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RECORD OF DECISION
for the
PAVE PAWS EARLY WARNING RADAR OPERATION
CAPE COD AIR FORCE STATION, MASSACHUSETTS

INTRODUCTION

This document records the decisions of the United States Air Force with regard to the
Supplemental Environmental Impact Statement (SEIS) for the continued operation of the Pave
PAWS radar at Cape Cod AFS (December 2008) that was prepared to evaluate potential impacts
to the human environment 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.

In making this decision, the information, analysis, and public comments contained in the SEIS
were considered, among other relevant factors. This Record of Decision (ROD) has been
prepared in accordance with the National Environmental Policy Act (NEPA) and the regulations
implementing NEPA promulgated by the President’s Council on Environmental Quality (CEQ),
specifically Title 40 Code of Federal Regulations (CFR), Part 1505.2, Record of Decision in
cases requiring an environmental impact statement (EIS). Accordingly, the ROD:

e States the Air Force’s decision (See page 10)

o Identifies the alternatives considered by the Air Force in reaching the decision and
specifies the environmentally preferable alternative (See pages 3 and 4)

o Identifies and discusses relevant factors including technical considerations, the Air Force
mission, and any essential consideration of national policy which were balanced by the
Air Force in making its decision, and states how those considerations entered into this
decision (See Pages 5 to 9)

e States whether all practicable means to avoid or minimize environmental harm from the
alternative selected have been adopted, and if not, why they were not, and summarizes
any monitoring and enforcement programs adopted where applicable (See page 10).

BACKGROUND

The Pave PAWS radar at Cape Cod AFS is the only radar in the nation that is able to confirm a
detected missile launch toward 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.

In 2000, the Air Force had originally planned to prepare an EIS to evaluate the potential effects
of the Service Life Extension Program (SLEP) (SEIS, Pg. 1-3, et al) and continued operation of
the radar at Cape Cod AFS. However, during the scoping process, the community identified
concemns related to the potential for adverse health impacts from operation of the Pave PAWS
radar, not environmental impacts associated with the SLEP hardware upgrade. Therefore, the
Air Force prepared an environmental assessment (EA) for proposed SLEP activities, analyzing
potential environmental effects of replacing hardware components, and prepared an SEIS to
evaluate the continued operation of the radar.




The SEIS supplements the analysis provided in a Final EIS entitled, “Operation of the PAVE
PAWS RADAR System at Otis Air Force Base, Massachusetts,” May 1979." The SEIS is based
on updated information and recent studies in order to address potential health effects of

radiofrequency energy (RFE) from the continued operation of the Pave PAWS radar at Cape Cod
AFS.

PURPOSE OF AND NEED FOR THE 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 elected to prepare the SEIS. The results of several Air Force
funded studies and literature reviews (in cooperation with the PAVE PAWS Public Health
Steering Group [PPPHSG]) (SEIS, Pg. 1-5, et al) to address the community’s health concerns
regarding the radar’s continued operation are more specifically detailed in the SEIS.

PUBLIC INVOLVEMENT

The public involvement (SEIS, Pg. 1-4, §1.1.2) process used by the Air Force for the SEIS
included the following steps:

1) A Notice of Intent (NOI) to prepare an EIS was published in the Federal Register
(Volume 65, Number 18, page 4406) on January 27, 2000.

2) An amended NOI was published in the Federa! Register (Volume 67, Number 140, pages
47776-47777) and converted the ongoing SLEP EIS into separate and distinct
environmental analyses efforts on July 22, 2002.

3) Public meetings were held to solicit comments and concerns from the general public, as
follows:

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

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

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

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

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

¢ August 16, 2000, Woods Hole Oceanographic Institute in Woods Hole,
Massachusetts

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

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

e March 19, 2003, Jonathan Bourne Public Library in Bourne, Massachusetts
e March 20, 2003, Falmouth Town Hall in Falmouth, Massachusetts

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



4) The Pave PAWS Public Health Steering Group (PPPHSG) was established in response to
public requests for an independent evaluation of possible health effects associated with
exposure to the Pave PAWS radar. The meetings were open to the public and meeting
agendas and minutes were published on the world-wide-web at www.pavepaws.org.

5) A Notice of Availability (NOA) was published in the Federal Register (Volume 73,
Number 120, Page 35133) on June 20, 2008 to initiate the public comment period of the
Draft SEIS. A NOA was also published in local newspapers (Cape Cod Times and The
Enterprise) on July 2, 3, 4, 7, 10, and 11, 2008.

6) A public hearing was held on July 15, 2008 in Bourne Massachusetts, during the public
comment period, which ended on August 4, 2008. The Air Force considered comments
received during the public comment period in preparing the Final SEIS and responded to
them as required by NEPA and its implementing regulations.

7) A NOA was published in the Federal Register with regard to the Final SEIS on March
13, 2009.

AGENCY CONSULTATION AND COORDINATION

The Air Force consulted and coordinated with federal, state, and local agencies regarding the
Proposed Action at Cape Cod AFS throughout the Environmental Impact Analysis Process. A
Public Health Steering Group (the PPPHSG) was established 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.

ALTERNATIVES CONSIDERED

The SEIS evaluated the potential health effects from operation of the Pave PAWS radar (the
Proposed Action) and the No-Action Alternative. The alternatives are briefly described in the
following paragraphs (SEIS, Pg. 2-1):

Proposed Action. The Proposed Action (the preferred alternative) is the continued operation of
the SSPARS, or PAVE PAWS radar. This action addressed the concerns from the local
community on the potential associated health effects. The specific studies and literature reviews
that were completed to address phased-array radar operation include:

o Preliminary Measurements of the Pave PAWS Radar
e Time Domain Waveform Characterization Measurements of the Pave PAWS Radar
o Survey of Radio Frequency Energy Field Emissions from the Pave PAWS Radar

o Assessment of Potential Health Effects from Exposure to Pave PAWS Low-Level Phased-
Array Radiofrequency Energy

o 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

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




The SEIS incorporates the findings of these studies as well as other relevant data in summary
format.

No-Action Alternative. The No-Action Alternative involves no longer operating the Pave
PAWS radar 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
intercontinental ballistic missile (ICBM) or sea-launched ballistic missile (SLBM) attacks.

Alternatives Eliminated from Further Consideration

The 1979 FEIS 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, the 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. 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 waming 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 for this SEIS involved the
potential health effects from the continued operation of the Pave PAWS radar, the SEIS focus
was on recent health studies and literature reviews that address RFE emitted from the radar.
Other than the options discussed above, no other alternatives were considered in the SEIS.

ENVIRONMENTALLY PREFERABLE ALTERNATIVE

The Proposed Action is the environmentally preferred alternative. The evaluation which
included additional studies and literature reviews 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 radar facility began operation.

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.

ENVIRONMENTAL CONSEQUENCES

Environmental Consequences of the proposed action were detailed in the SEIS (pg. 4-1) The
primary concern raised during the scoping process was the potential health effects of operating
the Pave PAWS radar. This concern has been raised because of the higher than expected rate of a
number of cancers on Cape Cod. Based on public input, three primary actions regarding the
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,



» Analyzing plausible heaith outcomes from the radar exposure using descriptive
epidemiology, and

o Characterizing special features of the Pave PAWS waveform based on hypotheses
proposed by the public.

A recent (2004) action that occurred at Cape Cod AFS was the implementation of the Service
Life Extension Program (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 SLEP
activities at Cape Cod AFS. Other RFE emitting sources on or in the vicinity of Cape Cod AFS
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 Defense Satellite Communication System (DSCS) and Milstar communication system
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. No cumulative impacts are anticipated.

The measurements conducted around the DSCS antenna indicated that exposures were below the
occupational exposure limits for the system, as specified in Institute of Electrical and Electronics
Engineers (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 DSCS
uses to communicate with 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.

A. HEALTH AND SAFETY

As discussed in the SEIS (Pg. 41-, et al), measurements collected during RFE surveys at Cape
Cod AFS and outside the Cape Cod AFS boundary 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 from Pave PAWS. None of the RFE
measurements outside the boundaries of Cape Cod AFS could produce a Specific Absorption
Rate (SAR) greater than the 0.08 watts per kilogram (W/kg) permissible exposure level (PEL)

established by IEEE, Federal Communications Commission (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 Cape Cod AFS or individuals
living in the surrounding communities. No RFE measurements were above applicable safety
limits. Therefore, based on the available data, no adverse health effects would be associated with
the RFE emissions from the Pave PAWS radar.




The Air Force will 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,
Radiofrequency Radiation Safety Program, which includes implementation of appropriate
administrative controls to prevent personnel exposure to RFE.

B. CAPE COD AIR FORCE STATION RADIOFREQUENCY STUDIES/REVIEWS

Although the scientific evidence indicates that adverse health effects related to RFE in general
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 1IEEE 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. The studies and literature reviews listed below specifically
address the general concemns brought forth regarding low-level exposures to RFE as well as the
Pave PAWS pulsed waveform generated by a phased-array radar:

Preliminary Measurements of the Pave PAWS Radar, Phase II — Single and Double Dipole
Field Measurements & Phase III — Spectrum Background Analysis, Final Report - This
document presents 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.

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 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 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.

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 provided the results of
measurements, modeling, and analysis of the RFE from the Cape Cod AFS Pave PAWS radar.
The study also compared the measurements from the current survey with those taken in 1978 and
1986. Overall, the previous studies’ measurements appeared 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 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. RFE measurements collected
during the survey were below the applicable IEEE general public exposure limit.



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 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 commonly 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 a previous study
(Toler, 1988) that shows a significant and extended influence on brain dopamine levels during
low-level RFE exposures similar to that of Pave PAWS.

The committee also recommended that 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 statistical ability to be able to detect any possible health effects in the Cape Cod
population.

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.

Memorandum regarding Risk Assessment of Low-Level Phased-Array Radio Frequency
Energy Emissions — 2002-03 - This memorandum from the Armed Forces Epidemiological
Board (AFEB) states that published studies do not convincingly suggest that exposures to
continuous wave RFE at or below IEEE standards result in adverse health effects, and current
scientific data do not indicate that phased-array RFE is 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 the Pave PAWS phased-array system.




In review of the literature, the AFEB did not identify adverse health outcomes in animal or
humnan 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 was 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.

A Public Health Evaluation of Radiofrequency Energy from Pave PAWS Radar, Cape Cod
Air Station, Massachusetts, Final Report, Descriptive Studies of Disease Occurrence and
Pave PAWS Radar - The International Epidemiology Institute’s (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
concems 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, the PPPHSG was
organized. Although a number of descriptive and analytic studies had been conducted to learn
whether environmental factors 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 RFE exposure from the 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. The study included certain cancers, neurological disorders,
autoimmune diseases, and birth weight. Secular trend analyses were conducted to leam 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.

It was 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.

MITIGATIONS

Because no significant impacts from implementation of the Proposed Action were identified,
additional mitigation measures are not warranted and will not be implemented. The Air Force
supports the recommendations made by the National Research Council and is investigating
funding sources and qualified agencies to perform dopamine and tree growth studies.

DECISION

The potential consequences of the continued operation of the Solid-State Phased-Array Radar
System (SSPARS) (PAVE PAWS Radar) at Cape Cod AFS, the Proposed Action and No-Action
alternative as analyzed in the SEIS, inputs from agencies and the public, environmental and
health considerations, and the matters addressed in this ROD have been considered.



Consequently, it is my decision that the Air Force has and will continue to operate the radar in
accordance with applicable safety standards.

M L 24
L .

MICHAEL F. MCGHEE, YF-03 Date
Acting Deputy Assistant Secretary of the Air Force
(Energy, Environment, Safety, and Occupational Health)

"HQ AFSC TR 79-04, Part 1 and Contract Number F08635-76-D-0132-0008
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COVER SHEET
SUPPLEMENTAL ENVIRONMENTAL IMPACT STATEMENT
FOR PAVE PAWS EARLY WARNING RADAR OPERATION
CAPE COD AIR FORCE STATION, MASSACHUSETTS

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

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

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.

Designation: Supplemental Environmental Impact Statement (SEIS)

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.

June 2009 Cape Cod Air Force Station, Final Supplemental EIS
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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

June 2009
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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

Cape Cod Air Force Station, Final Supplemental EIS June 2009



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

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

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

¢ 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 @ “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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¢ 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.

e | eukemia

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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RF radiofrequency
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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:

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

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

s 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.
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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.]14321-4347), CEQ (40 Code of Federal Regulations [CFR] Parts 1500-
1508), and Air Force Instruction (AFl) 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 AF S, 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 charactenstics 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 (EAs) 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. At the 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

+ 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

June 2009

Cape Cod Air Force Station, Final Supplemental EIS 1-5




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.

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).

Cape Cod Air Force Station, Final Supplemental EIS June 2009



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.

21.1 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

June 2009

Cape Cod Air Force Station, Final Supplemental EIS 2-1




PACIFIC
OCEAN
H
z
CoT RN ARON Cape Cod AFS Radar
@ Radar viewable area cove rage
Not to Scale gg&:;e R:a\c,jva;i t;c;v:r;g; to the south is provided by other radar systems. Figure 2 1 " 1
2-2 Cape Cod Air Force Station, Final Supplemental EIS June 2009



PAVEPAWS/015

|
SSPAR 240°

Radar Beam Horizontal Viewable Area

J‘\ 3,000 Nautical Miles
5° —’

SSPARS b L ey nnanT - Eurvei"ance

ence

Radar Beam Vertical Viewable Area

EXPLANATION

SSPARS

Radar Beam Viewable
Viewable Area Areas

Solid State Phased Array Radar System

Figure 2.1-2

June 2009

Cape Cod Air Force Station, Final Supplemental EIS




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.

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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23

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.

31 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 egective 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
kW
MHz
ms
ms

decibel

kilowatt
megahertz
millisecond

root mean square

3.11

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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Sidelobes

Figure 3.1-5. Profiie of the Main Beam and Sidelobes
Source: Kramer, 2000.

1
dB = 10 logT"

Where:

l,, main beam power density, milliwatts per square centimeter (mW/cmz)
/, power density in a specific sidelobe, mWi/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 charactenzed 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 symmetncal, 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 dunng normal surveillance will differ as a function of the beam
steenng 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 pnmanly 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.

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
field region, the RFE field has a predominantly plane-wave character. Unlike

far-
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 (Dumney 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/m?) 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 (VDTs), 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 nW/em? (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/cm?) 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/im

(0.0000026 mW/cmz) 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 electnc 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/im
(0.000265 mW/cm?) (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 cniteria 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
primanly for martime 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/em?) 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 Controi 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/cm?) (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 Miistar Fixed Communications Controi 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°t 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 1833th 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?) |  (mWicm?) (mW/em?) 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
mWicm® = 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®® (dBm) | (mWiem?) | (mWricm?) | 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
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 appropnate

satellites from Cape Cod AFS.

(a)

(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°; altemate 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.

9 = degree

dB = decibel

dBm = dB referenced to 1 milliwatt
mwWicm® = 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.

e 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/cm?), 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/em?
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:

o Preliminary Measurements of the PAVE PAWS Radar, Phase Il —
Single and Double Dipole Field Measurements & Phase Ill —
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).

¢ 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).

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

¢ 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.

3.21 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
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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?) ~(mWi/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 46 <0.000001 0.28 >280,000
(entrance)
i 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 240 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

mwWicm?

Air National Guard Base
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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A Source: Electromagnetic Compatibility Analysis Center, 19786.
Measurement locations correspond to those listed
Not to Scale ‘ ' in Table 3.2-1 Figure 3.2-1
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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) (mWicm?) (mWicm?) Standard
1 Cardinal Road (Christopher 28 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
B 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
° Gibbs (Across from base gate) =8 =Ur0LIo0] >220,000
Corner of Friendly and Freedom 0.28
£ Road (Near Snake Pond Area) o <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
N Near Mashpee Middle School on 8.4 <0.000001 0.28 >280.000
Lowell Road
10 Ic_:owell Road near Quessot Golf 88 <0.000001 0.28 >280,000
ourse
11 :l;kelodeon 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

mwWicm? = 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 Density 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 241 0.0000589 0.28 4,754
21 Holder Lane Circle 2.6 0.0025595 0.28 109
22 Scusset Beach Parking 1 26 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
38 Scraggy Neck Road at Cataumet Club 7.4 0.0000007 0.28 400,000
34 Carolyn Circle Forestdale 55 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 221 <0.0000001 0.28 >2,800,000
44 Onset School, Union Avenue 613 0.0000002 0.28 1,400,000
45 Ellisville Road 53 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.
= Air National Guard Base
mW/cm = milliwatts per square centimeter
Source: Broadcast Signal Lab, LLP, 2004.
June 2009 Cape Cod Air Force Station, Final Supplemental EIS 3-29




o Pembroke

}

EXPLANATION

Cape Cod AFS,
1.3 Power Density Measurement Location 2004 Power Density
D g Cape Cod Air Force Station Measurements at

Selected Sites

SSPARS Scan Area
, l A Source: Broadcast Signal Lab. 2004.
. ‘ . Note: Measurement jocations correspond to those Figure 3.2-3
0 3.25 6.5 Miles listed in Table 3.2-3.
3-30 Cape Cod Air Force Station, Final Supplemental EIS June 2009



l Table 3.24. Pre- and Post-SLEP Upgrade Power Density Measurements (2003 and 2005)
2003 Average 2003 Max 2005 Average 2005 Max
l Power Density | Power Density | Power Density | Power Density PEL
Location (mWicm?) (mWicm?) (mWicm?) (mW/cm?) (mWicm?)
CP16 0.14 0.17 0.07 0.02 1.40
CP17 0.0625 0.088 0.05 0.06 1.40
l 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
l 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
I 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
l CP24 0.108 0.13 0.12 0.12 1.40
CP25 0.108 0.12 0.1 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
I 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 0.14 015, 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"%
l 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
I 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
I 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
I 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
l 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
I 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
I presented rather than the occupational exposure limit.
CP = camera pole
LP = light pole
mW/em® = milliwatt per square centimeter
PEL = permissible exposure limit
I 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 tc 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

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

e Summary of findings from Upper Cape public health evaluations

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

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

¢ 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

¢ 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
s 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 |EI, 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, IEl analyzed available data for county mortality and
county cancer mortality and from the hospital discharge registry. |El also
compiled and analyzed data provided by the Massachusetts Department of
Public Health (MDPH) regarding cancer incidence, birth defects, and birth weight.
IEl 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:

s 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.

41 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 (SARY) 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. 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 I/ -
Single and Double Dipole Field Measurements & Phase Il —
Spectrum Background Analysis, Final Report (Air Force Research
Laboratory, 2002).

e Phase |V - Time Domain Waveform Charactenzation Measurements
of the PAVE PAWS Radar, Final Report (U.S. Air Force, 2003).

4-2 Cape Cod Air Force Station, Final Supplemental EIS June 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).

¢ 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.

4.21 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:

o 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.

e 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. |t
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.

¢ 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
quantitative 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.

¢ 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.

e 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.

424 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.

42,5 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.

42.6 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 IEl 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.

IEl 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:

s 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.

s 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

¢ 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
20 Purpose and Need for Action
3.0 Alternatives Including the Proposed Action
40 Solid State Phased-Array Radar
50 Health and Safety
6.0 Recent Cape Cod Air Force Station Radiofrequency Studies/Reviews
Within each area, each consolidated comment-response is numbered
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

1.1

2.0

3.0

3.1

Air Force Policy
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.

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

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

41

4.2

43

44

45

5.0

5.1

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: |s 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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52

53

54

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.

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.

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.

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)
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5.5

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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6.4

6.5

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.

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. [f 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.

Comment: The SEIS does not document publicly funded and civilian
sponsored studies. (6-1, 7-2)
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6.6

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

¢« Time Domain Waveform Characterization Measurements of the
PAVE PAWS Radar

¢ Survey of RFE Field Emissions from the PAVE PAWS Radar

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

¢ 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 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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6.7

6.8

* 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,

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

+ 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:

¢ 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.

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.

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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6.9

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 maximum-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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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.

6.10 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 IE! 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.

8-14
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PROCREDINGS

COLONEL EFLEIR; Good evening, ledies
and gentlemen. I would like to welcome you to the
public hesring on the Drefr Supplamentel
Envixoomentel Impact Stetement for the
Pheeed-arrey reder et Cepe Cod Air Porxce Btetion.

1 em Colonel Dewn Eflein, end I will he
the presiding officer tor tonight'e hesring. My
purpoee here tonight is to enesure thet we heve e
fair, orderly hesring end sll who wieh to he heerd
have s feir chemca to epeek.

Since cm)l phones snd pegere cen be
distrecting., it would be grestly epprecisted if
you would turn off or chenge the setting to
non-sudihle or vihretion mode on your cell pbhones
and pegere.

The penal for this public heering
tonight ie composed of wyself, and Ms. Lynne
Neumsn frow Heedguarters Air Porce Rpece Commend
who will preeent an overview of ections leeding to
the preperetion of the Dreft Supplemental
Environmentsl 1mpact Stetement end Lieutenant
Colonei Peul Legendre elsc from heedquertezre Alr
Porca Space Command who will elso preeent the

findinge of the Draft Zupplementsl Environmentasl

WAXY E. PRILLIPS 1.508.@BR. 6717

Document 1 Document 1
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Sourne, KA 02932
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1mpsct Stetement.

The purpose of tonight's hearing ies to
receive your commente, suggestione end criticisame
of the Dreft Supplemantel Environmentel Ispact
Stetement or SEIS.

Thoes of you who have not hed en
opportunity to reviaw the Draft EEIE, may went to
resd the summary ¢f the mejor findings in the
handout eveileble et the door.

In tha firet pert of tonight'e meeting.
the wembere of Lhe penel will brief you om the
deteile 0f the phesed-errsy redar operstion end
the findinge of the Dratt SEIS.

The eocond part of the meeting wiil
give you sn opportunity to provide informetion and
make stetements for tho record. Thias input
ensurese that the dacision wakers mey benefit from
your krowlesdge of the locel aree snd eny sdverse
environmental effecte you think mey result from
the continuad operetion of the radar.

Tonight 's beering is desiqned to give
you an opportuaity Lo comment on the sdequacy of
tho Draft EEIS. Keap in mind that the SKIB ia
einply intended to ansure thet the decision-makers

will be fully spprieed of the potantiel effecte of
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ths operetion of the phaaed-arrey redar.

Consequently, coOmments on i '3
unreleted to the SEIS sra rsslly heyond the scope
of this hsariog and will oot be addreased.

1 would like to make e few
sdminietrativs cowmsnts. Firet of all, if you
wiah to epeek tonight, I aek that you fill out one

of the cards tbat are loca

d on tbe regietretion
tahle a® you came in to the room. PFrom these
cerde 1 will cell your reme for you to come
forwerd and atate your commenta.

If you did not piok up a cerd aod wculd

lske to make a comment tonight, pl

ra yosr
hend and one of our repressntativse will bring you
e cerd.

Aftsr ths pansl bhaas finished ita
preaentations, wa will heve e 1S-minute recees.
During thia time, we will collect the cards. Wheo
the wmasting resumes, I will recognizs clocted

officiale fire Then I will call wembera of the

puhlic io random order from the cards tbet heve
been handed io.

ror those of you who heve not indicated
on the csrds that you want to maks s statemant,

but wish to epesk later. pleass [ill out another

MARY E. PHILLIPS 1.500.008.€6717
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card ot the registration tahle during the hreak.

I went to maks aure thet we heve an
opportunity to fully coneider ths commenta that
You make tonight. We hava an individual here who
will record everythiog thet is eaid e0 that we
won't overlook sny of your comments.

1¢d 1ike to establish s fsw ground
rules 80 thet all of us bave tbe becefit of
besring individusl commeots end eo that ws havs a
good meeting transcript.

First, pleeee speek Only after I
recognixe You and sddreas your remarks to wme. 1f
you have e written stetemeot, you may place it in
ths box nsxt £o the podium Or you mey rssd it
eloud within the time limit or you may do hoth.

Secood, ple

epsak clearly and alowly

into the microphone steting your rame eocd the

cepecity io wbicb you appear. This will help our
recordsr with tha trenscript.

Third, each persoo will be recognized
for five minutes. If you exceed this time limit,
1 will ask you to etop et thet point. If you heve
mors cowmeots then you will hs ahle to preaent in
fivs minutea, please prioritiae them 20 the wmost

importact comments ere addreeeed firet in ceee you

MARY X. PHILLI¥S 1.50R.8R8.6717
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run out of time.

Aftsr sveryone hea hed ths opportucity
to comment, I will then eddrses the audieoce to
ees if anyoos would like tn epeek ageio.

Pourth, plaaas do not spssk while

snother p

on ia apeeking. Only one pereon will
he recogniased et a time,

12 you decide jeter to maks 3 commsnt
after this puhlie kearing or if you have
edditional constdsrations, we encourage you %o
eend your writzan comments to the eddress shown on
the acreen or indicsted oo the written commeot
sheet,

rinelly, if you would like e copy of

that on a written

the Final §E15, you may el

comment sheet or on tbe ettendence cerd you filled
out st the door.

Privets eoddre

provided will he
compilsd to develop the mailing lietL for those
rsquesting copiea of the Fiocal ERIS. Fersonsl

home addre

ea and pbone numhere written on the
writton comment sheet or ettendance cerd will not
he publiahed io the Ficel SEIS.

If no ons hse sny gueations st thia

tima, ¥ will turn the progrem ovar To Ms. Lynne

MARY R. PHILLIP® 1.5CH ~6717
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Newmen whn will preeent ac ovarview of entjons
leadiog to the preparetion of the Draft BEIS.

M8. NEWMAN: Good evening, lediers end
gentlemen. My name ia Lynne Newman. I'm from Alr
Force Spacs Command io Colorsdo 8Spriags,

Tn 1976, en Environmental Asscesment

was prepared to sddrees the conetruction end

operaticoc of s radar instsllstion st Otis Air

Force Bess. Thie Environmentsl Ae ent

rsaultsd in en environmental determinstion for the
proposed pheeed-srray werniog syetem.

In reeponse to rsqueets mede by
resideots of Cepe Cod, members of the
Maesschusetls Congresesionsl Delegstion sod Stete
officiale, the Air Yorce preparsd an BIS in 1979
to provide further etudy et the potentiel
euvironmeotal effscta of the phssad-array radar
faciliry.

In 2000, the Air rorce hsd originally
plenned to prepare en EIS to svaluste the
potsntisl eZfscts nf the Service Life Extension
Progrem snd oogoing operation of the radar st Cape
Cod Alr rorce Station. HOwever, Decsuse the rsdar
was becoming unsupportahle dua to a leck of

replacement parts, ths Alr Force decided to
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prepare sn Enviroomental Aasesement for the
propoessd Bsrvice Life Exteneion Program ectivitiea
end prepere ¢ Supplemental KIS to eveluate the
ongolng operstiona of tha radar.

In 2002, an Environmentel Asseasmant
was prepered for Cepe Cod Alr Force Ztation to
addrssa the potential affects of the Service Lifms
Extenaion Progrem. Thia program called for the
replecement of outdeted computer cowponents end
the rehoeting of eoftwara to allow ths radsr to
continue opereting. Thie Environwental Asssssment
resulted in ¢ finding of no signiticent impect.

Ws sra now in the procasa of preparing
the Supplewments] Environmental Impsct Statswant
for the potential heslth effects of operating the
phaacd arrey radsr at Cape Cod Air Porce Station.

Tbs Supplemente. EIE we sre undertaking
aupplements anelyeis provided in the 1379 KIS
haaed on updated information and recant studiea
regarding the operation of reder aystsns in ordar
to addrees potential heelth effecte of oparsting
the phassd-array radsr et Cepe Cod Alr Porce
Station.

In sddition to tonight'a hssring.

written comments on the Dreft $EIS will continue

MARY B, PHILLIFPO 1.508.088.6717
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to he accepred et this addrees until August 4th.

After the comment period ia over, we
will evaluete the commente, both written and
verbsl and psrforms sdditionel enalyeis or changs
the EBIS where neceseery.

once the review proceaa ia rosplete, wa
will produce a Final SZIS echsduled for completion
in the fall of 3008 end mail it to those or the
originel distrihution list for the Dreft SKIS.

If you are not on our mailing list, you
can requeat a copy by writing to thia addreaa.

The Final SEIE will incinde commente
received during the public review period end our
Tesponees to thoee commenta. If approprieta, we
will group commecta into catsgoriea snd rsspond
eccordingly.

The SEIS will asrve as input for the
Record of Decision. Ws expact to accomplish the
Record Of Decieion by the winter of 2008.

Ths Draft SEIS waa prapared to comply
with the Nationel Environmentel Policy Act or NEPA
and tha Council cn Rnvironwmentsl Quslity
Regulationa.

Efforta were wade to reduce needlesa

bulk, write in plain lenguege, focus only on the
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issues that are cleerly rslsted to operstion of
the reder end to intagrata with other documents
Tequirsd es part of the dacisiun-making proceas.

In closing, I remind you thst ths SXIS
is in draft etage. Our goal le to provide ths
decieion-maker with sccurate information on ths
potential environmentsl conssquancea of opereting
the phsssd-arrsy rader.

To do thie, we ere eoliciting your
comments on the Dreft SEIS. Thie information will
support informed decision-making.

I would now like to turn the microphone
over to Lisutsnsnt Colonel Paul Legsndrs who will
discuee the vsrious radsr atudias that have hsen
completed.

LIBUTENANT COLONEL LEGENDRE: Thank
you., Ns. Nswmsn.

Good evening. Tonight, I will give you
a brief ovexvies of the studiss that hsvs bsen
performed regarding the phased-errey rader syatem.

It ie recognized that health concerns
have been reiced by some individuele on the Cepe
-- on Cepe Cod ragerding the ongoing operation of
the PAVE PAWE Redar.

Theae concerra heva been addre

d by

MARY R. PHMILLIPS 1,560.000.6717
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sevsrsl Csps Cod Air Porce Station aite-apecific

studies end litersture Teviewa. And th etudiea

snd litsrsturs rsviews specifically eddrsas the
genersl concernma hrought forth regerding sxposura
to low-level radiofrequency energy e¢s well ee¢ the
PAVE PAWS pulse wavaform generated by e
pheasd-errey radar.

The studiss sond rsviews. Seven atudies
and litereture roviewe heve recently been
completad that eddreee the pheaed-arrey rasder
operstion.

Thean etudiea include the preliminary
measurementa of the PAVE PAWS Rsdar, ths
time-domain weveform cherecterization messuremants
of the PAVE PANS Redar, aurvey of radiofrequency
energy field emisaione from the FAVE PANS Redar,
ecerssment of potentis] heelth alfecta from
expoaure to PAVE PANS low-lavel phsssd-array
rediofrequency enargy, literature review public
health evaluation of rediofrequency energy from
the PAVE PAWS Reder, riek eeeceement of low-level
phaesd-errey rediofrequency energy amiasiona, end
puhlic haalth eeseaament of expoaure to low-level
radiofrcquency energy emitted from the PAVE PANS

Zadar.
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And I'1) give you e hrief overview of
the etudiee that have heen performed regarding the
phaeed-array rader eyetem at Cape Cod Air Porce
Station.

The preliminary weaeurement of tbe PAVE
PAWS Radar. The preliminary meaeurement of the
PAVE PAWS Radar conducted in Merch 2002 provided
information about the time-domain waveform
charActerizatfon of the PAVY PAWY Radar that wee
ueed in planning the next phaee of meacuremente.

The preliminary meacurementa helped
deterwine the feseihility of the low-level
neeeuremente, dstsrmined alectromegnetic eigoal
ecreening feeeihility, eetabliehed the community
rediofrequency background levele and provided
ineight ahout the challengse that could be
encountered when performing the time-domain
seaesursmente.

The time-domein waveform

characteriastion meesuremente of the PAVE PAWS

Radar, The time-domein wavafors measuremente data
waa collected in April of 2003 end wee usad to
aeeeee the exietence, ernd perhape the importance,
of the radial electric field componente, elcpee of

the electric field end phaeing changes.

MARY £, PHILLIPS 1.50e

Document 1

The dsta scquired indicated that the
electric fielde produced hy the PAVE PAWS Radar
are highly chengeahle, likely depending on a
number of factors; such es, the dirsction of the

beam

sulti-patb effecte; such ae, ground-bouncing
and ecattering from the neighboring ohjecta, and
the typee of puleee helng rediated.

The electromsgnetic environment is made
even wore complex by nther radiatore in the
region; soch se, a T.V. end radio station.

Chengee in measurement resdinge wexs chssrved hy
eimply moving s senaor leee than a foot in any
direction. Thia suggeete that any effort to
bounce electromagnetic expoeure ehould carefully
coneider the possihle ecenarice for the potsntisl
radistors to eneurs that the correct conditione

are uaad for the houncing proce

furvey of the rediofrsquancy snaxgy
tisld emieeione from PAVE PAWS Radar. During the
eurvey in 2004, the peak average powar deneity
meaeuremente and peak average electrical field
aeasuremente were completed et varioue locetione
on Cepe Cod.

Rediofrequency snergy measursaenta

collected during the eurvey were well below the

MARY E. PHILLIPS 1.508
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applicshls 1¢EX gsosrel public axposurs limit.

The veslideted geogresphic sxpoeure deta
trom this etudy was ueed hy puhlic health experte
to eupport tLhe epidemiologicel etudy.

Key findiogs of the surveye included
the Rader'e averege power deneity et all 50 PAVE
PAWE teet eites wae vell below the maximum
permieeihle expoenre epecified by IBEE eafety
standarde.

The differencae in power density
wmeasuremente et en antenna height of 20 feet and
at a beight of 3 feet wae highly varieble.
However, when everaged over the 14 measurement

eitsa, the bigh eitee ehowed spproximately 5 4B

greeter eignel, conejetent with the *ruls of
thumb® tbat doubling the height of a VEF or e UKRF
antenna in proximity to the earth'e eurface
approximately doublee the eignel etzength.

Semples of sll clessae of ths PAVE PAMS
waveforw were obssrved. Long rengm eesrch
doublete end triplete were nbeerved independent of
the erimuth from the radar entenna indicating the
preeence of the sscondsry side lobee snd/or
reflectione.

At many PAVE PAWE teet eitee, numeroue

MARY B. PEILLIPS 1.508.888.6717
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recsived pulses sppssred to hava amplitude
modulation imposed upon them. Eince the
eteady-etate smplitude of the tranemitted PAVE
PAVWS eignal ie conetant, the amplitude moduletjon
wae likely produced hy thm environmeant

it vee determined thet ths most likely
source ie reflection from a multitude of
"targete’; such ss, sircraft, water tanke, redio
towere and the emcke eteck et the Sandwich Power
Plant.

Wher oheerving the PAVE PAWS channele
in e "mex hold® mode on the epectrum analyzer for
extended pericde, frequency-eslective fediog
produced by multiple tranemiesion pathe wvae
fregquently ohaerved.

Signale ohearved from hsh:nd tha radar
were moet likely produced from heck ecatter frou
tbe main beem of the redar, rether than frow
*behind the srrey® eide lobee or “edge
diffrection® estffecte.

The receiver signesl level meaeured
hehind the redar ie eimilar to peging, land
mohilme and low-powered PM etation tranesmittere,
eugygseting thet coneidering the power of the

radar, there ie little radiation *behind*® the
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plane of ths santenna.

On tha roof of ths PAVE PANS facility,
with ths instrument penetrating ths plana ¢f tha
radsxr facs from behind, tha messursd
radiofrequency ensrgy occasionally paaxsd to fiva
parcant of ths occupational sxposurs limit.

Mith ths instruments rapositionad abova
the roof. just behind thes pisns of ths radar face,
the radiofrsguency sasrgy limit fsll balow the
ssnsitivity of tba tnstruments.

This observation supporte the findings
that thers is iittlas radiation behind ths pians of
the antenna.

1t was not poesiblas to diatinguish
firet slds lobe pulsss from sscondary eide lobe
pulses that were recaivad st a tast sits. Thers
wurs variations ir signal lsvals from pulss to
pulss caussd by bssm pointing propagation and tba

liks that biurred the distinction between received

firat sids iobs srsrgy snd recsiving second side
lobe ansrgy.

Bvan whan mlles sway, largs commercial
sircraft have sufficient radsr croes eesction to

raturn s mesaurabls sigual to the instrumentstion

vin *backscatter® when the plane e illuminsted by

MARY E. FPHILLIPS 1.500.

67147
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ths PAVE PAWE main hsam.
The survey alsoc comparsd the

wassursnmente from tha currant aurvey witd thoes

takan in i978 snd in 1986. Overall, the previous
studiss' measurswents appsared to be gsnarslly
higher than the currsnt measursments. Thers could
he ssveral rsasons for this diffarsnca, inciuding
iimltations of the previoue test eystsms Or the
mannsr in which tha powsr dsnaity was darived from
the masgurswments. Ths radiofrsquancy measursments
collsctad during tha 2004 survey wers balow tha
applicabla IRER gsneral publie sxposurs ilimits.
Asssssmant of potantial hsalth sffacts

from sxposurs to PAVE PAMS iow-levai phased-srray

radiofregquency onergy.
This sssemsment, prepsrsd by Tha

Nsticnsl Re roh Council, cousistsd of a review

of ths scisntific data and literaturs reiated to
ths rsdiofrequency energy in the range of the PAVE
PAME system. Thia was done beceuse thare was no
spacific atudise of s phaesd-srray system mimiisr
to PAVE PAWB in the public domein.

The review included classifiad
documentation of reeesrch that could be relsvant

to tha PAVE PAMS syetem and the weveforwm

MAKY B. PH1LLIPS 1.508.888.6717
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charactariasation study.

Basad on the raview of avallabls
scientific svidanca, the Wationsl Rassarch Council
Committes concludad tbat thare wss no adveres
hsalth sffacts to tbe gansral population resulting
from ths continued or long-tsrm sxposure to PAVE

PANS ph.

d-arrsy radiofrequency s

sions.

Tbe Cowmittee aiso concluded that chare
was no observabls increaee in tctal cancsr or
cancers of ths prostste, breast, lung or colon due
to PAVE PAWS radiofrsqusncy ensrgy.

The Committee also fourd tbat tha
waveform characterisation dats collscted for the
PAVRE PAWS Radar ie similar to exposurs from *dish"
radars to whicb tbs public are continuously
exposaad,

The Committae recommsndsd that tha
atudiss of trse growth in the vicinity of ths PAVE
PAWS facility shouid be conductad. A study of
long-tern exposurss under conditione eimilar to
human expoaures could providas uesful information
ms to the poseibls mechanisms for s hiological
response tbat currently doea not exiat

Tha Committee also racommended that s

rapiication of = central nervoue eyetem endocrins

MARY E. PHLLL1PS 1.500.020.6717
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furction study be undertaksn to confirm or refuts
previcus Air Poros-sponsorsd studies tbat show a
significant and extanded influsnce on brain
dopamine levals during low-level radiofrsquancy
exposures siwmilar to that of PAVE PAWS.

The Committea clarified that the future
spidemioclogic studiee should not hs conducted

unl

8 thsy are sxpected to have sufficiant
statistical abiiity to be sble to detect any
possibla health sffects in ths Caps Cod
population.

Tha Air Forca supports the
recommendstions wade by ths National Research
Council. These studiss wouid be sccompliahed
indepandent of tbe SE18.

Tbs iiterature raview public health
svaluation of radicfrequency ensrgy from PAVE PAWS
Radar,

Thia litsrsturs revisw focused on
identifying etudiss that link radiofrequency
ansrgy to adverss heslth effecte. Tha study found
that tba dissasss lieted in the slides havs baen
studied for llnke to radiofrequency energy. The
study suggsstad that radiofraquancy snergy snd

adverse health sffect studies be prioritised to
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enelysis of existing epidsmiclcgicsl
investigatione of the aeeociation hetween
radiofrequency energy emieeione fxom Lhe PAVE PAWS
fecility and any apecific health outcomes.

And then the public health assessment
for exposure to lcw-level radicfrequency energy
emitted from the FAVE PANG Redar.

Ap 3 follow-up -- e follow-on to the
literature review conducted in 20C4, tbis

amenr avaluated the potential hesltb effects
of public exposure to low-level radiofreguency
energy emitted from the PAVE PAWS Rader eystem st
Cape Cod Air Porce Stetion.

Thie

esnment analyzed svailahle data
for county mor:iality snd county Ceocsr wortaslicy
and from the hospits] diecbarge registry.

Pata provided hy the Massachueestte
Department Of Public Haslth rsgasrding cencsrc
iocidence, hirth defecte and birth weighte were
cowpiled and analyzed.

The available rsdiofrequency energy
chi

acterization survey rssulte for the PAVE PAWS
radar in terme ot the known and biologicel
plaueihle hypothesired public healtd effects were

acalyzed and ioterpreted.

MARY K. PHILL1PS 1.5C9.880.6717
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concerns with tbe lieted diseases, wbich include exposure stsndarde and etandards setting process
leukemia, brsic cancer, lung and breast cancer in for radicirsquency energy, studiee on
womeo, low birth weight and hirth defecte, radiofrequency energy hio-effecte and over 45
suto-ismune dise ®; such ss. lupus, Alzbeimer’s studies and public heslth assesswente epecificelly
diseaen and Farkinson'e dissane. for exposure and heelth outcomes of the Cape Cod

Riek aseessmecte of low-level residente.
phnsed-arrey radiofrequency energy eaissions. The APER found that publiehed estudisnm

The Armed Porcea Bpidemiclogicel Bosrd do not conviccingly euggeet thet expoeuree to
or AYEB, met in 2002 to conelder n requeet from continuous wave radiofrequency energiee at or
the Air Force Surgeon Gensral regerding a riek below tbe 1RER etanderds resulte in edveree heslth
asecenment of low-leval pbased-array effecte, and currently ecieotific dats do not
radiofrequency soergy smissione, ae ph--ed~a}ruy indicste that pbased-arrey are sny differsnt.
radar eystems are used throughout the Department Current exposure atasndarde as
of Defense and ic tbe commerciel end private eatablished by tbe 1BEB, altbough based primerily
sectors and concerc had been raised regarding on continuous wave rediofrequeocy energy, appear
potentinl adverse healtb risks frow low-level completely ndequate to protect workers snd general
exposures at the Air Porce PAVE PANS facility oo populetion health in relation to potential health
Cape Cod. effects of the PAVR PAWS phsaed-array syetem.

The AFEB received presentations, ‘The AFPER did not ideotify any evidence
briefinge and matariale regarding varioue pecte euggeeting » cause and effect relationship betwsen
of rediofrequency energy. epidemiological etudiee the county or town levei elevated standardired
and operation of phssed-array eystems. rete ratios of diseaae in Massscbuaetts and the

The APER slsc reviewed eevsral hundred PAVRE PAWSE phased-srray syetem.
etudies focueing on epidemiological etudiee of There was no immediate indicsticn to
radiofrequency enargy exposures, 1EEE snd DOD support sither initietion of new or further

MARY B. PHILLIPS 1.508,000.6717 MARY B. PEILLIPS 1,500.888.6727
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The investigation utilised tbe analysis
of the outcomee, Outcome data and tbe information
snd relevant ecientific literature tc describe the
relsticonship smong the varicue radiofrequency
ensrgy expoeure cherecteristics and exieting
health outcomee determinad to be biclogically
plauveibls.

The ae

sment wes submitted to the
Masaachusetts Depsrtment Of Public Healtb for
review to confirm that the bealth dnta provided
had been used in conformance with the requiremects
ot applicable laws and xegulstiona.

The evalustion concluded thet there ias
currsntly no credible evidence for adverse healtd
effacte eesociated with the operetion of the PAVE
PANS Rader syatem.

Ratee for most of the cancere that
initially led to concerns about the poseihle
adverae henlth effects from PAVE PAWZ Redar
exposure were found to be elevated on Cape Cod
prior to 197¢ when the PAVE PAWS fecility bsgan
operations.

Thet eummarixee the findings of the
recsot etudiee snd litersture revinwe tbat bave

been conducted. 1I°'d like now to turn it back over

MARY K. PHILLIPS 1.5C8.888.6717
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commenta.

Again, I would like to commend the
Lieutenant Colonel here and the other Air Porce
people I've worked with -- oh, eioce 2002. And
it’a juat been a auperior parformance aod juast
well done. BRo thank you very much.

COLOWEL EPLEIM: Thank yoe for your
comment, air. Wext speaker ia Wr. Bernmard Young.

MR. BERNARD YOUNG:; Thank you, Colomel.
Sernard Young from Denoia. Dennia ia a commuoity
which conaiateotly geta the higheet reported
valuea of emisaiena from PAVE PAWE Radar. It wee
the highest measurement mede in 2004 and it waa
the higheat meaeuremeot mede io 2007 from The
Department Of Public Nealth.

1 would like to poiot out thet the
meaauresenta mede in 1004 we're told tonight ware
leas than 1378 snd 1388. Weesurementa mede in
2004 were for the moat pert subject to an
inetrumentation there called clipping.

Of the 30 aitss where seasurementa were
mede, 27 of thoae aitea, the peak mecauresecta hed
fell oo three diacrete valuea, 15 mioro watta per
aguare centimeter, 1.5 er .18. Theae three valuee

are each a factor of tem or a hundred differeat

MARY 2. PNILLIPS 1.508

Document 1 . Document 1 "
to Colenel Eflein. varioua atsdisa and field etedies and meacurementa

COLONEL RFLEIN: Theok yeu, Lieutemant and the quality of the engineer for the Navy
Colonel lLegendrs. We're geisy to take a 1S-minute aubmarine directorate. And the stendarde that
receaa at thia time aod thes we will move into the they uae for their meaaurementa and for their fact
puhlic commest portios of the hearing. fioding end for their anslyaia have all besen

Ple 2111 out your csrds, if you wiah auperb.
to spsak, and place them is the box a0 we cao The aituation waa that we had e lot of
addreaa everybedy when we Dome back. peopls who were juat heing Rermful to the procesa

{(short brsak waa takes.) and to ite finding the facts. They were dealt

COLONEL NFLNIM: Ladiea snd gentlemen, with in a very effective menmer Ry juat preaentisg
we're going to rsaume the hearing at this time. facte uotil they juat couldn’t come up with

Before we proceed, I will remind you of anything more.

e couple of pojota. Please addreas your remerka But thia atudy has hesn very importaot
to ma a0 that they cas be recorded im the official not only for PAVE PANE, but for other
meeting tranacript. tracamiaaiona.

Pleaae limit your commenta to five Por inataoce, it doea addreaa cell
minutea ao thet everyene cac be heard. Alao phones eod FM radio. IZ you want to talk about --
plssse etate your came clearly before you meks a thia ia the same frequeocy ae FM redie.
statement for the reocord. And the other ose I would like to asy a

At thia time I would like to call on vord about which he Doctor Adair from I thiak it'e
the flrat apeaker, Mr. Wayme Sellin. Rir, that in Conmecticut, 1 can't think of the achool right
nicrophone ahould be on for you 80 -- now. Wut he came and gave a preaentation before

WM. WAYNE EELLIN: Wayne Sellis. Okay. thie got atarted addreaeing all of Doctor
1 have perticipated with the Air Porce eod with ALy ‘e a. 1f emy ie iotereated, 1
the PAVR PANE Steerisg Group working oo the heve the origical video tape of Doctor Alkaneae'e

NARY 2. PHILLIPS 1. 80 88.8717 MARY 2. PHILLIPS 1.508.888.¢717
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as

from ooe acother.

l1mmediately, thet reisea the esuapicioco
of oommon inatrumentatios error oalled clipping.
1n that caae, you don't know what the true velue
of the exposure ie. The iocetrument couldn’t read
it thet high.

lavestigeting further, we ooted thet
when the firm that wea meking the meaaurementa had
uaed a gain of 20, because they knew the aignal

wae being le: » they got the largeet value, 18

mioro watts per aquare centiweter at five pointe.
Wheo the aigmal waa oot guite ae large, thay uaed
more ef a gain. And again they boosted the aigsal
up to aaturate as amplifier, and at the next nine
poiota it produced 1.8 micro watts per aguare

centimeter.

And finally, for the weaker aignala 13
ef the poista were reported ae .18 micro wette per
squars centimeter and a gaim of 40 waa uaed.

They alao failed to compare the dete
with the apecificatiocoa and the information we're
giveo oo the Roviroamental Impact Rtatement in
1879 Appeodix C. If you do that, you’ll aee thet

the psak meaaurementa et teo of the pointe of the

50 ateticoa meaaured t. 9 Caps Cod d
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the envelope of the entenna patternm.

1ndeed, the nne in Dennie, 10 and &
helf milea avey, waa only 3 dB below the peak of
the meim heem.

8o it's eice to talk about the energy
coming from firat eide lobe or the esecond eide
lobe. A measurement meds in Dennia ia coneiatent
with the mein beaw. We've been consietently told
thet the mein beam eever tnuchee the earth, And
that wee reiterated by the people who took the
seaaurements im 2004.

Looking iwmto the metter even deeper, I
went to the compsct diak thet wes hurned of the
492 weeeuremeots mede at theee varinea 50 aitea.
And we fouod im thet ceae 240 -- or 142 of them,
juat ebout half, were traceahle tn the meximum
outpet of one particuler emplifier ie the cheie.
That asplifier juet cnulda't put out any more
data.

And if yoe would tske a look, to plot
the dete ia the order from the emelleat to the
lergest, you can eee that it reeches e etep eod it
doesn't go eny higher. That ia olipping.

80 ws reelly don’t know what the velue

nf the exposure wee in 2004 when these

MARY 8. PHILLIPS 1.508.008.4717
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Wesaurement s were mede.

Consequently, ws cen‘t ba enre nr we
reelly -~ it would be insppropriate tn uee thet
deta to come te aey heelth effecte conclueioces.

’ And that corrupted data, therefore,
corrupte the meoeeerwmente reported ia the
Massachuaetta Department nf Public Sealth Neport
nn PAVE PANS end Ewing aarcoms.

In that report, they compared the peaka
tn the averegee, end they reported thet the velue
as decibele, it atende out 1ike e aore thumb, thet

four of those ca the decibe]l velue wae

negative.

That meens the peaka were lese than the
averagea. That's not poseihle. TYou don't teke e
courae vhere based on three gradea and get a 70, a
75 end an 00 end wind up with a 05 for your
average. Peaka heve te be greater then the
averages.

When -- in eddreesing theee chjectinne,
the firm thet did the meeeuremeote io 2004 eeid
thet they -- the measurementa in 2004 were from
outeide interferere. They seid -- eod they eeid
they'd explein that in their 2004 report. They
did no such thing.

MARY 8. PMILLIPS 1.500.888.6717
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1n the teat plen, there wves e queation
reieed about teking preceutiocne eo thet onteide
ioterferiog dido't cerrupt the mesauremeete. And
they explained twice thet they were teking
precevt iooe to make eure thet therea wars oo

nuts

e interferers or ocuteide tranesiesicea,
degredetion from otber sourcea iwmterfering with
their meesurememte.

When they made theix report, eix
different timee they expleio thet outeide
interfersrs were not correptiog the dete.

Sut when coofronted with the clipping
prohlem ie their data, the eewe cnntractor told

chusetta Depertment Of Public Seelth that

wlte are from outaide ioterfersra. Thet
is @ self-contredietiem. Thet eelf-contredictioo
needs to be reeclved.

I heve ¢ work in progreea, which I will
try tn wrap up in time te provide e written
comment thet will heve the figuree, which I wesn‘t
akle to put together for tenight'a diecuaajoea.
Thaok you.

COLONSL BFLS.

: Mr. Young, thank you
for your commeota.

Did you want to leave the hendout or

MARY B. PHILLIPS 1.508.
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the viaual that you ehowed, did you went to leave
that far ua? Or do you vemt tn include thet with
yoer written commeote, sir?

BR. SEREARD YOUMG: I*1l file it with
the written ocommenta. It will prohahly be more
cleer,

COLOMEL SrLSIN: Thank you, eir. Those
ere the only cerds thet I have. Doea eaybody elae
who did oot fill owt e cerd wieh to epeek.

(No reepenee.)

COLONEL SFLSIN: Sither Nr. Sellie or
Mr. Young eince epparsntly nobady elae chooeea to
apeek tonight, we atill have more time if either
of you would like to add anything.

®r. Sellin, weuld you like to go egein.

KR. WAYNE SSLLIN: No, themk you.

THS COURT: MNr. Young, did you get cut
off hy the five-minute time perind? ¥Wanld you
like aome more time, air?

MM, SEREARD YOUNG: I have some written
commeote thet I ceold go through hriefly.

COLONEL NPLSIN: 9xcuse me, for ooe
moment .

Okay. 9%e aaid he doea have aome

written commenta he would like tn read hriefly.

MARY 9. PRILLIPS
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Go ehaed, eir.

NR. SSRRARD YOUNG: These comments wara
prasantad ie ¢ lattar to tha Massachusatts
Department Of Puhlic Seelth. S0 I heve them
prepered and I can raad them and I will just raad
e few peregrephs.

I em unebla to racencile SEL etatemante
in the 2007 teet plan -- that was tha tast plan
for tha messuremente to support their etudy of
Swing sercoma -- with etetesmante SSL made in their
2004 raport.

1n the 2007 teet plan, BSL esays thay
axplsiaad ia thair 2004 raport thet peeh data
could be from nther ia bend nr near hand
eniesione.

I ecanned the 2004 SSL report thet
mantians possible intarferere. Thera ie e PDP
documant, ee it's very aasy to put im the word

intarfarar and wvhare it wae used.

Cnnclueinn 10 oe Pega 61 of the 2004
EEL report w

emateur radin oparetion in hand
caused nn {eterfarenca to massuresmante.

Their conclusioe 11 wae out nf hand
interfarence mot significant, From Pege § of

their Appendix A, maaeuresact eitee vera chnean tn

MARY B, PHILLIPS
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he eway from tha locatina of potantial
interferars.

From Pege 6 -- also from Page € of
Appandis A, to pese ¢ mobile trensmitter overload
praamplifier fnr a briaf period, this avant can
raedily be escarteined upon e

miaing the racanrdad
date. Tn dete, oely one deta racord has hean
idantified in whiech auch is tha casa. And thay
went na to esplaie thet.

Om Pega 11 nf Appendie A, edditionel
photogrephs ware made tn ehow that the PAVE PANS
wevafnra in both the frequeacy end tima-domain to
illustrata nanrmal operetion of tha redar and, two,
the eheence of in band interfarance.

Page 17 ot Appendie A. It was
datarminad thet tha ralative emplitudas of the in
hend ametaur redioc sigaals were well halow the
lavel of the PAVRE PANS eignels being maasured.

Eether thsn axplaining how tha 2004
peek dete wea pntentiel interferara, the 2004
raport repestedly explaine tha massurements were
nnt eubjact tn tha intarference from other
snurcae.

En whas they ssy thay explain thet ths

2004 peske wera from outaida intarferere, they

MARY E. PEILLIPS

s

told that to the MDPN, thet appeare to be e
enntrediotion.

1 thiah thara's something we should
nota ebout tha 2004 raport. If you pich it up,
tha first thing you nota ie it’s a raport with
without any authore.

In my 15 yasrs im sciantitic reaaerch,
you jwst dom’t writa raporte that ara author-lese.

Tha second ie thet tha rsdiofraguanay
enieaions part nf the 2004 etudy wae to looh st
tha peeh ond tha average aignele coming from PAVE

PANS, peeh and everaga. And then ae Colnpal

LeGendre mantioned thet in hie prasentetion.

Sut wham wa dn lech at tha rapart, tha
first thing you ente is there ie no discueeion of
the peek velusa. They weran't plottad.

When thay did thair taet plen for going
tn the 50 aitea, they computed the 1nseee, based
on alactromagnstic thaary of eignel propagation,
projactad tha losees from the trenemitter tan tha

measuramant site. Thes

iacluda s haaa lnes just

an tha hasis of diatanca, tha furthar you get from

the light hulb, the lese hright it eppeers to be.
Thare are losesa due tn Prasnel

affects, losess dua te diffraction affects end

MARY §. PRILLIPS
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ather lnssas. And they computad end prasanted

theee 1o ,» but they never ueed that da in e

comperison with tha saseurasante tbey made.
Thay’ra juat hanging nut thera.

Tou know, wheeever you maka e
maasuramant snd you have aa ahility tn maka a
prediction or en ehility ta compere it with e
pradicted velue, you nught to do it, 1t ia e very
siwpla nna lina calculatinn. It was prasantad to
ne in a Dreft Onvironmantal Impact Statement,
Appandix C ie 1979. 1It‘’e a nne lina formula. And
heceuse it waen’t preeanted with eny mathsmetical
rignr, 1 rederivad it. And 1've cowe up with tha
sema reeult.

8o ¢ eimple celouletinn could heve bean
made with all tha paek deta. And it wes not made.
Why wese't thet dnne? And thet raised my
curiosity.

And now whas ve looh end wa sae thet if
you did 4o that, you eee tentative S0 peoints
asceesded the epecificetion. That is a causa for
cancern. We've bsen rapestedly teld tha main haam
doesn’t touch the earth, but yat the seasuramant
mada ie Dennie is consietant with tha main beam.

It ie only 3 dB lese than tha maia beem. Thet's
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CEETIPICATES

I, MARY 8. PHILLIPS, Segiatared Profasaional
Raportar, do herehy certify that the foregoing
trecacript, pages 2 through 3P incluaive, wes
takao by me atenographically and tharaaftar uadar

wy directimn wes reduced te typewritiag end is o

trua racord of tha taatimony of the proceadings to

the bast of my ehility.

Deted ot g e Beech, } te, thie

a5t dey of July, 2008.

MARY E. rﬂ.ul,!‘:n i
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like helf of the power ef the peeh of tha mein heve eny mora diligeot investigetion of cell
baenm, phonea ee wa did in the PAVE PAWS isaua end

In comperiscn, the first side lobe is earlier im this decede, I doa't knav vhat the
10 48 down which is -- first side lobe ie 20 &8 valua Bf having them is. Thank you.
down, is omwe percant of that. COLOWRL SPLEIW: Thaoh you fer your

B0 here we've got ¢ meosurameot meda io comments, MNr. Young.

Dennis thet's 4§ timee the epecificetion. And As no ona elee hes indicatad they vish
well wa're just not gaing to talh about that. to spaak, thie concludes tha public heering.

And vhen comfrooted with the dete, your 12 you ehould dacida latar to meha
ceotractor, the matioceel rasearch cootrecter hes edditional commenta or would liha to Trecaive e
come up with e contredictien a self-contrediction. copy of the Finel ESIS, you mey do so through the
1 om diseppeinted thet thoaa who you rely om and eddTess that's shown on the brochura or om the
we ralied on and Secetor Kaonedy raliad on. vrittam cowment sheet.

Sanator Xensady, if you don't remember, was the Be eppreciete your puhlic -- excuee me.
ona who initieted this Metionel Reseerch Council ®a appraciate your participatios io thia public
study. haering. Thenk you for coming. Good night.

We ralied on them for en heneet end (¥heraupon the haerinmg eoncluded
careful and diligent inveatigation. And hov ot 8:02 p.n.)
this -- these thinge could he overlocked is heyond
conprehension.

I thiak we need to ba concernad about
thie haceusa the Chairman of thet committee end
the progras admieiatrator at NRC, yeeh, MSC in
Weshington, ere the same two who ere heeding the
atudy on csll phonas right mow. And i2 we don't

MARY B. PEILLIPS 1.508.888.6717 WARY B. PHILLIPS
Document 1 Document 2
3 P UNITED STATES ENVIRGWMENTAL PROTRCTION AGENCY
(2 AEGION

u;) |mnnx"ru::::a

amcr or e
QIR ADMINGTRATOR

August 4, 2008

Ms. Lywns Nouman

HQ AFSPC/ALTIP

130 Vanderberg Swest, Suite 1105

Peterson AFB, CO 30914-230

Re: Draft h et ffor the PAVE PAWS Early
‘Warmning Radar Operstion, Cape Cod Air Force Station, Massachusetts (CEQ ¥
20000239

Dear Ms. Newman:

The Eavirormental Protection Agency (EPA) hae teviewed the Usited States Depariwent
of the Air Farcs's (Aix Fospe) Drat Twpact

(DSEIS) for the PAVE FPAWS Early Waming Rader Operstion s the Cape Cod Air
Force Statien in Barnstabls County, Massachussts. Wo ssbwmit the (allvwing commments
o8 the DSEIS in accsrdance with owr respansibilities wnder the Nationsl Exviroosacmts]
Policy Act (NEPA) and Section 309 of the Claan Air Act.

The DSEIS for the PAVE PAWS madar was propared by the U.S. Al Fovoe 10 addrees the
eoncerns of the local comemumity shout pessibie hoalth effects from the PAVE PAWS
operation. The criseria EPA weed in evaluating the DSEIS wre (1) the messured

; y (RF) radistion sxpesure levels beyond the boundaries of PAVE PAWS
radar site st locations aseesnble to the public, and (2) the exposure paidelines need by the
Federal Consmumications Comemiasion (FCC) e protact the public Som adverse heshth
effocts that might resull from exposure 1 the RF radistion emitied by the systoma
regulsted by the FOC.

‘Bascd on cur review of information provided m the DSEIS we concinde the follewing:

$ microwall per square oentimeter. These lovels are wall below the protoctive
©xposws standards used by the Fodoral Commanications Cormiesion (PCC)
found m FOC/OET Bullatin 36, Anguat 1999.
hitp//were Jog. inosring T
loatSod.pdf.

N7810-1000
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*  The one location noted is &t Shawme Crowell Stase Park where the measured
time-averaged power density wes measured a8 34.6 microwstt per square
centimeter, still below current standards. The maximum permitied power density,
used by the Federal Commemications Commission to protect the public from
Mh—hhk—“nﬁ-hhmy_'ofﬁPAVE
PAWS radar ia, 280 microwstts per square centimeter. This exposure guideline

‘-MthCCDyDAhM’ 1993,

n addition W0 radi exposure EPA reviewed
mwmkmwnhmrh-m-msmm
the Nationa] Acadensies’ National Rasearch Council that soncluded that “thers is no
evidence of adverse health effects 10 Cape Cod residents from long-iam exponsre to
radioffoquency energy from a nearby U.S. Air Force radar instalistion ™

| s A
5.1 mw %m—d—au
PAVE PAWS reder

Based on our review of the DSEIS we have rated the DEIS “LO-1-—Lack of Objections-
Adequate” in accordance with EPA's sstions] rating sysiem, a description of which is
sttached 1o this letier. Ploase contact Timothy Timmermenn (617-918-1025) of EPA's
Office of Enviroamental Review with any comments or questions ahout this Jetter.

Smeaely.

l’.hnb«h A mm&‘;—*

Office of Environmental Review
Atiachment

Document 2

Casmmary cf Rucing DeCinlslens sad Folow-ep Acttsn
Eaviroament! lmpect of he Actow

LO--Lask of (bjections

The EPA review has oot iduatified mey pessssiel snrviressments! impects requiring subuumurve changrs »
e peposel. The eeview mey heve discionsd spperasuitios for applicanon of Bungation mcsesres thel
could be scosmphohed with 5o mam fhus miner chamges 10 the proposal.

EC-Enviremmen o) Cenmorn:
mUAmuwm—-ﬂmuwu.w-m-mmu
‘envipsampnt Comroctive Sucasares @y MeQare chuages % the profered shermecve of
mmﬁ-wﬁm_&ﬂkﬂh-m-‘hﬂ
agmncy w0 reduce these Epects.

FO Evirsamental (Mjestbom
ﬁﬂhwhmwm_ﬂﬁ st be avoaded @ ardet 1o prenide

reqpuire mubetemtial chaages 0 the
p-hnd_-- ahern. wchuding the
o new shernatrve) EPA mtends w0 work with the lead agency o reduce these mpacts
1 Eavirssmenialy | ssstisfarsry
The EPA review s that are o ey e

forn the etaripunrs of puabla m-w-m.—n EPA mtends =

weock with the lead agescy W redece S smpacts 1 the potemtally ansatdactony mpact. e mt
commected ot e final EIS sage. thes peop referal w the CEQ.

Adonpaas 1 of i Irmgpass S

Cutagury |- Adequate

EPA brleves the drafl EIS adequaicty seis forth e cevronsmental smpactis) of e predered shermaiive
ared theme of ther alicrnatives remsenshiy svaslabie i the progecs or scten %o farther s by o dan.
collectes o aecesary, bar e reveenes ey Weppesl the sddmon of < lenfy mg lampuape o mdormetion.

r--'n-h—ﬂ—l-l-l-
The dewft F15 ds o EPA w fully L
order b Bally protect the o the EPA reviewer has idesufied mes
reasemably svaslabic shrrnatres that ar withis the spectram of slevmatves anasbyeed m the draft El5
of the scrom The demmfied sddsiosal minrmation dsts
wnalvaes. or duscussson dhousd be mchaded m the finel FIS

© ntegers I-inadequatc

FPA dees not helurve that the draft FIS sdequately sssesses potrntsslly sgmficant searonmentsl smpecs
of the sction. or the FPA reviewer bas idestified sew, reasonsbly svailebic alwruenves St se swtesde of
he the drafl F1S, whuch dasuid be saalyesd w 2wder o roduce the
potemtally significunt enveamental mpacts KPA belseves et the idemnfiod sddomnl mbsramtion, dom,

crvw. g s shoebd be €rmwy revieed ead cade svaclable Cas bl Caremcat o 8 eapplomesl o7
revined draf ETS. On the basks of the potcatial signifioet mmpacts swolved, that propsenl could be 2
candidase for refernl to the CBQ.

United States Department of the Interior %‘

OFFICE OF THE SECRETARY
Office of Esvirwwmcasal Pobicy and Compliamce T Pios:
408 Adomtc Avemae - Room 142 Y

Sosos, Maseachusss 02210-13M4

July 30, 2008

150 Vandenberg Street, Suite | 105
Petorsen AFB, CO 80914-2370

RE:  Comwments

SEIS, PAVE PAWS

Early Waming Radar Operation
Cape Cod Air Station, MA
Dear Ms. Newumen:

The Depx of the lnterior (Dep has reviewed, and has the following comments on,
the Drafl Impect (SEIS) for PAVE PAWS Early
Warning Rader Operation st Cape Cod Air Force Station, Massachusetts.

The scope of the envirommental review in the SEIS was prismarily haeman henith effects from

operation of the PAVE PAWS rudar. The biveflects of exposure oo radiofn anergy (RF)
mWthMCg—dMQ-‘MMMmML
6. The bioeft onergy on s arvd birds were reviewed in Appendix

F.

1 mwmwm*amwhhmdunwnm
facility, and the influence of low level RF exposures on brain dopamine levels. The Air Force
indicates support (page 4-9) for theae studies, but states thet theae research studies will be

8.1 pursucd independent of this SEIS.

The Department believes that 2 nexus exists between these additional research studies
recommended by the NRC and the SEIS, and requests that the Air Force recomsider its proposal
-mmmuum Nnﬂdh&nmﬂh-w
possible i 5 o energy expusare that we
Mbm*ﬂm-—nmm The ceniral nervous system
endocrine function (dopamine) study is likewise imtended to resolve outstanding questions shout
the effects of rediofraquency emergy on central nervous system fumction in wildlife and men.

Document 3

Questions regarding these comments may be dirscted 10 Mr. Vern Lang of the Fish and Wildlife

Service st $03-223-2541.

Thank you for the opportunity to review and comment on this SEIS. Please contact me st (617)

223-8565 i | can be of assistance.
Sincerely.

Andrew L., Raddant
Regional Environmentat Officer

June 2009 Cape Cod Air Force Station, Final Supplemental EIS
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The Commonweaith of Massachusetts
Executive Office of Health and Human Services
Department of Public Heaith
Buresu of Environmental Health
Washington Street, Bosion, MA 021084819
Phone: §17-624-8787 Fax: 817-824-5777
DAL L BT TTY: 817-824-5208
il

THROTHY P AT
AT ERANT BOVERSOE
Y A RSGEY WD

secarTany

July 31, 2008

Ma. Lysne Neunan

HQ AFSPC/ATPP

156 Vandenberg Stroct, Swits 1105
Petcrson AFB, (0 50914-2370

Subject: Comments on Draft Suppl ! Eavie d (SE1S)
Continued Opevation of the PAVE PAWS Radar Facility
Cape Cod Air Force Sustion, MA

Dear Ms. Newmnan:

Thank you for the ity %o submit on the Draft Supple { Er 4

Impact
Statement (SEIS) (May 2008) for the continued operation of the PAVE PAW'S Rader Facility at the Cape
Cod Air Force Station in Massachusens.

The Massaciumonts Department of Public Health's Buresn of Eavirousssntal Heulth has four major
commments on the Drakt SEIS:

1 1. MDPH strongly seggests that anry technical comments received on the Deaft SEIS relsted 10
the methods employed or imsevpretation of studies conducted withia the scope of the SEIS on
emissions and/or posential public health impacts from the PAVE PAWS
Cacility be directod 10 the Nations] Rescerch Council’s (NRC) Commitiee 10 Assess Potestial
Health Effocts From Exposwres 1 PAVE PAWS Low-Lovel Phased-Asruy Radiofroquency
6.2 Frergy for its writen response. While this commitice may a0 longer have o formal
relationship with the U.S. Air Force, the Conuitice served s key role as the de-facto scicatific
p-uvhwndhv-ﬁ:-“--“‘.-wvl--—h&.“-—
snalyses. It d essential that the Air Force reach out 10 the NRC
Mdummhm--wnﬁmwhm

recommendations made by the NRC i s 2003 report An Assesoness of Porential Heoith
6.1 m;—wunmrmu-wmmmm The
NRC comrmitiee recommnended thet the Air Fares commission tree growth studics im the

Document 4

2
6.1

3
6.3

We

visinity of e PAVE PAWS facility as well s » cemtral nervous systess endocrine fimction
M-k“‘mm“-iﬁﬁ—hhﬂs

3. Amongst its conchusions, the NRC indicated in its report entitied “Aa Amensmaent of Potential
Health Effects from Exposwe b PAVE PAWS Low-Level Phased-Arrey Radiofraquency
Enevgy” that the measursracat date and models of the PAVE PAW'S facility svailsble at the
hdhm&vhmmaﬂmm the

of the ities of Cape Cod. While the NRC

Mhhnn“*dﬁahﬁww'ﬂd—b—w‘-
or long-tcrm exposue 1 the PAVE PAWS radistion, it also esnchaded thet these were
Imitations sad wncertaintics i catimating exponme at the individual level and that future

4. mmuh“mdh“—“-pﬂdhﬂ.-ﬂuh
Final SEIS itacif, be made available to the public at local public litrarics sad meintained on
the Iutemnet for the pariod of tisme PAVE PAW'S romaing operational. Extcasive and one-of-e-
kind studies were conducted 10 evaluste the polential public health impacy(s) of the PAVE
PAWS facility and these studics not enly will be of imterest o the current mnd future residents
of Cape Cod bl 10 resesschers and revidents of other areas of the coumtry who oould hemefit
from the cxperience gained on Cape Cod in addressing their own similar public heslth jasses.
They also serve aa o baseline for funure investigations.

0 provide th If you have any questions regasding them,

wate the
hﬂhh“-ltl?ﬂ#!m

Document 5§

Sd:l.UE»

ToUNDID 199)

Masarbes
Chapter

Sunday, July 27, 2008

Als Fores Spaes Command

150 Vandeaberg ¢, Swie 1108
Pewrson Air Force Base, 00 80914-2370
Am: Lysss Neoman

Re:  HO AFSPC/AA/TPP / PAVE PAWS SEIS

Dear Ms Nowwma:

wray mder sy i
stod st the Massachusons Military Rovervation (MMR). We foel thet the PAVE PAWS Supplemenial

The Swma Chib sepporss the “procationary principle” In cases where acieatific unceriaiaty exism re-
ganding the impact: husman cawasd eavirmmentsl dressors on public heaith, Dy Rickerd Alerse. an
Alr Force rosoarcher, Mm“ﬁ*ﬁwd#mu‘-uﬁwﬁﬁh
udied. Sinoe the Sierrs Cleb is as cavommental advocacy we will leave il up 1o the xci-
ntific poer reviow prosses 1 evaluste the credibility of Dr. researsh. We fosl that more re-
warch is requeised on (¢ i 0 the Inbormory whers oue cm comtrol conditiops and ideutify phesed

:'_

15 MU Swent / Sule 632, Roston, MA G218 617.420.5773 voiew » 617.42).305¢ fax  nuu sieOracinbmmc ary

Document 5

RRA Alr Forve Sgmee Command / Ms Lynne Nowman
S E PAVE PAWS SEIS
LUB Sumday, Joby 27, 2008 / Pagn 2 of 2

rounsan Hes

Massach et

Chapeer
q smey radas reuponse biomak in the cxpom populetions of o iome. The Netiosal Revonrch

Cowncil/Nationsl Acsdemy of Sciences evaluson of the FPPHSG products mede some similer resmrch
_—u-“--wm-—punsurng-c—n
these mew labormcory mmcics oot 8 dose (Mder (rquency aad sty Yrerpores (Blomarkors) wis-

tiomsdip, then a umen beakth risk amemsmont can b persund 10 svalusie S potestin) resposer o G
Mu“-mcu-uuvsmwu-w.qums.ﬂ
L sstenmes of Ron-iomting mder expomse. From swr per-
mhﬂh*.&dhhhhhmAdm
mh-*d.ﬂmhuﬁ-‘h—ydhﬂdmnﬁl—lh
e easier for resisents 1 gresp and e mare seadily mcwporsted it pubiic beslth policy
from am cervirmemcstal siremor porepetive. If the mborstory studins fall 1 dotect 8 dosssoapomas fole

1

affect rolationshis. Given the papuistion sias invoived in she Cape Cod studies, the ability of ma opi-
domiological sdy b detect am effect is elost wil.
Thenks for your considuretion in this e,
Sincerely,
]
7

\] e

o
R Phillp Dowds Devid D Dow
Oheiz, Mass Chupter Executive Commisioe Cape Cod aad the Iviands Group
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Colistion for the Operasion of PAVE PAWS Safely
Lt. Roneid Cronin, President

Lynne Newman
HQ AFSFC/AATPP
150 Vandenborg St.
Swite 1105
Petersoa AFB, 0O 50914-2370
August 4, 2008

Dear Ms. Neumaa,

1 am encl ng the Draft 4, | Envi ] Impact
s«-mmcrsmummv&ummm\m
System (PAVEPAWS) in oporation st Sandwich. Cape Cod Air Feree Station, MA.

mmuuumamummmuu.*u
Mﬂum*p‘m-m-ﬂdw

-

6.5 The PFFM in conjunction with Boston Usiversity and Seffolk Uniy
dn%ﬂm“w-ﬂd-ﬁh_“nﬁﬂk
Kirkland Air Foroe team.

2 The Dt s I S (DEIS) report does not
accurately refloct community concerns and falks far short of expectations. 11 i a one sided
report which fails o » invoby by citizens,

Mmm»uu&pﬂ-ummmm
docurnent should not be used by federst or state lawmskers nor advanced a5 & complete
s.s Mnkm;mdwm-k*m“
¥ omissions, and lacks

The study and specifically the PAVEPAWS Public Health Sicering Groep (PPPHSG)
failod w0 address or sckmowledge the significant and elevitod Cape Cod childhood cancer
_Whnqmmmmmmnﬁm

Document &

mnmimmmmmnmAwsmnm

epidemislogical between the
and the medical school (conducted 2 1999 study for the Massachusetts Departrment of
Public Health (MDPH)) 23 was being supgested.

Tt bs also well & d by formal dnint that USAF p ] harassed the
enginnering students and Dr. Al-s(nefndnmm-laquSAFm\
The group of young enginsers were Rot reased 28 younger peers, but instead was.
ostractzed by Alr Force ssufY and radar tochmicians.

mNMw-M(*SIM)M“d&HWNl
continuous basis rom every firchouse an Cape Cad in conjunction with the PFFM and
Boston University aad Suffolk University enginooring students was desiod by the USAF .

Upon sy returm from New York (WTC) on September 15, 2001 a sudden splks (tripling)
n measuroments were recorded st my home. These elevated messurements
through the and of the month of Septernber when the spoctrum analy s was returned.

mm“mk Aassaci (PFFM) and
mmhvmn“ﬂl mﬁ-mlly

PAYEDEW) LOM.

Sincerely,

L1. Ron Cronin

By email 0 : Lynne Neyman@Petarsoqalmil

RE: COMMENTS ON BRAFT SUPPLFMENTAL ENVIBONMENTAL IMPACT STATEMENT
FOR PAVE PAWS EARLY WARNING RABAR OPERATION CAPE COO AIR PORCE
STATION, MABRACNUSETTS

1 mmw—dwmmmuhmd—u

3 h“h!f’!mmh.‘h mﬂﬂ.w-——-‘-

This DEIS appanrs o be as stterpt o ro-weite the hissory. The struggle of Suowsmnds of Cape Cad
<ltizeas who had been ryiag b wose: ] Dy Camitics headt: e "< codwced I this deciomem o 8 (2w
Towteaecy £ st Debbc comer—,

Thess was & lerge pubiic sutery i G lots |970°s whan the public firt spw PAVE PAWS sommruction
Deg'ns Thare weas much prom stevtion given o public comr— @ “ut Ume thet vas 20t dooument &)
ihia DEIS. Sevevml ot groups fught the comstrwotion sad aperstion of PAVE PAWS and fougit for
(ahorssor w3 bcagemm caalytical spidcmiclegi-al shedien <7 the Opoaed Depulation as we as
ontimes saitoring of PAVE PAWS mdiaion enimdess.

Publie soaer il 2ot Jineppow 1t was not caported (e (wem sigai lomaly again hower— wmti] Owr

low 1990°s. Romidunts lar “limg wrvcives sed mary public proups poimed not e daarth of heml™)
shudies simoy PAVE PAWS bugen opevating i 1978 wnd called for ths faciity to be moved andior shet

L

trestment by PPPSG members, some of the concerned parerts formed the Collation for and by Centified Mall
the Operation of PAVEPAWS Safely and conducted measurements on our own. These
were presensed o the Kirkland team and National Academy of Science commitiee afler
request.
Both the USAF and the PPPHSG alienated, discounted, discriminated against and
w“m-‘*hhmﬁﬂm‘?.&vﬂA‘S
Safely (COPPS), the Prof Firsfagiwers of Maseach {PFFM), Bosson
University and Suffolk University engineoring studeats who alf attemapted 1o sssist the
USAF by L] imthe effort of the PA VEPAWS radar
on Cape Cod,
Document 7 Document 7
Sy 31 2008 down an (e proper lehomiory end sty oel epidemssolopical sesdien @ be aavind om. The Amocicis:
for the Pressrvasion of Cape Cod aslled for the decomminsicaing of the PAVE PAWS (neility.
Ma Lysme Nownan
HQ AFSPC/) Below is o Gmeline that is publisked sn the COP.PS. (Conlition for the Opmmtion of PAVE PAWS

Sefely) websi & www coprondeancar org dusumenting hey evenss i the PAVE PAWS bisry:

PAVE PAWS Timeline

172 - Al Foren bugian profimionry plossing for Projest PAVE PAWS

IWS A.——-a-uuc-m PAVE PAWS st of the pebiic oye. Platruck
(MMER wat the Adr Force's firs chabes.

1977 - n\lnu——-*-u -

the Air Fores ol e b iy

bt

March, 1978 - Resdents flied o lesull charging fee Air Forve bad visisted the “aticasl

(EI5). PAVE PAWS construction continess even though the FI5 proesms it wet cempheirsd

Rscl 31, 1978 - MA Genater Kenaedy, Coagresmen Soudds and Senater Broshs relessed o

jolnt totoment crtticnl of Prejuct PAVE PAWS ond requust fhat the Natloan! Aondumy of Scienc—s

(NAS) perform o study of PAVE PAWE. fame coserpas frem (he NAT Neslene] Reronrch Councld

(NRC) repart; Analysis of he Expesure Lovels end Potontinl Bisingle Effrn of the PAVE PAWS

Rader Systom, 1979 inshude :
“Te effects of leag- - Tedimtion w e puner demsiticn han o
ot betn ndequateh ssrmed Therr i me rvabencs of et cm bumans.
bt the question b smressbved ”
- date it s -

4 " and RY -

“the pesible e1pasarr effoct of PAVE PAWS shauld bs restricind to tresston,
covralbla (amc inme] e)ieredines i tha Comre Norwoms Uymm (bat w7 o7 mg> 20

s poresived by the expesed persem.”
'_ﬁrAnhu-l-qh—“-q--h&I-t—-hn
7 (e g7l pahlle Gabin... ln virw
of the bnown o —v—q—-- Qe cope: o
PAVE ay b “flects ea sxpased poopis. Becomme
ey ) i d mast be
Future of the potential expasurs offects of PAVE PAWS and
et high pow e auipat radar vy b
mulm-hu-bﬁh-lﬁ#q——u-lﬁn
e blaciare

Jassary 22, (979 - A public hasring an the draft E18 is bold o1 Sandwich High Schosl Oty
protmt the epsration of PAVE PAWE. They ous bumper stickers and pine thet sy “Kanp Your
PAWE OF Cape Cod.
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1979 - The fast £15 & svlasasd. The Alr Pores stutes PAYE PAWS ol be & dhust-torm aw of e
Gt 10-29 ummre. The Aly P comcalied o dvo 115 chat
(e b i Choemedz it of cpeseso (3 PAVTE. PAWT puied eioenss codinting oo
anknows & Gt Car, Secyral crgead cogsD 0 made by e Cago Cod pablis & @ (77

[ =

0. Tt G Alr (9o G cmniipases Cags <= iy meaduring of Cagivion ksob o Cape Cad

% Ths! epsdemisbagicnd et brgin of Go Cogo O pupsintsn Com G0 @eBon? G pooxr w0
Swraed euy

2 Thet the

41 was over o upgrade s FAVE FAWS
s e PAVE s Upger Cape.

PAWS in 1996,

19%b - High cameer raies sre reported oa { ape (o The Massachosctts Department of Pubsic
Gnnds o toum 7 Crom Besten Gatoositr 1) to ook bte petestial

Camnns of (b bigh oy ~Hes go Gw Upper Cage. 1IDPY) bue) Game <oooraged pomr depsl?

Eppremme fokee in npger Cops towws oo,

Cantrevere oves PAVE PAWT endl bumplid cxaeroem cosiinms. The Alr Feson castiiness © my G

PAVE PAWS radinting b mle ol el Do s g el

Cor Rndon e el @ot (e & o0 o lmsico

idencs G & b 0 bmowsl, Tho st e “Themel mael™ (I @

B honos ey (b, & b 0 baeed. [ o @t G S escannt G ety v Chvaele

<R of “pep-turel” crpecasy o PAVE PAWS unigme cafiviing (wovoterm, phasing, Gageesc

endl emodutecing”,

1991 = DU relouses e “Upper Cage Canowr hasidence Study.” With regard & FAVE PAWE, the

w—t--uun—-—n-;w-—-u———hunnn.h

prelisbly s dama b iy, Wo ey pomor deady
[t by PAVEPAWE = willbs

-“hh--ﬁtihn-‘dl—.-n'

1994 = The “Puble vl = e rmmene

m—mnu-—uuunnnﬂ*&.m—m——
oot libwod ep e b B MIFT oo Alr fos . demplly eomss crgemts Gom iy,

May, (90 - Sereor™ & medy felveing o
'*#MhnnrA“----—p—ﬂ“

o aring 0o ofich] decement, The pebic O el sotind o Ge taw of & orods
1997 - Sharen end Nisherd Juigs of Seaduioh, MA thet ont shust PAVE PAWS whils incking ot

or ‘;‘:‘—, "'"‘hlhﬁh-i?A'l'A“ﬂb

_d_-wﬂxl. .I“*“hnh‘iﬁ-nnn'lh

n..——--.— Lol

—\hd‘““_-ﬂ-ﬂ—hﬁ.hh&h
Comter (EFHC), incnted «p G SEMIL. The elies was

“-h“h M-‘-l—..—l—-‘—-dh!ﬁ-wm

Juty 27, 1999 - Tan CAP was 00t oliowed o addvens PAVE PAWS but MDPY snsomtem they
i—ll-‘—i-—-‘-ﬁrAnrA"h-d-wﬂﬁyﬁn
alviery gt ispeibc. (5D orp e O paar)
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playvicien with the USAP.

7 The DEIS did not addraso the ahorastive action of moving the Cape Cad PAVE PAWS b0 0 mmete:

34 ocution whers thess is R0 8 humem populstion iving Ie frost o7 1. This wes un alternstive thet wa
rought up ropessedly st scoping mestings, drafl EA and SLEP EA boarings wad in lotiors, cic.

8 mnuqaa—hths—“u--—aumm
eanhyioal cpidemiclogaeal the exposed pepulsion, thet fheve exish o mach shudy woday ©
m&mlﬁh!A\'E!A“hﬁ.

The AF's approach ia chenging the eriginel EIS prosues (Genasal Pavisvich lstier, ok}, chenging the
cxtve ETS proc S0 the Seginsieg has hem complorsdy cuslsing ¢ publs snd public bader

Splicting the process wp inte EA’s for the SLEP upgredes, Milster wpgrads and the sepernte BMDO
(NMD) spgpndrs has bern gmasecpmbie snd has teer 3 ploy @ crowsrvent the imtee of the NEPA (amd)
IS preces).

This DETS amamot bc acomptd as sny type of decision making 1ol or lagal documont. % alww comat be
woed a5 & means 10 dooument sny Nstarionlly sveats i the mery of the Cape Cod public v PAVE PAWS
ey sy micTowsye tmdlardor.

Thank you for the spporiumity 0 commonl.

=
2%
s

®

BAVE PAWS RADAR CHARACTERISTICS COMPARED TO RADIO
EREOUENCY MEDICAL DIATHERMY UNITS

A partial definition of Medica! R.F. Diath 7 using heat

produced by high-frequency cuerent, bo treat muscle complaints, etc.

Raytheon diathermy wnits, used for decades by medical practices, operate

in the same 2 to 3 GHz frequency band, used by Airbome Early

Warning (AEW) Radar. - (Raytheon diathenmy units use a smaller

Iowpow«venmofﬂnAEWm;neum *tube’). APZVpumI

bomber AEW radar,

pulse rates and pulse widths; frequency = ~ 2.4 GHz.

I'm a former U.S.N. Chief Aviation Electronics Technician.
Radar was my primary maintenance responsibility. USAF AEW
planes have operated in Cape COD skies for decades! As faras!
know, without health relaled complaints. Is it fashionahle oe
politically valuable, for soms p lomendpubhcformw
make some type of i ion? 1 with anyone having
genuine fears of “the ﬂnown, or p-‘ually known” gl the more
reason, for listening and thinking more - arguing &

u talking less!

How did PAVE PAWS RADAR become such a Boogey-man?
Was It a tragic spin-off from the horrendously expensive & totally
unnecessary EMF power line controversies? Where did all the
protesting experts come from? How did they acquire their alleged
expert Radar knowledge? Did some of it drop from the skies, to
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Bernard J. Young, P.E.
REGISTERED PROFESSIONAL ENGINEER
August 3, 2008

Lynme Neuman
HQ AFSPC/A4/TPP
150 Vandenberg St
Suite 1108
Peterson AFR, CO 50914-2370

= o
Dear Ms. Newman:

Please enter these comments into the Draft Environmental lmpact
Statement MAY 2008 for PAVE PAWS Farly Warning Rader Operation Cape Cod Al
Force Station, MA.

A reading of he DSEIS reveals several cancs of ervors, omissions, and deceptions. i is

Cape
Cod Ewing’s sarcoma cheser which peaked in the years following the ssack of 9-11-01.
The possidility that PAVE PAWS piayed 3 role is this ragedy should not be everlooked.
Itis disturbing that the Upper Cape sclectmen received a copy of this DSELS. but the
soloctmen and the boned of heslth from the Town of Denmis, where the highest PAVE
PAWS exposure was d, were not on the distribution list.

This elecuronic formattod document containe color in the figures which should loose ne
consent if reproduced in biack and white.

Major issucs 10 be raised are listed here for the reader’s comvenience.

help them to fan the flames of public fear? Or, is there some Polarization Chmitted
possible business lust, 10 acquire low cost government surplus Posk Powor Ervencussly Sosted
land, -- if, and when PAVE PAWS is de-commissioned? Specifications Have Changed
Exposure Enhascements (b itted
Norm La Fleur Sr. Fabunced Search n-:n-nuul
Korean War Vet. R ,' 44 "M“"._ sing
rev. 08/04/08 Pesk leteasity of Pubses
Scarge Tower Consistont with Main Beam
8-32 Cape Cod Air Force Station, Final Supplemental EIS June 2009
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A description of the polarization of the radar waves has beem omitted. This radar is
srculert ol e pulbifoibon et poi y polarized radistion from
-y of power and pain.

Since a rotsting electrical fiedd will exert 8 rotuting force oa sny particie with 8 charge, or
2 mosrent on any particle with a polar moment, this redar may produce unique effects on
DNA reswhing in possible adverse health effects. Of particular concorn is the ability of
the clectrical field 10 move DNA strands within the celf during replication, and thus
peomote 8 ranslocation error leading 10 carcinogencsia. Such an effect would occwr ot 8
discrete poiet in time and wowld not require 8 Iatency period.

Pesk Power Erveasonsly Sinted

Page 3-1 misststen the peak power level of the radar ot 340 wass. 1t has beea wors
MWMIM“MW‘\‘

Sideicbe fBuctretions Derepiive

Figure 3.1-8 is deceptive. 1t oaly shows the first snd second sidelobes above the main
beam. Omitting the sidelobes below the main beam conveys the ides that people on the
ground are not exposed 10 the tadar, which is false.

Figure 3.1-5 is also deceptive, since the first sidelobe is mot shown contacting the ground,
and conveys the message that people on the ground ase not exposed 10 the stronger first
sideiohe, which is false.

Sgurificatices Have Chosged

A oumber of the ifications and ! che istics of PAVE PAWS have
mamwmmwum

Two values have been provided for the peak power of 8 pulse. it has been reporsed as
582.4 KW (AF 1979) and as 543 KW (MITRE 2000).

Document 9

Two valees have been reporsed for the gain. 1t has been reported as 6200 (AF 1979) and
38.4 dR-6918 (MITRE 2000, p24).

Two valees have boen provided far the vertical anglc (slse caliod dopremion sngle. below
the horizon) to the pesk of the first sideiobe. 1 has boon reperted as 3.4 degrees ofV axis;
with minimum axis elevation of 3.0 degrees shove the horizon (AF 1979, pg A-1) the
pesk of the first sidelobe is 0.4 degroes bolow the horians. This vertical angle has siso
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. 1t has been
reporied as 60° (AF 1979, pg A-2) snd as 90% (MITRE 2000 pg 6).

MITRE (2000) seport includes two references | have not obtained, but which are of
panticular concem.
MITRE (2000b) The Syathesis of an Amtenna Pustern Mecting Pave Paws
Constraints,” MITRE Corp., Memo. D710-002927, 05 April 2000.

AFMC 1996, “Compuer Program Product Specifications for Tacticsl Application
Software CPC1 2 Type B-5, Specification,” No.G264302-2 Code ident: 66401, HQ
AFMC SSSG/SDWSE. 21 February, 1996.

The first reference prompes the question: Why would MITRE be concerned sbout the

BSL (BSL 2004b) are not consistent with the ori y specified snicana patsorn, but are
consistont with an astenna whose minimum angle is 0.75 degrees sbove the horizen,
wd&!anM-w—Mdllsm(n’WL The

mhmw&nmmwm
l- [ o 1 iempact (AF 1979, Appendix A).

T\uueundn‘emmwﬁamhlmwfam&

humen exposure”” A change in the human exposure should not eccur without a fell
environmental review.

Outside interference from asmatcur radio seems 10 have bocome an issuc roceraly.

Afler years of coexi im this fir band, the Dx of Defonse has forced
amatewr radio repenters 1o reduce their power from S0 watts 10 § watts. This supports
concerns that the human exposure from PAVE PAWS operation is difTerem then
previously existed.
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Taken together, there is reason 1o doubt thet the information made public in 1979 is still
true, and 80 account has been madc 23 10 when, how, or why these changes were made,
or how they sffect the human exposure.

Exposure Enhancrments Omitted

The attenustion of mdio ““ is discussed in Appendix E. but a discussion of
enhancements has boen omitied.

One of the charscteristics of clectromagnetic rdiation is the irapping of cnergy in
Ibuildings. The phenomenon is discussed in NRC 1979, p47: “Enclosed structures, such
-mwn-w—mmmmmmm
windows. If such have highty reflecting walls, field by onc or
two orders of magnitude may indeed be possible.” Oncorlvooaicuo(-qih‘t
coafer a ten to one-hundred fold enhancement. The NRC advises: “Fusther research into
the reflecti o(.-t hn—ldhad-bduhpvd—ly
the nature of field onh " This ph may be p rly problematic for
kM%hWo{MVkMW&MMW«MM
and metal sructural componcnts.

On highly conducting ground, deposition retes for the legs may again be 5- 10 times the
whole bady average (NRC 19792, p47). A mctallic sheet is the ideal “highly conducting
ground.” but sall watker moistaned sand (beach setting) is 2 pood conductor o,
Orientation would be an important factor, and since water hends 10 favor horizontal
polarization, a person lying down (on the beach, 8 rescue board, or 8 surfheard) may
experience the most sheorption.

There is even the potential for emhancement for two or more persons standing close 1o
onc enother.

Energy Depesitivn Retes Omitiod
The DSEIS makes no mention of enhanced energy deposition rates in the humen body.

An Air Foroe sponsored report, “Analysis of the Exposure Levels and Potential Biologic
Effects of the PAVE PAWS Radar Sysiem,” prepared by the Nationsl Research Council
(NRC 1979) idemtified several posemtial biologic effects mentioned in thal report are of
concern ia the consext of Ewing’s sarcoma.

ummqmmn—amnm-amm-m
. The eleceri 'Moﬂk?AVEPAWSMM
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“The highest rate of snergy deposition occurs in ficlds that are polarized paralie] 1o the
Tongest dimension of the body” ...and “the longest dimeasion is approximasely 0.36-0.40
times the free space wavelongth of radistion.” (NRC 1979, p45). With PAVE PAWS
wavelengths in the range 21.6 10 27.6 inches, this condition is met for dimensions 8.50 to
11.0 inches, the approximate leagth of bones in arms, logs, and peivis of children, sites
commonty effected by Ewing's sarcoma. In free space, the neck, logs, and torso absorb
considerably Mgher encrgy. perhaps 5-10 times the whole body average (NRC 1979,
pi6).

‘Those arguing that PAVE PAWS radiation is safe generally concentrate on exposures
wveraged over time, and ignone the fact that peak radiation is S00-6000 limes the
temporal average. “mui«hsmthﬂmnmm

chromosome iranslocation error which goes 10 establink
Furthermere, much of the rescarch in effiects cived ac radiaton at
these ngths is safe has heen with mice and rabbits, neither of which

have hone lengths tuned 1o the higher rates of energy deposition discussed above.

Radiation st the PAVE PAWS wavelengths is cagable of p ing 4.5
through muscle lissue before Seing reduced to 37% of the value of the skin (Osepchuk

inting standards, particularly
reveals values for radistion st PAVE PAWS frequencics thet are a cause for concern with
respect o bones.

Eaboneod Scareh Mede Oumir:ed

The attacks of September 11, 2001, would be expacted 10 have an effect on the operation
of PAVE PAWS. I was from this Air Force Base thus fightor piancs wore dispatched o
New York City. Not knowing what was happening. or where the next ateck was coming
muhm»mn*mmwmuwnn
paion of an d scorch” mode which may have beem
Wut"-‘hmkﬁhwf-hNAs 1979 p24: *The most
acarly feguiar snd systematic operating mode of the radar is called enhanced scarch In
this mode, the main boam visits successively 120 different positions at 3 degrees above
the horizon, secking tarpets st maximum ange. This scan is not interrupied for other

and repests every 2.5 soconds. This is then 8 mode in which the
wwhlﬂdyhmlmﬁymmhwﬂh‘tmmfy
repetitive pastorn of pulses.”

Normalty, the surveillance patiern rapests every 41 seconds, 20 the enhanced scarch

l!l-'-”ﬁ- b iotic is “circular p appropriate 10 conclude mode ropesting every 2.5 seconds produces 8 humen exposure over |6 times the normal.
Mmmdhmwauﬂknmummnh
the maxi effiect of the cloctrical fickd wilt be 7 The enhanced search mode of operation was sut mentioned in the review of PAVE
8.4 PAWS potential heaith effocts (NRC 2005, MITRE 2000) or the prevent DSEIS.
June 2009 Cape Cod Air Force Station, Final Supplemental EIS 8-33
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Regaests (2 Mo ioriag trnered
.“I-Al-'lﬂ’mlw 1 & { monltoring wore mede by two
m«umammuc—wn—uum
Ce bon, the Cape Cod Envi ) Coalition. the Conservation

InMn_—*wnhGﬁM-‘*W“

There remains a aced for continuous long term monitoring of the radistion from PAVE
PAWS. hﬁn-ﬂhuﬂwwﬂﬂhhﬂﬂmmd

83 ions from clements of the
m:—h-mbvnmln-.hmﬂ—mnh
time, it showld be possible to statistically predict the probability of g & certain
signal strength threshold,

Maay potential environmental hazards are subject o monitoring. spanning installafions as
mundane as residential septic systems o complex nuckear power plants. The PAVE
PAWS rader station hes been given a “free pass” with respoct 10 environmental
mositoring, and the public will have no reason 10 believe PAVE PAWS is being operated
according to the assurances we have been given wntil continuous monitoring is instituted.

Prak lesse=ity of Pelaes Emored

9 This DSEIS continues 10 ignore concerns among scicntists and the public over potential

6.6 health effects from intense pubsed nf electromagnetic radiation such as the PAVE PAWS
eadur. mmwmw&mhmnuwm
standard addresses these concerns with the & ing remarks. “Time ng crascs
the umique cly ristics of an ineonsity "l’“‘~‘ykmﬂk
for producing an effect.” %mhh“h—d"miu
necessarily desiruble, however, and should be recvalusted specifically es k deals with
modulation of the signal, contact and induced currest limits, and prolonged, o chronic
exposure.” (RFIAWG 1999). Remember that for children living st home, chronic
exposurc means 24 howrs per day, 168 howrs per weoek, not the § hours per dey, 40 hours
per woek common in the work place.

The pulses were also of concern to the pancl of experss convened to advisc the
Massachusetts Department of Public Health. “The pulsed nature of the PAVE PAWS
signal gencrates high intensity of extresnely short duration. However, during the puise,
mm-ma,wmmm-dh—muu
avaitable information on peak levols showld be ined.” “Te aveid und i
whether by lation or shouid be based
mﬁwwhﬁh-hm'(mlm).

In support of the Air Force EIS process, Broadcast Signal Lab received & contract o
measure pesk and average radio froquency emissions from the PAVE PAWS rader. But
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when the repart was writien and revicwed, the peak deta were not plotted and were not

compared with the specifications of the radar. BSL offers what may be construed =

mutionale for mot snelyzing the pesk comised In & ing the svornge exposure model
(BSL 2004, p36) they swte: “No separsic model of the peak emissions was performed
because the peaks are not 8 function of the amcnna pattern or propagation. Rather they
appear 10 be dlstributcd in a general way that in best described sttistically as discussed in
section 2.3.5. [sic 1.4.57)."

MWMMMM’“I areal exp

are a valid concem 1o the ity and the scientific
community (RFIAWG 1999, MDPH 1999), and represent a potential cause for biologic
effects not yet understood o identified. The pesk measurements require an analysi, so
that we may understand the complete picture of the exposure. Furthermore, an analysis
by this writer (see below) suggests the pesk measurements may Rot appear 10 be &
function of antonna patiern snd propagation laws bocause the beam has boen shified
below its specified limit and the highest hall of the peak snd average messurements
themaelves were subject 10 an instnamentation ervor and are fatally flawed. (Young.
2008).

It is hard 10 comprehend how the PAVE PAWS Public Health Sieering Growp, its
technical advisors, the National Rescarch Council, and the Air Force could have allowed
this peak dats to be ignored.

Sewrpo Tower Coutisivet with Msin (leem

10 No attempt was ever made bo compare the pesk messurements made by Broadcast Sigasl
Lab im 2004with the signal strength which can de predicied from the published
specifications for the radar (AF 1979) and the basic theory of electromagnetic wave
propagation. Concerned shout high peak signal strength measwred in Donnis, at the
Scargo tower, this writer undertook § comparisan of the Scargo measurcment with the
theoretical prediction. The result (Young. 2006) revealed that the meassrement was 46%
of the peak of the main radar benm, and 46 times 100 large 10 be from the weaker first

89 sideiobe which is the only part of the signat which reportedly can comtact the ground

*¥  (Figure 1). The Scargo messurcment is consistent with 8 signal near the conter of the
main besm,

A further analysis of all 50 sitcs shows measurcments at icn sites lie outside the published
mmnmumwummmmm
degroes (Young, 2007). The have the ch ofm

emvor which would resull in the measwements being less than the truc values.

2004 Sebject ts Erver

44 Ve BSL 2004b linske discussion of the peak power flux donsity values was made. The
‘6.9 ndns*mmﬁ-‘hnmdp-kbwwm
but were acver plotied or
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1 qll&p-d(AFlm Appendix A). In BSL 20046 puth louses from the ransmitier 10 the
sites were computed, but never applied in such &

A sermi-log plot of peak signal strength vs. distance from the anscnna was prepared by
this writer and is shown here in Figure 2. The data exhibit several characteristics of
interest. Below 0. ImW/cm® (microwatts per square centimeter), the dats is seattered.
Above this scatiered data a value of approximately 0.1 SmWicm® was measwred at 13
sites. There is 8 sofliary of 0.95uW/icm’ d ot rest siee 1, the
Proviscctown monument parking lot. Above this a value of spprosimately |, 5 W/cm’
was measured 22 § sites. The level of thin group of 9 is approximately tea times the level
of the group of 13. Suill highor, st a level of approximately [5.0nW/cm’, is s group of
measurements. Agaim, the level of this group of § is approximasely ten times the level of
the group of 9 at | SmW/cm’, and 100 times the level of the group of 13 st 0.1 SmW/em’,
There are 27 sites whose pesk power measurements are near these three values. This
result can be seon without engimecring analysis by visually scanning she peek values in

6.9 BSL 2004b Table 2. The average values exhibit similar characteristic, albeit with more
scatier 3 weak signals from adjacent mdar beams contribuse 10 the temporal average of a
site but do a0t change the peak.

Thevs is a recogmized instrementation ervor which explaive this deta: amplifier saturstion.
The output of every amplifier has an upper linait beyond which its owtput is not refiable.
I the input signal tries 1o drive the output above this level, the amplificr becomes
saturated, meaning its output is limised by its design characteristics independent of the
mkmhmw-—:@n This is more likety 1o ocowr if, dusing the
signals were d that were highor than anticipsted. The resulling
whﬂhhw.wkﬂdlmmhw‘ﬂhlw

value. The peak signal have characteristics that arc indicative of saturatod
amplifiers and clipping.

This clipping is the peak signal Since the peak and
average signabs pass through the ame signal imstruments, any clipping

penk avorage
In 3 case of clipping. the true vakse is higher than the value produced by the
instrumentation.

Ahead of the peak and average power meter sn aftenusior and two microwsve
preamplifiers in series were used 10 condition the signais. Analysis of the data files
reveals that whes the strongest radar signals were encountered, sttonustion was
lowering the aet gain 10 20 dB. When the gain was 2048, the power meter
returned values ot $ sites clustered shout 5 dBm (4B referenced 1o | microwstt). When
wesker ‘were encountered less attewustion was lnserted resulting in a gain of 30
48, AI!dIO*Mhpw”‘.hmvaﬂmdﬂ-ﬂ

smallest 1o largest. The levels which could not be excoeded because the last amplifier

was satursted produce a staircase effoct. The lower values at the left form a ramp and are

values arc clustored ® 0.13, 1.5, and 15 microwatts per square centimetor.

At each of the 50 text sitcs six measurements were wovally made, 292 total. Converting
the reported vahues back 10 the output of the final presmplifior ahond of the power meter
shows [43 of the 292 measurements were clustered ot 25 dRm. the maximere output of
the preamplifier st 1 4B compression, the “knes™ where the clipping offoct becomes
significant. This result is scon in Figure 4 where values of preamplifier powsr output
messured by the power meser is again plotied from smallest 10 largest. This is mmilar 0
Figure 3 but the complication of gaia kas boen eliminsted, and all deta, wot just the

larpen posk stashecare d. The 143 clipped mensuremonts are seon
conoemtrased slong the level of the maximusm specified output preamp
B Roaponme to Resaslycls

12 BSL wasawarc that this writer had found the pesk power flux donsity reported in BSL
2004 10 heve exceeded the specifications of the radur st 10 of the 50 siwes. They were

6.9 aware of concern sbowt Scargo Tower where the excess was 17 4B (a factor of 46). They
‘were aiso aware of concerns about clipping.

In she 2007 draft test prosoco! (BSL. 2007a) for mensurements in support of the MDPH
investigation of Ewing’s sercoma on Cape Cod, BSL attempted 10 rebut this writer's
fiadings:

"We explained in our original PPHSG report that these pesk levels were
ot mocessarily strictly the power levels of the Mghest rader pulses, but
cowld be instantnnsous peaks of energy eithor from radwr padees and/or
other in-band, or near-band emissions. The durations and sources of these
messured insiantancows peak values are not known.” (BSL 2007a, Py 1)

“ln the initial 2004 study For PPHSG, Brosdcast Signal 1.ab empleyed 8
calibrased apperatus o coliect sverage and pesk power
messuremnents af sach site.” (BSL 2007a Py 2)

No figures, calculations, or ph hs of ion displays were offered s
support this position.

[ am wwble 10 reconcile these stalements with satements BSL made in their 2004 report.
A scan of BSL 20042 and 2004b did not find the tovm “instanianeous posk”™ swywhere in
either report.

Are these instantancous peaks of energy from otver in-bend or ncar-band emissions? A
scan of BSL 2004b for mention of possible inerfe reveals the k ing

8-34 Cape Cod Air Force Station, Final Supplemental EIS
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1) “Amsteur Radio Operstion in Band Caused no Interference to
Messurements.” Conclusion 10 on page 61.

2) “Out of Band lmevfevence Not Significant.” Conclusion | | s page 61.
3) “mensurement sites werc chosen to be sway froms the location of
peund-f-.x. Page 6 of Appendix A.

examining
recorded data. ... To date, only one data record has boen identified in
which such is the case.” Page 6 of Appendix A.
5) ~Additional photographs were made showing the PAVE PAWS
waveforms ia both the froquency and time domain 1o illustrate |) normal
opesation of the rader, 2) the absence of in-band interference....” Page 11
of Appendix A.
6) it was desermined that the relasive of the in-band Ammtewr
[Radio signals were well below the levels of the PAVE PAWS signals
Ibcing messurod.” Page |7 of Appendix A.
A reader of BSL 2004b has every reason 1o believe that the peak power flux
density measurements were, in facl, measurements of the PAVE PAWS mdar,

A question shout potential suerfercnce was ratsed during discussion of the test plan (BSL

20042), to whick BLS responded:
“Yes, BSL is parti that the not be
ww“-udumnﬂsmmmh—n
conducting pre-test ficld
Mb“hmmhu*m&
16 and 17 Dy ber 2003 winl -4
M—ukmdb«u&n‘lemﬂdﬁdmﬂyu
fikering ¢ but siso the tions for dynamic range of owr
sysiem. The test system components will be swept for loss, linearity, and

characteristice. A serendipitous feature of 3 rader

transmeission s that it is “Wrned off™ for more time than N is on. That is,
there are ample opportunitics to measure any extant interference %0 our
rader measurements betwoen pulses of the rader. Our power messurement
imstrumentation s sufficiently (st thet mon-pulsed energy in the
mcasurcments can be discriminatod from the rader pulses. I sddition 1o
carefl reak-time oring of the with » s mmalyner
while the measurements arc mking place. additionsl review will be
w‘u—‘hkmdhhbm?AVEPA\s

by in-band interfe At this time there
hnwhm—hwﬁdhwhmoﬂuw
{BSL 20042, Py. | 75)
Ia response 1o another

on the orientation of the observation poiat and a given beam-pointing
angle. While spikes by nature are broadband, purting encrgy into a wide

m-mhymnhby—-vlm-dbwhwp-
frequency. These characteristics will make spike-related imerference, il
any, difficuk 10 conupt an average power measurement of an ambicnt
emission; and If it does I will be readily idemtified.” (BSL 2004a, Py. 178)

mn—wwuw.—k-wtﬂmmnm
test plan and ropert rep ‘would not be subjoct o
imerforence from other sources. hummaum‘zumn
calculations or pictures of i displays were 0 sapport the
hypothesis of s isterferor. No imterferers with power, gain, and distance from the
measurement siic ascessary to produce thess i peaks were identified. Nor
muwm”mmmm*umm
brief 28 %0 not comupt the svorage signal Poscatial imtexe would b
continuously (in the cast of broadcast ransminers) of for seconds (in the

average measurements, upon which the eredibility of the entire NRC health sssessment
depended.

It is incomprehenaible that the Air Force would have aliowed other wansmitiers over a
broad area emitting signals larger than the PAVE PAWS rader. Remesnber the amatear
radio operators were forced 10 Jower their power from 50 wants to 5 wasts.

F 1f the durations of the " values are not known, it cannot be
concheded that they are bricf or “insteatancous.” This apparert self-comtradiction should
be resolved. BLS 2004b was, after all, 3 report of PAVE PAWS emissions, not emissions
# s

BSL continued 10 respond 10 this writer's concerns and defended their 2004
procedures:

“To ensure we were not clipping our instrementation, we observed the
rdar pulses on the spectrure analyzer for a peried of time wwil we had
discerned the probable maximum received pulse power, The

wion was st i that vith
headroom, while cnsuring the noisc floor remained at a uschully low level.
I amy clipping occwrred in the instrumentation, as hypothesized by Mr.
Young, it is not likely to have been from the radar pulses, based on owr
setup practices. Rather, becavse the instrumesstation was broadband | 30
MHz) and the peak power sensor wa looking for instantaneous.
there is » possibiliry that apparent peaks may beve been detected that were
highor than the peaks of the radar pulses.” (BSL 2007a, Pgd)

The data files refute this claim. At test site #20, the Sandwich public libeary. 2.08 miles
from the rader, the first measurement taken with a gain of 30 dB stwated the
preamplifier with ousput of 24.74 dBm. The gain was then increased to 40 dB for the
next five messurements Yickding 24.81, 24.85, 24.64, 24.58, and 24.60 dBm! Not anly
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does this ill advieed incresse in gain prove that clipping occurred, it muggests that
sufficient antention wax not slways being paid to the resulting dats being logged.

Comparisen of 2004 to Provies N E and) I

The DSEIS statcs “The study sho the mcasurements from the curront survey
[BSL 2004b] with those wken in 1978 and 1986. Overnil. the provious studies’
measwrements appear 10 be geaerally higher than the curment measurements. ” (AF 2008, p
4-5,6). The 2004 test report states “The | 986 messurements taken at throe sites similar
2004 locations were consistertty higher than the 2004 measurements.” BSL 20040, p 36.

The 2004 measurements ot sites similar 10 the 1979 and 1986 sites were all subject 1o the
power fiux density is greater than reported. The data canaot be usod 10 support the
conclusions in the previous paragraph.

Furdy Wis and deceptive 10 assert that 2004 measurements were less
thes 1986 the Scusset being » courner-example.

la 2004, measurements were taken ot two Scusset Reach Parking sises, #22 and 923, sta
range of 2.6 miles. They were compared 1o » measurement at Scusset pler ¢ » distance
of 1.8 miles. Simce power flux density varies as the inverse square of The distance, the
base value st Scusact Beach Parking should be 45% of the values at the Scusset pior.

BSL 2004b p J3 noscs of site #22 “Site mear canal in shadow of canal electric power
plont” and aotes of site #23 “Unobstructod sike in parking lot, i second row of [sic)
facing east.” BSL 2004b Table 2 ghves » power flux density peak of | 54 microwates per
square oentimeter and average of -37.1 4B microwastts per square centimeter for site #22.
Table 2 gives a power flux density peak of | 5.0 micrewstts per squure contimeter and
average of -24 4B microwatts per square contimeter for site #23. R was deceptive to
‘compare the value of site #22 “in shadow of the canal electric plant™ to the 1986 value for
Scusset pier when » monsurement &t unobetructed site #23 was svailable. Note the peak
mus«—mumnnudcﬂmm(ols 15,18
per square centl d sbove.

From Figure | we sec that the peak power flux density for unobsiructed site #23
exceeded the antonns pattorn specified in AF 1979 by about 7 di, & factor of 5. N showld
be pounted out that the Scusest pior sie falls in the aull between the first and second side
lohes and should he very small.

Cape Cod Ewing's Servoms Cluster Casoot be Ignorsd

In 2002, 2003, and 2004, a dramatic increase in Ewing's sarcoma on Cape Cod ocowred
(Figure 5). M“RMIMMM*PAVEPA“M
have beon the e by » highp density sven
shadowed from PAVE PAWS whore 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
ensembie and one from the Upper Cape were diagnosed the same month in 2004,

Most of the Ewing's cases have little or 8o tervain between them and PAVE PAWS,
Valley locations or locations on the sides of hills away from PAVE PAWS are s
exception. Ouly 1wo cases have wrrain lnterference, but the individusl in onc of these
cases may lic in o particularty strong signal path, sttended twe schools in that path, and
was employed 28 » kifeguard during recent summens with froquent owsdoor exposerc in »
large opon wem with w0 tomain imerference. Many of the Upper Cape cases live at high
clevations (3 eases within IS vertical fest of Scargo Tewer) ou o large platens. Throe
Uppor Cape cascs lic at depression angles (the angic below the borizon of the center of
the PAVE PAWS antenna) within 0.03 degrees of the pesk of the first sidelobe of
radistion from PAVE PAWS which is found at 0.4 degrees.

East of the Sandwich-Bamstable border, the land slopes gradually 10 sea level at the Rass
River, ith“yoﬂ)—lb-‘YM Hyuwwis, Yarmouth, and northern
Ci itics of high dation demity) are in the shadow of the

sforementioned iigh plateas. Not surprisingly, low signal strengths were reported by
BSL in this sren. Ne Ewing's cases were found in this shadow region.

East of the Bass River, the elevation again rises, and much of the ares emerges from the
shadow of the upper cape plsscan. The path from PAVE PAWS mow passes ever the
Grest Sait Marsh of Basnstable, or Cape Cod Bay. Here the signel strongth incresses,
even though the distance ts much further. 1t is here that we encounter three more cases of
Ewing's.

TwMMMMMdPAVEPAWSMMi:I“mn‘H Near
that line the bearms widen. T improve the vision,” four times 8s many pulses
arc ranssuitiod near that Bne. The exposure along that line s thus eight or mvore Bmes
that received by the goneval population (MITRE 2000). Sandwich Higit School, Denmis-
Yarmouth Regional High School in South Yarmouth, and the Exra H. Baker School in
Wset Donnis e near that line. A young man who attended Saadwich High School and
who seccumbed w Ewing's in January, 2007, sttendod Sandwich High prior to his
diagnosis; 8 young woman wio atended D-Y High (and Exra Baker) succusbed 10
E-nn.nn.bn-y 2008 me-km“mhﬁd’w

diagnosia would suggest. Three cases occurved in 2003, and one in lase 2002 (see Figure
S); the six canes were dinguosed over 8 26 month poriod. Eigitt childhood cases have
mwwm*—-m.my-m-u.“-h
2005 has boen identified by the

2007); there have also boen adult caaes.

of Public Health (MDPH

MDPFH 2007 included a report (BSL 2007b) on PAVE PAWS pesk power flux density
measuremcnats at the homes and other places associased with the Ewing's cases. It is the
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opinion of this writer and several epidemiclogists that the study was fatalty flawod from
the outust. Of grester concer® i that the report ignored the fact that control sies
measured in 2007 and 2004 had 40-300 times higher mensurersents is 2004 then 2007.
At six sites, peaks messured in 2007 were less then averages messwred in 2004, Peaks
should be on the order of 6000 times averages.

Othor Consorns
While we dor"t know their wrwe value, the clectrical ficld publ in 2004
are about 1/100 the value wsod in the ok shoresis schnis ty loyed in

DNA analyses for basic research and DNA identification. m-ohllyofDNAh
cytoplasm is greater than in the gels wed is DNA analysis. Typical cell dimensions are
seveval orders of magnitude less than clectropharesis channcls. Ewing’s is the resuit of
known ransbocation srrors 30 sny factor which can manipulate DNA should cause
concern. Preliminary estimates by this author sugpest that a strand of DNA may be
moved §/3 the width of 2 soll during a puise. The circular polurization may produce an
effoct somparable ® putting DNA swrands in a blender, There is a noed for basic research
n this srea. A comprohensive Hiaranare review of micronucleus assay studies was
saggested in RFIAWG 1999 becassc of the relevance ®o carcimogenesis.

The radar exposure typically consists of two pulscs § milliseconds lang or three pulses §
milliseconds long and continuily repeated every 41.04 seconds, 24 howrs per day, 365
days per year. However, the radar may be opersted in an “enhanced search mode™ where
MWHMMZSMMNwMMﬁu

normal.  Occasional i this mode, either for test purposes of in response 0 8
pevccived military threat (such sa 9/11), i of specinl eoncorm, and may cxplain the
tomporal distribution of the Cape Cod Ewing’s sarcoma cluster in 2002-2008. The
possible significance of 9/1 | on the operation of this rader station shauld be taken
seriowsty.

13 2002 another environmentsl impuct statement (AF 2002) was prepared for an upgrade
of PAVE PAWS computer hardware and software, but not 2 change in power or

characteristics. This was terned the Service Life Extonsion Program or
SLEP. Clearly, the advances in electronics hardware, and the inability to meintain
owadued herdware made such an upgrade amractive.

HhﬁymﬁhkmmarAVEPAwsmhM(fw
example by lowering the main beasm E ly easily, and ively quickly.
mmhmwﬁhpﬂkhkmmwmuﬂw
cause other operational difficulties (NRC 19790 p S8).

However, ikmhhmdknd“w*hmthh
year life of this rader station. I is poesible that for i
ﬂmhnuﬂ“m-ﬂmmmmmu W is possible
that the sation was or is heing used lemporarily s 3 test platform for mew control
strategics.
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Ose nrstegy for controlling phascd arrey radar is ®0 gencrase multiple beasma for mhiple
mum Nmulidyuuw‘lh-o(ﬁe-mﬁc-dhn“

pattern. P provided o exposure on the prowmd would Hkety
e compromised.
Radar is vulnerable o sutside i ing) from any vehicic which could

defiver 8 sufficiemly controlied and powerful radar signal. Vehicies which may have this
capebility sre in the U.S. floot, and could be engaged in jamming and countermensare
experiments, expesing the Cape Cod on to bi-direct radistion exposwre in
excess of that we have beon experioncing previously.

It is also possible that phased array radar could be used as a low-level elocromagnetic
pulse weapon. PAVE PAWS has beew repovted 10 have “shot down™ a helicopter which
strayed 100 close. The phased armay technology is wsed in the “Active Denial™ dovice, 2
HUMVEE mounted radar which burns human skin at a distance of 1300 feet.

mwmmuhnu-mwmmulru 1979 requests
for had boen honored.

Cammonis

It s this writer's professional opinioa that the power fhux density of the pulses at any
point within the scanned sectors can be predicied from the apecifications of the rader and
the laws of elecromagnetic wave propagation. The free spece prediction was given i
AF1979% and the shility % compute path losses was demonstraied in BSL 2004s.

W is this wriser's professional opinioa that the power flux dewsity frem the PAVE PAW'S
nh-e- —m‘n&‘y A“--—-—m-ndl-ddc
of the with predicied values, and an imerpretation of those

resaits.

1t is this writer's opinion that the PAVE PAWS radar station has boen given 8 “froc paes™

With respect 10 environmental monitoring in spite of requests from the community.

Contisunes monitoring would allow the exposed population o know whether or not the
predictions.

radar exposure i consissent with
Conclnslnas
14 The DSEIS is not ive o the of the sciemific ity and local

shout potential health ffocts from the inkonse putscs craitiod by the PAVE
6.6 PAWS radar.

Document 8

1"Mmm-‘¢bmﬁmhmw Had they been
analyzod, it would have bees apparent that several dod the published ap

8.9 for the rader, and that approximately half of both peak and average power measurements
‘were corrupted by instrumentation error. We still do not know the true value of the
uman exposure 1o PAVE PAWS rader emissions. Further exposure predictions or
epidemiologic anatyscs using this data sre fatally flawed.

m.dd.ets'-_hn-vhpﬂthkmlﬁvkymu

§.10 missed in the epidemiologic wudy rting the DSEIS. inthe & i
lmy-nhn--lewu*h(‘m(‘dﬂwﬁsm
cluster.

A final E1S which refies an this flewed research cannst be published.

Nood far Further lovestigntions

11} Aa—mhaummqmsﬁmmu
power flux deasity must be by 2 credible & third
party.

2) An explanation must be provided 22 00 when and why the PAVE PAW'S
-pxiﬂmhvcm

3) A compk iom of the radar operating modes and theic resating human
Wmhpwlh‘.

4) Envirorsncntal Impact reviews roquired by changes in specifications or eperational
characeeriatics which changed envirowmental exposune ssust be concucted.

5) BSL measurernents of the peak and average values of power flux density at the 30
sites visited in 2004 et be replicasod by a credible independent third party during
the wister when vegetative cover is minimal.

6) Funher reacarch s described by the NRC in 1979 regarding enhanced exposure in
bulidings, such sa the schools located in bigh exposure areas. must be conducted for
froquoncies in the 420-450MHz band,

7) Anindependent party should be asked 10 assess the possibility that the PAVE PAWS
radar sation has boen used as a test platform for new control strasegien, for multiple
heam eperation, for use s an slectromagnetic pulse weapon, and for une in rader
Jamesiag ani counternamancs.

) An independent party swst assess potentinl for aiming the PA VE PAWS main beam
huﬁwhldqntm advastages of ducting may be realized. The
techaciogy availabic since this was last dismissed 30 years ago casts doubxt thet the
previows conchmions ere stifl valid.

Document 8

9) A program so conduct k < itoring of the PAVE PAWS
n&mmkeﬂiﬂd-hb—b«ﬁx*mh—tnu
MMmmMuﬁmm-amm
oquipment to idemtify “hot spots” or to xp %
sites, such as schools and beaches.

10)Finite Difference Time Domasia (FDTD) modeling of anstomicslly well scaled
models of humans in sizes from infancy through aduithood must be conducted. It is
orucial that the complete chamcieristics of the radar field as experionced by humans
be sccwrmiely modeled. This shady swst inchade postures of the fetal position and
simting. a6 well as standing. It st also idertify swhancesnonts duwe b0 mubtiple
Persons posd at critical spucings.

11) An effiors amst be made 00 analyze tie prowth of Ewing’s manors 3o that bewnds can
e estimased for the time (nserval prior 1o dlagnosis at which carcinopenesis may have

occurrod.
12)Possible siologies associased with potential biclogic effects in bones from PAVE
PAWS radistion must be evalusiod as possibie canses of the Ewing’s wranslocation

error.
13) The comtinued research must take place with full public view, and that participation
by imerested partics must be allowed.

Sincerely,
Remard ). Young. PF.
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within the envelape of the antenns patiorn. Such o shift is o plausible cause for the higher
signal strengths encountered.
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Figure 4. Meanured power output form final microwave preamplifier amanged from
smallest 0 largest. OF 292 measurements logged, 143 had the maximum output of the
preamplificr. The true values are higher than reported.

Figure 5: Histogram showing the temporal distribution of Ewing’s sarcoma cases, the
sex. and age at diagnosis. The expected occurrence is also shown.

End of document.

operatod at 100 high 3 gain resahing in the i
“clipping.” Fukhmkmﬁkvdubwdphk—mhlmh
maximum output of the preamplifier.
Document 9 Document 10
CELINDOD CASZS EWNIGS SARCOMA Drom:
W MR Astl Al AT MASNONS) Bont: Friday, Augnast 91, 2008 337 P
Yoo Nouman, Lyrva € Civ UBAF AFSPC AFSPCIAVTP
Cs: Buratt. Berbers J8 Civ § DWEPA
Badjact: Cusstion rplated 1o PAVE PAWS SEIS.
4 I Bave's question e to the repstition rateiep ratel in the Eracking mode of MVE P,
o it the same as the basic 54 meec Cycle of the system? 1 asevme that it $e. but wanted
“umu—zmn,—..x-mmxua-zuma!ung-xnuul-m on the
hortacon. 1 believe the mignal is ¢ chisp.

-430-1560. Please piace se on the meiling list for the
9et 50 ansver trom you befors thes. you.

Bicherd §. Perry, ®h.D.

-----Original Weasage-----
Prom: Bursett, Barbara J8 Civ ¢ SWS/PA <hbarbara. burnettecapacod.af.mils

oceanperrysec] .com

heot: Tue. 22 Jul 2008 11144 me

Bubject: SR: Peve PANS public beslth Draft SEIS: e-mai 1 sttachments sre same es color
handoucs 1 mailed you.

Tood morning. Mr. Perry.

Glad to hear yw ncoh‘d the report and e-meil. The color hasdouts I tucked ie the fromt
cover of your BEIB report are prietouts of the ettachwents 1 s-mailed you. so you dom‘t
need to ask pur nu 0 downlosd thew.

You're very malcoms for the mtor-um Thank you !nl c-unnq to ask; 1 underatand $t's
dirficult to drive to evesing meetings. and Bourne 1a & lomg drima trom Narwich sspacially
with susser traffic.

May 1 ask that yeu a-mail your questions about track mode to Lynne hewsan to be answersd
®e port of the fioal SE17 That's the procass through which nbe’s arranging for subiect
mattar superts to be availabls to look at, and Answer queetions sbowt the radar'® public
health impact. her contact imformation im:

o

Lyans betmen, Svirnmsots] Flasmer, <meilto:lyane.Beunassbutersoo.af.ails
Lyone . BeumanePetarson.af .mil , fes 719-334-3849, or wiita to har
NQ AFSPC/AL/ TP

150 Vandenberg Strest, Buita 1108

Petarson AFR, CO #C914-2)70

Oeolngical oossnogrephy scunds 1ike a fescinatisg career. 1 can only imagine the sighte.
esxperiences you've had with NOAA. for yivisg ma a nev vocabulary word, “wuiti-
Deme.” masning phased Array.

Bincersly,
Barbara
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Serbars J.8. Burastt, Communaty Lisisen

6th Spece Warning Squadron st Cape Cod Air Force Station

Tel: SOR-968-3283. DAR $51-2203, <meilrn.Rarhara. burmertecapecod. sf . mils
Sarbers.burasttecepecod.ef il

From:

Sert: Tu ssdey, July 22. 2608 16:37 AN

To: Burnet:, Barbars JS Civ § SWS/PA

Subject: a. Peve PAWE public heslth Draft S£I5 public Comment thru 4AugOt. Mailed spiral
hound copy. snd handouts 170ulyes

Dest Barbers:

1 recaived the report ysstarday end your 3-mail message this ®Orming, It ssys something
shout sttachments. but 1 haven't figured out how to 9ot them nut of the systemigoogla)
Perheps my Kide con help me Cut on Chal. Thenk you very much for your hel;

Ax to the rep rate in the tracking wode, thers is & pood descriprion of the cyciss of the
stem 1n Chaptsr Pour of the Sational Passsrch Council Repcrt (.)3) under the heading
cegveiorm gererstion® It indicetes thet the system yums throwyh s meries of 17
conemcutive tyciss of 54 mesc asch, then is silant duuring an 1Bth cycis of celibration
Ouring ssch cycls there is s tranewitting pulss (s} of wp to 16 meec durstion, then the
remainder of the time is spsnt Listening for the return scho end signel prodessing. ih
tbe ssarch scde, the besms sie Constantly moving, N0 O One PlECe GALS Wois 18¢i8ti0n Lhan
s typicsl PW station gives out

1t dossn’t sy seything, however, about the trscking sode. 1 sssuse that the systes gors
thiough tiw same %4 mesc cyciss, putting out signals of up to 16 mesc durscion and then
staning for the return. The outgoihg pelses during the2016 mesc transmission sre apt to
CORTAIR 8 sariea of frequency thangwa hnowm 88 8 *Chirp®. with wach fraquency change being
s:ther higher or lower thas the one befors, much like steir 3

vhether thess chitped signals ars dirscted st the vehicla in B8ch succesaive 34 Beec cycla
during Lhe tracking, or i# Lhers & losger intsrvel of eeveral cyciss betwess chirps

L0gic indicetcs that it is scnding Out s chirped sigeal directed st the vehicle once
during sech successive %4 msec cycle. If you go out to lock st the indicetors showing
sisctyicsl Joad i the powarhouss, you Should ses the power losd 1screase sigwificantly
during the tracking wode

The questios could be anewsred sssily by s tsch who maintains tha systes, but not

Tily by somecne who is wetching the Dig 5Creess, beceuse the Fystms (s desigred tc
be torally sutomstic. You CAR reply by tbe internat cr meil. My istsrnet sddreas of

. * Gurives from being o ratired QElogicel OCeRRCUTAPII, WRO BLent most of wy
career working for WOAA. Becauss scust wad redar sre of similer gn, 1 we quite ussd
‘o phased arrmy systems end radic traesmissions. In the ocesnographic world, we call
Phased arTay systems cenitiDemss.

Thank you for il your help. I Mas ecrry to heve to hang up 80 soon, but my mobile phone
nesda » wew bac the prasest one atsrte beeping at me Ster about 10-18 minutea of
use. 1 check my ¢ everyday or 30, and sa uouslly home to get phone calla.

Richerd 3. Perry
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PUBLIC COMMENTS RECEIVED OUTSIDE OF THE COMMENT PERIOD

The following comments were received approximately 8 months after the public comment period ended
(ended August 4, 2008). These comments are included as part of the official record for the Final SEIS for
the Pave PAWS Early Warning Radar Operation, Cape Cod AFS, Massachusetts and were provided to
the decision makers in accordance with 40 CFR Part 1503 for their consideration prior to completion of
the ROD.
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Prom:  Shery Mham

Sent:  Wednesduy, Ao 01, 2009 10.23 AM

Teo: Neuman, Lynne E Civ USAF AFSPC AFSPC/ALTP
Ce:

Subject: PAVE PAWS March 2000 EIS

Dear M3 Nevwman,

T'm 2 modial spidemiologint who has bon fallowing the PAVE PAWS story siace it mception (my CV s sttached). ' be

mwlugmnumwmmuum Thors is mother powearfal governanesr sasns
# LORAN smoans on Nasmcket hisnd. Thers are 2 lof of sndmal and boman dect suggesting that radic

h.—ynl--mh&u-n-‘lﬁh_m for Mass. coustins and wwm makey oae cven

Mo Signc ot shout thise ascanss.

The Netioual Camcer lantinete state cancer profiles website:

P shows that for the 14 Mass. crunties 2001-2004, i races snd
otk seaes, Barnssbie (PAVE PAWS) and Nastucker (LORAN) fousnics hrve very high cancer icidesce rases far woud
cancers aml sciocted cascers. Nustechet snd Barsacsble rask 1 and 2 of the M Man:. councies for sl camoens. Nassuckan.
‘cnwnty renks s of the 14 counties for alf cancecs, femmic broast cascer, conce ol . Boing &
nall popuiation couwnty. m--umh&hmmmmmmwofhu
Mass, counce Sor ail cancers, first fix levkomin and erisary bladder cancer, second for brasm cancer, malignant melsncons of
skin. and prostate cancer, and Weird for female brosnt concer.

Ti-uaen—mc-wuuydyndmmhw—lm—.pvr'

26+Condi AnC. wmonsdl £1 b
M”MI*M“PAVEPA"!.&-WHHM-&;AMH-d-lnu-'yﬁ'h
™ elsvation

Apeificant slevanons of Wl Cancert, Pakignant (omade broset and prosime concer,

Months age. | suggested o the Mans. Seate Hoalib Dapt tht they 5pot sanp thooe cancers by address 1 diagnosis 1 sec
o they cungrogais sround the antcrnes. | have had 8o responss,

'3 sromie that that Ak Faror and others huve spoat millions snd many years chasing sfwe 14 Ewvings sarcoms caes,
whet & prusral Caucer oplisrmic has doos sing thom in the fac.

8426 the claim is mude it "0 evidence of sdverse hoalth cotcomes i avisnal or boman shadiee... *
Mrec in my shotract of a $4.5 million st sredy dome W the Univeraity of
Wadhiagton on m US MMC.:::-*-‘IM & presemss mroag evidence Wt low lsvel, long Serm,

Todvation
Acrospuce Medica! Divisios (AFSC) , Bracks Air force Bose  Tenas 75235 USAPSAM. TR-85-11

Ot hundrod porm-froe soms onposcd 1o puined 3450 MEie carcularly pelanaed mucrowsves
048 mW/cm2 (1} showed slovesed T snd B coll couns i mid-lifs (Figare | Aftached)). Splenic lymphocyws reapended in
viro o T sad B ool siogess with highur dmmantion mdeaes it the eaposd animals Sor 4 of § differen mitugens. Alsa, 18
of 100 exposed rats developed cencer sompased 10 5 of 100 sham exposed seawrols. Nise of the I8 prionary

were procent in the sedocrme gimnds (adrenal, getsitary, Sryraid snd thymas) comparad 10 | @ the sham sxposed rats. Thers
alac weve 7 hemgn adrenal phenchromarytomes it fhe Exposes rais oampared 1 | In the coprole. There weso 36 metastatic
cancery in the expuscd raty cumparad 1 18 & ~~!&Mmﬁtﬂqmdmm(l7
© the axpoasd rat vi. | W the sham exposed mmemals). There wery sgnificantly mare sotal ROB-Secpinstic kevions
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e exposnd roes and in the organs (skis, brmia, ey, lacrinsal gland, kver) of the expossd rats thas ia the shasm sxpossd
cowtrols.

08 p 56 The following siawmen: i wrong: wmumm-ymw.m
betwoen the cowsty or 1own level chevated and the PAVE
PA“Mmanthw*md-' o further enalysie of
wxmting of the. L) emergy esnissions from the PAVE PAWS
Tacility nad any spwcific health cutcoms

Bost, Sormac] Milhasn MD, MPH

Document 12

From:  Sherry Mitham

Sent:  Wedneeday, Apel 01, 2008 10:32 AM

To: Neuman, Lyrne E Civ USAF AFSPC AFSPC/A/TP
Cex

Subject: Pave Paws EIS

Dear Lyane. My lost E-mail g0t sem briowe | completad it F'd hie 1o s the foliowing ey comments:

OapS-7 the folluwing tatement is aleo wabelicvable:

“The evalustion conchadod thit there is curreadty a0 cradible svideace for sdverm

hoalth effocts asencisted with the operation of the PAVE PAWS tadar sysem.

Ratas for mcst of the cancees that mitinlly Iod 10 concerns abowt possible adverss

Deakth effocw from PAVE PAWS radas exposure wese fownd o he elevened om
c-pncumbmlmngnvsnwsm g8 operation”

Swnce the Mams. cancer registry dede’ hp-mm-ﬂlﬂ.hnﬂmmmhtmhm
before 19787

Sam Mithem MD

Document 13

TFrom:

Sont: Sunday, Apell 12, 2000 348 PM

Teo Neuran, Lynne E Civ USAF AFSPC AFSPC/ALTP
Suloct: Commers on PAVE PAWS SEIS, 2000
Atachresnts: Dave pews Final SELS doc

Dear Mz Newwman,

Awmﬁndum--hﬁ-ﬂsw-.lashMVEPAWsEdyquI&OnumCm
Cod A Fares Swrices, Massachusetts. W rquect that you inchude thess comewats  the official legal SEIS process snd
decamsstation. We wye AF and MDA deciason taakers 1o re-cond oo previows convmeses hat % hve subained

Shroughout the emarowse NEPA/EA/RIVSELS proconss: that begas an far hack @ 1999 regardieg the comtwmsd operatsos of
PAVE PAWS oa Cape Cod.

Cape Cod wus an Pl-chosen mic far PAVE PAWS i 1979 dus 0 the chome proxssmicy W 8 large pepuletion that bes growa

over the latr 30 years. Cape Cad has & hisory of high cancer rues mchuding the apdomic of Ewings Sarvome
et s ves 10 be suplained. Given the AF and MDA'S long-torm pheas far PAVE PAWS contiaved operstion, il would be
prosient 10> ro-lncate the Capm Cod PAVE PAWS aperstion 10 2 remete location where rasidenis would not be exposed 1o the:
Phamad mrwy radintscn hat has not besa adequstety stached.

Simcerely,
Richard Judge
Former Sandwich Sehectman

Sharca hodge

8-42 Cape Cod Air Force Station, Final Supplemental EIS June 2009
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Agxit 10, 2009

150 Vandeaberg $¢. Suite 1105

Peterson AFB, CO B0914-2370

Fax: 719-554-3849

e-mail: LynoeNeuman @ Peterson.af.mil

RE: SUPPLEMENTAL EIS FOR PAVE PAWS EARLY WARNING RADAR
OPERATION CAPE COD AIR FORCE STATION, MASSACHUSETTS

We we i inted in the EIS p for the Capc Cod PAVE PAWS and
resulting SLEP EA, Draft and Final e ] Impact

(SEIS). mmﬁm(mminhmwhywﬁimmwon\k
EIS/SEIS processes and AF funded studies. This was as wasie of good taxpayer dollars
that could have been spent os relevant timo-domain measuremcats and analytical
epidemiologicat studies that could have provided res] evidence of safety or harm.

The AF 100k the NEPA regulations that were designed 1o allow  public voice in the
muﬂwmﬂmdmp‘y«&ihﬂnmmmcmmm
mmwmAmmmmmMmlwmzﬂemm A fine
example of this was that the public comments that were printed in the SEIS were
minimized in size such that 4 onc-page documents were prinsed on each page resulting in
such small print that it is very difficult o read and much of the coments are Jost.

The AF ghowt the EIS p aad d i g the Drakt and Final SEIS

ymnmdmeumdwhhcmmﬂ:mmmmd
exposure W PAVE PAWS phased array radiation. In fact, a multitade of public officials
including our MA federal delegation (Senators Keancdy, Kerry and

They were especially concerned that w0 studies had bees done since the original EIS was
compieted in 1979. Senstor Kenncdy and the foderal delegution in the late 19705 called
for the original EIS and were still very concemed int the se 1990°s 10 call for o new EIS.

mwbmmewmmmumdmmmwuhu
begmn is IMWM\MNWMMM(NMD)HSHWmMAF

SLEP EA in 2000, cafled for an indepeod ] study using time-
mmmmwwmmm We wanted
the iological sudy to 4 personal in the home, wock and school

mm:-mmnwummmmmm We
wanted o peak messurements as that is what Cape Codders are exposed t0 2477

Document 13

‘We urged that the Silent Spring Instituse that was already in place and had spent years
doing esalytical epidemiological work on the breast cancer incidence oa Cape Cod carry
out this work.

We expected an independeat EIS process that would be done in o timely fashoon that
would grovide the long-swaited stndies and o process and resulting documentation that
the public md elecied officials could onderstand. This was not 10 be the case. The AF
weat shead and broke the process down into 3 SLEP EA, and hegan what they insisied
was an “jterative” process that would include muiti-processes that the average citizea and
elected officials could not follow or undersiand. This Final SEIS does not even mention
thet the Missile Defease Agency (MDA) formally the National Missile Defease Agency
(NMD) did there own EIS process and supplement for PAVE PAWS. The MDA will be
basing their decision on this AF SEIS whether or not 10 move ahead with their plans 10
upgrade and use the Cape Cod PAVE PAWS in the missile defense architecture.

There were multipie EIS processes going on st the same time by different agencies and it
hsbeen impossible for citizeas and clected officials to wnderstand and effectively

i in the various p In addition to the NMD EA and EIS processes and
MAFS!H'EAM the AF also did an EA for the Milstar System they added to the
Cape Cod PAVE PAWS site and the Defonse Sateflite Communication System (DSCS)
which was also added 1o the site.

The Scope of the SEIS process was very narrow especially due 10 the fact that the
scoping process had beea done 30 long ago in 2000 and 2003 before new data had come
10 light such as the Ewings Sarcoma epidemic on Cape Cod.

The AF and MDA dismissed the option 0 move PAVE PAWS without adequately
studying this altemative. We had pointed out on numerous occasions that the Texas and
Georgia PAVE PAWS had been dissssernbled and moved 10 o more remote Jocation in
Alaska. The AF announced their cost ssvings in a press relesse. The AF did ot
adequatcly investigatc the optioa of o sca-besed platform for PAVE PAWS and did aot
include it as an ahernative.

We coati ly pointed out throughout the various NMIVMDA and AF EIS
hwﬂmmylvdﬂnmnpdhunpuﬂmmmum:hhw
Cod had grown y and theve were peopie hiving and recreating
'imhlnideAVEPAWS-dMlewwlmm This
‘was especially important given the fact that the MDA also had long-term pleas for the
Cape Cod PAVE PAWS in their missile defeasc architecture.

The PAVE PAWS Public Health Sicering Groap (PPPHSG) was not jndependent. Sec
oue comnents in the Draft SEIS that notes the AF (General Paviovich) interfered in the
public process. For instance the PPPHSG asked for time-domain measerements 10 be
uned in the study; however the AF & General Paviovich sent 3 letier 1o the PPPHSG
refining w0 fumd this request. The AF also insisted on 3 deacriptive epidemiological study

not partner with the AF bocause they would not bave the independonce they roquired.

For instance all mail received from the public, independent scientists, eic. was received
and reviewed by the AF first (not the PPPHSG). There were also AF reprosentatives on
the PPPHSG that were very vocal aad would often control the so-called public meetings.

The Natiooal Research Council (NRC) process was also not independent duc o AF
funding and control. Picase re-read our comments i the previous EA. EIS and PPPHSG
and NRC proceedings,

There was extreme AF interfe tn the silencing of AF and medica) docior,
Richard Albanesc, MD throughouot the EIS process and earlier when Dr. Albanese

d the M. Depar of Public Heajth with his medical concemns
regarding PAVE PAWS. Dr. Albancee had beea invoived with the PAVE PAWS bealth
issue since the 1970's. AF officials i inDr. A TP ion of his
mﬂ:chthRC.hneﬂmsmLheAFllmdemmmeﬂmud

¢ public g the PPPHSG as well 25 writien

mhmm:mmmmmsmuha
that the MA federa) delegation called for time-domain messurements 10 be taken based
on the briefing they requested and received by Dr. Albanese on the research he lead on
the Elecoromagnetic Health and Safety Program (EHS).

Numerous sdverse actions were taken by AF management against Dr. Richard Albancse
for speaking publicly as s private citizen on the PAVE PAWS jssue. Dr. Albanese
pointed out 1o officials mnd the public that s ground wave had beea measured in the
commanity swrounding PAVE PAWS but AF management denied this. The AF did sot
perform s data saalysis of any of the AF’s own time-domain measurement dats. Dr.
Albanese provided personally computed data 10 the NRC that was aot included in the
SE1S ax well as bis personal medical concerns that were also not included in the SETS.

Therc is o fatal mathernatical error ia the data analysis of the BSL measurements of 2004,
The resulting statisticat data used by the AF in the SEIS as well as critical medical
statisticz and descriptive epidemiological data are fatally flawed as woted by jeading

The Air Force and Missile Defense Agency decision makers will be making their
decisions on faulty information. These i still no evidence of safety more than 30 years
after PAVE PAWS began operating that Cape Codders’ heahh is not affecied adversely
affected by continuous exposure 10 phased array microwave radiation from the
Cape Cod PAVE PAWS.

(vs. an analytical study).
Document 13 Document 13
The PPPHSG i secretary sad p 1 were under AF direction/control. ‘We urge you and the AF and MDA decision makers 10 re-read the comunents we bave
This control was » sticking point for the County C: i who woukl peovided in the Final SETS (from our original documents in 1999 through the currem

SEIS documentation).
Thank you for the opportunity 10 comment.

Richard Judge
Former Sandwich Seloctman

Sharon Judge

Rep. William Delahant

June 2009 Cape Cod Air Force Station, Final Supplemental EIS
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Document 14
Fom Bemars Young
Sont: Frday. Apdl 10, 2000 222 PM
Yo: Nouman, Lynne E Civ USAF AFSPC AFSPC/ATP

Subject: RE: Conwnerss, PAYE PAWS Final Supplement EIS
Altachwments: 2000 04 10 PAVE PAWS- COMMENTS on FINAL BEIS.doc; PP19 9-60-26 AM.ot: SITE t9-t
JARVIS RD SANDWICH e
Dear Ms. Neuman:
Thank you for forwarding the PDF version of the subject SELS.
1 have yet 10 receive the paper copy | was expecting.

1 am disappointed the public comments were shrunk 1o fit four pages into space for ane. Some of the
information they contain has been josl.

Thave stuached three files in response o the aotice published in the Federal Register. They consist of a
D&ﬁkmmmlmﬁkm&Mnmmwngmm
contained in the TXT file and ing &

Sincorely,
Beraard J. Young, P.E.

— On Mon, ¥30/09, Neumaa, Lynne E Civ UISAF AFSPC AFSPC/AATP
<Lynne Neuman@PETERSON gf.mil> wrote:

From: Neuman, Lyane E Clv USAF AFSPC AFSPC/AA/TP
<Lynne Neuman@PETERSON af.milb>

Subject: RE: Final Supplement E15

To: bjyoung? | 6@ yahoo.com

Date: Monday, March 30, 2009, 1£:31 AM

Wr Young.

The link {a:

Dtep: //wew. paterson. af.mil/shared/media/documant /AFD-080318-067 . paf
You will alec be mailed s haxd copy

Regerds,
Lynne

Lynns Neuman

WO AFRRC/AL/TPY

150 Vendenberg St, #ta 1108
Paterson AFH, CU 20914
Comm: (719) 554-6406

DEN:  €92-6406

Document 14

rax: (739) 554-3m4%

“FOR OPPICIAL DSE ONLY. This slectyonic transeission comtsins internal
mattexs thet are deliberative in nature sond/cr ara part of the agency
deciaion-making process, both of which are protactsd from diaclosure
under the Freedom of Information Act, $ USC 532. Do not relessa outside
©f the DoD chaunals without advance epproval from the aender. If you
received thia message in arror, pleaas notity the sender by reply e-mail
and delste all copiss of this measage.”

--0riginal Mesewge--
Prom: Bernsrd Young
Sent: Sunday., March 29, 2009 9:34 "M

To: Weuman, Lynne ¥ Civ UBAF APRPC APSPC/AA/TP
Subjsct: Pinal Supplewent ala

Plesss provide the correct sddrees from which the public may downlosd
tha subject document. Pinal Supplement Peve Psws Rarly Werning Radar
Operationm Project, Continued Operstiom of the Solld-Stets Phased-Arrey
Radar Systme (SSPARS). also known aa Pave, Pheaed Arzay Weruing fyetees
{PANS) . Cape Cod Air Force atstion, MA,

The addreae reported in the Caps Cod Timea ia for a 2006 letter from the
PPPHSO to the Air Porce.

Thank you.

Bernard J. Young, P.8

A0 42172009
Document 14 Document 14
Bernard J. Young, P.E. rformed by man s compoter thun muhiy The Laticr property is derived
REGISTERED PROFESSIONAL ENGINEER from equation (4) above.
The decibel transformation is

August 3, 2008
Lynpe Neuman
HQ AFSPC/AL/TPP
150 Vandenberg St.
Suite 1105
Peterson AFB, CO 80914-230

Lynne Neyman @ Peterson,af.mil
Dear Ms. Neuman:
Please give these

Final Impact
March 2009 for PAVE PAWS E-'iy Wlxmng Radar Opcmon Cape Cod Air Force
Station, MA, your careful consideration.

‘There is a mathematical error in the data analysis which continues 10 be widespread
throughout the report on PAVE PAWS emissions, BSL 2004,

What 1s Wrong?

Mmmmnmmnﬂammwmmﬁm

g the ! property of distriueiity of mulsipicati
over addition. Dulnhmmynsot\ndumnlkukmﬁxymwd clementary and
secondary students apply it long before they leam that i hes aname. You will recognize

it a5 intuitively obvious:
k (a+b+c...) = karkbekes .., )
wherek ab.c. .. mrnlnnnben It Is valid io some other algebras, but it is not valid
over the aipe, cosipe, 0 pame & few.
For example,

sin (avb+c) waingesinbésine (2)
log (a+b+c)mloga+logb +loge. (3

In fact, one useful property of logarithms is
loga+logbeloge=log (abc)  {4)

Now ltuoommm scieatific ficids which ronulcly analyze data ranging over scveral
arders of such as and 0 such daia 10 the
dncibdxale,wbxhhnlog-ithmkmk. ‘There arc two primary reasons for doing this.
First, you can compress the daia and sec many orders of magnitude on &

graph. Second, adding decibels is equivaleat to multiplying, and addition is more easily

dBx=10logx, (9
where log ix the common base ten logarithm.

The ioverse decibel transformation is
x= 10N(dB aYI0)  (6)
where “A” is the exponentistion operaior, raising 10 & power.

These ions are not &
power not distributive.

. because taking # Jogarithm or raising t0 &

lmbemlhwvaSme eg. Tabie 1, Page 7, that the average, median,
standard d and maxi of a set of decibel values are

This is readily done in # spreadsheet program which bas functions 1o perform these tasks.
However, these functions presume the arguments, the daia on which they openate, arc
lincar scalar quantities.

This erroc in not made consistently. For example, Table A6.2 from BS1 2004, pages
M&%shnwtbemmpmﬂudmnlymmunuchummam
sverages. The average values are y by ng the six
dxnbdmbdmmumwluwvﬂubdmwnmmmga.ud
then coaverting that result back 10 a decibel scaled value. However, the standurd
deviation is computed with the decibel values.

How Bad ks the Resulting Error?

In the case of a single decibe] quantity, there is 10 error. The maximum and minimum
functions retur # single value without computation, so there is no error. The modian
function will remm the correct deocibel value for an 0dd number of members io the
sequence, since a single number can be ideatified without computation for which the
number of members of the set that are larger is equal 1o the oumber of memsbers of the set
that are smaller than tbe median value sought.

The standard deviation uses the average, so:l!?tlvuucuwrm;.lbeundnd
devistion is wrong. The standard deviation also involves The
psefulness of the standard deviation metric when applied 10 decibels values i dubious,
since it vields unstable results, and any atiempt 10 convert the standard deviation of
gecibel values 10 a linear scaled value is meaningiess.

Given a set of decibel values, 10 properly compute the average onc must apply the inverse
decibel transform (6) to each member of the set 10 recover the Linear scaler value, add the
linear valnes, and divide by the number of values in the set. The operation of computiag

an average (ari ic mean) is well unds d. If the range between minimum and
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maximum of a set of decibel values is small, the error is small. I the range is large, a5 it
Is with most of the PAVE PAWS data, the ervor is Jarge.

If unc akes the sverage (arithmetic mean) of decibel scaled values and converts the resubt
10 & lincar scale value, onc gets the geometric mean. This result derives from equation
{4) sbove. The geometric mean is always less thea the arithimetic mean waless all vales
in a sct arc cqual. Thus, taking the average (arithenetic mean) of decibel values is
misleading.

This exvor is illustrated by considering s sclect set of 7500 data for Site 19, Pusition 1,
9:59:26, Jarves Rd., from the data disk delivered 10 Bamnstable County Health
Department with BSL 2004. The data logged at test lime is contained in a text file and is
attached herewith. 1 have imporied that data into s spreadchect and computed the
average, median. and standard deviation of the decibel scaled data in the file and obtained
the same results as entered in the text file. The average given s the bottom of the text
file is -65.17 dBm (decibels relative to one milliwait) and | confirmed that it is the
average of the three columns (C, D, and E), 7500 points cach, of decibel scaled valocs. |
highlighted the results in yellow, 1 bave added columns G, H, and 1, converting decibel
scaled values to linear values before averaging. Converting back 10 decibel scale yielded
a result of 46.37 dBm, highlighted in greea. The crror resuits in under-reportiog the
average by -18.30 dBm, & factor of 1/67.57, highlighted in red. This is a significant error.
Tt was repeated in 292 data files.

Peak Measureasents

The inference is made that the “peak”™ messurements reported jo BSL. are bricf. While
one sample may be drief and consist of only 22 cycles, sbout hulf the vatues “messured™
were nonetheless clipped, 30 we have no idea just how intense they were. This has not
heen refuled. No evidence is offered that theae “peaks™ wese brief, or thet they were
encountered just once at each site. There is no evidence that they did not occur several
times, or for & contimuous for a substantially longer interval. To assume that only one
beief 22 cycle occurred, and that it always coincidod with & 22 cycie interval is wishful
thinking.

Reference to the MDPH Report

To say b that the MDPH npcn on PAVE PAWS and Ewing's sarcoma (MDPH 2007) is
] and thy gh is an umi lay opinion, is aToncous, and is of little value.
iologists have 3 ‘Ihemdhlu"fuﬂy
flawed.” These conoens were first voiced § g L in D b
mmhlnbu:lmlymbmmybmnofuﬁm
and Human Services, Commoaweahh of

These flaws include matching the index and comparison festing sites on factors of
distance and elevation, both related 10 emission levels, fallure 1 estimate historical

Document 14

mmhnkwkhznymmmpuhﬂ:p-&-ﬂpoummwhm
d (s mew explanation offered by BSL).

There are maay factors buikt into the 2007 study which make the compacison (cootrol}
site roeasuresnents scrosger than the index (Ewing'’s) measurements.

‘The comparison {control) site soloction packed several sites at high elevations earer 10
the radar than the nearest Ewiag's case residence. Avenage, median, standard deviation,
and mmimom valves of cornparison sites were greater than for index (Ewing’s sites).
Only one comparison (control) was chosen further from the radar than the fartheat
Ewing's case, by only 0.5 miles ow of 23.

Focuting on the average distance masks the fact that signal inteosity diminishes as the
square of the distance from the radar transematser.

There is & vast area of Cape Cod where no Ewing's bas occurred, and where no
measurcments were (akes.

NohﬂmmlaknoﬂheEm:mMnuyhveMﬁeduhulomm
where s may have luding multiple resideaces and other

schools.

getative clutter (an ing factor more signifi in summer, when the
measprements were made, than in winter) exists for puny of the Ewing's sites; clutier is
less significant in several of the high elevation comparison (control) sites with the highest
measuremuents,

The 2007 measurements were taken st ground level. Many of the index residences have
second floor sleeping areas. The schools bave two and three story classrooms.  Near the
ground s significant increase in signal strength with i i ion is to be expected
(shat is why TV anteanas are mounted on chimneys). Messurements would be more
scasitive 10 clevation at ar index site than an exposed costrol site.

The messurement techaique evaded the peak polses measared in 2004, establishing a new
peak metric about 1/100” of the peak Jevels reporied i BSL 2004. The true intensity of
those poaks was under-reponied in 2004 due 10 & measurement error, evea If that error
didn’t effect the 2004 avernge measurements, Had the corect average of the

reporied in 2004 been computed, we would soc that they are about 350 times higher than
the peaks measured in 2007,

Whatever the cause, those Intense peaks of 2004 are part of the human exposure, The
“Panc] of Experts™ (MDPH 1999) explained the i of ing peak data. No
one was aware al thet time that there are peaks ahove peaks. These larger peaks
{averaged over 22 cycles) should have been accurmely characierized s 10 inteasity and
duration during the 2007 measurements.

Document 14 Document 14
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M
in view of the fact that half of the peak values are underveported due 1o clipping, and the cmlon) £
averages in the raw data files bave boen computed incorrectly, as has much of the T .
tabulated data in BSL 2004, it is my opimon that the Air Force has pot met its obligation o e
o evaluate the potential health effocts from PAVE PAWS radio frequency emissions. L) bt
Futhermore, it is my opinion that 1o pursue the completion of the Eavironmental impact 1. o
process with data knowingly cornux may be construod as arbitrary and capricious. H =
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NOTICE OF INTENT




[Federal Register: January 27, 2000 {(Volume 65, Number 18)]

[Notices])

[Page 4406]

From the Federal Register Online via GPO Access [wais.access.gpo.gov]
[DOCID: £r279a00-22]

DEPARTMENT OF DEFENSE

Department of the Air Force

Notice of Intent To Prepare an Environmental Impact Statement

(EIS) for Actions To Sustain Operability of Air Force Space Command
PAVE PAWS Radar Sites at Cape Cod Air Station (AS), Massachusetts (MA):;
Beale Air Force Base (AFB), California (CA); and Clear Air Station
(AS), Alaska (AK)

Pursuant to the National Environmental Policy Act (NEPR) of 1969,
as amended (42 U.S5.C. 4321, et seqg.), 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; Beale AFB, CA; and Clear AS, AK.

The current propeosal 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 enission of radio-frequency energy. AFSPC will be the lead
agency for the EIS. The Ballistic Missile Defense Organization has been
invited to be a cooperating agency. AFSPC is planning to conduct public
scoping meetings to determine the issues and concerns 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
information concerning the proposed replacements of electronic
equipment and computer software in the PAVE PAWS Early-Warning Radar
facilities at Cape Cod AS, MA; Beale AFB, CA; and Clear AS, AKX, contact
Mr. George Gauger, HQ AFCEE/ECA, 3207 North Road, Brooks AFB, TX 78235-
5363.

Janet A. Long,

Alr Force Federal Register Liaison Cfficer.
[FR Doc. 00-1976 Filed 1-26-00; 8:45 am]
BILLING CODE 50801-05-U



[Federal Register: July 22, 2002 (Volume 67, Number 140)]

{Notices]

[Page 47776-47777]

From the Federal Register Online via CPO Access [wais.access.gpo.gov)
[DOCID: £r223y02-40]

DEPARTMENT CF DEFENSE
Department of the Air Force

BAir Force Space Command

AGENCY: Department of the Air Force, DoD.

ACTION: Amendment cf the notice of intent to prepare an Environment
Impact Statement for actions to sustain operability of Air Force Space
Command early warning radar sites at Cape Cod Air Force Station (AFS),
Massachusetts (MA); Beale Air Force Base (AFB), California (CAR); and
Clear AFS, Alaska (AK).

SOMMARY: The Air Force hereby amends its notice of intent to prepare an
Environmental 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 2C00. The Air Force intends to prepare a Supplemental EIS to
the 1979 EIS on the Operation of the PAVE PAWS Radar System at Otis
AFB, MA. The Supplemental EIS will address concerns over the possible
health effects from operation of the early warning radar at Cape Cecd
AFS. The Supplemental EIS will be prepared pursuant te section
1502.9{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 concerns related to radic 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 a review conducted by the Armed Forces
Epidemiclogy Board. The Air Force made the decision to prepare a
Supplemental EIS following a review of the SLEP EIS process. The review
was prompted by the decreasing availability 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
process, which took into account comments received during public
scoping meetings, the Air Force determined that public concerns
centered around the possible health effects arising frcm operation of
the radars, rather than from the proposed action of replacing outdated
computer hardware and rehosting scoftware. Replacing computer hardware
and rehosting software will not change the amount or characteristics of
the radio frequency energy being transmitted by the radar. Based on
present calculations, which may change, the Alr Force anticipates
releasing a draft Supplemental EIS in 2004, approximately six months
after the results from the last of the studies is scheduled tc be
published., The Air Force will prepare site-specific



i(Page 47777]}]

environmental assessments (EAs) for the SLEP actions cof 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 1105, Peterscn Rir Force Base, CO B0914-2370,
Fax 719-554-3849.

Pamela D. Fitzgerald,

Air Force Federal Register Liaison 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

June 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
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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
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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

B-4

Cape Cod Air Force Station, Final Supplemental EIS

June 2009



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
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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
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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 adhenng 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.

(R 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 f/1,500 0.28 30
U.S. FCC, (1997) 300-1,500 f/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 f/2,000 0.21 6
Canada'”, (1999) 300-1,500 /1,500 0.28 6
U.K. NRPB, (1993) 400-800 - 2i6™ 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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0.28 mW/cm?
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0.00001 0.0001 0.001 0.01 0.1 1 10 100
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Park (Camp Site A-10), 1.2 miles from Cape Cod
[ ICNIRP Guidelines: Reference Levels for AFS PAVE PAWS Radar
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B Maximum Intensity at 2.2 cm away from a cell phone
é [ state of Massachusetts Non-Occupational RF antenna using a 1W 1800 MHz cell phone (b)
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&

EXPLANATION
(a) Frequancy of 420 MHz
(b) Source: Indapendant Expert Group on Mobila Phones, 2000.
FCC Federal Communications Commission
ICNIRP  Intamational Commission on Non-lonizing Radlation Protection
|IEEP Instituta of Electrical and Electronics Engineers
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WHO  World Heelth Organization

Comparison of RFE
Measurements and
Exposure Standards

Figure C-1
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C2 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 Expenimental/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., primanly in the RF and microwave radiation
frequencies ranging from approximately 30 kilohertz [kHz] up to 300 gigahertz [GHZz]).

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 ANSV/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 denved 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
cntena for whole-body averaged SAR, but from a precautionary desire to protect subgroups of the general
population who, potentially, may be more at nsk. 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 Occupationai/Controiied Exposure

Frequency Range Electric Field |E] Magnetic Field |H] Power DenS|ty Averaglng Time |E[,

(MHz) Strength (V/m) Strength (A/m) (S) (mW/cm ) JHJJ or S (minutes)
0.3-3.0 614 1.63 "~ (100) 6
3.0-30 1842/f 4.89/f (900 )“” 6
30 - 300 61.4 0.163 6
300 - 1500® . . f/300 6
1500 - 100,000 . 2 5 6

Notes: (a) Plane-wave equivalent power density.
(b) PAVE PAWS range 420-450 MHz.

Alm = amperes per meter

IE|? = square of electric field

f = frequency in megahertz

IHf? = square of magnetic field

MHz = megahertz

MPE = Maximum Permissible Exposure
mW/em? = milliwatts per square cm

S = power density

Vim = 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. 87-01, August 1997.

Tabie C-4. MPE Limits for Generai Population/Uncontroiied Exposure

Frequency Range Electric Field (E) Magnetic Field (H) Power Densny Averaglng Time |E[*,

(MHz) Strength (V/m) Strength (A/m) (S) (mW/cm?) [H3, or S (minutes)
0.3-1.34 614 1.63 100}‘" 30
1.34-30 824/f 2.19/f (180/ e 30
30 - 300 275 0.073 30
300 - 1500(b) - . f/1 500 30
1500 - 100,000 : s 1 30

Notes: (a) Plane-wave equivalent power density
(b) PAVE PAWS range 420-450 MHz.

Alm = amperes per meter

[E? = square of electric field

f = frequency in megahertz (MHz)
[H? = square of magnetic field

MHz = megahertz

MPE = Maximum Pemissible Exposure
mWicm? = milliwatts per square cm

S = power density

Vim = 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. 37-01, 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.21 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 nse 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|2
Square of the magnetic field [Hf’
Square of the induced current (1°).

When exposed to RFE, the maximum SAR produced is 0.28 milliwatt per square centimeter (mW/cmz) at
a frequency of 70 MHz (|E| polanzation). By companson, 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 vanables 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 scenanos. 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

o 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 Signs

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:/mwww.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
e Exposure duration at ANSI C95.1-1982 levels presents a significant risk
e 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) Averaging Time
Range |E| Strength |H| Strength |E|-field, |H|-field [EJ%, [H|*or S
(MHz) (V/m) (A/m) (mWi/cm?) (minutes)

0.003-0.1 614 163 (100, 1 x 105)® 6
0.1-3.0 614 16.3/f (100, 1 x 10*49)® 6
3-30 1842/f 16.3/f (900/%, 1 x 10*/%) 6
30-100 61.4 16.3/f (1.0, 1 x 10%) 6
100 - 300 61.4 0.163 1.0 6
300 - 3000 = E /300 6
3000 - 15,000 5 . 10 6
15,000 - 300,000 . - 10 616,000/'2

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 appropnate 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

[EJ? = square of electric field

f = frequency in megahertz

[HP? = square of magnetic field

MHz = megahertz

Mw/ecm? = milliwatts per square centimeter
S = power density

Vim = 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)“’"
Frequency Range Maximum Current (mA)

(MHz) Through both feet Through each foot Gostea
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 burms caused by transient discharges when contacting an energized object.

frequency in megahertz

milliamperes

megahertz

f
mA
MHz

Source: |IEEE 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 [H[?
(MHZz) (V/m) (A/m) (mW/cm2) (minutes)

0.003-0.1 614 163 (100, 1 x 10" 6 6
0.1-1.34 614 16.3/f (100, 1 x 104F9)® 6 6
1.34-3.0 823.8/f 16.3/f (18042, 1 x 10%/%) 0.3 6
3.0-30 823.8/f 16.3/f (180/% 1 x 10‘/f22 30 6
30-100 275 158.3/'%® (0.2, 940000/>%) 30 0.0636f" %%
100 - 300 27.5 0.0729 0.2 30 30
300 - 3000 = = /1500 30 =
3000 - 15,000 g : /1500 90000/f )
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? = square of magnetic field

MHz = megahertz

mwicm? =  milliwatts per square centimeter
S = power density

Vim = 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)®

Frequency Range Maximum Current (mA) Corfact
(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 bumns caused by transient discharges when contacting an energized object.

frequency in megahertz

milliamperes

megahertz

f
mA
MHz

Source: |IEEE 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 |E[? or 20 [H*® g
Controlled 03<f<6 - <20
Environment 6<f<96 £ <20 (f/6)"
96 < f< 300 E 40
0.0001<f<0.3 < 20 |EJ* or 20 |R}*™
Uncontrolled 0.3<f<6 z 4
Environment 6<f<30 5 /1.5
30 < f< 300 5 20

Notes: (a) |E|and |H| are the spatially averaged values from Table C-5.
(b) |E] and |H| are the spatially averaged values from Table C-7.
f frequency in gigahertz
GHz gigahertz
mWicm? milliwatts per square centimeter

Source: IEEE Standard for Safety Levels with Respect to Human Exposure to Radiofrequency Electromagnetic Fields,
3 kHz to 300 GHz, Apnl 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. |EEE 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:

e 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
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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 Electnc, 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 Electnc, 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 (Vim) (A/m) (uT) Seq (W/mz)

Upto1Hz = 1.63x10° 2x10° s
1-8Hz 20,000 1.63 x 10%/f2 2 x 10°#° "
8-25Hz 20,000 2 x 10*f 2.5x 10%f -
0.025-0.82 kHz 500/f 20/ 25/f -
0.82 -85 kHz 610 244 30.7 -
0.065-1 MHz 610 1.6/f 2.0/f -
1-10 MHz 610/ 1.6/f 2.0/ =

10 - 400 MHz 61 0.16 0.2 10
400 - 2000 MHz 3 0.008f"* 0.01f* f/40

2 - 300 GHz 137 0.36 0.45 50
Notes: (a) fas indicated in the frequency range column.

(b)
(©

(d)
(e)

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]%, |HI?, 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 Standard, note 3).

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.

(  For frequencies exceeding 10 GHz, Seq, |E%, |H}?, and B? are to be averaged over any 68/ **-minute
period (f in GHz).

(g) No |E|-field value is provided for frequencies <1Hz, which are effectively static electric fields.

A/lm = amperes per meter

|E|2 = electric field

f = frequency in megahertz

GHz = gigahertz

|H|2 = magnetic field

Hz = hertz

kHz = kilohertz

MHz = megahertz

ms = root mean square

S = power density

uT = microTesla

Vim = 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, Seq
Range (VIim) (A/m) (uT) (Wim?)

Upto1Hz - 3.2x10" 4x10° =
1-8 Hz 10,000 32 x10% 4x 10% .
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)
(©

(d)
(€)

0

(9
A/m

E
f
GHz
HI*
Hz
kHz
MHz
S
uT
Vim
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, |H?, 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 restnictions, 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[?, [HI?, and B? are to be averaged over any 68/f1.05-minute
penod (f in GHz)
No |E|-field value is provided for frequencies <1Hz, which are effectively static electrc 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/m®)(rms) (W/kq) (W/kg) (W/kg)
Upto1Hz 40 - - -
1-4Hz 40/f - - -
Occupational 4Hz-1kHz 10 - - -
Exposure 1-100 kHz /100 - = =
100 kHz — 10 MHz 100 04 10 20
10 MHz - 10 GHz - 0.4 10 20
Upto 1 Hz 8 - - -
1-4Hz 8/f - - -
General Public 4 Hz-1kHz 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.

() 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.

SAR
Wikg

specific absorption rate
watts per kilogram

E = electnc field

f = frequency in hertz

GHz = gigahertz

H = magnetic field

Hz = hertz

kHz = kilohertz

mA/m? = miliamperes per square meter
MHz = megahertz

rms = root mean square

Source: 1998 ICNIRP Guidelines for Limiting Exposure to Time-Varying electnc, 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 f is 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
Wim? = walts 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 Electnc, 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

¢ 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.

¢ Inthe 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.

e 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.

¢ Inthe 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:

¢ 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.4.3 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
¢ |CNIRP establishes limits on magnetic flux density, whereas |IEEE does not

* ICNIRP establishes restrictions to address the auditory effect, whereas IEEE does not

e At 420 MHz, the ICNIRP general public reference level of 0.21 mW/em? 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.

(o} 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?) (ViIm?) (A*m?)
0.3-3 100 4x10° 25
3-30 900/ 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
penod.

(b) (Electric Field)*/1200r or 12r (Magnetic Field), whichever is greater.
2

Alm = amperes squared per meter squared
ANSI = American National Standards Institute
f = frequency

MHz = megahertz

mWicm? = milliwatts per square centimeter
vim? = 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 mWi/em?. 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.

e 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.

Cc.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:

¢ 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 Governmentai industriai 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 (BEls) 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 Occupationai Safety and Heaith 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 Federai 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 contnbuted 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 overtap 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, 2R
CD Players, Video Monitors, Police Radar, (Mammography Facilities)
Cablinet X-Ray Systems, Retail Laser Scanners,
Laser Printers, Laser Welders, Laser Polnters &
Cellular Telephones, Electronic Article Surveillance

Mammography
Equipment
Stereotactic
Diagnostic X-ray Equip, Devices
Microwave Diathermy,
PUVA, Surglcal Lasers,
Diagnostic Ultrasound,
Radiation Therapy, MRI,
Ophthalmic Instruments,
Sunlamps, Lithatripter

Film Processors

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 1392
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
finng 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 Federai Aviation Administration

The FAA had adopted the most current RF/microwave energy exposure cniteria 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
intenm measures in 1997, prior to the update of FAA Order 3970.3A, 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, notin
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 (internationai 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 countnries) in 1981, in Environmental Health Critena 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/cm?).

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 senously 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.S. Department of Labor

Washington, D.C. 20210

Reply to the Attention of

SEP 21 1998

The Honorable Melissa J. Spillenkothen
Assistant Secretary for Administration
Dcpartment of Transportation

M-1, Room 10314

400 7th Street S.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 belicves that when implemented this doc- ument will
provide cqual 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 supported by the safety and health
community as well as OSHA by reference (¢.g. ACGIHTLV's and ANSI). Although more
restrictive 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 puhlic
exposure limits from the current ANS1C95.1 standard as an "action level” which determines
when an RF Safcty Program is necessary is particularly uscful. Most importantly, thc adoption
of the most recently published ACGIH TLV's will ensure that the FAA program is not locked
into outdated standards, in that limits are automatically updated with each update to the TLV's.
Of course, full implementation of this program is key to providing the worker protection
described.

Aceordingly, the FAA is permitted by 29 CFR 1960.16 to preseribe and enforee morc stringent
permissible exposure levels or threshold limit values and may require more frequent monitoring of
exposures without recourse to the approval procedures for alternate standards described in 29

CFR 1960.17. OSHA believes that the radiation program proposed by the FAA is more

protective than the 1910 standard and agrees that FAA should adopt this as its radiation standard.
Additionally OSHA will use this proposed standard to determine worker exposure to radiation

and will not measure compliance against 29 CFR 1910.97.

Occupational Safety and Health Administration

June 2009
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Figure C-7. OSHA Acceptance of FAA Radiation Safety Program, continued

2

Please advise this office when full implementation is expected, so that we can
apprise our compliance inspectors.

Sincerely,

i

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
ANSI/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|*-field Strength |R|2-field Strength Density
Frequency Range (VIm)? (A/m)? (mWicm?)®

10 kHz — 3 MHz 400,000 2.5 100

3 MHz — 30 MHz 4,000 (900/%) 0.025 (900/%) 900/

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) 2Power density measurements are averaged over any 6 minute penod.

A/m

E

f

GHz

H

kHz
MHz
mwWicm?
Vim?

amperes per square meter
electric field

frequency in megahertz
gigahertz

magnetic field

kilohertz

megahertz

milliwatts per square centimeter
volts per square meter

Table C-16. Massachusetts Non-Occupational RF Exposure Limits for the General Public

Equivalent Plane Wave,
|E|*-field Strength |R|*field Strength Free Space Power
Frequency Range (VIm)? (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/
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.
Am? = amperes per square meter
E = electric field
f = frequency in megahertz
GHz = gigahertz
H = magnetic field
kHz = kilohertz
MHz = megahertz
mWicm? = 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.,
ANSI/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.A1 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 materals. 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 categonzed 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:

¢ 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 sun is 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 (VDUs) (15-35 kilohertz [kHz])

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 (cmz) (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 MHz)

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.
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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
107 meters. Visible light is characterized by the following colors:

¢ Red
¢ 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.g., 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:

¢ UV-A s the wavelength range responsible for pigmentation of the skin, also called the (“black light
region”)

e UV-B is 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 ¥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 (>*®U), radium (>*®*Ra), and radon (***Rn) 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, 28, 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.
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APPENDIX E

ATTENUATION OF RADIOFREQUENCY ENERGY

E.1 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 maijority 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
JEEE/ANSI standard of 0.28 mW/cm? at 420 MHz.
mW/ecm? = milliwatts per square centimeter

Table E-2. Far-field Ground-Level Power Densities Calculated for Specified Locations

» E® s _| & < |l w2 - |e s> - | e

Sg 222 %] cBp5 | 20s |cBp | L28% |cBD o
wo | 5 385983 BBSE | Egps |MSe3| Egrs [EBSSS
& 8-8 Eomg E| ong é%‘lé OEU) £ é%‘a’é Ewon £
Cape | 4399 | 0.006640 4? times 01608 |, 39228 0.0514 | 1.961tmes
Cod om{er times lower lower
AFS | 1,051® | 0.000786 35&:‘/235 0.0226 tirﬁg'@er 0.0072 tirr?gs'olg\(:/er

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.
mWiem? = 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
= alog| —
o aog[loj
Where:

rf = reduction factor
a = attenuation, dB
alog = antilogarithm, 10@19

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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Cape | 439" 0.006640 42 times lower 0.001328 210 times lower
Cod | 4 051 | 0.000786 Cubilimes 0.0001572 1,780 times
AFS 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 iikely opportunity for public exposure.
dB = decibel
mwWicm? = 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 = 3.34![;10}”]"'2 Equation 1

Where:

A = Attenuation, dB

t = Thickness, inches

4 = 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 Density
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) (mW/icm?)® | (0.28 mW/cm?) | Attenuation | (0.28 mWicm?)
(®) . 132,720
Cape Cod 439 0.006640 42 times lower | 0.0000021 times lower
bhe 1,051€ 0.000786 35|5 times | 4 0000002 1,124,060
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
mwWicm? = 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
30-minute
average
Power Density

Maximum
calculated
30-minute average
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/cm?) 1-inch opening) (0.28 mWicm?)
RTINS 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.
mWiem? = 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'”

SCOATE Category of Trees Foliage Porosity®
Location an :
Scientific Name Common Name Summer Months Winter Months
Pinus resinosa Red Pine Moderate Moderate
Pinus ngida Pitch Pine Moderate Moderate
Pinus strobulus Eastern White Pine | Dense Dense
Cape Cod | Pinus sylvestns 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

PAVE PAWS Site

Distance from radar
(Meters)

2\(a)
)

average Power Density
(mW/cm

Maximum calculated 30-minute

Compariscn to IEEE/ANSI
Standard (0.28 mW/cm?)

average Power Density
(mW/cm?)® Past Leafless Trees

Maximum calculated 30-minute
with 5 dB Attenuation

Comparison to IEEE/ANSI
Standard (0.28 mW/cm?)

Maximum calculated 30-minute
average Power Density
(mW/cm?)® Past Leafed Trees
with additional 4.5 dB Attenuation

Comparison to IEEE/ANSI
Standard (0.28 mW/cm?)

Cape 439"

Cod

0.006640

42 times
lower

0.00208

134 times
lower

0.000743

375 times
lower

AFS | 1,0519

0.000786

356 times
lower

0.000246

1,139 times
lower

0.000088

3,189 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
mwicm? = 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/cm?) (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,
s0 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 mWi/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 resuilt 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? (nW/cm?) 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
» 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 Cnitenia 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 mWicm? 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.

e Pulsed and continuous wave energy with the same average power density level seem to possess the
same potential for cataract induction.

o 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/cm?) 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. Djordjevi¢ 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)
e 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, Réschke 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/cm?). 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/cm?). 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/cm?) 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/cm?) 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
et al. (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.

¢ 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 mWicm? 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,

F-12 Cape Cod Air Force Station, Final Supplemental EIS June 2009



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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