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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.

S-6

Cape Cod Air Force Station, Final Supplemental EIS June 2009



Public Health Assessment for Exposure to Low-level RFE Emitted from the
PAVE PAWS Radar. This assessment, conducted in 2005, evaluated the
potential health effects of public exposure to low-level RFE emitted from the
PAVE PAWS radar system at Cape Cod AFS.

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

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

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

1.1 PURPOSE AND NEED FOR ACTION

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

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).

June 2009

Cape Cod Air Force Station, Final Supplemental EIS 1-3




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
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input, three primary study efforts with regard to operation of the PAVE PAWS
radar were identified, including:

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

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

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

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

RELATED ENVIRONMENTAL DOCUMENTS

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

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

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

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

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

21 DESCRIPTION OF THE PROPOSED ACTION

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

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

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

PAVE PAWS Radar Operations

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

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

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.

June 2009

Cape Cod Air Force Station, Final Supplemental EIS 3-1




EXPLANATION Cape Cod AFS
SSPARS Scan Area Site Map

l t—] I ‘ . Source: U.S. Geological Survey, 1986, New Bedford,

0 2,500 5,000 10,000 Feet Massachusetts Flgure 3.1-1

3-2 Cape Cod Air Force Station, Final Supplemental EIS - June 2009



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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Cape Cod Air Force Station, Final Supplemental EIS June 2009



M

: NI
N,

-40 A
(VY A

A

-15 -10 -3 0 S 10 15

ANGLE RELATIVE TO BEAM PEAK (DEGREES)

Figure 3.1-6. PAVE PAWS Antenna Pattern
Source: Kramer, 2000.

RELATNVE POWER (DECIBELS)

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.

3-12

Cape Cod Air Force Station, Final Supplemental EIS June 2009



30.0
30 1
28 - Atlanta
Boston
Chicago
Denver
20 195 192 l'-.lao:flt:;as
Los Angeles
Miami
g 15 - New York
§. Philadelphia
a Portland
g San Diego
San Francisco
@ 107 Seattle
Washington
5 4
0 03 02 007 002
0 2 5 10 20 50 01 0205 1 2 5 10 20
nW/cm? ! ! Wicm? —-I
Power Density
EXPLANATION Differential Fraction of
Wicm? microwatt per square centimeter Population Exposed
S ek SN cenbiates Withip Given Power
Density Intervals
(15 cities)
Source: Shieien et al., 1998. Figure 3.1_9
June 2009 Cape Cod Air Force Station, Final Supplemental EIS 3-13




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.
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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.
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