaller amounts of energy outside the main beam, referred to as side lobes. The first
side lobe is a concentric circle around the main beam, while the second and higher side lobes are narrow
beams around the main beam. Energy contained in these side lobes progressively decreases with
distance from the main beam and from the radar. The maximum power density of the first side lobe is
1/100 (1 percent) of the maximum power density of the main beam. The maximum power density of the
second side lobe is only 1/1000 (0.1 percent) of the maximum power density of the main beam. Based on
the radar set-up, only the side lobes intercept the ground. Additionally, the antenna beam is constantly
scanning. As the beam scans away from the horizon, side lobes intersect the ground progressively farther
from the main beam. Thus, side lobes with significantly lower energy intersect the ground. The result is
that the vast majority of the energy emitted by the radar is directed upward, not at the ground.
Furthermore, the radar is transmitting pulses only 18 percent of the time. The maximum possible use of
the radar resource for combined surveillance and tracking activities is 25 percent and is the operating
condition that produces the maximum possible power density.

Tables E-1 and E-2 summarize power densities in relation to distance from the PAVE PAWS site. The
highest possible RF power density that could be produced at ground level in the near-field region,
transition zone, and far-field region was calculated. These calculations apply to the worst-case scenario
(e.g., the highest of the higher side lobe emissions, maximum power output). Calculations were based on
modeling and, where available, spot measurements were used to confirm the reasonableness of the
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Table E-1. Near-field and Transition Region Power Densities
Distance From Radar Current Calculated 30-minute Average Power

(meters)® Density (mW/cm?)®©
30 0.6
61 0.2
122 0.06
183 0.03
305 0.01

Notes: (a) Values and calculations from Cape Cod AFS have been averaged for the

purpose of this table.

(b) Current calculations assume that both radar faces are operating with a
25 percent duty cycle. The duty cycle is divided between surveillance mode
(11 percent) and track mode (14 percent).

(c) The current calculated power densities could be compared directly to the
IEEE/ANSI standard of 0.28 mW/cm? at 420 MHz.

mW/cm?® = milliwatts per square centimeter

Table E-2. Far-field Ground-Level Power Densities Calculated for Specified Locations

% E® s | 8 < w2 - |8 T |8
S5 o= _ I O o £ Vg ) —~ Q@a 2< %) —~
So| =8 |SESR2 8288 | 058% §259%F 25L% §25e%
oo ve |EBETGE 2<5=3 EQAFRS |=e<tcR05| EA8S5 |[=<Tt9oso
= €L |E3ELSL T"OmEE S0 IgsgeENS| 3282 |sagcoes
W §= |88 T2 op s Eos= e SCS| EgT2 |ep 82
> g8 w0 W2 | £E80 EUS=F £2%5% EUSTE
< 25 |200g F sWOPY | FFE |5WO 338E |s4?
o og g | O S | = S) =a o
Cape 4399 0.006640 42 times 0.1606 39,228 0.0514 1,961 times
Cod ) lower ) times lower ) lower
AFS | 1,051® | o0.000786 | 3°6times 0.0226 | 278761 o.oo72 | 14,000
! ) lower ) times lower ) times lower

Notes: (a) The current calculations assume that both radar faces are operating with a 25 percent duty cycle. The duty cycle is
divided between surveillance mode (11 percent) and track mode (14 percent).
(b) One of the nearest locations with likely opportunity for public exposure.
(c) The current calculations assume that the radar is operating with a maximum pulse width of 16 ms.
(d) On station, beginning of far field exposures.
mwW/cm? = milliwatts per square centimeter

calculations (U.S. Army Space and Missile Defense Command, 2000). The results of these calculations
were compared to the Institute of Electrical and Electronic Engineers (IEEE)/American National Standards
Institute (ANSI) uncontrolled environment exposure limit. The standard applicable to the general public is
for an “uncontrolled environment,” which refers to the condition for most people who do not knowingly
encounter RF fields in their work environment.

Based on the information found in Tables E-1 and E-2, the average RF power density values, in an area
with potential public exposure, would be at least 42 times lower than the limit of the IEEE/ANSI standard
on time-averaged power density. For distances in the far-field region, the power density falls off inversely
with the square of the distance. For most public areas near these radars, the levels are lower by a factor
of 100 or more. Limits specifically recommended by IEEE/ANSI for peak intensity of RF pulses would not
be exceeded.
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E.2 ATTENUATION OF RF FIELDS BY BUILDINGS AND RESIDENTIAL HOUSEHOLDS

External EM fields are attenuated (reduced) by reflections at exterior walls of buildings and by scattering
and reflections inside buildings. Studies have been performed to determine the amount of attenuation of
RFE provided by different types of buildings. The following results were found.

Multi-story office buildings provide an attenuation of approximately 17 decibels (dB) for radiofrequency
energy (RFE) at 450 megahertz (MHz) (Smith, 1978), or a reduction factor of approximately 50. This
attenuation was determined inside the building, at a distance of 15 meters from the outer wall. The
attenuation would be less closer to the wall and greater farther from the wall. Attenuation is not linear;
thus, it depends significantly on the interior design of the building (wall panels, partitions, ceilings,
ductwork).

Commercial single-story concrete block buildings and single-family residences provide an attenuation of
approximately 7 dB RFE at 450 MHz (Smith, 1978). An attenuation of 7 dB translates to a reduction
factor, in power, of approximately 5. The formula for converting dB to a reduction factor (rf) is as follows:

a
M = alog| —
g[lo]

Where:

rf = reduction factor

a = attenuation, dB
alog = antilogarithm, 10@*°

Table E-3 shows the degree to which the power density would be reduced inside a single-family residence
with an attenuation of 7 dB. Attenuation would be highly dependent on building materials and layout of the
structure. It should be noted that electric and magnetic field attenuations converge at frequencies above
10 MHz. At these higher frequencies, scattering and reflection of both fields are similar (Smith, 1998).

E.2.1 Attenuation of RF Fields due to Shielding Alternatives

Shielding can provide additional attenuation of RFE emissions from the SSPARS. A barrier may be
constructed in the path of the radar beam between the antenna face and the general population to absorb
some of the RFE from the side lobes. The types of barriers that may be used are described below.

E.2.1.1 Attenuation of RF Fields due to Earthen Barriers.

The earth absorbs and reflects EM energy. The attenuation at 420-450 MHz is very high. Side lobe
energy would be cut off or absorbed by the earthen berm and exposure would be reduced. The power
that would penetrate directly through such a berm would be negligible compared to the power scattered
and diffracted into the region shadowed from the radar by the berm (U.S. Air Force, 1979). Based on the
concept of optical shadowing, the shielding factor available in this manner should exceed a ratio of 10:1
and might easily be as large as 100:1 (U.S. Air Force, 1979).
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Table E-3. Calculated Power Densities Inside a Single-Family Residence
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PAVE PAWS
Site
Distance from
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average Power
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IEEE/ANSI
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average Power
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with 7 dB
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42 times lower 0.001328 210 times lower
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Notes: (a) The current calculations assume that both radar faces are operating with a 25 percent duty cycle. The
duty cycle is divided between surveillance mode (11 percent) and track mode (14 percent).
(b) On station, beginning of far field exposures.
(c) One of the nearest locations with likely opportunity for public exposure.
dB = decibel
mwW/cm® = milliwatts per square centimeter

Using Equation 1, the attenuation of RFE by an earthen berm or barrier can be calculated based on the
dielectric constant and conductivity of the berm (i.e., soil) (Table E-4). Although these two values differ
with the type/characteristics of the soil, [Cooke and Gladwin, no date] cited the moisture content of soil as
a critical parameter for the permeability of ground-penetrating radar (e.g., RFE).

A = 334t[uc f]'? Equation 1

Where:

A = Attenuation, dB

t = Thickness, inches

1 = Relative permeability to copper
o = Relative conductivity to copper
f = Frequency, MHz

Using Equation 1, one meter of soil would provide an attenuation of approximately 35 dB, or a reduction
factor of approximately 3,160.

E.2.2.2 Attenuation of RF Fields due to Wire-Mesh Screens.

Metal screens can be used for effective RF radiation shielding. Mesh openings should be no more than
1/4 the wavelength in dimension. The screens or sheets must be electrically bonded to one another and
the entire assembly grounded, otherwise fields will pass through the gaps. Table E-5 presents the
attenuation of three wire screen shield alternatives.

Using the attenuation values in Table E-5, these values were applied to the existing power density
measurements for the Cape Cod AFS SSPARS. The power densities would be attenuated to levels far
below the applicable IEEE/ANSI exposure limit. As seen in Table E-5, screens with narrower openings
provide a higher degree of attenuation than screens with larger openings.
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Table E-4. Calculated Power Densities Past a 1-Meter-Thick Earthen Berm

Maximum
Calculated
30-min avg.
Power
Maximum Densita/
Calculated (mw/cm*)®@
30-min avg. Comparison to | Past 1-meter | Comparison to
Distance Power Density IEEE/ANSI Thick Berm IEEE/ANSI
PAVE PAWS from Radar without Berm Standard with 35-dB Standard
Site (meters) (mwW/cm?)® | (0.28 mW/cm?) | Attenuation | (0.28 mW/cm?)
439® 0.006640 | 42 times lower | 0.0000021 132,720
Cape Cod times lower
AFS 1,051© 0.000786 3solmes | 0.0000002 | LL24950
ower times lower
Notes: (a) The current calculations assume that both radar faces are operating with a 25 percent duty cycle. The duty

cycle is divided between surveillance mode (11 percent) and track mode (14 percent).
(b) On station, beginning of far field exposures.

(c) One of the nearest locations with likely opportunity for public exposure.

dB = decibel
mwW/cm? = milliwatts per square centimeter
Table E-5. Attenuation Provided by the Wire Screen Alternatives
Wire Size Size of Opening Reduction Attenuation
(mil) (inch) Factor® (dB)®
10 0.0625 85,457.29 49.31
20 1 26.95 14.30
23 0.5 222.27 23.46

Notes: Based on a frequency of 435 MHz and a wavelength of 68.9 centimeter.

(a) (Cember, no date) Eq. 14.19.
(b) (Cember, no date) Eq. 14.48.
dB = decibel

mil = millimeter

As seen in Table E-6, an attenuation of 14.3 dB translates into a reduction factor of 27; therefore, the
power densities were reduced by a factor of 27. Since the second side lobe is the primary source of
ground-impacting RFE, a screen shield would predominantly affect the ground-level power densities
resulting from the second side lobe. The second side lobe has a maximum power of 1/1000 the power of
the main beam; therefore, with the wire screen in place, the second side lobe could potentially be reduced
by a factor of 27,000 compared the main beam.

E.2.2.3 Attenuation of RF Fields due to Trees.

Trees are also effective for shielding RFE. Existing trees near the SSPARS at Cape Cod AFS
undoubtedly contribute some degree of RFE shielding; however, the specific amount of shielding has not
been previously investigated. The shielding effect by trees could be enhanced by the addition of suitable
trees at appropriate locations (U.S. Air Force, 1979). Different trees may provide differing degrees of RFE
shielding based on factors such as height, thickness, spread, and type of foliage. In addition, the
seasonal condition of trees and their foliage may play a substantial role in the degree of RFE shielding; for
example, trees that defoliate during the winter would provide less RFE shielding during that time. In
contrast, during the summer when the foliage cover provided by trees was maximized, a higher degree of
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Table E-6. Calculated Power Densities Past Wire Screen Shield

Maximum

calculated Maximum

30-minute calculated
average 30-minute average

Power Density

Power Density

Distance | (mW/cm®®in | Comparisonto | (mW/cm?)® past
from front of the IEEE/ANSI the wire-screen Comparison to
PAVE PAWS radar wire-screen Standard shield (20 mil wire, | IEEE/ANSI Standard
Site (meters) shield (0.28 mW/cmz) 1-inch opening) (0.28 mW/cmz)
Cape Cod AFS 439" 0.006640 42 times lower 0.000246 1,134 times lower
P 1051° 0.000786 356 times lower 0.0000291 9,612 times lower

Notes: (a) The current calculations assume that both radar faces are operating with a 25 percent duty cycle. The duty cycle is

divided between surveillance mode (11 percent) and track mode (14 percent).
(b) On base, beginning of far field exposures.
(c) One of the nearest locations with likely opportunity for public exposure.
mW/cm? =  milliwatts per square centimeter

shielding may result. Specific data from the Joint Spectrum Center (1981) indicated that the attenuation of
radio waves by trees without leaves showed that the difference in loss was on the order of 4 to 6 dB within
the 400-500 MHz frequency range. In addition to the Joint Spectrum Center's 1981 report, a study
completed by the FCC showed an additional loss caused by leaves of 4.5 dB at 450 MHz. Therefore,
combining data from both reports yields a potential attenuation of 8.5 to 10.5 dB (7 to 11 times reduction)
during the summer months when leaves and foliage on trees are most prevalent.

Table E-7 provides data regarding the types of trees and the foliage porosity (foliage coverage) for the
Cape Cod AFS SSPARS. Cape Cod AFS has a mixture of evergreen and deciduous trees that provide
effective RFE shielding during the summer months due to their higher foliage porosity; however, several of
the tree species have a porous foliage porosity during the winter months, which would provide less RFE
shielding.

Table E-7. Tree Coverage Surrounding SSPARS Sites®@

SSPARS Category of Trees Foliage Porosity®
Location o ]
Scientific Name Common Name Summer Months Winter Months

Pinus resinosa Red Pine Moderate Moderate
Pinus rigida Pitch Pine Moderate Moderate
Pinus strobulus Eastern White Pine | Dense Dense

Cape Cod | Pinus sylvestris Scotch Pine Dense Dense

AFS Quercus alba White Oak Dense Porous

Quercus coccinea Scarlet Oak Dense Porous
Quercus ilicifolia Bear Oak Moderate Porous
Quercus velutina Black Oak Moderate Porous

Notes: (a) Source: (United States Department of Agriculture Internet site; http://plants/usda.gov, 2001).

(b) Foliage Porosity Definitions:

Porous = 0-33% coverage
Moderate = 34-66% coverage
Dense = 67-100% coverage
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Using data from (Joint Spectrum Center, 1981) and (Federal Communications Commission, 2001), the
attenuated power density for each SSPARS site was determined based on previous power density
measurements (Table E-8).

Table E-8. Shielding Effects on Existing Power Density Measurements
2 2 3 g 98
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Cape | 439® | 0006640 | 42UMES | gogp0g | 134UMes | 40743 | 37O times
Cod lower lower lower
AFS | 1,0519 | o.000786 | S°0UMes | gan0p4e | LA39UMES |5 gg00gg | 3,189 times
lower lower lower
Notes: (a) The current calculations assume that both radar faces are operating with a 25 percent duty cycle. The duty cycle is
divided between surveillance mode (11 percent) and track mode (14 percent).
(b) On station, beginning of far field exposures.
(c) One of the nearest locations with likely opportunity for public exposure.
dB = decibel
mW/cm?® = milliwatts per square centimeter
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APPENDIX F

BIOEFFECTS OF RADIOFREQUENCY ENERGY

Major difficulties exist in assessing the potential health hazards to man from exposure to radiofrequency
energy (RFE) or microwave energy because of the highly complex relationship between the exposure
conditions and the energy absorbed. The absorbed dose and rate of energy absorption depend critically
on such variables as frequency, power density, field polarization, the size and shape of the exposed
subject, and environmental factors. This appendix summarizes available information regarding
RFE/microwave bioeffects including scientific/peer-reviewed studies completed by both electromagnetic
(EM) energy research organizations and scientists related to the biological effects resulting from the
interaction of RFE/microwave energy with biological matter and systems. References cited in the
discussions below are listed in Appendix G.

F.1 RFE/MICROWAVE ENERGY PROPERTIES

RFE is defined arbitrarily as EM energy in the frequency range of 3 kilohertz (kHz) to 300 megahertz
(MHz), whereas the arbitrary definition of microwaves includes EM energy whose frequencies range from
300 MHz to 3,000 gigahertz (GHz). EM waves consist of electrical and magnetic forces that move in
consistent wave-like patterns at right angles to one another. The short wavelengths in the microwave
frequency bands, on the order of millimeters to centimeters, contrast sharply with the much longer
wavelengths, on the order of tens to hundreds of meters, in the RF portion of the EM spectrum.

When EM energy passes from one medium to another, it can be reflected, refracted, transmitted, or
absorbed, depending on the biological system and the frequency of the energy (World Health
Organization, 1981).

RFE and microwaves are forms of non-ionizing radiation, whereas x-rays and gamma rays are forms of
ionizing radiation. The difference between the two types of radiation lies in the amount of energy each
radiation contains, which is called photon energy. The unit of measure for photon energy is the electron
volt (eV) or million electron volts (MeV). The photon energy carried by microwaves (non-ionizing
radiation), such as those produced by the solid-state phased array radar system (SSPARS), is
approximately 1.24 x 10 eV, whereas the photon energy contained in gamma rays (ionizing radiation) is
approximately 1.24 x 10° eV (or 1.24 MeV) (World Health Organization, 1981). Thus, the photon energy
differences between non-ionizing and ionizing radiation may be on a scale of 10 orders of magnitude.
This difference represents the ability of ionizing radiation to disassociate electrons from atoms or
molecules, thus creating ions or charged particles, whereas non-ionizing radiation does not contain the
amount of photon energy necessary to ionize atoms or molecules. This is the reason ionizing radiation
can significantly damage biological systems, resulting in cancer and other forms of disease.

F.2 BIOEFFECTS FROM PHASED-ARRAY RADAR SYSTEMS

Phased-array radar systems, such as PAVE PAWS, have begun to replace the ever-present and
recognizable rotating radar dishes, such as those commonly seen at airports. As this transformation
progresses, questions have arisen about the human health effects that result from exposure to
RFE/microwave energy emitted from phased-array radar systems. Jauchem (1996) reviewed several
studies in which research was performed on populations or specific biological systems exposed to the
energy produced by phased-array radar systems. Goldsmith (1996) has suggested that there may be
risks to populations located in areas close to these systems, including those at Skrunda, Latvia, and at
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SSPARS sites. The Skrunda radar operates between 156-162 MHz with average power density
measurements in the surrounding residential areas not exceeding 0.01 milliwatts per square centimeter
(mW/cmz) (Kalnins et al., 1996). The SSPARS at Cape Cod Air Force Station (AFS) operates between
420-450 MHz with average power densities (from the 1978 and 1986 measurements) several orders of
magnitude below those from the Skrunda site (0.000061 mW/cm? or 163 times lower). Aschengrau and
Ozonoff [1992] examined potential exposures to a number of environmental factors in relation to cancer
incidence. They reported no association with RFE from the PAVE PAWS system at Cape Cod AFS, but
indicated that the exposure data were inadequate. However, Malowicki (1981) and Everett et al. (1983)
both concluded that SSPARS RFE does not present a hazard provided that personnel are excluded from
the immediate area (the existing demarcated area in front of the radar faces). In compliance with both
Federal Communications Commission (FCC) and Institute of Electrical and Electronics Engineers (IEEE)
RFE exposure standards, restricted access areas have been demarcated around the antenna face of the
SSPARS, thus preventing inadvertent occupational overexposure in radar workers. Further, no public
access is permitted near the radar system(s).

F.3 PUBLISHED BIOEFFECTS STUDIES

Since the introduction of conventional radar approximately 50 years ago, there has been an increasing
use of radar and other sources of EM energy throughout our civilization. These sources serve a variety of
purposes such as telecommunications, industrial production, transportation safety, military activities,
medical applications, and home/residential equipment. As the use of EM energy sources has increased,
so has the research into potential biological effects from those sources. As early as the 1940s and 1950s,
research had begun into potential biological effects from EM energy resulting from acute occupational
exposures. According to the National Research Council, “Data from experiments on biological systems
indicate that exposure to low-intensity microwaves can have effects. But, on the basis of most of the
available findings, the known or suspected effects are reversible and are not associated with increased
human morbidity or mortality.” Several known effects of exposure to microwaves and EM energy have
been studied and are well documented, although much of the research into bioeffects has failed to
document a correlation between cause and effect. Some of the documented effects and bioeffects
include the following:

Auditory effect

Thermal heating effect

Lenticular (ocular) effects
Cardiovascular effects

Reproductive system effects

Cutaneous (Skin) effects

Central nervous system effects
Behavioral effects

Teratogenic (fetal malformation) effects.

A review of published studies related to these effects will be discussed in the following sections, along with
the details of each individual study and its findings. Following the review of the documented effects,
additional published bioeffects studies will be discussed.
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F.3.1 Auditory Effect

Experiments with animals and human volunteers have shown that energetic microwave pulses cause a
hearing sensation perceived as buzzing, clicking, hissing, or knocking depending on the pulse parameters
(National Council on Radiation Protection and Measurements, 1986). The auditory effect can be evoked
even by a single microwave pulse with an average power density below 0.1 mW/cm? (Puranen and
Jokela, 1996). A review of existing literature related to the auditory effect, Radiation Hazard Assessment
of Pulsed Microwave Radars by Puranen and Jokela, of the Finnish Center for Radiation and Nuclear
Safety, was published in 1996. The review indicates that the microwave auditory effect is the only well-
established specific effect, in realistic exposure situations, associated with pulsed microwave energy
(Puranen and Jokela, 1996). Although some exposure standards are based on the threshold for the
auditory effect (e.g., United Kingdom National Radiological Protection Board), existing exposure standards
in the United States are not based on the auditory effect (e.g., IEEE). According to the IEEE standard, the
auditory effect is not considered damaging or even annoying.

Another study of the microwave auditory effect, “Auditory Perception of Radio-frequency electromagnetic
Fields”, was completed by Chou and Guy (1982), in which they reviewed literature that described
psychological, behavioral, and physiological as well as physical measurements pertinent to the microwave
auditory effect. Chou and Guy (1982) concluded that the mechanism for the microwave auditory effect
was thermoelastic expansion (the transformation of EM energy into acoustical energy), which was first
proposed by Foster and Finch (1974). Microwave pulses impinging on the head initiate a thermoelastic
wave of pressure in brain tissue that activates the inner ear receptors (cochlear) via bone conduction.
This has now become the viewpoint supported by recent studies and the scientific community. Earlier
studies by Frey (1961, 1962, 1963) provided the initial research into the microwave auditory effect (at the
time it was referred to as a “phenomenon”) and hypothesized that the effect was a result of the stimulation
of the cochlea through electromechanical forces by air or bone conduction.

An additional study of the microwave auditory effect by Chou et al. (1985), “Auditory Response in Rats
Exposed to 2450 MHz Electromagnetic Fields in a Circularly Polarized Waveguide,” documented the
dose-response relationship of the microwave auditory effect in rats. Varying pulse durations were
monitored in conjunction with the fixed duty cycle, peak power, and the pulse repetition rate. Chou et al.
(1982), confirmed that the amplitude of the auditory effect decreased as the pulse width and incident
energy densities decreased. These responses were similar to the data from guinea pigs (Chou and
Galambos, 1979), except that the latency of the peak auditory effect was shorter in rats.

Another study of the microwave auditory effect, Microwave Hearing: Evidence for Thermoelastic Auditory
Stimulation by Pulsed Microwaves, by Foster and Finch (1974) provided the initial hypothesis relating the
microwave auditory effect to thermoelastic expansion that precipitates a pressure wave detectable by the
cochlea within the ear. This research studied the transformation of EM energy to acoustic energy in a
liquid by surface heating, which resulted in the propagation of waves (transients) through the liquid. Using
this research as a basis, Foster and Finch (1974) developed their hypothesis about thermoelastic
expansion, which has since been widely accepted as the mechanism for the microwave auditory effect.

In conclusion, the microwave auditory effect is the only well established biological effect, in realistic
exposure situations, associated with pulsed microwave energy. The above cited studies indicate that the
microwave auditory effect is the result of a thermoelastic expansion caused by the impinging of microwave
pulses on the head, which results in a wave of pressure in brain tissue that activates the inner ear
receptors (cochlear) via bone conduction. This results in the subject perceiving a buzzing, clicking,
hissing, or knocking depending on the pulse parameters. As noted by the National Research Council
(1979), the microwave auditory effect is a reversible effect and is not associated with increased human
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morbidity or mortality. Furthermore, many of these cited studies were carried out under conditions that
were unrealistic exposure scenarios for the general public as many of the studies subjects were exposed
to microwave energy levels exceeding the applicable general population standards set forth by IEEE.
Although the IEEE standard is not based on the threshold for the microwave auditory effect, exclusion
zones or restricted access areas near microwave sources prevent the general population from entering
those areas where exposures may approach the threshold for the microwave auditory effect. Restricted
access areas or exclusion zones around microwave sources are required by the IEEE standard; therefore,
the IEEE standard does take into effect the auditory effect in this regard, not in the actual exposure
standard. Puranen and Jokela (1996) indicated the microwave auditory effect can occur at power density
levels as low as 0.1 mW/cm?; however, this level is significantly above exposure levels confirmed by
previous measurements (e.g., measurements were in the microwatts per cm? (uW/cmz) range, which is
100 times lower than the lowest threshold of 0.1 mW/cm? for the microwave auditory effect) in the general
population areas surrounding the SSPARS.

F.3.2 Hyperthermia/Thermal Heating

The absorption of microwave energy often results in an increase in temperature. The microwave oven
(which commonly operates at a frequency of 2450 MHz), commonly found in residential dwellings, offers
an example of heating resulting from exposure to microwave energy. Numerous biological and
pathophysiological effects have been attributed to temperature increases in the tissue resulting from
absorption of microwave energy. If the rate of increase exceeds the ability of the thermoregulatory system
of the subject to dissipate heat, hyperthermia (i.e., temperature increase to a level that can cause harm)
will occur, followed by injuries such as burns, hemorrhaging, tissue necrosis, and death (Cleary, 1978).
The influence of environmental conditions on hyperthermia induced by microwave exposure can be
summarized as follows:

¢ Increasing ambient temperatures and humidity enhance thermal stress
e Increased air velocity decreases thermal stress.

Multiple animal studies have been completed to research the thermal heating effect that results from
tissue exposure to microwaves, including the type of energy produced by the SSPARS. One such study
was Thermal Effects of Single and Repeated Exposures to Microwaves by Michaelson (1973).
Specifically, Michaelson (1973) studied the effects of thermal heating on dogs exposed to microwave
frequencies of 2.86 GHz, 1.28 GHz, and 200 MHz and a power density of 165 mW/cm?. After
approximately 30 minutes of exposure at this level, a body temperature increase of 1°C to 1.4°C was
observed. Eventually, the thermoregulatory system of the subject was unable to dissipate the heat rapidly
enough and the subject succumbed.

Another study by Michaelson (1971) explored the influence of environmental conditions on thermal
response to microwave exposure. Michaelson (1971) revealed that at an ambient temperature above
40.5°C, the subject’s thermoregulatory system can maintain a normal body temperature, but was not able
to cope with an additional thermal load produced by microwave exposure. However, at a lower ambient
temperature (11°C), after an initial period of adaptation, the microwave energy does not significantly affect
the subject’'s temperature (Michaelson, 1973).

In another study by McLees and Finch (1973), in which rats were exposed to 24 GHz and 300 mW/cm?, it
was shown that body cover also affected hyperthermia. Subjects with and without hair succumbed within
15.5 and 18.5 minutes, respectively, indicating that clothing could be expected to enhance the thermal
effects of microwave energy, unless such clothing shielded from, or reflected microwave energy.
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Other studies have suggested that blood circulation was considered to be an effective system for
distribution of the heat generated throughout the body (Michaelson, 1971), and the thermal effects of
microwaves in animals were mainly considered in terms of ‘volume heating’. However, using phantom
models (human or animal models used to estimate the Specific Absorption Rate (SAR) or amount of
absorbed RFE in the body), Guy (1971, 1974) and Johnson and Guy (1972) developed thermographic
techniques and demonstrated convincingly very nonuniform deposition of microwave energy, expected to
result in nonuniform deep body heating. In physiological terms, this means that absorbed energy may
cause local thermal stimulation or gross effects on different organs depending on the exposure level.

In conclusion, the thermal heating associated with microwave energy is the primary effect from which
other biological effects and phenomena arise. However, many of the cited studies have exposed subjects
to RFE/microwave fields that were several orders of magnitude more intense than any the general
population could ever be exposed to as a result of operating the SSPARS. Although thermal heating is a
mechanism for the microwave auditory effect, Foster and Finch (1974) determined that the maximum
tissue temperature increase per microwave pulse was only 10° degrees Celsius (°C) (or 1/10,000°), a
minute temperature variance. As a result, the microwave energy exposure standards promulgated by
IEEE and adopted in the United States are based on the threshold for damage to a biological system from
thermal heating. The existing standards focus on the SAR, which is defined as the rate of energy
absorption per unit mass of an exposed object. For human subjects, the average SAR for exposures in
the far-field (e.g., a region of the microwave energy field in which the general population would be
exposed to SSPARS microwave energy) may reach a peak in the frequency range of 30-200 MHz,
depending on various factors associated with the specific exposure situation (Johnson et al., 1976; Durney
et al., 1978, 1980). Currently, the whole-body averaged SAR exposure limit for occupational exposures is
0.4 W/kg, while the general population whole-body averaged SAR exposure limit is 0.08 watts per
kilogram (W/kg). These values are based on the whole-body averaged SAR threshold level of 4 W/kg, as
averaged over the entire mass of the body, above which expert organizations have determined that
potentially hazardous exposures may occur (Federal Communications Commission, 1997). The exposure
limits have a safety factor of 10 and 50, respectively, built into the occupational and general population
exposure standards.

F.3.3 Lenticular (Ocular) Effects

The Environmental Health Criteria 16: Radiofrequency and Microwaves, published by the WHO (World
Health Organization, 1981), has documented the results of extensive studies on the lenticular effects
resulting from RFE/microwave energy exposure. Much of the information provided below has been
extracted from the referenced studies in WHO (1981). Studies on the effects of microwave energy on the
eyes were carried out as early as 1948 (Richardson et al., 1974). Most animal studies have been
conducted on the New Zealand white rabbit because its eye is similar to the human eye (World Health
Organization, 1981). In one of the very few investigations of chronic, low-level exposure of rabbit’s eyes
(2 mW/cm? for 8 hours/day, 5 days a week for 8-17 weeks at 2.45 GHz), ocular changes were not
observed up to three months after termination of exposure (Ferri and Hagan, 1976).
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Studies have also been completed to determine whether a difference in cataractogenic potentials exists
for pulses and continuous wave energy. When the cataractogenic power density levels for continuous
wave and pulsed energy were compared at a few frequencies, no differences in the threshold levels for
cataractogenesis (cataract-forming) were found (Carpenter and Van Ummersen, 1968; Carpenter, 1969;
Birenbaum et al., 1969; Williams and Finch, 1974; Weiter et al., 1975). Based on these studies, the
average power density, not the peak power density, appeared to be the critical field parameter in cataract
induction. The WHO concluded the following, based on the available literature, related to the effects of
microwave energy on the eye:

e Above 500 MHz (PAVE PAWS operates between 420-450 MHz), opacities of the eye may be
produced when power densities exceed 150 mW/cm?, if the duration of exposure is sufficiently long.

e Although ocular injury has not been reported at frequencies below 500 MHz, its possibility cannot be
excluded.

¢ Injury to the eye from microwaves appears to be predominately thermal in nature, temperature
gradients within the eye and the rate of heating being two major factors in the stress that leads to
injury. Non-thermal effects cannot be excluded, but they alone do not appear to be sufficient to
produce effects in the eye, although they may provide a necessary mechanism of interaction.

o Pulsed and continuous wave energy with the same average power density level seem to possess the
same potential for cataract induction.

e Cataracts can be produced by repeated exposures to subthreshold power density levels. For this
cumulative effect to occur, the exposure levels have to be sufficiently high that a slight but persistent
injury is not fully repaired before another exposure takes place. However, if the time between
exposures is sufficiently long for repair to take place, cumulative damage is not observed.

In addition to the WHO (1981), the National Research Council (1979) has reviewed existing literature on
the lenticular effects microwave energy has on the human eye. A study by Shacklett et al. (1975), in which
possible microwave induction of lenticular changes in Air Force personnel was evaluated, no statistically
significant differences were observed in the incidences of opacities, vacuoles, and Posterior Subcapsular
Iridescence between 447 exposed subjects and 340 control subjects was identified. In similar studies,
Appleton et al. (1972, 1973, 1975) examined 1,500 military personnel working with microwave producing
equipment and concluded that there were no differences in lenticular opacities, vacuoles, or Posterior
Subcapsular Iridescence between microwave workers and unexposed persons of similar ages.

A number of individual case histories of microwave induction of cataracts have been reported (Hirsch and
Parker, 1952; Kurz and Einaugler, 1968; Shimkovich and Shilyeav, 1959), but in all cases the exposures
were well in excess of 100 mW/cm? (i.e., measurements surrounding the SSPARS are many orders of
magnitude lower). Another study, Cogan et al. (1955), of possible relevance to the SSPARS hints at a
lessening of cataractogenic efficiency at the comparatively low frequencies used in the investigation of
cataract induction (e.g., 200, 385, and 468 MHz).

Overall, many of the cited studies that concluded cataract formation was a result of microwave exposure
did so based on study parameters that involved exposure rates (i.e., power densities) well above
regulatory exposure limits and, in some cases, many orders of magnitude above the measured power
densities surrounding the SSPARS. The National Research Council (1979) concluded that “considering
the radiation frequency and expected power densities associated with PAVE PAWS, the possibility of
induction of cataracts in exposed members of the public is very small.”
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F.3.4 Cardiovascular Effects

A review of studies relating to cardiovascular effects resulting from exposure to microwaves was
completed by the National Research Council (1979). A study by Edelwejn et al. (1974), concluded that no
serious cardiovascular disturbances had ever been reported in man or experimental animals as a result of
exposure to microwave energy. However, Gordon (1970) claimed that prolonged exposure (e.g.,
microwave energy wavelengths of centimeters and millimeters, average power densities of 0.1 to

10 mW/cmz) can produce marked disturbances in cardiac rhythm (bradycardia) and hypotonia (less than
normal arterial tone). Although this study concluded that prolonged exposure to microwave energy did
result in observable biological effects, Czerski and Siekierzynski (1974) reported that blood pressure of
workers routinely exposed to power densities less than 1 mW/cm? did not differ significantly from that of
unexposed control subjects.

Another review of studies relating to cardiovascular effects resulting from exposure to microwave energy
was completed by WHO (1981). Functional damage to the cardiovascular system as manifested by
hypotonus, bradycardia, delayed auricular and ventricular conductivity, and flattening of electrocardiogram
(EKG) waves has been reported, by several former Soviet Union clinicians, to result from chronic
exposure of workers to RFE fields (Gordon [1970, 1976]; Tjagin [1971]; Baranski and Czerski [1976]).
Although these studies may have some relevance to an occupational exposure setting, the National
Research Council (1979) states “the long-term, low-level intensity effects reported in some Eastern
European publications have no discernable application to exposure conditions associated with the
operation of PAVE PAWS.” Furthermore, the National Research Council (1979) concluded that “the
probability is very low that low-intensity microwave radiation has adverse cardiovascular effects on
exposed humans.”

Another review of literature (Jauchem, 1996) related to cardiovascular bioeffects in humans resulting from
RFE exposure cited multiple studies and concluded that no obvious cardiovascular-related hazards
existed from acute or long-term exposure to RFE at or below current exposure standards. One study, by
Bortkiewicz et al. (1995), indicated “measurable effects in the heart rate variability and blood pressure
parameters” in workers at AM broadcasting stations as compared with a control population; however,
none could be assigned clinical significance. Data from the study indicated that measured parameters
(i.e., EKG, heart rate, heartbeat duration, heart-rate variability, and blood pressure) did not significantly
differ between the RFE-exposed and control groups. Djordjevic et al. (1979), measured cardiovascular
parameters in 322 radar workers (all exposed to pulsed microwaves) and a control group of 220 persons;
no parameters differed between the two groups. Robertson and Michaelson (1985) reviewed
epidemiological studies of humans exposed to RFE and concluded that no “identifiably serious”
cardiovascular disturbances have been seen as a result of RFE exposure.

As cited by Jauchem (2000), Toler et al. (1988) studied the effects of chronic low-level microwave
exposure on cardiovascular parameters in Spraque-Dawley rats. Exposure to pulsed 435 MHz (center
frequency for the PAVE PAWS radar system) microwave energy 22 hours per day, 7 days per week, for 6
months resulted in no differences in heart rate and blood pressure between microwave- and sham-
exposed animals. Estimated whole-body absorption rates ranged from 0.04 to 0.4 W/kg.

Another cardiovascular system related effect addresses the effect pulsed microwave energy may produce
on cardiac pacemakers. Mitchell (1975) reported an extensive study on the interference of cardiac
pacemakers from radar-like pulses, including those operating at frequencies of 450 MHz. Adverse effects
to pacemakers, occurring as a direct result of EM interference, consist of the following:
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e Pacemaker rate falls below 50 beats per minute (bpm)
o Pacemaker rate exceeds 125 bpm.

Mitchell (1975) indicated, that based on results from the study, the interference problems should be
eliminated with design improvements in newer pacemaker models. However, older, susceptible
pacemakers may be affected by exposure to PAVE PAWS energy fields, especially near the exclusion
area (within Air Force controlled property, where no public access is possible). Furthermore, the National
Research Council (1979) indicates that the scanning mode of the PAVE PAWS radar beam would be
expected to induce only transient pacemaker interference, rather than a complete cessation of operation
or a continual increase in rate exceeding 125 bpm.

In conclusion, effects to the cardiovascular system resulting from exposure to microwave energy have not
been clearly explained and many studies have presented conflicting conclusions. Although some studies
have shown an observable effect, the significance and causal-relationship cited by many of these studies
have been refuted upon further peer review. Based on the advancement of medical science since 1975,
current pacemaker models should not be significantly affected by RFE. In addition, the power densities
cited by many of these studies were orders of magnitude higher than the measured energy levels
surrounding the SSPARS; therefore, the applicability, and the attributed effects, of these studies to PAVE
PAWS is unwarranted. This position is further supported by the National Research Council (1979).

F.3.5 Reproductive System Effects

Available information regarding the effects RFE/microwave energy has on the male and female
reproductive systems is limited. Relevant information from WHO (1981) stated that reports of sterility or
infertility from exposure to microwaves were questionable. No changes in the fertility of radar workers
were found by Barron and Baraff (1958). Another study, Marha et al. (1971), attributed decreased
spermatogenesis, altered sex ratio of births, menstrual pattern changes, congenital effects in newborn
babies, and decreased lactation to the occupational exposure of mothers to RFE. According to the Marha
et al. (1971) report, such effects occurred at power densities exceeding 10 mW/cm? Since these
reported effects occurred at power densities several orders of magnitude above the measured power
densities surrounding the SSPARS, it is doubtful that similar effects would be produced as a result of
exposure to SSPARS energy. Furthermore, the Marha et al. (1971), study reported on females
occupationally exposed (as a result of their employment and/or work function) to RFE; therefore, the
plausibleness of these effects occurring in a general population exposure scenario is doubtful.

Jauchem [1996] cited several studies related to RFE/microwave exposure and reproductive system
effects. One of these studies, Taskinen et al. (1990), concluded that microwave energy exposure did not
significantly affect spontaneous abortion rates. Larsen (1991) found no significant associations between
pregnancy outcome and exposure to high-frequency EM energy in the first month of pregnancy. A study
by Ouellet-Hellstrom and Stewart (1993) indicated that “women who reported using microwave diathermy
at the time of conception were at an increased risk of miscarriage...”; however, the odds ratio from this
study was questionable, thus the existence of bias could not be ruled out. In addition, The International
Commission on Non-lonizing Radiation Protection (1998) summarized epidemiological studies of
microwave exposures and concluded that “the studies yielded no convincing evidence that typical
exposure levels lead to adverse reproductive outcomes or an increased cancer risk in exposed
individuals.” WHO (1981) cited Baranski and Czerski (1976) in their review of testicular damage and
reduced spermatogenesis, specifically as a result of microwave exposure, and concluded that no serious
effects should be expected at power density levels below 10 mW/cm?.
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Overall, studies have not confirmed a biologically significant causal-relationship between RFE/microwave
exposure and detrimental effects to the human reproductive system. Although some studies have
suggested that observable effects may be produced by exposure to RFE/microwave energy, the relevance
of these studies to the exposure of the general population surrounding the SSPARS is remote because of
the high power density levels used.

F.3.6 Cutaneous (Skin) Effects

A review of literature regarding the exposure of skin to RFE/microwave energy was completed by Heynick
and Polson (1996), “Human Exposure to Radiofrequency Radiation: A Review Pertinent to Air Force
Operations.” Studies were completed on both human (volunteer) and animal skin surfaces to determine
what, if any, observable and detrimental effect(s) could be ascertained. Justesen et al. [1982] determined
that a sensory adaptation occurs during longer skin exposures, versus shorter skin exposures, because
the warmth sensation fades before the end of an exposure. Justesen et al. (1982), suggested that if this
sensory adaptation is a general property of RFE-heating, it may account for the difficulty of rodents (from
other RFE studies) to learn to escape from or avoid high levels of RFE.

Heynick and Polson (1996) concluded that the high threshold power densities for cutaneous perception of
RFE found by Hendler (1963, 1968) and coworkers and by Justesen et al. (1982), particularly those at
2.45 GHz and 3.0 GHz (at which penetration is relatively deep), indicates that such perception may not
occur at RFE power densities well above those in the current exposure guidelines. Therefore, the
absence of such perception during RFE-exposure at such higher levels should not be taken as indicative
of the safety of such exposures.

F.3.7 Central Nervous System Effects

A report, Jauchem (2000), presented at the 1999 NATO Research and Technology Organization (RTO)
Human Factors and Medicine Panel (HFM) symposium on “Countering the Directed Energy Threat: Are
Closed Cockpits the Ultimate Answer?” reviewed multiple studies performed by Western researchers and
researchers in the former Soviet Union on effects to the human central nervous system from RFE
exposure. Jauchem (2000) cited a human study (Reite et al., 1994), which used fairly low-level

27.12 MHz RFE with 42.7 Hz modulation (peak SAR of 0.1-100 mW(/kg in brain) that had pronounced
effects on sleep patterns, including a hypnotic effect. However, Roschke and Mann (1997) detected no
difference in awake electroencephalograms of humans exposed to microwave energy from digital mobile
radiotelephones (e.g., power density of 0.05 mW/cmz). In another study, Herman and Hossman (1997)
reviewed studies, including those using humans, and found no evidence that non-thermal microwave
exposure related to mobile communication resulted in any neurological risks.

Former Soviet Union and Eastern European researchers described central nervous system effects in
workers who manufactured, maintained, and operated RFE-generating equipment (Baranski and Czerski,
1976; Gordon, 1970; Sadchikova, 1974). These studies cited that long-term, low-level (less than a few
mW/cmz) exposures were reported to result in symptoms that were collectively described as a “microwave
syndrome.” The symptoms were relatively subjective and included irritability, sleepiness, difficulties in
concentration, loss of memory, and emotional instability. Sadchikova (1974) showed that these symptoms
were reversible after exposure was discontinued. Rayman (1995) noted that, although “radiowave
sickness” (i.e., mentioned earlier as “microwave syndrome”) has often been described in Eastern Europe,
it has not been demonstrated in the West.
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WHO (1981) cites multiple animal studies in which effects to the central nervous system, as a result of
RFE exposure, were evaluated. Tolgaskaya et al. (1962), and Tolgaskaya and Gordon (1973) reported
that brain hyperemia (i.e., abnormally large blood supply), pyknosis (i.e., cellular thickening), and
vacuolization (i.e., formation of cavities within the cell protoplasm) of nerve cells were observed in rats
repeatedly exposed for 75 days to microwave energy with wavelengths of 3 and 10 centimeters (PAVE
PAWS microwave energy has wavelengths of 66.62-71.38 centimeters) at high power densities (40-

100 mW/cmz). These effects were less pronounced following exposures at 10-20 mW/cm? and with
exposure to microwaves with a wavelength of 3 centimeters compared with wavelengths of 10 centimeters
at the same power density. The effects were reversible, several days after termination of the experiment.

Although much of the literature on central nervous system effects may provide contradictory conclusions
as to the resulting effect of exposure, the National Research Council (1979) determined that “whatever the
effects of exposure on the human central nervous system are, it is not known whether the effects are
deleterious to health.” The National Research Council (1979) concluded that the effects of low-level
exposure of the general population (members of the public), on the basis of available data and the known
interaction mechanisms with biologic systems, would be reversible or transient; therefore, the possible
exposure effects of PAVE PAWS should be restricted to transient, reversible functional alterations in the
central nervous system that may or may not be perceived by the exposed individuals.

F.3.8 Behavioral Effects

Jauchem (2000) cited multiple animal studies that attempted to determine what, if any, behavioral effects
resulted from exposure to RFE/microwave energy. D"Andrea and Cobb (1987) examined fixed-interval
and reaction-time performance in Long-Evans rats exposed to 1.3 GHz microwave pulses. Significant
effects were observed only at high average power levels that would cause tissue heating. D'Andrea et al.
(1992), also found that localized exposure (1.3 GHz and peak power of 3.06 MW) to the heads of rhesus
monkeys caused changes in performance of a vigilance task only at average SARs in the head of

16 W/kg or greater. The D Andrea et al. (1992), study used a microwave frequency approximately

3 orders of magnitude greater than the SSPARS and a peak power approximately 5 orders of magnitude
greater than that of the SSPARS system. D Andrea et al. (1989a), investigated three distinct behavioral
components in trained rhesus monkeys exposed to 1.3 GHz pulses at a peak power density of

132 W/cm?; there were no significant changes in behavior. D*Andrea et al. (1989b), found no effect of
high peak power microwave pulses at 2.37 GHz on vigilance performance in rhesus monkeys. Another
study, D'Andrea et al. (1994), reported that 5.62 GHz high peak power microwave pulses (2.52 kW/cmz)
did not alter behavioral responses in rhesus monkeys any differently than exposure to conventional radar
pulses (0.277 kW/cmz) that produced equal whole-body average SARs. A study by Walter et al. [1995]
investigated the possible behavioral effects of acute exposure to high peak power microwave pulses and
showed no changes in a functional observational battery and a swimming performance test.

WHO (1981) cited multiple animal studies that attempted to determine what, if any, behavioral effects
resulted from exposure to RFE/microwave energy. One study, Thomas et al. (1975), indicated that
microwave energy was found to affect the behavior of rats conditioned to respond to multiple schedules of
reinforcement. However, Roberti et al. (1975) did not find any difference in the spontaneous motor activity
of rats after exposure to power densities ranging from 0.5-26 mW/cm?. A study by Scholl and Allen (1979)
indicated that exposure to continuous microwave energy (1.2 GHz and average power densities of

10-20 mW/cmZ) did not affect skilled motor performance in monkeys even when the animals were
positioned for maximum energy deposition in the brain.
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In conclusion, Cleary (1977) summarized that it is difficult to evaluate the significance of microwave-
induced behavioral effects because of the general lack of quantitative correlation between thermal effects
at low power densities and responses at the physiological or psychological levels of analysis.

F.3.9 Teratogenic Effects (Teratogenesis)

A review of literature regarding the teratogenic effects of RFE/microwave energy was completed by
Heynick and Polson (1996), “Radiofrequency Radiation and Teratogenesis: A Comprehensive Review of
Literature Pertinent to Air Force Operations.” Heynick and Polson (1996) cited multiple studies related to
the promotion of congenital anomalies or teratogenesis as a result of exposure to RFE. One such study,
Sigler et al. (1965), sought a possible relationship between the occurrence of Down’s Syndrome
(“mongolism”) and presumed exposure of the fathers to RFE from radars during military service. Sigler et
al. [1965], suggested that the fathers of the children with Down’s Syndrome previously did have excess
radar exposure or a larger proportion of military experience, although this suggestion was not supported
as statistically significant. A follow-on study by Cohen et al. (1977) of the same group, with additional
subjects, did not confirm the suggestions that the fathers had excess radar exposure or a larger
proportion of military experience.

Other studies such as Peacock et al. (1971 and 1973), endeavored to assess whether the incidence of
birth defects in Alabama could be associated with proximity of military bases. Peacock et al. (1973),
concluded that the abnormally high number of fetal deaths “constituted evidence that the problem may be
associated with radar.” However, Burdeshaw and Schaffer (1977) reexamined the data from the Peacock
etal. (1971 and 1973), studies with regards to Down’s Syndrome and amended the conclusions to
indicate negative findings and no statistically significant causal-relationship between Down’s Syndrome
and RFE exposure.

WHO (1981) drew conclusions related to the genetic (teratogenesis) effects to cells from exposure to
microwave energy based on a review of existing literature at the time. These conclusions were:

e Chromosomal aberrations and mitotic alterations can be produced by microwaves at high power
densities where thermal mechanisms play a definite role; however, there are many conflicting reports,
and some doubts remain as to whether these effects can occur at lower power densities.

e Studies at the cellular and subcellular level are important for understanding basic interaction
mechanisms. Chromosomal aberrations and mitotic alterations are potential early indications of
biological changes and may reflect a response of specific tissue, but not genetic injury in the
organism.

e Recent studies on cell proliferation and capacity to synthesize DNA indicate that power densities
sufficient to produce thermal damage are necessary for effects to appear. This is shown by
experiments comparing the effects of both water baths and microwave exposure. Exposure of
animals to resonant frequencies (e.g., 2,450 MHz for mice) could be expected to induce effects at low
power densities because a larger proportion of the incident energy is absorbed and converted to heat.

Heynick and Polson (1996) concluded that of the nine studies reviewed, collectively those studies provide
no scientifically credible evidence that chronic exposure of mothers during pregnancy or of fathers to RFE
at levels at or below the IEEE (1992) maximum exposure guidelines would cause any anomalies in their
offspring. Furthermore, the National Research Council (1979) concurs saying “there is no evidence of
significant microwave-induced genetic effects in humans.”
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F.4 BIOEFFECTS RELATED TO NON-HUMAN SPECIES

In an effort to evaluate the RFE teratogenesis in non-human species, multiple studies were conducted
over the past several decades on non-human species such as insects and birds. These two groups were
chosen for their termed “incubation” developmental stages, specifically, the pupae stage for many insects
and the egg stage for avians (i.e., birds). These “incubation” stages provided a developmental stage in
which to study the effect of RF exposure and an attempt to link any resulting teratogenic effects to RFE.

F.4.1 Published RFE Bioeffects Studies on Insects

Many studies to examine the RFE teratogenesis on insects, specifically the pupae of the darkling beetle
(Tenebrio molitor) were completed in the 1970s (Heynick and Polson, 1996). In an early study, Carpenter
and Livstone (1971) exposed single pupae to 10 GHz RFE for two hours at 17 mW/cm? (e.g., estimated
SAR of 40 W/kg) or at 68 mW/cm? (SAR of 160 W/kg) for 20 or 30 minutes. As representative results,
about 20 percent of pupae exposed at the lower RFR level developed into normal beetles; about 4 percent
died and 76 percent had gross abnormalities. Approximately 75 percent of the pupae heated
conventionally to the temperature reached at 17 mW/cm? developed into normal beetles, leading the
authors to conclude that abnormal development of RFR-exposed pupae could not be explained as a
thermal effect.

Lindauer et al. (1974) exposed groups of Tenebrio molitor pupae to 9 GHz continuous wave RFE at a level
of 17.1 mW/cm? for two hours in an attempt to verify the findings of Carpenter and Livstone (1971).
Although some RFR-related differences were significant (p<0.05), no clear dependence of effect on dose
rate or total dose was found. Also, no significant differences in results were shown between pulsed and
continuous wave RFE at the same average power density.

Liu et al. (1975) extended this work at 9 GHz and found significant teratogenesis for two hour exposures
at power densities as low as about 0.17 mW/cm®. In yet another study, Olsen (1981) exposed groups of
Tenebrio molitor pupae to a standing-wave, 6 GHz field for varying time periods yielding a constant total
dosage of 1123 Joules per gram (J/g). The results of the control experiment showed no morphological
defects, in sharp contrast to the relatively large incidence of anomalies observed in control pupae by Liu et
al. (1975). Olsen (1982) suggested the existence of a hyperthermia threshold of approximately 40°C for
deleterious effects on Tenebrio molitor pupae.

Thus, Heynick and Polson (1996) point out in contrast with the findings of Carpenter and Livstone (1971),
Lindauer et al. (1974), and Liu et al. (1975), the results of the various studies by Olsen (not all of the
studies by Olsen that are cited by Heynick and Polson [1996] are reported here) and coworkers indicated
that the deleterious effects of RFE on the darkling beetle were thermally based, and that non-RFE factors
could have influenced the differences in findings in the prior studies.

F4.2 Published RFE Bioeffects on Avians

Byman et al. (1985) did a study related to the Glaser (1968) concept of the satellite power system (SPS).
SPS is a satellite in geostationary orbit for converting solar power into microwaves (2.45 GHz) and
beaming that power to a suitable site on the earth’s surface, where the power would be received by an
array of antennas and then transmitted to the population via conventional high-power lines. Power
densities would vary from about 1 mW/cm? at the edge of the array to 233 mW/cm? at the center of the
array. This study sought to determine whether bird nests on the receiving antenna array would be
adversely affected by exposure to the RFE, specifically egg hatchability and embryo development. The
Japanese quail (Coturnix japonica) was used as the test subject. Differences in egg-mass loss,
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hatchability, and chick weights did not vary significantly at an SAR of 12.5 W/kg and no abnormalities were
observed. However, hatchability was much lower at an SAR of 50 W/kg and varied significantly.

Hamrick and McRee (1975) exposed eight 4x5 arrays of Coturnix japonica eggs to 2.45 GHz RFE at a
level of 30 mW/cm? and an SAR of 14 W/kg, while a sham-exposed group was also used. The
differences between the RFE and the sham-exposed groups were all nonsignificant except for
hemoglobin, which was about 4 percent lower for the RFE exposed group than the sham-exposed group.

Various studies with Japanese quail eggs were carried out by McRee et al. (1975), Hamrick and McRee
(1975), McRee and Hamrick (1977), Hamrick et al. (1977), Inouye et al. (1982), McRee et al. (1983),
Byman et al. (1985), Gildersleeve et al. (1987), and Spiers and Baummer (1991). All of those studies
were done with 2.45 GHz RFE, and the SARs ranged from 3.2 to 25 W/kg. The endpoints included
hatchability, hatchling weights, viability, and the incidences of abnormalities. The findings showed no
significant differences between RFE-exposed and sham-exposed eggs in any endpoints except when
RFE-exposure raised internal egg temperatures by a few degrees above normal incubation temperatures.
An important difference between RFE-exposure and maintenance of eggs at the same surface
temperature by conventional means is the non-uniform spatial internal-temperature distribution in RFE-
exposed eggs, with consequent higher local temperatures within them (Heynick and Polson, 1996).

Chicken and turkey eggs were also studied by Fisher et al. (1979), Saito et al. (1991), Braithwaite et al.
(1991), Hills et al. (1974), Hall et al. (1982), and Hall et al. (1983). Collectively, the various studies on
Japanese quail, chickens, and turkeys also yielded RFE-related effects ascribable to significant
temperature increases in the exposed specimens (Heynick and Polson, 1996). No credence can be given
to the results of a few of the studies because of inadequate methodology and/or dosimetry (Heynick and
Polson, 1996).
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