--SAGE
- Associates

ENVIRONMENTAL CONSULTANTS

Assessment of Radiofrequency
Microwave Radiation Emissions from
Smart Meters

Sage Associates
Santa Barbara, CA
USA



January 1, 2011

TABLE OF CONTENTS
SUMMARY OF FINDINGS
INTRODUCTION

How Smart Meters Work

Mandate

Purpose of this Report

Conditions that Affect Radiofrequency Radiatiorvéls from Meters
Framing Questions

HOW THEY WORK -
Mesh Network
Smart Meter(s) and collector meters
Power Transmitters

METHODOLOGY
APPLICABLE PUBLIC SAFETY LIMITS

FCC Bulletin OET 65 Guidelines (Time-Averaging LiB)i
ANSI/IEEE C95.1-1992, 1999 (Peak Power Limits)

RESULTS, FINDINGS AND CONCLUSIONS

Tables 1-6 RF Levels at 67, 11" and 28" (Face, MuysKitchen)
Tables 7-17 (FCC Violations of TWA and Peak Power)
Tables 18-31 (Comparison of RF Levels to Healtides)
Tables 32-33 (Comparison to Biolnitiative Recomuategion)
Tables Al1- A16 (RF Power Density vs Distance Tsble
Tables A17-A32 (Nursery at 11” Summary Tables)

Tables A33-A48 (Kitchen at 28" Summary Tables)



APPENDIX A — Tables A1 - A16 RF Power Density éstance Tables
Tables A17-A32 (Nursery at 11” Summary [Eap
Tables A33-A48 (Kitchen at 28” Summary Tesh

APPENDIX B — Tables 1 — 33 - Data Tables, FCC Miola Tables, Health
Comparisons

APPENDIX C — Sensitivity of the Eye and Testes toRadiation

SUMMARY OF FINDINGS

This Report has been prepared to document radioérexy radiation (RF)
levels associated with wireless smart meters iouarscenarios depicting

common ways in which they are installed and operate

The Report includes computer modeling of the rasfgeossible smart meter
RF levels that are occurring in the typical instiadin and operation of a
single smart meter, and also multiple meters inf@ala. It includes
analysis of both two-antenna smart meters (the@ypnstallation) and of
three-antenna meters (the collector meters thay RF signals from another
500 to 5000 homes in the area).

RF levels from the various scenarios depicting radnmstallation and
operation, and possible FCC violations have be&grohened based on both

time-averaged and peak power limits (Tables 1 - 14)

Potential violations of current FCC public safefyrglards for smart meters

and/or collector meters in the manner installed @merated in California are



predicted in this Report, based on computer modéliiables 10 — 17).

Tables 1 — 17 show power density data and possiriditions of violation
of the FCC public safety limits, and Tables 18 -sB8w comparisons to

health studies reporting adverse health impacts.

FCC compliance violations are likely to occur undermal conditions of
installation and operation of smart meters ancectdir meters in California.
Violations of FCC safety limits for uncontrolledigic access are identified
at distances within 6” of the meter. Exposuréhtface is possible at this
distance, in violation of the time-weighted averagéety limits (Tables 10-
11). FCC violations are predicted to occur at G@¥#ection (OET Equation
10 and 100% reflection (OET Equation 6) factorsdthbused in FCC OET
65 formulas for such calculations for time-weighta@rage limits. Peak
power limits are not violated at the 6” distana®Hling at the meter) but can

be at 3” from the meter, if it is touched.

This report has also assessed the potential for\\@@ations based on two
examples of RF exposures in a typical residendeleRels have been
calculated at distances of 11” (to represent aamyrsr bedroom with a crib
or bed against a wall opposite one or more metarg);at 28” (to represent a

kitchen work space with one or more meters insiadle the kitchen wall).

FCC compliance violations are identified at 11'aimursery or bedroom
setting using Equation 10* of the FCC OET 65 regofe (Tables 12-13).
These violations are predicted to occur where thezamultiple smart

meters, or one collector meter, or one collectotemeounted together with



several smart meters.

FCC compliance violations are not predicted atig&he kitchen work
space for 60% or for 100% reflection calculatioMsolations of FCC public
safety limits are predicted for higher reflecti@ctors of 1000% and 2000%,
which are not a part of FCC OET 65 formulas, betiacluded here to allow
for situations where site-specific conditions (Hygteflective environments,
for example, galley-type kitchens with many higrdylective stainless steel

or other metallic surfaces) may be warranted.*

*FCC OET 65 Equation 10 assumes 60% reflectionEmehtion 6 assumes 100% reflection. RF levels
are also calculated in this report to account done situations where interior environments havalkig
reflective surfaces as might be found in a smathién with stainless steel or other metal counters,
appliances and furnishings. This report includesREC'’s reflection factors of 60% and 100%, and als
reflection factors 0f1000% and 2000% that are nitme with those reported in Hondou, 2001; Hondou
2006 and Vermeeren et al, 2010. The use of a%Q0@flection factor is still conservative in comigan

to Hondou, 2006. A 1000% reflection factor is 1@%6121 times as high) a factor for power density
compared to Hondou et al, 2006 prediction of 10@@4 higher power densities due to reflection. A
2000% reflection factor is only 22% (or 441 tim&gt of Hondou's finding that power density carelse
high as 2000 times higher.

In addition to exceeding FCC public safety limiteder some conditions of
installation and operation, smart meters can pregxcessively elevated RF
exposures, depending on where they are install&th respect to absolute
RF exposure levels predicted for occupied spadamiwellings, or outside
areas like patios, gardens and walk-ways, RF lewelpredicted to be
substantially elevated within a few feet to withiflew tens of feet from the

meter(s).

For example, one smart meter at 11” from occupgeats produces
somewhere between 1.4 and 140 microwatts per cetgraquared
(uW/cm?2) depending on the duty cycle modeled (TaBle Since FCC



OET 65 specifies that continuous exposure be asswhere the public
cannot be excluded (such as is applicable to draise), this calculation
produces an RF level of 140 uW/cm2 at 11” usingREB€Es lowest
reflection factor of 60%. Using the FCC'’s refieatfactor of 100%, the
figures rise to 2.2 uW/cm2 — 218 uW/cm2, wheredbetinuous exposure
calculation is 218 uW/cm2 (Table 12). These arg s@nificantly elevated
RF exposures in comparison to typical individugd@sures in daily life.
Multiple smart meters in the nursery/bedroom exanapll1” are predicted
to generate RF levels from about 5 to 481 uW/cntBeatowest (60%)
reflection factor; and 7.5 to 751 uW/cmz2 using B@&Cs 100% reflection

factor (Table 13). Such levels are far above Biaeiblic exposures.

RF levels at 28” in the kitchen work space are plsalicted to be
significantly elevated with one or more smart me{@r a collector meter
alone or in combination with multiple smart metersjt 28” distance, RF
levels are predicted in the kitchen example todkigh as 21 uW/cmz2 from
a single meter and as high as 54.5 uW/cm2 withiptelsmart meters using
the lower of the FCCs reflection factor of 60% (Teab4). Using the FCCs
higher reflection factor of 100%, the RF levels predicted to be as high as
33.8 uW/cm2 for a single meter and as high as 88/8&m2 for multiple
smart meters (Table 14). For a single collectotemé¢he range is 60.9 to
95.2 uW/cm2 (at 60% and 100% reflection factorspeetively) (from

Table 15).

Table 16 illustrates predicted violations of peakvpr limit (4000 uW/cm?2)
at 3” from the surface of a meter. FCC violatiohpeak power limit are

predicted to occur for a single collector meteb@th 60% and 100%



reflection factors. This situation might occusdmeone touches a smart

meter or stands directly in front.

Consumers may also have already increased thebsexgs to
radiofrequency radiation in the home through thieintary use of wireless
devices (cell and cordless phones), PDAs like Biscky and iPhones,
wireless routers for wireless internet access,lesisehome security systems,
wireless baby surveillance (baby monitors), ane&odmerging wireless

applications.

Neither the FCC, the CPUC, the utility nor the aansr know what portion
of the allowable public safety limit is already hgiused up or pre-empted
by RF from other sources already present in thBgodarr location a smart

meter may be installed and operated.

Consumers, for whatever personal reason, choinea#ssity who have
already eliminated all possible wireless expositn@s their property and
lives, may now face excessively high RF exposuraékair homes from
smart meters on a 24-hour basis. This may fonegdtions on use of their
otherwise occupied space, depending on how thernsdtecated, building

materials in the structure, and how it is furnished

People who are afforded special protection undefeéderal Americans with
Disabilities Act are not sufficiently acknowledgedr protected. People
who have medical and/or metal implants or othedd@ns rendering them
vulnerable to health risks at lower levels than ARICIimits may be

particularly at risk (Tables 30-31). This is aléely to hold true for other



subgroups, like children and people who are itlad&ing medications, or are
elderly, for they have different reactions to pdi$&-. Childrens’ tissues
absorb RF differently and can absorb more RF tlaatts(Christ et al,

2010; Wiart et al, 2008). The elderly and thoses@me medications respond

more acutely to some RF exposures.

Safety standards for peak exposure limits to radgpfency have not been
developed to take into account the particular $ertgiof the eyes, testes
and other ball shaped organs. There are no pma&rdimits defined for
the eyes and testes, and it is not unreasonaliteaigine situations where
either of these organs comes into close contabtsmtart meters and/or
collector meters, particularly where they are ilsthin multiples (on walls

of multi-family dwellings that are accessible asntoon areas).

In summary, no positive assertion of safety cambéee by the FCC, nor
relied upon by the CPUC, with respect to pulsedNREN exposures are
chronic and occur in the general population. Indisinate exposure to
environmentally ubiquitous pulsed RF from the rotlof millions of new
RF sources (smart meters) will mean far greateeigdipopulation
exposures, and potential health consequences. ridimtees about the
existing RF environment (how much RF exposure dlyexists), what kind
of interior reflective environments exist (reflewtifactor), how interior
space is utilized near walls), and other charagtiesi of residents (age,
medical condition, medical implants, relative hieateliance on critical care
equipment that may be subject to electronic interfee, etc) and
unrestrained access to areas of property where msdteated all argue for

caution.



INTRODUCTION
How Smart Meters Work

This report is limited to a very simple overviewraiw smart meters work,
and the other parts of the communication systetnattearequired for them
to transmit information on energy usage within ankar other building.
The reader can find more detailed information oargmneter and smart grid

technology from numerous sources available onritermet.

Often called ‘advanced metering infrastructure dtl/Asmart meters are a
part of an overall system that includes a) a mestvark or series of
wireless antennas at the neighborhood level t@codnd transmit wireless

information from all the smart meters in that apeak to a utility.

The mesh network (sometimes called a distributédrana system) requires
wireless antennas to be located throughout neidiaoals in close proximity
to where smart meters will be placed. Often, aimpality will receive a
hundred or more individual applications for newldalr antenna service,
which is specifically to serve smart meter techggloeeds. The
communication network needed to serve smart metaypically separate
from existing cellular and data transmission anésncell tower antennas).
The mesh network (or DAS) antennas are oftenyHidle mounted. This
part of the system can spread hundreds of newasseintennas throughout

neighborhoods.



Smart meters are a new type electrical meter tilbtngasure your energy
usage, like the old ones do now. But, it will séine information back to the
utility by wireless signal (radiofrequency/microvearadiation signal)

instead of having a utility meter reader come ®gloperty and manually
do the monthly electric service reading. So, smaters are replacements
for the older ‘spinning dial’ or analog electrietars. Smart meters are not
optional, and utilities are installing them evenandoccupants do not want

them.

In order for smart meters to monitor and contr@rgy usage via this
wireless communication system, the consumer musilbag to install
power transmitters inside the home. This is thel fhart of the system and
involves placing power transmitters (radiofrequéntcrowave radiation
emitting devices) within the home on each applian&gower transmitter is
required to measure the energy use of individupliapces (e.g., washing
machines, clothes dryers, dishwashers, etc) amil gend information via
wireless radiofrequency signal back to the smatemeEach power
transmitter handles a separate appliance. A tykitzen and laundry may
have a dozen power transmitters in total. If potrensmitters are not
installed by the homeowner, or otherwise mandatedomsumers via
federal legislation requiring all new applianceh&wve power transmitters
built into them, then there may be little or no gyyereporting nor energy

savings.

Smart meters could also be installed that wouldatediy wired, rather than
wireless means. Shielded cable, such as is alaflabcable modem (wired

internet connection) could connect smart metetgilibes. However, it is



not easy to see the solution to transmit signalsifpower transmitters

(energy use for each appliance) back to the utility

Collector meters are a special type of smart ntatdrcan serve to collect
the radiofrequency/microwave radiation signals frmamy surrounding
buildings and send them back to the utility. Cattbe meters are intended to
collect and re-transmit radiofrequency informationsomewhere between
500-5000 homes or buildings. They have three dipgrantennas
compared to two antennas in regular smart mefensir radiofrequency
microwave emissions are higher and they send wgsedgnal much more
frequently. Collector meters can be place on aéhonother building like
smart meters, and there is presently no way to kwbigh a homeowner or

property owner might receive.

Mandate

The California Public Utilites Commission has awtlzed California’s
investor-owned utilities (including Pacific Gas &eEtric, Southern
California Edison Company and San Diego Gas & Eigcto install more
than 10 million new wireless* smart meters in Gatifia, replacing existing

electric meters as part of the federal SmartGragyam.

The goal is to provide a new residential energyagament tool. It is
intended to reduce energy consumption by providmgputerized
information to customers about what their energgesis and how they

might reduce it by running appliances during ‘offi¢’ or ‘lower load’



conditions. Presumably this will save utilitiesrfrdvaving to build new
facilities for peak load demand. Utilities willgtall a new smart meter on
every building to which electrical service is pra@d now. In Southern
California, that is about 5 million smart meterghnee years for a cost of
around $1.6 billion dollars. In northern CalifornRacific Gas & Electric is
slated to install millions of meters at a cost aremthan $2.2 billion dollars.
If consumers decide to join the program (so thatiapces can report
energy usage to the utility), they can be inforrmbdut using energy during
off-use or low-use periods, but only if consumds® agree to install
additional wireless power transmitters on applianoside the home. Each
power transmitter is an additional source of puR&dthat produces high

exposures at close range in occupied space wihkbihdme.

“Proponents of smart meters say that when thesensetre teamed
up with an in-home display that shows current epersage, as well
as a communicating thermostat and software thavéstrand analyze
that information, consumers can see how much copsomndrives
cost -- and will consume less as a result. Utditege spending
billions of dollars outfitting homes and busineseaas the devices,
which wirelessly send information about electricige to utility

billing departments and could help consumers cdmnergy use.”

Wall Street Journal, April 29, 2009.
The smart meter program is also a tool for loadddimgy during heavy

electrical use periods by turning utility meterg refmotely, and for reducing

the need for utility employees to read meter dathe field.

Purpose of this Report



This Report has been prepared to document radioérexy radiation (RF)
levels associated with wireless smart meters iouarscenarios depicting

common ways in which they are installed and operate

The Report includes computer modeling of the rasfgeossible smart meter
RF levels that are occurring in the typical instiadin and operation of a
single smart meter, and also multiple meters inf@ala. It includes
analysis of both two-antenna smart meters (the@ypnstallation) and of
three-antenna meters (the collector meters thay RF signals from another
500 to 5000 homes in the area).

RF levels from the various scenarios depicting radnmstallation and
operation, and possible FCC violations have beé&grohened based on both

time-averaged and peak power limits (Tables 1 - 14)

Potential violations of current FCC public safetyrglards for smart meters
and/or collector meters in the manner installed @merated in California are

illustrated in this Report, based on computer madgITables 10 — 17).

Tables which present data, possible conditionsadéatron of the FCC
public safety limits, and comparisons to healtld&s reporting adverse

health impacts are summarized (Tables 18 — 33).

The next section describes methodology in detatlgenerally this Report
provides computer modeling results for RF powerstgrevels for these

scenarios, analysis of whether and under what éondiFCC public safety



limit violations may occur, and comparison of Ri#dks produced under

these scenarios to studies reporting adverse hegltdicts with chronic

exposure to low-intensity radiofrequency radiator below levels

produced by smart meters and collector metersaimtanner installed and

operated in California.

1)

2)

3)

4)

5)

6)

7)

8)

Single ‘typical’ meter tables showing RF power density at
increasing distances in 0.25’ (3”) intervals outavéor single
meter (two-antenna meter). Effects of variableyawytcles (from
1% to 90%) and various reflection factors (60%,%02000%
and 2000%) have been calculated.

Multiple ‘typical’ meters- tables showing RF power density at
increasing distances as above.

Collector meter tables showing RF power density related to a
specialized collector meter which has three intesngennas (one
for every 500 or 5000 homes) as above.

Collector meter a single collector meter installed with mulépl
‘typical’ two-antenna meters as above.

Tables are given to illustrate the distance to ipés$CC
violations for time-weighted average and peak pdwets (in
inches).

Tables are given to document RF power density seakVarious
key distances (11" to a crib in a bedroom; 28” tatahen work
area; and 6” for a person attempting to read tggadireadout of
a smart meter, or inadvertently working around @eme

Tables are given to compare RF power density levglsstudies
reporting adverse health symptoms and effects tfavgk levels
of RF associated with such health effects).

Tables are given to compare smart meter and cofleceter RF
to Biolnitiative Report recommended limit (in feet)

Framing Questions

In view of the rapid deployment of smart metersuacbthe country, and the

relative lack of public information on their radiefuency (RF) emission



profiles and public exposures, there is a cruaadto provide independent

technical information.
There is very little solid information on which dgion-makers and the
public can make informed decisions about whethey H#re an acceptable

new RF exposure, in combination with pre-existirgdXposures.

On-going Assessment of Radiofrequency Radiationthi®&tsks

The US NIEHS National Toxicology Program nominatadiofrequency
radiation for study as a carcinogen in 1999. stixg safety limits for
pulsed RF were termed “not protective of publicltigay the
Radiofrequency Interagency Working Group (a federtaragency working
group including the FDA, FCC, OSHA, the EPA andenff). Recently, the
NTP issued a statement indicating it will compikgeaeview by 2014
(National Toxicology Program, 2009). The NTP odiddquency radiation
study results have been delayed for more than adgesince 1999 and very
little laboratory or epidemiological work has bemmpleted. Thus, he
explosion of wireless technologies is producingattdquency radiation
exposures over massive populations before questienanswered by
federal studies about the carcinogenicity or tayiof low-intensity RF such
as are produced by smart meters and other Smar@piecations of
wireless. The World Health Organization and therdmational Agency for
Research on Cancer have not completed their stoflieE (the IARC WHO
RF Health Monograph is not expected until at |@84dt1). In the United
States, the National Toxicology Program listed R @otential carcinogen

for study, and has not released any study resufiadings a decade later.



There are no current, relevant public safety staislfor pulsed RF

involving chronic exposure of the public, nor ohsiive populations, nor of

people with metal and medical implants that caafbected both by

localized heating and by electromagnetic interfeegficMI) for medical

wireless implanted devices.

Considering that millions of smart meters are slatebe installed on

virtually every electrified building in America,¢rscope of the question is

large and highly personal. Every family home ia gountry, and every

school classroom — every building with an eleatnieter — is to have a new

wireless meter — and thus subject to unpredictiaviels of RF every day.

1)

2)

3)

Have smart meters been tested and shown to conihiyF@C

public safety limits (limits for uncontrolled publaccess)?

Are these FCC public safety limits sufficiently protive of public
health and safety? This question is posed in bfe last thirty
years of international scientific investigation gndlic health
assessments documenting the existence of bioetadtadverse
health effects at RF levels far below current F&@dards. The
FCC'’s standards have not been updated since 1882]id not
anticipate nor protect against chronic exposure®pposed to acute
exposures) from low-intensity or non-thermal RF@syres,

particularly pulsed RF exposures.

What demonstration is there that wireless smarermetill comply

with existing FCC limits, as opposed to under firicontrolled



conditions within government testing laboratories?

4) Has the FCC been able to certify that complian@eigevable under

real-life use conditions including, but not limitéx

* In the case where there are both gas and elextiers on the

home located closely together.

* In the case where there is a "bank" of elecinidt gas meters,
on a multi-family residential building such as on a
condominium or apartment building wall. There imstances
of up to 20 or more meters located in close praira
occupied living space in the home,in the classroowther

occupied public space.

* In the case where there is a collector meter loorae that
serves the home plus another 500 to 5000 otheterasal units

in the area, vastly increasing the frequency obRi5ts.

* In the case where there is one smart meterehdme but it
acts as a relay for other local neighborhood meWtsat about
'piggybacking’ of other neighbors’ meters throughrg? How
can piggybacking be reasonably estimated and aolokedthe

above estimates?

* What about the RF emissions from the power traitears?

Power transmitters installed on appliances (perf@ps5 of



them per home) and each one is a radiofrequernigtian

transmitter.
* How can the FCC certify a system that has amank number of
such transmitters per home, with no informationdrere they are
placed?

* Where people with medical/metal implants arespra?

(Americans with Disabilities Act protects rights)

5) What assessment has been done to determine whaxigtig

6)

7)

conditions of RF exposure are already presentwkat basis can
compliance for the family inside the residence $&uged, when there
Is no verification of what other RF sources existpoivate property?
How is the problem of cumulative RF exposure priypassessed
(wireless routers, wireless laptops, cell phon&A$ DECT or

other active-base cordless phone systems, homatgesystems,
baby monitors, contribution of AM, FM, televisiomearby cell

towers, etc).

What is the cumulative RF emissions worst-caseilpfofs this

estimate in compliance?

What study has been done for people with metalamisl who
require protection under Americans with Disabistigct? What is
known about how metal implants can intensity RRthissue and
result in adverse effects below RF levels allonadiie general
public. What is known about electromagnetic intexfeee (EMI)

from spurious RF sources in the environment (RRi&nsers, cell



towers, security gates, wireless security systeviigless

communication devices and routers, wireless smatérg, etc)

*Note: There are more than 20 million people in & who need special protection against such
exposures that may endanger them. High peak powstsbof RF may disable electronics in some ctitica
care and medical implants. We already have repbssreless devices disabling deep brain stimutator
Parkinson's patients and there is published liteeadn malfunctions with critical care equipment.

PUBLIC SAFETY LIMITS FOR RADIOFREQUENCY RADIATION

The FCC adopted limits for Maximum Permissible Esyp@ (MPE) are
generally based on recommended exposure guidguidshed by the
National Council on Radiation Protection and Measwgnts (NCRP) in
"Biological Effects and Exposure Criteria for Rafdemuency
Electromagnetic Fields," (NCRP, 1986).

In the United States, the Federal Communicationsi@igsion (FCC)
enforces limits for both occupational exposuregsh@workplace) and for
public exposures. The allowable limits are vaddabccording to the
frequency transmitted. Only public safety limits tocontrolled public

access are assessed in this report.

Maximum permissible exposures (MPE) to radiofreqyezlectromagnetic
fields are usually expressed in terms of the plaaee equivalent power
density expressed in units of milliwatts per squaeetimeter (mW/cm2) or

alternatively, absorption of RF energy is a functd frequency (as well as



body size and other factors). The limits vary Wigguency. Standards are
more restrictive for frequencies at and below 3082M Higher intensity RF
exposures are allowed for frequencies between 388 &hd 6000 MHz
than for those below 300 MHz.

In the frequency range from 100 MHz to 1500 MHz@sure limits for
field strength and power density are also genebkaled on the MPE limits
found in Section 4.1 of EEE Standard for Safety Levels with Respect to
Human Exposure to Radio Frequency Electromagnedtds, 3 kHz to 300
GHz" ANSI/IEEE C95.1-1992 ( IEEE, 1992, and approf@duse as an
American National Standard by the American Natidtaihdards Institute
(ANSI).

US Federal Communications Commission (FCC) Exposur8tandards

Table 1, Appendix A FCC LIMITS FOR MAXIMUM PERMISSIBLE
EXPOSURE (MPE)

(A) Limits for Occupational/Controlled Exposure

Frequency Electric Field Magnetic Field Power Density Averaging

Range (MHz) Strength (E) Strength (H) ) (S Time [EF [H]?
(V/m) (A/m) (mW/cm2) or S (minutes)
0.3-3.0 614 1.63 (100)* 6
3.0-30 1842/t 4.89/f (900/&)* 6
30-300 61.4 0.163 1.0 6
300-1500 /300 6
1500-100,000 5 6

B) FCC Limits for General Population/Uncontrolled Exposure

Frequency Electric Field Magnetic Field Power Density Averaging
Range (MHz) Strength (E) Strength (H) ) (S Time [EF [H]?
(V/m) (A/m) (mW/cm2) or S (minutes)



0.3-3.0 614 1.63 (100)* 30

3.0-30 824/t 2.19/f (180/%)* 30
30-300 27.5 0.073 0.2 30
300-1500 -- -- /1500 30
1500-100,000 _ 1.0 30

f = frequency in MHz *Plane-wave equivalent mowensity

NOTE 1:Occupational/controlledimits apply in situations in which persons are @sgd as a
consequence of their employment provided thoseopsrare fully aware of the potential for exposure
and can exercise control over their exposure. kitfioit occupational/controlled exposure also apply i
situations when an individual is transient throadhcation where occupational/controlled limits lgpp
provided he or she is made aware of the potemtiaXposure.

NOTE 2:General population/uncontrolledxposures apply in situations in which the gengualic may
be exposed, or in which persons that are exposadassequence of their employment may not be fully
aware of the potential for exposure or can notasercontrol over their exposure. urge: FCC
Bulletin OET 65 Guidelines, page 67 OET, 1997.



In this report, the public safety limit for a smaréter is a combination of
the individual antenna frequency limits and how mpower output they
create. A smart meter contains two antennas. t@nemits at 915 MHz
and the other at 2405 MHz. They can transmit@asstime time, and so their
effective radiated power is summed in the calcoletiof RF power density.
Their combined limit is 655 uW/cm2. This limit islculated by formulas
from Table 1, Part B and is proportionate to thegooutput and specific

safety limit (in MHz) of each antenna.

For the collector meter, with it's three internatennas, the combined
public safety limit for time-averaged exposure . %1Hz (a more
restrictive level since it includes an additionad8viHz antenna that has a
lower limit than either the 915 MHz or the 2405 Madatennas). Ina
collector meter, only two of the three antennastcamsmit simultaneously
(the 915 MHz LAN and the GSM 850 MHz (from the FCertification
Exhibit titled RF Exposure Report for FCC ID: SKOAZA). The
proportionate power output of each antenna plusaety limit for each
antenna frequency combines to give a safety liamitlie collector meter of
571 uW/cm2. Where one collector meter is combingd multiple smart
meters, the combined limit is weighted upward ke aldditional smart

meters’ contribution, and is 624 uW/cm?2.

Continuous Exposure

FCC Bulletin OET 65 guidelines require the assuarptif continuous



exposure in calculations. Duty cycles offered iy wtilities are a fraction

of continuous use, and significantly diminish potidins of RF exposure.

At present, there is no evidence to prove that smaters are functionally
unable to operate at higher duty cycles that saihias have estimated
(estimates vary from 1% to 12.5% duty cycle, andigh as 30%).
Confirming this is the Electric Power Researchitat (EPRI) in its
“Perspective on Radio-Frequency Exposure AssociatddResidential
Automatic Meter Reading Technology (EPRI, 2010)cdwling to EPRI:

"The technology not only provides a highly effitierethod for
obtaining usage data from customers, but it also geovide up-to-
the-minute information on consumption patterns eithe meter
reading devices can be programmed to provide dataféen as
needed Emphasis added

The FCC Bulletin OET 65 guidelines specify that thtmmous exposure
(defined by the FCC OET 65 as 100% duty cyclegauired in calculations

where it is not possible to control exposures &ghaneral public.

“It is important to note that for general populatiuncontrolled
exposures it is often not possible to control eypesto the extent
that averaging times can be applied. In those sibug, it is often

necessary to assume continuous exposure (emphasis added)
FCC Bulletin OET 65, p, 10

“Duty factor. The ratio of pulse duration to the pulse perid@o
periodic pulse train. Also, may be a measure otéineporal
transmission characteristic of an intermittentlgrismitting RF
source such as a paging antenna by dividing avetagesmission
duration by the average period for transmissionsludy factor of 1.0




corresponds to continuous operation
(emphasis added)

FCC Bulletin OET 65, p, 2

This provision then specifies duty cycles to beeased to 100%.

The FCC Guidelines (OET 65) further address caattbat should be
observed for uncontrolled public access to areaisittay cause exposure to
high levels of RF.

Re-radiation

The foregoing also applies to high RF levels créatewhole or in part
by re-eradiation. A convenient rule to apply tostlations involving
RF radiation is the following:

(1) Do not create high RF levels where people are ailco
reasonably be expected to be present, and (2) ypjnepeople
from entering areas in which high RF levels areassarily
present.

(2) Fencing and warning signs may be sufficient in maases to
protect the general public. Unusual circumstandles,presence of
multiple sources of radiation, and operational ne&dll require
more elaborate measures.

(3) Intermittent reductions in power, increased antehe&hts,
modified antenna radiation patterns, site changesome
combination of these may be necessary, dependitigeon
particular situation.

FCC OET 65, Appendix B, p. 79



Fencing, distancing, protective RF shielded clagrand signage warning
occupants not to use portions of their homes gpgntees are not feasible
nor desirable in public places the general publicspend time (schools,
libraries, cafes, medical offices and clinics, eld)ese mitigation strategies
may be workable for RF workers, but are unsuitediiatolerable for the

public.

Reflections
A major, uncontrolled variable in predicting RF espres is the degree to
which a particular location (kitchen, bedroom, etd) reflect RF energy
created by installation of one or more smart metara collector meter and
multiple smart meters. The reflectivity of afawe is a measure of the
amount of reflected radiation. It can be definedhee ratio of the intensities
of the reflected and incident radiation. The reflety depends on the angle
of incidence, the polarization of the radiationg dne electromagnetic
properties of the materials forming the boundaryasie. These properties
usually change with the wavelength of the radiatime reflectivity of
polished metal surfaces is usually quite high (sagBtainless steel and

polished metal surfaces typical in kitchens, faaraple).

Reflections can significantly increase localizedIB¥els. High uncertainty
exists about how extensive a problem this may ermatoutine installations
of smart meters, where the utility and installessdrno idea what kind of

reflectivity is present within the interior of bdihgs.

Reflections in Equation 6 and 10 of the FCC OETI&in 65 include rather



minimal reflection factors of 100% and 60%, respety. This report
includes higher reflection factors in line with pished studies by Hondou et
al, 2006, Hondou, 2002 and Vermeeren et al, 20R€flection factors are
modeled at 1000% and 2000% as well as at 60% abih 1Based on

published scientific evidence for highly reflectisrvironments Hondou

(2002) establishes that power density can be hitljiaer conventional
formulas predict using standard 60% and 100% redledactors.

"We show that this level can reach the referencellHCNIRP
Guideline) in daily lifeThis is caused by the fundamental properties
of electromagnetic field, namely, reflectiand additivity. The level

of exposure is found to be much higher than eséichhy

conventional framework of analysis that assumesttielevel rapidly
decreasesvith the inverse square distance between the samnddhe
affected person."

"Since the increase of electromagnetic field bientive boundaries
and the additivityof sources has not been recognized yet, further
detailed studies on various situatioasd the development of
appropriate regulations are required."

Hondou et al (2006) establishes that power dessli®)0 times to 2000
times higher than the power density predictionsffammputer modeling
(that does not account properly for reflections) ba found in daily living
situations. Power density may not fall off witls@ince as predicted by
formulas using limited reflection factors. The R#t Bpots created by
reflection can significantly increase RF exposucethe public, even above
current public safety limits.

"We confirm the significance of microwave reflegtieported in our
previous Letteby experimental and numerical studies. Furthermore
we show that 'hot spots' oftemerge in reflective areas, where the
local exposure level is much higher than average."



"Our results indicate the risk of '‘passive expostoenicrowaves."

“The experimental values of intensity are consigyemgher than
predictedvalues. Intensity does not even decrease witartistfrom
the source."

"We further confirm the existence of microwavespots', in which he
microwaves ardocalized'. The intensity measured at one hot spo
4.6 m from the transmitter is the saagethat at 0.1 m from the
transmitter in the case with out reflection (fremubdary condition).
Namely, the intensity at the hot spot is incredsgapproximately
2000 timedoy reflection.” Emphasis added

"To confirm our experimental findings of the greatean-predicted
intensity due to reflectioms well as the hot spots, we performed two
numerical simulations...". " intensity does mabnotonically decrease
from the transmitter, which is in clear contrastth® case without
reflection.”

"The intensity at the hot spot (X, Y, Z) = 1.4678) 105) around 1.8
m from the transmitter in the reflective boundaoydition is
approximately 1000 times highdghan that at the same position in the
free boundary condition. The result of the simuolais thus
consistent with our experiments, although the \v@ablifer owing to
the different conditions imposed by computatidimaits."

Emphasis added

"(t)he result of the experiment is also reproducadreater than
predicted intensity due to reflection, as well laes éxistence of hot
spots."

"In comparison with the control simulation usingtfiee boundary
condition, we find that the power density at thegpmt is increased
by approximately a thousand timéxy reflection.”

Emphasis added

Further, the author comments that:

"we may be passively exposed beyond the levelste€porelectro-



medical interference and health risks."

"Because the peak exposure level is crucial in ickensg electro-
medical interference, interference (&)planes, and biological
effects on human beings, we also need to congidgrdssible peak
exposurdevel, or 'hot spots', for the worst-case estimatio

Reflections and re-radiation from common buildingtemial (tile, concrete,
stainless steel, glass, ceramics) and highly refleappliances and
furnishings are common in kitchens, for exampldsing only low
reflectivity FCC equations 6 and 10 may not be nmfative. Published
studies underscore how use of even the highestt&fh coefficient in FCC
OET Bulletin 65 Equations 6 and 10 likely undemastie the potential for

reflection and hot spots in some situations in-héalsituations.

This report includes the FCC'’s reflection factof$0% and 100%, and also
reflection factors of 1000% and 2000% that are nioteme with those
reported in Hondou, 2001; Hondou, 2006 and Vermeetal, 2010. The
use of a 1000% reflection factor in this repodtii conservative in
comparison to Hondou, 2006. A 1000% reflectioridacs 12% of
Hondou'’s larger power density prediction (or 12tes, rather than 1000
times)/ The 2000% reflection factor is 22% of Hoagdigure (or 441 times

in comparison to 2000 times higher power densitfiamdou, 2006).

Peak Power Limits

In addition to time-averaged public safety limhstrequire RF exposures to



be time-averaged over a 30 minute time periodHBE also addresses peak
power exposures. The FCC refers back to the AREHA C95.1-1992

standard to define what peak power limits are.

The ANSI/IEEE C95.1-1999 standard defines peak palsasity asthe
maximum instantaneous power density occurring vgwewer is
transmitted’ (p. 4) Thus, there is a second method to t€F Eompliance

that is not being assessed in any FCC Grants dfohiziation.

“Note that although the FCC did not explicitly adoptits for peak
power density, guidance on these types of exposarebe found in
Section 4.4 of the ANSI/IEEE C95.1-1992 standard.”

Page 10, OET 65

The ANSI/IEEE limit for peak power to which the FC€fers is:

“For exposures in uncontrolled environments, thalpealue of the
mean squared field strengths should not exceetistthe square of
the allowed spatially averaged values (Table Zyequencies below
300 MHz, or_the equivalent power density of 4 m\@/@nf between
300 MHz and 6 GHz

The peak power exposure limit is 4000 uW/cm?2 fosalart meter
frequencies (all transmitting antennas) for anyantaneous RF exposure of
4 milliwatts/cm2 (4 mW/cm2) or higher which equd®00 microwatts/cm2
(uW/cm2).

This peak power limit applies to all smart meteqgiuencies for both the
smart meter (two-antenna configuration) and thé&ectdr meter (three-
antenna configuration). All these antennas arkimihe 300 MHz to 6

GHz frequency range where the 4000 uW/cm2 peak pbwi applies



(Table 3, ANSI/IEEE C95.1-1999, page 15).

Smart meters emit frequencies within the 800 MH2460 MHz range.

Exclusions

This peak power limit applies to all parts of thexlip with the important

exception of the eyes and testes.

The ANSI/IEEE C95.1-1999 standard specifically erlels exposure of the
eyes and testes from the peak power limit of 4080cm2*. However,
nowhere in the ANSI/IEEE nor the FCC OET 65 docutménthere a lower,
more protective peak power limit given for the eges testes (see also
Appendix C).

“The following relaxation of power density limissallowed for
exposure of all parts of the body except the epddests.” (p.15)

“Since most exposures are not to uniform fieldsyethod has been
derived, based on the demonstrated peak to whalg-Beeraged SAR
ratio of 20, for equating nonuniform field exposared partial body
exposure to an equivalent uniform field exposurkis is used in this
standard to allow relaxation of power density lisnior partial body
exposure, except in the case of the eyes anddtes'tép.20)

“In the case of the eyes and test@sect relaxation of power density
limits is not permitted.”(p. 30)

*Note: This leaves unanswered what instantaneeak power is permissibfeom smart meters.
The level must be below 4000 uW/cm2. This replooigs clearly that smart meters can create
instantaneous peak power exposures where thedges)(and body (testes) are going to be in



close proximity to smart meter RF pulses. RF leagland above 4000 uW/cm2 are likely to
occur if a person puts their face close to the smater to read data in real time. The digital
readout of the smart meter requires close inspegbarticularly where there is glare or bright
sunlight, or low lighting conditions. Further, sosmart meters are installed inside buildings
within inches of occupied space, virtually guarairtg exposures that may violate peak power
limits. Violations of peak power limits are likelly these circumstances where there is proximity
within about 6” and highly reflective surfaces oetallic objects. The eyes and testes are not
adequately protected by the 4000 uW/cm2 peak pbmvitr and in the cases described above,
may be more vulnerable to damage (Appendix C fahér discussion).

METHODOLOGY

Radiofrequency fields associated with SMART Metgese calculated
following the methodology described here. Predictivethods specified in
Federal Communications Commission, Office of Engrireg and
Technology Bulletin 65 Edition 97-01, August 199&rer used in the

calculations:

Section 2 of FCC OET 65 provides methods to deteemihether a given
facility would be in compliance with guidelines fouman exposure to RF

radiation. We used equation (3)

S= PxGXY = EIRPXx0o = 1.64xXxERPY
Axnx R  4xnxR 4 xmx R

where;

S = power density (in pW/cth

P = power input to the antenna (in W)

G = power gain of the antenna in the directiomadiiest relative
to an isotropic radiator

0 = duty cycle of the transmitter (percentage ottitmat the
transmitter actually transmits over time)

R = distance to the center of radiation of the ramae



EIRP = PG
ERP = 1.64 EIRP

where;

EIRP = is equivalent (or effective) isotropicalbpdiated power
referenced to an isotropic radiator
ERP = is equivalent (or effective) radiated poveferenced to a
half-wave dipole radiator

Analysis input assumptions

1. SMART Meters [SK9AMI-4] have two RF transmittersi{annas)
and are the type of smart meters typically instiadile most buildings.
They contain two antennas that transmit RF sigf¢dl6 MHz LAN
and 2405 MHz Zigbee). The antennas CAN transmitkaneously,
and thus the maximum RF exposure is determinetidgimmation
of power densities (from the FCC Certification Exthtitled RF
Exposure Report for FCC ID: SK9AMI-4).

Model SK9AMI-4 transmits on 915 MHz is designatesd &N
Antenna Gain for each model.

a. Transmitter Power Output (TPO) used is as showthemgrant

issued by the Telecommunications Certification BOOEB).

b. Antenna gain in dBi (decibels compared to an igotro

radiator) used comes from the ACS Certification iBxh

2. Collector Meters [SK9AMI-2A] have three RF transi@is (antennas)



and are installed where the utility needs thenetayr RF signals from
surrounding smart meters in a neighborhood. Cwitameters
contain a third antenna (GSM 850 MHz, 915 MHz LANI&405
MHz Zigbee). Collector meters can be placed gnanlding where

a collector meter is needed to relay signals frioensturrounding area.

Estimates of the number of collector meters varetsveen one per

500 to one per 5000 smart meters. Collector metgrshus

‘piggyback’ the RF signals of hundreds or thousasfdsmart meters

through the one collector meter.

In a collecteter, only two of the

three antennas can transmit simultaneously (thévéds LAN and

the GSM 850 MHz (from the FCC Certification Exhibited RF

Exposure Report for FCC ID: SK9AMI-2A).

3. The Cell Relay transmitting at 2480 MHz is ot most meters and

not considered in this analysis.

a. Transmitter Power Output (TPO) used is as showthemgrant
issued by the Telecommunications Certification BOOEB).

b. Antenna gain in dBi (decibels compared to an igotro
radiator) used comes from the ACS Certification iBxh

ERP (Effective Radiated Power) used in the computadeling here is
calculated using the TPO and antenna gain estedliir each model

Red figures used to ACS and TCB Certification data sheet
Calculate ERP SK9AMI-2A SK9AMI-4
ACS TCB ACS TCB
Radio  Frequency| dBm Watts dBi Watts dBm Watts dBi Watts
GSM 850 31.8 1.5136 -1.0
LAN 915 21.92 0.1556 3.0 24.27 0.2673 2.2 0.267
LAN 916 0.257
GSM 1900 28.7 0.7413 1.0
Register| 2405 18.71 0.0743 1.0 0.074 19.17 0.0826 4.4
Cell Relay] 2480 -14.00 0.00004 4.00
Assumptions: TPO per TCB , Antenna Gain per ACS Certification
ERP Calculation: Bold figures are used for single meter ERP in modeling
Type TPO dBi dB Mult ERP Freg
1900 GSM| 0.741 1.0 -1.15 0.77 0.5689 1900
850 GSM 1.514 -1.0 -3.15 0.48 0.7328 850  |Model
RFLAN 0.267 2.2 0.05 1.01 0.2704 915 |SK9AMI-4
ZIG BEE 0.074 1.0 -1.15 0.77 0.0570 2405 |SK9AMI-2A




Reflection Factor

This equation is modified with the inclusion of @gnd reflection factor as
recommended by the FCC. The ground reflectiorofaamtcounts for
possible ground reflections that could enhancedhaltant power density.

A 60% (0.6) enhancement would resultin a 1.6 (L6) increase of the field
strength or a 2.56 = (1%increase in the power density. Similar increases
for larger enhancements of the field strength afeutated by the square of

the original field plus the enhancement percentagjé.

Reflection Factors:

60% = (1+0.6) = 2.56 times
100% =(1+1¥ = 4 times
1000% = (1 + 10) =121  times

2000% = (1 + 20) =441 times

Duty Cycle

How frequently SMART Meters can and will emit Rigrsals from each of
the antennas within the meters is uncertain, abgestito wide variations in
estimation. For this reason, and because FCC GEnahdates a 100%
duty cycle (continuous exposure where the publmoabe excluded) the
report gives RF predictions for all cases from D4®0% duty cycle at 10%
intervals. The reader can see the variation ireRIssions predicted at
various distances from the meter (or bank of mgtesmg this report at all
duty cycles. Thus, for purposes of this repantyatycles have been
estimated from infrequent to continuous. Duty cgdler SMART Meters

were calculated at:

Duty cycleo:
1% 50%



5% 60%

10% 70%
20% 80%
30% 90%

40% 100%

Continuous Exposure

FCC Bulletin OET 65 and the ANSI/IEEE C95.1-199299 requires that
continuous exposure be calculated for situationsrevthere is uncontrolled
public access. Continuous exposure in this cas@snemding the tables at
100% duty cycle

“Another feature of the exposure guidelines is #gbosures, in
terms of power density, E2 or H2, may be averaged certain
periods of time with the average not to exceedithie for continuous
exposure?

“As shown in Table 1 of Appendix A, the averagingetfor
occupational/controlled exposures is 6 minutes)entie averaging
time for general population/uncontrolled exposuse80 minutes. It is
important to note that for general population/untrotied exposures
it is often not possible to control exposures ®aRtent that
averaging times can be applied. In those situatidrs often
necessary to assume continuous exposyfeCC OET 65, Page 15)

Calculation Distances in Tables (3-inch increments)

Calculations were performad 3-inch (.25 foot) increments from the
antenna center of radiation. Calculations have lbelezn out to a distance of
96 feet from the antenna center for radiation sateof the conditions
above. The antenna used for the various linksSMART Meter is assumed

to be at the center of the SMART Meter from franbtick — approximately



3 inches from the outer surface of the meter.

Calculations have also been made for a typicalamyrand kitchen. In the
nursery it has been assumed that the baby in tisraerib that is located
next to the wall where the electric SMART Meters arounted. The closest
part of the baby’s body can be as close as 11 idhem the meter
antenna. In the kitchen it has been assumed fhatsan is standing at the
counter along the wall where the electric SMART éftstare mounted. In
that case the closest part of the adult’s bodybealocated as close to the

meter antenna as 28 inches.

The exposure limits are variable according to teqdency (in megahertz).
Table 1, Appendix A show exposure limits for ocdigraal (Part A) and
uncontrolled public (Part B) access to radiofreqyaiadiation such as is

emitted from AM, FM, television and wireless solgce

* Flush-mounted main electric panels that housarsmeters are commonly installed; placing
smart meters 5” 6” closer to occupied space tharmbounted main electric panels that sit
outward on exterior building walls. Assumptionsspracing are made for flush-mounted panels.

Conditions Influencing Radiofrequency Radiation Leel Safety

The location of the meter in relation to occupipdce, or outside areas of

private property such as driveways, walk-ways, gasd patios, outdoor play



areas for children, pet shelters and runs, and rygmgal configurations can
place people in very close proximity to smart meigeless emissions. In
many instances, smart meters may be within inchesfew feet of occupied

space or space that is used by occupants for aetiities.

Factors that influence how high RF exposures mawndiade, but are not
limited to where the meter is installed in relattoroccupied space, how
often the meters are emitting RF pulses (duty ¢yeled what reflective
surfaces may be present that can greatly inte®Stfyevels or create ‘RF hot
spots’ within rooms, and so on. In addition, thera@y be multiple wireless
meters installed on some multi-family residentiaildings, so that a single
unit could have 20 or more electric meters in cjmsximity to each other,
and to occupants inside that unit. Finally, sonetems will have higher RF
emissions, because — as collector units — thepqagr is to collect and
resend the RF signals from many other meters tatihty. A collector
meter is estimated to be required for every 5080@0 buildings. Each
collector meter contains three, rather than twodnaitting antennas. This
means higher RF levels will occur on and insidddags with a collector
meter, and significantly more frequent RF transiaiss can be expected.
At present, there is no way to predict whose prigpeill be used for

installation of collector meters.
People who are visually reading the wireless mébsrsight’ or are visually
inspecting and/or reading the digital informatiantbe faceplate may have

their eyes and faces only inches from the antennas.

Current standards for peak power limit do not hiawés to protect the eyes



and testes from instantaneous peak power from sn&tdr exposures, yet
relevant documents identify how much more vulnerdbése organs are,

and the need for such safety limits to protectetyres and testes.

No Baseline RF Assessment
Smart meter and collector meter installation akentaplace in an
information vacuum. FCC compliance testing takesgin an environment
free of other sources of RF, quite unlike typicddan and some rural
environments. There is no assessment of basekneoRditions already
present (from AM, FM, television and wireless conmigation facilities
(cell towers), emergency and dispatch wireless, retho and other
involuntary RF sources. Countless properties dyréeave elevated RF

exposures from sources outside their own control.

Consumers may also have already increased thebsexgs to
radiofrequency radiation in the home through thieintary use of wireless
devices (cell and cordless phones), PDAs like Biscky and iPhones,
wireless routers for wireless internet access,lesisehome security systems,
wireless baby surveillance (baby monitors), ane&odmerging wireless

applications.

Neither the FCC, the CPUC, the utility nor the aansr know what portion
of the allowable public safety limit is already hgiused up or pre-empted
by RF from other sources already present in thBgodarr location a smart

meter may be installed and operated.

Consumers, for whatever personal reason, choinea#ssity who have



already eliminated all possible wireless exposin@s their property and
lives, may now face excessively high RF exposuraékair homes from
smart meters. This may force limitations on usthefr otherwise occupied
space, depending on how the meter is located,ibgildaterials in the

structure, and how it is furnished.

RESULTS, FINDINGS AND CONCLUSIONS

The installation of wireless ‘smart meters’ in @ainia can produce
significantly high levels of radiofrequency radaati(RF) depending on
many factors (location of meter(s) in relation txpied or usable space,
duty cycle or frequency of RF transmissions, reitecand re-radiation of

RF, multiple meters at one location, collector mgtetc).

Power transmitters that will relay information frappliances inside
buildings with wireless smart meters produce higbalized RF pulses.
Any appliance that contains a power transmitter ¢sample, dishwashers,
washers, dryers, ranges and ovens, convection precowave ovens,
flash water heaters, refrigerators, etc) will ceeatother ‘layer of RF
signals’ that may cumulatively increase RF expastirem the smart

meter(s).

It should be emphasized that no single asserti@mowipliance can
adequately cover the vast number of site-speatfiif@dions in which smart
meters are installed. These site-specific contidetermine public

exposures and thus whether they meet FCC compl@iteea.



Tables in this report show either distance to af B&fety limit (in inches)
or they show the predicted (calculated) RF levedaaious distances in

microwatts per centimeter squared (uUW/cmz2).

Both depictions are useful to document and undeds®F levels produced
by smart meters (or multiple smart meters) andddkctor meters (or

collections of one collector and multiple smart ensj.

Large differences in the results of computer madgticcur in this report by
bracketing the uncertainties (running a sufficiemmber of computer
scenarios) to account for variability introduceddmgsible duty cycles and

possible reflection factors.

FCC equations from FCC OET 65 provide for calcolagithat incorporate
60% or 100% reflection factors. Studies citechis teport document higher
possible reflections (in highly reflective enviroants) and support the
inclusion of higher reflection factors of 1000% &@00% based on
Vermeeren et al, 2010, Hondou et al, 2006 and Hon2l@02. Tables in the
report provide the range of results predicted bymater modeling for duty
cycles from 1% to 100%, and reflection factors @%% 100%, 1000%, and
2000% for comparison purposes. FCC violationsmétweighted average
calculations and peak power limit calculations catimectly from FCC OET
65 and from ANSI/IEEE ¢95.1-1992, 1999. Duty cy@e how frequently
the meters will produce RF transmissions leadinglévated RF exposures)
IS uncertain, so the full range of possible dutgley are included, based on

best available information at this date.



» Tables 1-2 show radiofrequency radiation (RFgle at 6” (to
represent a possible face exposure). These taealdes.

» Tables 3-4 show RF levels at 11” (to represgmssible
nursery/bedroom exposure). These are data tables.

» Tables 5-6 show RF levels at 28” to represgrassible kitchen
work space exposure. These are data tables.

» Tables 7-9 show the distance to the FCC viataléwvel for time-
weighted average limits and for peak power limitsiiches). These
are data tables.

» Tables 10-15 show where FCC violations may oetthe face, in
the nursery or in the kitchen scenarios. Thesealored tables
highlighting where FCC violations may occur undiéseenarios.

» Tables 16-29 show comparisons of smart meteleRéls with
studies that report adverse health impacts fromifgensity, chronic
exposure to similar RF exposures. These are cotatdés
highlighting where smart meter RF levels exceeélkassociated
with adverse health impacts in published sciensifidlies.

» Tables 30-31 show RF levels in comparison to tkedcs advisory
limit for MRI exposures to radiofrequency radiatian0.1 W/Kg or
about 250 uW/cm2. These are colored tables higtiiglwhere smart
meter RF levels may exceed those recommended f@xBésure.

» Tables 32-33 show RF levels from smart metemparison to
the Biolnitiative Report recommendation of 0.1 uWZfor chronic
exposure to pulsed radiofrequency radiation.

Findings

RF levels from the various scenarios depicting radrinstallation and



operation, and possible FCC violations have be&grohened based on both

time-averaged and peak power limits (Tables 1 - 14)

Potential violations of current FCC public safeigrglards for smart meters
and/or collector meters in the manner installed @merated in California are

illustrated in this Report, based on computer madgITables 10 — 17).

Tables that present data, possible conditionsadétron of the FCC public
safety limits, and comparisons to health studipsnting adverse health

impacts are summarized (Tables 18 — 33).

Where do predicted FCC violations occur for the 6%8/cm2 time-
averaged public safety limit at the face at 6” diste from the meter?

Table 10 shows that for one smart meter violations are predicted to occur
at 60% or 100% reflection factor at any duty cyblg, violations are
predicted to occur with nearly all scenarios usitger 1000% or 2000%
reflection factors.

Table 10 also shows that for multiple smart mete@C violations are
predicted to occur at 60% reflection factor @ 5@/400% duty cycles; and
also at 100% reflection factor @ 30% to 100% duytgle. All scenarios
using either 1000% or 2000% reflection factorsceatk FCC violations can
occur (or conservatively at 12% to 22% of thoskelamdou et al, 2006).

Table 11 shows that for one collector metere violation occurs at 60% @
100% duty cycle; and at 100% reflection factordaty cycles between 60%
and 100%. Violations are predicted to occur asedinarios using either
1000% or 2000% reflection factors.

Table 11 also shows that for one collector metes phultiple smart meters
FCC violations can occur at 60%reflection factod@b to 100% duty
cycles; and also at 100% reflection factor @ 30%00% duty cycle. All
scenarios using either 1000% or 2000% reflectiotofs indicate FCC
violations can occur.




Where do predicted FCC violations occur for the 68%/cm2 time-
averaged public safety limit in the nursery cribldt distance?

Table 12 shows that for one smart meter violations are predicted to occur
at 60% or 100% reflection factor at any duty cyblg, violations would be
predicted with nearly all scenarios using eithed@® or 2000% reflection
factors.

Table 12 also shows that for multiple smart meteosFCC violations are
predicted to occur at 60% reflection factor at dayy cycle; and also at
100% reflection factor @ 90% and 100% duty cyckll scenarios using
either 1000% or 2000% reflection factors indica@CFviolations can occur.

Table 13 shows that for one collector metere violation occurs at 100%
reflection @100% duty cycle. No violations at 6@8tection are predicted.
Violations are predicted to occur at all scenausisig 1000% reflection
except @ 1% duty cycle. All 2000% reflection scammindicate FCC
violations can occur.

Table 13 shows that for one collector meter plu#iple smart metersFCC
violations are not predicted to occur at 60% reitecfactor. At 100%
reflection factor, violations are predicted at 6@%00% duty cycles. FCC
violations are predicted for allL000% and 2000%ection factors with the
exception of 1000% reflection at 1% duty cycle.

Where do predicted FCC violations occur for the 68%/cm2 time-
averaged public safety limit in the kitchen workep at 28” distance?

Table 14 shows that for one smart meter violations are predicted to occur
at 60% or 100% reflection factor at any duty cycl@olations would be
predicted with scenarios of 1000% reflection @ 7#0%00% duty cycles
and at 2000% reflection factor @ 20% to 100% dybjes.

Table 14 also shows that for multiple smart meteosFCC violations are
predicted to occur at 60% or at the 100% reflectamtors at any duty cycle.
Violations are predicted at 1000% reflection fac@®70% to 100% duty
cycles and at 2000% reflection factor @20% to 1@Qfy cycles.




Table 15 shows that for one collector metere violation occurs at 100%
reflection @100% duty cycle. No violations at 6@8tection are predicted.
Violations are predicted to occur at all scenausisig 1000% reflection
except @ 1% duty cycle. All 2000% reflection scammindicate FCC
violations can occur.

Table 15 shows that for one collector meter pludtiple smart meters=CC
violations are not predicted to occur at 60% dtGQ% reflection factors at
any duty cycle. At 1000% reflection factor, viotats are predicted at 30%
to 100% duty cycles. FCC violations are also jmted at 2000% reflection
factor @10 to 100% duty cycles.

Where can peak power limits be violated? The peaker limit of 4000
uW/cmz2 instantaneous public safety limit at 3” diste? This limit may be
exceeded wherever smart meters and collector m@ters plate or any
portion within 3” of the internal antennas can becassed directly by the
public.

Table 16 shows that for one smart meter violations are predicted to occur
at 60% or 100% reflection factor at any duty cydieak power limit
violations would be predicted with scenarios of @@%0reflection @ 10% to
100% duty cycles and at 2000% reflection factor @o1o 100% duty
cycles.

Table 16 also shows that for multiple smart metgmsak power limit
violations are predicted to occur at 60% reflect@r60% to 100% duty
cycle and for 100% reflection @ 40% to 100% dutgley. Violations are
predicted at 1000% reflection factor @ 10% to 1009y cycles and at
2000% reflection factor @1% to 100% duty cycles.

Table 17 shows that for one collector meperak power limit violations are
predicted to occur at 60% reflection @80% to 100y dycles and at
100% reflection @ 50% to 100% duty cycles. Viwmlas of peak power
limit are predicted to occur at all scenarios usifg0% reflection except @
1%; and for 2000% reflection violations of peak gowmit are predicted at
all duty cycles.




Table 17 shows that for one collector meter plu#tiple smart meterpeak
power limit violations are predicted to occur a#6@ 40% to 100% and
100% reflection @ 30% to 100% duty cycles. At 10088d 2000%
reflection factors, peak power limit violations gmeedicted at all duty
cycles.

Where are RF levels associated with inhibition &fArepair in human
stem cells at 92.5 uW/cm2 exceeded the in themyursb at 11" distance?

Table 18 shows that for one smart mekRdf exposures associated with
inhibition of DNA repair in human stem cells aregicted to occur at 60%
reflection factor@ 70% to 100% duty cycles, anti@% reflection factor
@ 50% to 100% duty cycles. All scenarios usirilgezi1000% or 2000%
reflection factors exceed these RF exposures ed®€fi% at 1% duty
cycle.

Table 18 also shows that for multiple smart metRFs exposures associated
with inhibition of DNA repair in human stem cellsegpredicted to occur at
60% reflection factor@ 20% to 100% duty cycles, an@00% reflection
factor @ 20% to 100% duty cycles. All scenariemg either 1000% or
2000% reflection factors exceed these RF exposwedd except 1000% at
1% duty cycle.

Table 19 shows that for one collector meR¥F exposures associated with
inhibition of DNA repair in human stem cells aregicted to occur at 60%
reflection factor@ 30% to 100% duty cycles, anti@% reflection factor
@ 20% to 100% duty cycles. All scenarios usirilgezi1000% or 2000%
reflection factors exceed these RF exposure levels.

Table 19 shows that for one collector meter pludiple smart metersRF
exposures associated with inhibition of DNA repaihuman stem cells are
predicted to occur at 60% reflection factor@ 20%Q@0% duty cycles, and
at 100% reflection factor @ 10% to 100% duty cyclesll scenarios using
either 1000% or 2000% reflection factors exceeddHRF exposure levels.

Where are RF levels associated with pathologicakdge of the blood-brain
barrier at 0.4 — 8 uW/cm2 exceeded the in theemwyrsrib at 11" distance?



Table 20 shows that for one smart meR¥F exposures associated with
pathological leakage of the blood-brain barrie8 a¥W/cm2 are predicted to
occur at 60% reflection factor@ 10% to 100% dutgley, and at 100%
reflection factor @ 5% to 100% duty cycles. R¥els at 0.4 uW/cm2 (the
lower end of the range) are exceeded at all dutlesyand at all reflection
factors in the nursery in the crib.

Table 20 also shows that for multiple smart metRS exposures associated
with pathological leakage of the blood-brain barae8 uW/cm?2 are
predicted to occur at 60% reflection factor@ 5%@0% duty cycles, and at
100% reflection factor @ 5% to 100% duty cycleRF levels at 0.4

uW/cmz2 (the lower end of the range) are exceedad duty cycles and at
all reflection factors in the nursery in the crib.

Table 21 shows that for one collector meR¥F exposures associated with
pathological leakage of the blood-brain barrie8 aWW/cm2 are predicted to
occur at 60% reflection factor@ 5% to 100% dutyleycand at 100%
reflection factor @ 5% to 100% duty cycles. R¥els at 0.4 uW/cm2 (the
lower end of the range) are exceeded at all dutlesyand at all reflection
factors in the nursery in the crib.

Table 21 shows that for one collector meter plu#tiple smart metersRF
exposures associated with pathological leakagkeoblbod-brain barrier at
8 uW/cm2 are predicted to occur at 60% reflectextdr@ 5% to 100%
duty cycles, and at 100% reflection factor @ 1%Q@06% duty cycles. RF
levels at 0.4 uW/cm2 (the lower end of the range)exceeded at all duty
cycles and at all reflection factors in the nurgarthe crib.

Where are RF levels associated with adverse negicdbsymptoms,
cardiac problems and increased cancer risk exce@udéuk nursery crib at
11" distance?

Table 22 shows that for one smart mekdf exposures associated with
adverse neurological symptoms above 0.1 uW/cm2xeeded at all duty
cycles and at all reflection factors in the nurgarthe crib.

Table 22 shows that for multiple smart met&tE exposures associated with
adverse neurological symptoms above 0.1 uW/cm2xeeded at all duty




cycles and at all reflection factors in the nurgarthe crib.

Table 23 shows that for one collector meR¥F exposures associated with
adverse neurological symptoms above 0.1 uW/cm2xeeded at all duty
cycles and at all reflection factors in the nurgarthe crib.

Table 23 shows that for one collector meter plu#tiple smart metersRF
exposures associated with adverse neurological syngpabove 0.1
uW/cm2 are exceeded at all duty cycles and ae#élction factors in the
nursery in the crib.

Where are RF levels associated with inhibition &fArepair in human
stem cells at 92.5 uW/cm2 exceeded the in theskitalork space at 28”
distance?

Table 24 shows that for one smart metBF levels do not exceed those
associated with inhibition of DNA repair at 60%180% reflection factor at
any duty cycle. RF levels are exceeded at 1000%0% to 100% duty
cycles; and at 2000% reflection factor @ 5% to 1@y cycles.

Table 24 also shows that for multiple smart metRislevels do not exceed
those associated with inhibition of DNA repair 826 or 100% reflection
factor at any duty cycle. RF levels are exceeddd®@0% @ 5% to 100%
duty cycles; and at 2000% reflection factor @ 1%Q006% duty cycles.

Table 25 shows that for one collector meR¥F levels do not exceed those
associated with inhibition of DNA repair at 60%aaty duty cycle; at 100%
reflection factor they are exceeded at 70% to 100% cycles.. RF levels

are exceeded at 1000% @ 5% to 100% duty cyclesa2d00% reflection
factor @ 1% to 100% duty cycles.

Table 25 shows that for one collector meter plufiple smart metersRF
levels exceed those associated with inhibition NfADepair at 60%
reflection@100% duty cycle; at 100% reflection tadhey are exceeded at
70% to 100% duty cycles.. RF levels are exceetd@0@0% @ 5% to
100% duty cycles; and at 2000% reflection factot@to 100% duty
cycles.




Where are RF levels associated with pathologicakdge of the blood-brain
barrier and neuron death at 0.4 — 8 uW/cm2 riskhia kitchen work space
at 28” distance?

Table 26 shows that for one smart mgR¥F exposures associated with
pathological leakage of the blood-brain barrie8 aWW/cm2 are predicted to
occur at 60% reflection factor@ 40% to 100% dutyley, and at 100%
reflection factor @ 30% to 100% duty cycles, andlbt000% and 2000%
reflections. RF levels at 0.4 uW/cm2 (the lowed ef the range) are
exceeded at all duty cycles and at all reflectaxtdrs in the kitchen work
space except at 1% duty cycle for 60% and 100%agdins.

Table 26 also shows that for multiple smart metRFs exposures associated
with pathological leakage of the blood-brain barae8 uW/cm?2 are
predicted to occur at 60% reflection factor@ 30%Q@0% duty cycles, and
at 100% reflection factor @ 20% to 100% duty cycéexl at all 1000% and
2000% reflections. RF levels at 0.4 uW/cm?2 (thedr end of the range)
are exceeded at all duty cycles and at all refladiactors in the kitchen.

Table 27 shows that for one collector meR¥F exposures associated with
pathological leakage of the blood-brain barrie8 atV/cm2 are predicted to
occur at 60% reflection factor@ 20% to 100% dutgley, and at 100%
reflection factor @ 10% to 100% duty cycles. RB¥els at 0.4 uwW/cm2 (the
lower end of the range) are exceeded at all dutlesyand at all reflection
factors in the kitchen work space.

Table 27 shows that for one collector meter plu#iple smart metersRF
exposures associated with pathological leakagkeoblbod-brain barrier at
8 uW/cm2 are predicted to occur at 60% reflectextdr@ 20% to 100%
duty cycles, and at 100% reflection factor @ 20%Q06% duty cycles. RF
levels at 0.4 uW/cm2 (the lower end of the range)exceeded at all duty
cycles and at all reflection factors in the kitclvaork space.

Where are RF levels associated with adverse negicdbsymptoms,
cardiac problems and increased cancer risk in titehlen work space at
28" distance?

Table 28 shows that for one smart mekRdf exposures associated with




adverse neurological symptoms above 0.1 uW/cm2xeeded at all duty
cycles and at all reflection factors in the kitclvaork space.

Table 28 shows that for multiple smart metd&tE exposures associated with
adverse neurological symptoms above 0.1 uW/cm2xeeded at all duty
cycles and at all reflection factors in the kitclvaork space.

Table 29 shows that for one collector mekR¥F exposures associated with
adverse neurological symptoms above 0.1 uW/cm2xeeded at all duty
cycles and at all reflection factors in the kitclvaork space.

Table 29 shows that for one collector meter pludtipla smart metersRF
exposures associated with adverse neurological syngpabove 0.1
uW/cm2 are exceeded at all duty cycles and ae#iélation factors in the
kitchen work space.

Where do RF levels exceed the Medtronics Safetga@g?

Table 30: At no duty cycles for either 60% or 1008ftection factors;
between 10% and 100% duty factors for 1000% anadet 5% and 100%
duty factors for 2000% reflection (for one smarteng

Table 30: At 60% reflection @ 60% to 100% duty eyend at 100%
reflection @ 40% to 100% duty cycle; at 1000% meften @ 5% to 100%
duty cycle and for all duty cycles at 2000% refi@ct(for multiple smart
meters).

Table 31: At 60% reflection @ 70% to 100% dutyleyat 100% reflection
at 50% to 100% duty cycles; at 1000% reflection @t6 100% and at all
duty cycles for 2000% reflection (for one collectoeter).

Table 31: At 60% reflection @ 40% to 100% dutyleyat 100% reflection
at 30% to 100% duty cycles; and at all duty cydbedoth 1000% reflection
and for 2000% reflection (for one collector metkrsgghree smart meters).

Where are RF levels associated with smart metead ieir configurations
(one meter, multiple smart meters, one collectolemene collector plus
multiple smart meters) above those recommenddtiBinInitiative Report



(2007)?

Tables 32 and 33 depict the distance from the cehtadiation for the
smart meter(s) and collector meter scenarios i f€ke distances (in feet)
at which RF levels exceed the Biolnitiative Repedommended limit of
0.1 uW/cmz2 is as small as 3.4’ (one smart meté0& reflection and 1%
duty cycle). At 60% reflection and 100% duty cydlee distance to the
Biolnitiative recommended limit increases to 34tfiee one smart meter.

When multiples of smart meters are consideredshioetest distance to
where the Biolnitiative Report recommended limiexceeded is 9.7 feet
(for 60% reflection @ 1% duty cycle). Itincrease®7’ @100% duty
cycle for multiple smart meters.

For a single collector meter, the shortest distdo@eBiolnitiative Report
exceedence is 5.9 feet (60% reflection @ 1% dutiegy At 60% reflection
and 100% duty cycle, it increases to 59 feet.

For a collector and multiple smart meters, the ®sbidistance is 10.9 feet at
60% reflection @ 1% duty cycle, and increases td&@8at 100% duty
cycle.

Conclusions

FCC compliance violations are likely to occur undettespread conditions
of installation and operation of smart meters asltéctor meters in
California. Violations of FCC safety limits for aontrolled public access
are identified at distances within 6” of the met&xposure to the face is
possible at this distance, in violation of the timeighted average safety
limits (Tables 10-11). FCC violations are predicte occur at 60%
reflection and 100% reflection factors*, both uge@CC OET 65 formulas
for such calculations for time-weighted averagatBmPeak power limits
are not violated at the 6” distance (looking atreter) but can be at 3”

from the meter, if it is touched.



This report has also assessed the potential for\\@@ations based on two
examples of RF exposures in a typical residendeleRels have been
calculated at distances of 11” (to represent aamyrsr bedroom with a crib
or bed against a wall opposite one or more metarg);at 28” (to represent a

kitchen work space with one or more meters insiadle the kitchen wall).

FCC compliance violations are identified at 11'aimursery or bedroom
setting using Equation 10* of the FCC OET 65 regofe (Tables 12-13).
These violations are predicted to occur where thezamultiple smart
meters, or one collector meter, or one collectotemeounted together with

several smart meters.

FCC compliance violations are not predicted atig&he kitchen work
space for 60% or for 100% reflection calculatioMsolations of FCC public
safety limits are predicted for higher reflecti@ctors of 1000% and 2000%,
which are not a part of FCC OET 65 formulas, betiacluded here to allow
for situations where site-specific conditions (Hygteflective environments,
for example, galley-type kitchens with many higrdylective stainless steel

or other metallic surfaces) may be warranted (sethdtlology Section).

In addition to exceeding FCC public safety limiteder some conditions of
installation and operation, smart meters can pre@xcessively elevated RF
exposures, depending on where they are install&tth respect to absolute
RF exposure levels predicted for occupied spadamiwellings, or outside
areas like patios, gardens and walk-ways, RF lew@lpredicted to be

substantially elevated within a few feet to withiflew tens of feet from the



meter(s).

For example, one smart meter at 11” from occupgeadts produces
somewhere between 1.4 and 140 microwatts per cetgraquared
(uW/cm2) depending on the duty cycle modeled (TaBle Since FCC
OET 65 specifies that continuous exposure be asswhere the public
cannot be excluded (such as is applicable to draise), this calculation
produces an RF level of 140 uW/cm2 at 11” usingREB€Es lowest
reflection factor of 60%. Using the FCC'’s refieatfactor of 100%, the
figures rise to 2.2 uW/cm2 — 218 uW/cm2, wheredbetinuous exposure
calculation is 218 uW/cm2 (Table 12). These arg senificantly elevated
RF exposures in comparison to typical individugd@sures in daily life.
Multiple smart meters in the nursery/bedroom exanapll1” are predicted
to generate RF levels from about 5 to 481 uW/cntBeatowest (60%)
reflection factor; and 7.5 to 751 uW/cm2 using E@&Cs 100% reflection

factor (Table 13). Such levels are far above siaeiblic exposures.

RF levels at 28” in the kitchen work space are plsalicted to be
significantly elevated with one or more smart me{@r a collector meter
alone or in combination with multiple smart metergjt 28" distance, RF
levels are predicted in the kitchen example todkigh as 21 uW/cm2 from
a single meter and as high as 54.5 uW/cm2 withiptlelsmart meters using
the lower of the FCCs reflection factor of 60% (Teab4).

Using the FCCs higher reflection factor of 100% BRF levels are predicted
to be as high as 33.8 uW/cm2 for a single meteraanigh as 85.8 uW/cm2

for multiple smart meters (Table 14). For a sirggdector meter, the range



Is 60.9 to 95.2 uW/cm2 (at 60% and 100% reflectamrtors, respectively)
(from Table 15).

Table 16 illustrates predicted violations of peakvpr limit (4000 uW/cm?2)
at 3” from the surface of a meter. FCC violatiohpeak power limit are
predicted to occur for a single collector meteb@th 60% and 100%
reflection factors. This situation might occusdgmeone touches a smart

meter or stands directly in front.

Uncertainty About Actual RF Levels

Consumers may also have already increased thebsexgs to
radiofrequency radiation in the home through thieintary use of wireless
devices (cell and cordless phones), PDAs like Biscky and iPhones,
wireless routers for wireless internet access,lesisehome security systems,
wireless baby surveillance (baby monitors), ane&odmerging wireless

applications.

Neither the FCC, the CPUC, the utility nor the aansr know what portion
of the allowable public safety limit is already hgiused up or pre-empted
by RF from other sources already present in thBgodarr location a smart

meter may be installed and operated.

Consumers, for whatever personal reason, choinea#ssity who have
already eliminated all possible wireless exposin@s their property and
lives, may now face excessively high RF exposuraékair homes from

smart meters. This may force limitations on usthefr otherwise occupied



space, depending on how the meter is located,ibgildaterials in the

structure, and how it is furnished.

People who are afforded special protection undefeéderal Americans with
Disabilities Act are not sufficiently acknowledgedr protected. People
who have medical and/or metal implants or othedd@mns rendering them
vulnerable to health risks at lower levels than ARICIimits may be
particularly at risk (Tables 30-31). This is al&ely to hold true for other
subgroups, like children and people who are itla&ing medications, or are
elderly, for they have different reactions to pdi$&-. Childrens’ tissues
absorb RF differently and can absorb more RF tlaatts@(Christ et al,

2010; Wiart et al, 2008). The elderly and thoses@me medications respond

more acutely to some RF exposures.

Eyes and Testes - Safety standards for peak ex@bsuts to
radiofrequency have not been developed to takeadount the particular
sensitivity of the eyes, testes and other ball slaygans. There are no
peak power limits defined for the eyes and tested,it is not unreasonable
to imagine situations where either of these orgamses into close contact
with smart meters and/or collector meters, paridulwhere they are
installed in multiples (on walls of multi-family adlings that are accessible

as common areas).

What can be determined from the relevant stand&@€ and ANSI/IEEE
and certain IEEE committee documents is that tieeagyl testes are

potentially much more vulnerable to damage, buttiinere is no scientific



basis on which to develop a new, more protectivetgdimit. What is
certain is that the peak power limit of 4000 uW/cex2eeds what is safe
(Appendix C).

In summary, no positive assertion of safety cambéee by the FCC, nor
relied upon by the CPUC, with respect to pulsedNREN exposures are
chronic and occur in the general population. Indisinate exposure to
environmentally ubiquitous pulsed RF from the rotlof millions of new
RF sources (smart meters) will mean far greateeigdipopulation
exposures, and potential health consequences. ridimtees about the
existing RF environment (how much RF exposure dlyexists), what kind
of interior reflective environments exist (reflewtifactor), how interior
space is utilized near walls), and other charagtiesi of residents (age,
medical condition, medical implants, relative hieateliance on critical care
equipment that may be subject to electronic interfee, etc) and
unrestrained access to areas of property where msdteated all argue for

caution.

Electronic Interference
Consumers may experience electronic interfererleet(emagnetic
interference or EMI) from smart meter wireless sign The FCC also is
charged with investigating consumer complaints &ltectronic

interference.

“The FCC requires that unlicensed low-power RF degimust not
create interference and users of such equipment resslve any
interference problems or cease operation. Accordinthe FCC



(47CFR Part 15): “The operator of a radio frequernagvice shall be
required to cease operating the device upon natifoc by a
Commission representative that the device is cgusarmful
interference. Operation shall not resume until ¢badition causing
the harmful interference has been corrected.”

(EPRI, 2010)

Medical and other critical care equipment in thenbanvironment may not

work, or work properly due to electronic interfecerfrom smart meters.

Security systems, surveillance monitors and wigeietercoms may be
rendered inoperable or unreliable. Some cordidspliones do not work

reliably, or have substantial interference from gmeeter RF emissions.

Electronic equipment and electrical appliances b@gamaged or have to
be replaced with other, newer equipment in ordétmbe subject to

electromagnetic interference from smart meter Ristsu

Americans With Disabilities Act

People who have medical implants, particularly ietglants, may be

more sensitive to spurious RF exposures for tweaes. Electromagnetic
interference (EMI) with critical care medical equient and medical
implants is a potentially serious threat. Patievith deep-brain stimulators
(Parkinson’s disease patients) have reported aelVexasith effects due to RF
from various environmental sources like securitiegand RFID scanners.
Patients with deep brain stimulators have repdtiedievices to be

reprogramming or electrodes shut-down as a reselh@unters with



wireless RFID scanners. One manufacturer, Medtspmias issued a
warning for DBS implant patients to limit RF exposdo less than 0.1
W/Kg SAR (or sixteen times lower than for the geth@ublic) for MRI

exposures.

The IEEE SC4 committee (2001) considered changesisting ANSI/IEEE
standards adopted in 1992 (C95.1-1992). They d&smlivulnerable organs
(eyes, testes) and metallic implants that can sitgtocalized RF exposures

within the body and its tissues.

“Question 20: Are there specific tissues or powithin the body that
have particularly high susceptibilities to localdteng due to thermal
properties in the immediate vicinity of the tissue?

Committee minutes include the following discussionmetallic implants.

“Metallic implants are an interesting example osthuestion. There
can be very localized high field concentrationsiard the tips of long
metal structures, in the gaps of wire loops. Qfrse, these metal
devices don’t create energy, but can only redistelt, so the effect
Is limited to some extent. Also the high thernoaductivity and
specific heat capacity make them good thermal dwmkany localized
heat sources generated around them.”

Since deep brain stimulators in Parkinson’s pagi@ntolve metal implants
that are essentially long metal structures with tigat interface with brain
tissue and nerves within the brain and body, exggpsuch patients with
implants to high levels of pulsed RF that can poediocalized, high RF
within the body is certainly inadvisable. It i®al the IEEE SC4 committee

recognized the potential risk by to calling suclplamted metallic devices



good ‘thermal sinks’ for localized heating dissipat

The FCC’s Grants of Authorization and other ceazéifion procedures do not
ensure adequate safety to safeguard people ungartbent of Justice

protection under the Americans with DisabilitiestAc
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Appendix A Tables Al- A 48

RADIOFREQUENCY RADIATION VERSUS DISTANCE




One Smart Meter

Table Al
Table A2
Table A3
Table A4

60% Reflection
100% Reflection

1000% Reflection*
2000% Reflection*

(1%-100% duty cycles icletable)
(1%-100% duty cyclesactetable)
(1%-100% duty cyclesach table)
(1%-100% duty cyclesach table)

Multiple Smart Meters (Four**)

Table A5
Table A6
Table A7
Table A8

60% Reflection
100% Reflection
1000% Reflection
2000% Reflection

(1%-100% duty cycles icletable)
(1%-100% duty cyclesactetable)
(1%-100% duwygles in each table)
(1%-100% duty cyclesath table)

One Collector Meter

Table AA9
Table A10
Table A1l
Table A12

60% Reflection
100% Reflection
1000% Reflection
2000% Reflection

(1%-100% duty cycles actke table)
(1%-100% duty cyclesach table)
(1%-100% duty cyclesath table)
(1%-100% duty cyclesath table)

One Collector Meter + 3 SM**

Table A13
Table Al14
Table A15
Table A16

60% Reflection
100% Reflection
1000% Reflection
2000% Reflection

(1%-100% duty cyclesactetable)
(1%-100% duty cyclesath table)
(1%-100% duty cyclesath table)
(1%-100% duty cyclesath table)




TABLES OF CRITICAL DISTANCES IN NURSERY (CRIB AT 11 ")
AND KITCHEN SINK (AT 28”") FROM SMART METER

(A17-A48)
Table A17 Nursery Set —
Table A18 One Smart Meter — Critical Distance td baby in crib

Table A19
Table A20

60%, 100%, 1000%, 2000% duty cycle
1% thru 90% duty cycle

Table A21
Table A22
Table A23

Nursery Set —
Eight Smart Meters — Critical Distancé tdlbaby in crib
60%, 100%, 1000%, 2000% reflection

Table A24 1% thru 100% duty cycle

Table A25
Table A26
Table A27
Table A28

Nursery Set—

One Collector— Critical Distance 11” @bly in crib
60%, 100%, 1000%, 2000% reflection

1% thru 100% duty cycle

Table A29
Table A30
crib

Table A31
Table A32

Nursery Set —
One Collector Meter + 7 SM— Critical [iste 11” to baby

60%, 100%, 1000%, 2000% reflection
1% thru 100% duty cycle

Table A33
Table A34
Table A35
Table A36

Kitchen Set —

One Smart Meter — Critical Distance 28kitchen sink persor
60%, 100%, 1000%, 2000% reflection

1% thru 100% duty cel

Table A37
Table A38
person

Table A39
Table A40

Kitchen Set -
Eight Smart Meters — Critical Distancé &8kitchen sink

60%, 100%, 1000%, 2000% reflection
1% thru 100% duty cycle

Table A41

Kitchen Set —




Table A42
Table A43
Table A44

One Collector — Critical Distance 28kitchen sink person
60%, 100%, 1000%, 2000% reflection
1% thru 100% duty c¥cl

Table A45
Table A46
Table A47
Table A48

Kitchen Set —

One Collector + 7 SM — Critical Distar®®' to kitchen
60%, 100%, 1000%, 2000% reflection

1% thru 100% duty ccl

Appendix B Tables 1 — 33 of Report

Data Tables, FCC Violation Tables, Health

Table 1

Table 2

Table 3

Table 4

Table 5

Table 6

Table 7

Table 8

Comparisions

Radiofrequency Level at Each Duty Cycle Reflection Factor at 6” in
uW/cm2 (One Meter, Four Meters)

Radiofrequency Level at Each Duty Cycle Reflection Factor at 6” in
uW/cm2 (One Collector, 1C + 3 SM)

RF Level of Each Duty Cycle and Reflect@ctor at 11” in uW/cmz2 in
the Nursery (One meter, Four meters)

RF Level of Each Duty Cycle and Reflect@ctor at 11” in uW/cmz2 in
the Nursery (One Collector, 1C + 3 SM)

RF Level of Each Duty Cycle and Reflect@ctor at 28” in uW/cmz2 in
the Kitchen (One Meter, Four Meters)

RF Level of Each Duty Cycle and Reflect@ctor at 28” in uW/cmz2 in
the Kitchen (One Collector, 1C + 3 SM)

Distance at which FCC Safety Limit is extezbfor 655 uW/cm2 time-
weighted average limit (One Meter, Four Meters)

Distance at which FCC Safety Limit is extezbfor 571/624 uW/cm2



Table 9

Table 10

Table 11

Table 12

Table 13

Table 14

Table 15

Table 16

Table 17

Table 18

Table 19

Table 20

Table 21

Table 22

TWA limit (One Collector, 1C+ 3 Smart Meters)

Distance at which FCC Safety Limit is extaefor peak power limit of
4000 uw/cm2 — (1 SM, 4 SM; 1Collector, 1C + 3 SM)

FCC Violations of the 655 uW/cm2 FCC tiatithe face at 6”
(One Meter, Four Meters)

FCC Violations of the 571/624 uW/cm2 F@fitlat 6” at the face
(One Collector, 1C + 3 SM)

FCC Violations of the 655 uW/cm2 FCC tiati11” in the Nursery
(One Meter, Four Meters)

FCC Violations of the 571/624 uW/cm2 HDGt at 11” in the Nursery
(One Collector, 1C + 3 SM)

FCC Violations of the 655 uW/cm2 FCC tiati28" in the Kitchen
(One Meter, Four Meters)

FCC Violations of the 571/624 uW/cm2 F@fitlat 28" in the Kitchen
(One Collector, 1C + 3 SM)

Potential FCC Violations of Peak Poweritimh4000 uW/cm2 at 3”
(One SM, 4 SM)

Potential FCC Violations of Peak Poweritimh4000 uW/cm2 at 3”
(One Collector, 1C + 3 SM)

Nursery Radiofrequency Radiation Levelo&ssted with Inhibition of
DNA Repair in Human Stem Cells (92.5 uW/cwith 24 and 72-hour
exposure — Markova et al, 2009) (One SM, 4 SM)

Nursery Radiofrequency Radiation Levelo&ssted with Inhibition of
DNA Repair in Human Stem Cells (92.5 uW/cwith 24 and 72-hour
exposure — Markova et al, 2009) (One Cdlledt C + 3 SM)

Nursery Radiofrequency Radiation Levelo&ssted with Pathological
Leakage of the Blood-brain Barrier (0.4 to 8 uW/amith chronic
exposure - Persson et al, 1997) (One SM, 4 SM

Nursery Radiofrequency Radiation Levelo&ssted with Pathological
Leakage of the Blood-brain Barrier (0.4 to 8 uWfamith chronic
exposure - Persson et al, 1997) (One Collett@r+ 3 SM)

Nursery Radiofrequency Radiation Levelo&ssted with Adverse Health



Table 23

Table 24

Table 25

Table 26

Table 27

Table 28

Table 29

Table 30

Table 31

Symptoms from Cell Tower Studies (8 studies inlttegporting sleep
disruption, headache, fatigue, memory loss, comagon difficulties,
irritability, increased cancer risk) (0.01 uW/cwith chronic exposure -
Kundi, 2009; Khurana et al, 2010) (One,3N&M)

Nursery Radiofrequency Radiation Levelo&ssted with Adverse Health
Symptoms from Cell Tower Studies (8 studies inltcgporting sleep
disruption, headache, fatigue, memory loss, comagon difficulties,
irritability, increased cancer risk) (0.01 uW/with chronic exposure -
Kundi, 2009; Khurana et al, 2010) (Onel€abr, 1 C + 3 SM)

Kitchen Radiofrequency Radiation Leveldksated with Inhibition of
DNA Repair in Human Stem Cells (92.5 uW/fowith 24 and 72-hour
exposure — Markova et al, 2009) (One SM, 4 SM)

Kitchen Radiofrequency Radiation Leveldksated with Inhibition of
DNA Repair in Human Stem Cells 92.5 uW/with 24 and 72-hour
exposure — Markova et al, 2009) (One Calledt C + 3 SM)

Kitchen Radiofrequency Radiation Leveldksated with Pathological
Leakage of the Blood-brain Barrier (0.4 to 8 uWfamith chronic
exposure - Persson et al, 1997) (One SsviA

Kitchen Radiofrequency Radiation Leveldksated with Pathological
Leakage of the Blood-brain Barrier (0.4 to 8 uWfamith chronic
exposure - Persson et al, 1997) (One Collett@r+ 3 SM)

Kitchen Radiofrequency Radiation Leveldtsated with Adverse Health
Symptoms from Cell Tower Studies (8 studies inltaporting sleep
disruption, headache, fatigue, memory loss, comagon difficulties,
irritability, increased cancer risk) (0.01 uW/with chronic exposure -
Kundi, 2009; Khurana et al, 2010) (O, 8 SM)

Kitchen Radiofrequency Radiation Leveldtsated with Adverse Health
Symptoms from Cell Tower Studies (8 studies inltaporting sleep
disruption, headache, fatigue, memory loss, comagon difficulties,
irritability, increased cancer risk) (0.01 uW/with chronic exposure -
Kundi, 2009; Khurana et al, 2010) (One Crte, 1 C + 3 SM)

Radiofrequency Radiation Level Exceedsthedcs Metal Implant
Advisory for MRI SAR Exposure of 0.1 W/Kg at Freaeges also Used
in Smart Meters at 11” (One SM, 4 SM)

Radiofrequency Radiation Level Exceedsthedcs Metal Implant
Advisory for MRI SAR Exposure of 0.1 W/Kg at Freaueges also Used



in Smart Meters at 11” (One Collector, 1 C $14)

Table 32 Predicted RF levels exceed Biolnitiatiep&t recommended limit of 0.1

uW/cm2 (One SM, 4 SM)
Table 33 Predicted RF levels exceed Biolnitiatiep&t recommended limit of 0.1
uW/cm2 (1 Collector 1C + 3 SM)
Appendix C

Other Sources of Information on sensitivity of
the eyes and testes

In the most recent proposed revisions of RF safaydards, the IEEE SC4



committee (2001) deliberated at length over thélem of peak power
limits and non-uniform RF exposure with respedhi®eye and testes. The
guotes below come from committee drafts submittedsponse to
guestions from the committee moderator.

ANSI/IEEE standards adopted in 1992 (C95.1-1992) a@n1999 revisions
June 2001 SC-4 Committee Minutes

These committee discussions are informative omstwe of particular organ
sensitivity to RF, and unanswered questions ardréifices of opinion on
the subject among members. They discussed vulieeoaians (eyes,
testes) and metallic implants that can intensitalzed RF exposures
within the body and its tissues (see also discassiometallic implants).

Question 20: Are there specific tissues or pointshin the body that have
particularly high susceptibilities to local heatindue to thermal properties
in the immediate vicinity of the tissue?

Committee minutes include the following discussionthe particular
sensitivities of ‘ball shaped’ organs including #hees and testes.

“Eye balls are commonly regarded as the criticalan’g

“In the range of a few GHggigahert, reasonances may occur in ball
shaped eyes and testes. They are also electrigatlythermally partly
insulated from other tissues. Additionally thesgans or some of their
parts (lens) are thermally a little bit more vuliaéte than other tissues.”

“(m)odeling has noted that rapid changes in diatexst such as cerebral
spinal fluid in the ventricles of the brain and saunding brain tissue lead
to high calculated SARs. Secondly, exposure afythd¢o microwave
radiation can lead to increased temperature thaufficient to damage
tissues. The temperature rise will, of course gtepon the intensity of the
irradiation, how well the energy is coupled intssties, and how well the
deposited energy is removed by normal mechanisatsasiconduction and
blood flow. Microwaves at the lower frequenciel @ deposited deeper in
the eye, while at higher frequencies they will bsabed near the front
surface of the eye. The eye does not efficieathove heat deposited
internally by microwave exposure. The main avesfueeat removal is



conduction and blood flow through the retina andrcid. The lens has
been thought to be the most vulnerable tissue sif@es no blood flow.
Other than conduction through the sclera and cotiwadrom the surface of
the cornea, heat removal is poor compared to obluely tissues. Because
the lens is avasular it has been thought to beipadrly sensitive to
thermal effects of microwave exposure. These Fasts led many
investigators to postulate that the poor heat giason from within the eye
of humans and other animals may lead to heat bpilhd subsequent
thermal damage.”

“Eyes do not have good blood circulation and testage lower than body
temperature.”

“These organs are not well-perfused, hence have ksegled out for the
exclusion.”

“Are the above numbers valid for all parts of thedy in all exposure
conditions over the time averaging period of thpasure? They (the basic
limits) were derived in the manner you describbady reasonance
conditions i.e. coherent exposure over the whollylbength of a human.
Could the limit values of SAR be increased foriphbiody exposure? Yes,
but we do not have the data to make this decisiorihe near field of a
source, clearly the limit value will depend on fwegcy (depth of
penetration), organ blood supply and tolerancehait torganism to sustain a
certain rate of temperature increase during theetiaveraging period and
the environmental conditions. If you have to dei#th possible pathologies
of organs then matters become even more complicageduse you are
dealing not only with heat physiology, but alsawgeneral pathology,
whose books are much thicker than those on phygiolo



