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Simple ground rule

e No ad hominem

v “An ad hominem argument is a personal attack
against the source of an argument,
rather than against the argument itself...
[They] are used to attack opposing views indirectly,

by attacking the individuals or groups that support these views."
[effectiviology.com]

v' Stick to facts, and opinions based on them

v Do not impeach persons
> for their supposed intent, affiliation, or any other characteristic



David Maxson, WCP-

« See resume for full story

* On the topic of RF safety

v"  RF safety planning
» Since 1985
> Help people comply with RF safety laws
» Measure emissions
> Calculate emissions
> Write workplace RF safety programs

v' International Committee on Electromagnetic Safety

> Editorial Working Group —Standard C95.1-2019 |EEE Standard
for Safety Levels with Respect to Human Exposure to Electric,
Magnetic, and Electromagnetic Fields, 0 Hz to 300 GHz

> Available free at IEEE Get Program

% (requires signing up for a free account — need not be a member)



Presenter
Presentation Notes
This is part of what I do for a living. You will get a snapshot of the things I think about as I evaluate a radio facility for safety compliance

https://ieeexplore.ieee.org/browse/standards/get-program/page/series?id=82

David Maxson, WCP

* David is not
v'  abioelectromagnetics expert
v'  ascientist
 Davidis
v' Highly experienced in RF safety compliance
v' Aveteran of more than 500 cell siting reviews for municipalities
v' Comfortable with the safety standards in place today



David Maxson, WCP

David Relies on:
« Expert health agencies

v’ Systematic reviews of the literature

v Consensus on established impacts

v' Pursuit of new data

v Professor Foster will present the background on expert health agency perspectives today

« Consensus technical standards

v' Balance, openness, due process, consensus
v" FCC relied on consensus standards in 1985, 1996, 2003, 2013 and 2019
v" FCC relies on advice of expert health agencies



Scope of this presentation

* Scope of services requested by YWD

v' Maxson: Maxson provides a view of the
> What is RF energy? (“RFE") world of RF through his eyes. His
> What is AT&T proposing? goal is to demystify the discipline
% Facilities and emissions for the board.
» Background on wireless facility siting
> Related issues Foster provides a view of the
v Foster: expert bodies around the world

> Review of current guidance from expert bodies WNO maintain surveillance of the

v Conclusion Issues of RF safety.

» Recommendation on the way to approach the proposal
These presentations provide facts for the Board's consideration.



Scope of this presentation

Limitation of scope

v Premise:
Due to limitations of the Board’s expertise and the time required, it is not possible
for the Board to analyze the decades of scientific review and reengineer the

exposure safety limits. S~
SN
> Avoid debate on individual scientific studies — down the rabbit hole! /. \“
» The scientific consensus is on the weight of the evidence {{ 5
b\ >/ 4

> Routinely updated Y

v Caution:
Hand-picked studies supporting one point of view
are no substitute for scientific assessment

» Confirmation bias
versus UNDERVALUED

> Systematic review of the body of literature

Confirmation bias diagram



The Electromagnetic Spectrum

Key:
Hz hertz = one cycle per second
kHz kilohertz = thousand hertz
MHz megahertz = million hertz
4 i 1 GHz gigahertz = billion hertz
Mobile 4 O__ ¢ b 4 THz terahertz = trillion hertz
Baby Phone :
i Electromagnetic energy travels as waves.
Picture ripples formed by dropping a

Monitor R * ﬂ
FM Radio . @) ' stone in a pond; one cycle is like one
X ripple.
, — - The frequency (in Hz) describes how
‘ \ many ripples per second pass the

observer.

W|F|
Power Lines AM Radio

B = @ LA '

Computer display Publlc safety Uﬁa
scanning rates (Police, Fire, etc.) Satellite Infrared Violet X-Rays Gamma Rays

v My HU || | |

100 1 100 1 100 1 100 1
Hz kHz MHz GHZ THZ *VISIMS Spectrum

. Radio Frequency ("RF") Light lonizing
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1. What is RF energy?

e Safety standards intro

v"  Frequencies are the “colors” of
the radio spectrum
» Microwaves are higher, e.g. “bluer”

» AM radiowaves are lower, e.g. “redder”

v' Scientific consensus on adverse effects | s
led to sets of safety limits

1,000

v' We look at all frequencies
and evaluate a cell site’s total
emissions against limits

300 T 3,000 30,000 I 300,000

1,500 100,000
Frequency (MHz)




1. What is RF energy?

* RF Energy is hone of these: Gas







i Visible light
Electric stoves
(radiant and inductive coils)



1. What is RF energy?

* Electromagnetic Energy Example — 1500-watt™ radiant heater
v' Mostly infrared energy

@) i O O
II | | l | II For, illustration. ‘ Not to scale.
Not affected Warmed but'  Fgels the heat Uncomfortably  Risk of injury
no heat sensation o

* |f you were to set a safety limit, where should it go? =

*Power input to the device. Does not account for “apparent” or
“effective” power caused by the focusing effect of the internal reflector
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1. What is RF energy?

* RF Energy concept — 40-watt™ cell tower antenna

| . ’ | | II ForiIIustrationuL Not to sca

Not affefbted Warmedbut  Feglg the heat Uncomfortably  Risk of injury
no heat sensation o

Multiple
cell towe
antennas

*Power input to the device. Does not account for “apparent” or
“effective” power caused by the focusing effect of the internal reflector
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1% What |s RF energy?

SSSSSS

* |ntensity matters!

v' Itis not enough to say:
there are radio waves present

v Or that:
they put out how many watts Sun Full Moon Sirius

(solar reflector) (69 suns)
v Instead:

How much energy is being received?

Apparen intensity of 3 celestial bodies

= , : Reference 2 millionths 70 quadrillionths
nght dnd Iogy. 1 sun 0.000002 suns 0.00000000007 suns

v'  There must be a threshold below
which exposure is inconsequential @w@ ? ?

Protective gear



1. What is RF energy?

* How much energy, really?

v Cellphones don’t work with a few millionths of a watt
received radio signal power

v’ Why?

»Because it is too much energy (>-25 dBm 3GPP specifications)
s Cell sites must put out enough energy to make radios work
**But not too much
s*Receivers are very sensitive instruments

v' “Five bars” on your cellphone | W

» Received signal can be a billionth of a watt or less Yl ‘ ‘




“ ‘ \\»\ i - | - M| | € ;/' !r~ , - o y 4
] ;'/Ji" <D I\l 11 —~Y o
5 i et - Q7
attr
® ©

rgy delivered per second

F(vVJH(dore per second

| ee s Iess than 1 billionth of a watt of recelved S|gnal
- 253 ' <0.000000001 W

-60 dBm



1. What is RF energy?

* Yes, but what about “low-level effects”?

e O O
® O

) ) (R

This is the standard we enforce >>>

Science-based

 Myth: standards are based solely on thermal effects Weight-of-evidence
* The health standards consider all the science
e Standards are based on established adverse effects

v'  Thermal at most frequencies, electrical stimulation at lower frequencies



1. What is RF energy?

- e

 Radio waves ,Lﬁj b

©

v’ Used L1
l »To communicate across short and long distances
izi’r‘jjs'}%‘i;tgﬁiﬁy>To measure things (MRI, radar, etc)
% re(Ip'em »To heat things =D

u
“*medical diathermy [- o}
l

**microwave ovens

s* manufacturing plastic products




FM center channel  FM HD Radio |

------- Frequency axis -------
88.7 FM

2. 550MHE B2 BSOMHZ B OOMHZ

»“OFDM”



1. What is RF energy?

g Graph of signal strength (vertical) by frequency (horizontal)
- Digital signals are “noiselike” ° ) ,T
v seem random 5 dgtl ) ;g*;af:sﬁ'L digtal
v" evenly distributed - time and frequency Iﬁf’“”t‘ll nise i,clv-,.J’L i ";ri,f-’n}l_,“ noe i"‘""‘w"f"w-‘w";f.-Jj#
« Digital signal symbols (“pulses”)? “VEM HD Rac RETTERRRETERREIRY -0 Radiy |
v" Require a finely tuned receiver to detect
v' Toanuntuned recipient, one setof 777 Frequency axis -------

symbols is just part of the background
noise spectrum with all the other signals

 The human body is a poor radio receiver
v'ltis not finely tuned to one radio channel



1. What is RF energy?

« Some call the information symbols “pulses”
» This is one of those symbols s
2 1 5’000 per Second ’ 50 100 150 200 250

Cyclic prefix Basic OFDM symbol

® DO not IOOk a‘t a” pulse_like? One OFDM symbol inlhetirﬁedoméin

Time domain representation of an OFDM symbol, dotted line — cyclic prefix, solid line — basic OFDIM symbol

 Simulated stream of symbols:

Adapted from: Analysis of power consumption in OFDM systems July 2011

Note: there is some smoothing (raised cosine filtering) at the junctions between symbols. Not shown. Confergnce: MIERO, 2011 Proceed_lngs ofthe 34t International Convention, Opatija,
Croatia, 23-27 May, 2011

Amplitude

\.ﬁi‘% ‘V‘ " 'q‘w(\ \'l.'i,giﬂh\!m.m ” W,) w' lm il ‘ F I N, ."\;I"‘\‘\"'\\"‘\L ' 2“.7.‘;"“‘“”) “II'%"\”W* li\.‘“ﬂ‘ I (wﬂM \".'I,li

"\'HI\. fh I ('q i \'\H’ &i i \. iy ‘L% ‘V‘ " W‘r\ \'v‘.’i,g \"f r .‘\;_ni“‘\“‘"'\\“&l.’ j{w‘:“ ‘ri(\"i\}\’f\’,'h-'.\’,‘"'{l gni W' w

1 2 5 4 5 6 7 B ...15000

One second
A pulse, for comparison: f\‘r

T - L] v - | e——

Radar triple pulse
received over the air



1. What is RF energy?

e Summary
v" Nonionizing
v" Not a substance

v Electromagnetic energy
» Converts to heat in tissues
> Like infrared and visible light

v Information (modulation)
> Varies the intensity (“brightness”) and frequency distribution (“colors”)
> Body is not tuned to one channel

v Intensity dissipates rapidly over distance
Receivers need only a feeble signal
v' Threshold effect

> Below a certain level, adverse effects not observed

AN



2. What is AT&T proposing?

* A “cell site”
v' A base station with antennas well above ground

v' Antennas emit and receive RFE
> Lighthouse lens analogy

v" Multiple frequency bands to support multiple simultaneous users
 https://www.ntia.doc.gov/files/ntia/publications/2003-allochrt.pdf

Microwave
ovens

FCC spectrum aIIocatins 700-25 M

i8E BA 398

« Cellular bands above these arrows —



https://www.ntia.doc.gov/files/ntia/publications/2003-allochrt.pdf

e A “cell

site”

2. What is AT&T proposing?

9 Panel antennas —
3 in each direction

75 feet above ground

EXISTING $20° OMNI ANTENNA RELOCATED
TO PROPOSED MAGNETIC MOUNT 3-07
ABOVE PROPOSED ATAET ANTENNA_
EXISTING OMNI HEIGHT AND TIP HEIGHT
ARE UNKNOWN, CONTRACTOR TO VIF.
EXISTING OMNI ANTENNA CABLES TO BE
REMOVED AND REFLACED WITH NEW
CABLES (TYP. BETA AND GAMMA)

ED ATAT ANTENNAS

PROPOSED ATAT RF EMISSIONS
“CAUTION" SIGN INSTALLED AT THE
BEGINNING OF EXISTING WATER
TANK LADDER PER SAFESITE
REFORT, SEE 2/C-4 FOR DETAILS

Existing public safety antennas

-~ EXISTING 120" OMNI ANTENNA RAISED TO 3-07
ABOVE PROPOSED ATAT ANTENNA. EXISTING
OMMNI HENGHT AND TIF HEWGHT ARE UNKNOWN,
CONTRACTOR TO VIF. EXISTING OMNI ANTENNA
CABLE TO BE REMOVED AND REFLACED WITH
NEW CABLE (AT TOF OF TANK)

___——— PROPOSED ATAT EQUIFMENT MOUNTED
ON MAGNETIC MOUNTS
(6) PROPOSED PANEL ANTENNAS
[8) PROPOSED RRH UNITS
[3) PROPOSED RAYCAF UNITS
[3) FUTURE PANEL ANTENNAS
{8) FUTURE RRH UNITS
PROFOSED 3M RF TRANSPARENT
MIRRORED FILM APFLIED TO PROPOSED
ATAT ANTENNAS & MOUNT FIPES

PROPOSED ATAT VERICAL CABLE
TRAY WITH (3] FIBER CABLES AND
(6) DC CABLES (PAINT TO MATCH)

FPROPOSED ATAT E811/GFS ANTENNA
MOUNTED TO PROFOSED W.LC.

FROPOSED ATAT WALK IN CABINET
WITH GENERATOR ROOM ON NEW
COMCRETE PAD




2. What is AT&T proposing?

e Emissions

* Antennas have focusing property

e Cell safety zones

v anumber of yards
directly in front of antennas

v' pancake shapes indicate antenna patterns




2. What is AT&T proposing?

Note — this is what AT&T is proposing relative to the FCC standards.

e Emissions

e (Calculations

v
v

Reliable methods

Compare to safety standard

> Red lineis the
public limit

Consider all at once

> Green line is the sum
Assume level ground

Assume all radios on full
continuously for 30 minutes

Assume outdoors

Assume no vegetation or
structure obstruction

% General Population MPE

100.00%

90.00%

80.00%

70.00%

60.00%

50.00%

40.00%

30.00%

20.00%

10.00%

0.00%

The background of the standards will be discussed below
ME4097

5 Roots Rock Road York, ME

Calculated % MPE vs. Horizontal Distance from Source

Compliance Threshold = 100 %

« Based on continuous
exposure

500
Horizontal Distance [fect)

—AT&TLTE 722 MHz ——AT&TLTE 739 Mlz —AT&TLTE 763 MIz
AT&TLTE 875 MHz ——AT&TLTE 1900 MHz ATE&TLTE 2300 Mz
=——AT&TLTE 2100 MHz ——TownofYork 173.3125 MHz ==—Town of York 173.21 MHz

= Max MPE Combined

Figure 1: Graph of General Fopulation % MFPE vs. Distance



2. What is AT&T proposing?

Expanded view showing detail of individual contributors

] L ]
* Emissions
I I Calculated %MPE vs. Horizontal Distance from Source

18.00%
e (Calculations
4 Reliable methods 1400% |
v Compare to E;
safety standard 2
> Red line/public limit is far above E
top of this graph S
3 ‘E 8.00%
v Consider all at once £
> Green line is the sum 4.00% |
v’ Assume level ground 200%
v' Assume all radios 00 e 0 o
on fu ” co ntl n uously Horizontal Distance [feet)
. —ATETLTE 722 MHz ——ATETLTE 739 MHz —ATET LTE Té3
for 30 mInUtes AT&TLTE 875 MHz AT&T 21910 AT&TLTE z
/ Assu me Outdoors —ATETLTE 2100 MHz ——TownofYork 1733125 MHz =—TownofYork 173.21 MHz

——Max MPE Combined

v Assume no
vegetation or
structure obstruction

Figure 1: Graph of General Population % MPE vs. Distance



2. What is AT&T proposing?

1900 MHz

Emissions

Why is it 15%
102 feet away?

v One antenna: 2300 MHz

4 Antenna “sidelobe” stronger
than most (see arrows)

Frequency Band

Gain

Vertical Beamwidth
Horizontal Beamwidth

2100 MHz

v But! Vertical Beamwidih
Horizontal Beamwidth
» Roof of water tank will scatter signal
. Dimensions (L x W x D)
at this angle

» Likely to eliminate the effect at 102 feet 2308 Mtz

Vertical Beamwidih:
Horizontal Beamwidth:

Polanzation:
Dimensions (L x W x D)

Effect of tank roof on
downward emission

Manufacturer:
Maodel #:

Dimensions (L x W x D)

Manufacturer:

Mid-band antennas

96.0" x 21.07 x 6.37

96.0" x 21.07 x 6.37

06.0"x 1177 x 7.67



2. What is AT&T proposing?

Compoasite Composite
% MPE @ &' AGL | % MPE @ 18" AGL
i Unesnirelled {Umcontrolled /
Gremeral j Greneralj

Coround
Elevation

Emissions

Calculations
:
4 Levels are outside residences .; 200
v Accounts for change in ground elevation

» Positive numbers are below
water tower ground elevation

#4 Camden levels
overstated due to

tank obstruction
» Negative numbers are above

4 Percent of safety standard

N

Using safe-side assumptions above

4 Indoor levels typically
less than 10% of outdoor

> Varies with location in residence
and type of construction

y Long Sands Road
90 Long Sands Road
96 Long Sands Road

Table 3: Calculated % MPE Results at Selected Polnts®



3. Background on wireless facility siting

Wireless Telecommunications Facilities Ordinance

e Carrier decision process:

v Locate coverage gap

Town of York, Maine

» AT&T coverage maps
v Capacity is key today

> “Repeaters” are a 2G technology — not viable here

*»*Siphons service off distant cell sites

»New signals are needed to handle all the users

v Look to local ordinances for guidance

» Ability to meet zoning is key to success



3. Background on wireless facility siting

Wireless Telecommunications Facilities Ordinance

* York wireless ordinance priority list
v"  Hidden WCF

Town of York, Maine

v' Collocation on existing tower
v'  Disguised WCF
v Existing structures

» Includes water towers, among other things

14

B B eyt T
y district
ve trees

= B 77 o 2 I° CF T
le in overlay district



3. Background on wireless facility siting

Wireless Telecommunications Facilities Ordinance

* Higher priority than water tank
v"  Hidden WCF

» Are there any existing church steeples, silos or
other tall structures nearby to hide antennas inside?

Town of York, Maine

v Collocation on existing tower
» Are there any existing radio towers/sites nearby? (I-95 tower already in use)

v'  Disguised WCF

» New facility “to appear as an unrelated object such as a tree,
[new] church steeple, or flagpole...”

» Must be “realistic in size and proportion”
» Other disguises used in the region

¢ Clock or carillon tower, silo, fire tower, lighthouse, trackside water tank, etc.



3. Background on wireless facility siting
e Can the water tank antennas

be disguised or hidden?
v" This could elevate the proposal to a higher priority

Town of York, Maine

v'  Example: Medfield water tower
10-ft high shroud
(“top hat”)




3. Background on wireless facility siting

Wireless Telecommunications Facilities Ordinance

* Lower priority than water tank

v' A short cell tower anywhere

» Ground-mounted
% Tower outside overlay district
w» <20 feet above trees

v'  Atall cell tower b $
» New monopol dlstrl

> 85— 120 feet taII




3. Background on wireless facility siting

Wireless Telecommunications Facilities Ordinance

 Carrier decision process:
v Frankly:

If not on this existing Sstructure,

A new tower will be proposed nearby



3. Background on wireless facility siting

Wireless Telecommunications Facilities Ordinance

e Where to look for other choices?

v |n other words: what is “nearby”?
v' Proposed area of dominant service__

»Outdoor signal levels
strong enough to be
reliable indoors

» Any higher-priority options
in this general area?

v This is zoning jurisdiction




3. Background on wireless facility siting

Wireless Telecommunications Facilities Ordinance

* High density residential area

?ew-ﬂffe‘.r \

Town of York, Maine

S
5 \4/,_% 2027 Gocolé

/ .6” .

@/ 7
o e ?3
/ f‘?-’(f’ea Fefden ol #



3. Background on wireless facility siting

Wireless Telecommunications Facilities Ordinance

e AT&T
v" Needs to satisfy zoning

Town of York, Maine

v' Proposes compatible use of existing water tank



3. Background on wireless facility siting

Wireless Telecommunications Facilities Ordinance

 York Water District

v" Provides a community service three ways

Town of York, Maine

»Provides space that prevents a new tower

s 1996 Telecommunications Act says carriers have the right to install facilities to provide service
%+ Town decides how to regulate (wireless ordinance)
s YWD can provide this opportunity and let the Planning Board be the final decider

» Generates revenue that benefits rate payers
**Hold harmless clause misunderstanding

» The clauses say the party that owns the responsibility protects the other party. AT&T
is responsible for its actions.

» Provides new and better wireless coverage in underserved residential area



3. Background on wireless facility siting

Property values?

v Visual impacts are the major concern for marketability
> Is it presenting an “in your face”* experience to a property?

+* Does the cell tower loom over the neighborhood?
¢ Does it wreck a high-value scenic view?

v'  The use of existing structures has not been seen as a price influencer

v' Mounting exposed antennas on existing structures can be a quality-of-
experience factor
» Facility design managed in Site Plan Review by the Planning Board

*From the testimony of an appraiser working for Verizon on a North Hampton, NH case



Tsotrope

Ind on wireless



Tsotrope

INA on wireless rac

~

S

b



3. Background on wireless facility siting

8

* Cell sites and water supply
v' Water quality issues?

» Interior of tank is protected from contamination from all sources
»No welds penetrating tank surface

»Radio waves?
**We know highly concentrated microwaves in an oven can boil water
**Not enough energy reaching the water supply to heat it
» Antennas focused horizontally
» Tank is a giant metal shield






4. Related issues

 Myth:
FCC does not require evaluation of each new cell site

* Fact:

v' FCC regulations require “Routine Evaluation” by operators
»FCC 19-126 — FCC regulations reaffirmed in 2019

s*based on FDA confirmation the existing standards are appropriate

v Local regulations and permits can require verification

» Recommend requiring response on demand
» Avoid annual requirement



4. Related issues

 Myth:

1500-foot setbacks in the ordinance will protect us
* Fact:

%

NN

Giant setbacks just get in the way of good planning

Distance from a cell site is not a reliable proxy for signal level
Threshold effect standard allows for assurance all will be protected
Unintended consequences:

» Good properties overlooked because of arbitrary setback
» Applicant goes for zoning variance under federal law
» These take planning initiative from planning board



4. Related issues

e How does “5G” factor in?

v

5G is a family of technologies

» Faster
100 Mbps
» Smarter T whenever needed
>

» More capacity Capacity peak data rates

. 10 000
» More simultaneous users X more traffic
» More power-efficient 1,000,000 Broadband

% devices per km? <1 ms
» More spectrum-efficient 3 radio latency
Not earth shaking et Massive Critcal Ultra
: ; machine machine reliability
> Incremental |mprovements machine coms. communication communication o 10_5 E2E outage
2G-3G-4G-5G Connectivity

10 years ‘ o Zero Reliability

mobility
interruption

on battery



4. Related issues

Fibccon 5g mmWave
PERFECT WIRELESS EXPERIENCE

THE NEXT EVOLUTION

ULTRA-FAST, ULTRA-SHORT RANGE

e How does “5G” factor in? e

v’ Uses existing wireless bands

v' Can use millimeter waves
» mm-waves are covered by safety standards

» Not proposed at the water tank
» Short-range communication on urban streets and in campus areas




4. Related issues

How does 5G factor in?
v' 5G “Beamforming”

» Does not produce laser-like “beams”

» Aims the antenna in the
general direction of the subscriber
s Wastes less energy in other directions
s Remains within the safety limits

+* |Isolates desired user from undesired users for
the brief duration of the communication with the base

+» Aids base station reception as well as transmission




5. Review of science and standards

* Professor Kenneth R. Foster
v Ph.D. Physics, Indiana University
v Registered Professional Engineer (P.E., Pennsylvania, 1981)

v Faculty member (currently Professor) of Bioengineering,
University of Pennsylvania (1977)

v' d’Arsonval Award (highest honor of Bioelectromagnetics Society)
2016






6. Recommendations for York Water District

Site is a preferred solution under ordinance
There will be a cell site in this area, if not here, somewhere not far away
By saying “no,” YWD denies the Planning Board the opportunity to decide

Facility is compliant with safety standards by a large margin
v YWD is not in a position to reinvent standards

YWD risk/benefit analysis

v Benefits are

» No new AT&T tower in the area

» Revenue benefits ratepayers

» Better cell service in an underserved area
v Risks are

» Must be attentive to construction and modification of the facility
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