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SUBMITTED WRITTEN COMM ENTS

This Appendix presents the written comments submitted by participants and others during or
after the symposium. They have not been peer-reviewed and represent the opinions of the
writers.

Most comments are presented in order, below, as they relate to specific Topics (e.g., Topic #2:
Field Parameters). One set of comments was keyed to the overall objectives of the RAPID
Program and applied to more than one Topic; it isfound at the end of this Appendix.

Topic#2. Field Parameters

Comment #1: Y oshihisa Otaka

[Narrowing the range of]* field parameters ssems to be unexpededly complex even after the four
EMF Symposiums. Polarization was included in the list of parameters of field. Although there
are very few experiments reported using polarized fields, it seems that if researchers could
determine whether pdlarization is an adive magnetic field parameter (or not), the number of
possble parameters—the “frada problem”—would be simplified.

| think pdarization as afield parameter confli cts with the induced current mechanism. Eledric
current isinduced in human and animalsin bah circularly and linealy polarized magnetic fields,
because they have round bodes and can move fredy in the fields.

However, if biologicd effeds are diff erent, depending on pdarization, thiswould suppat only
the magnetite mecdhanism. (A magnetite micro-crystal rotatesin a drcularly polarized magnetic
field bu canna start moving in alinealy polarized field.) Asfor the freeradicd andthe
resonance mecdhanisms, pdarization makes no dfference. Unpaired eledron o afreeradicd can
ater the spin withou affeding chemicd readivity.

If circularly poarized magnetic fields are shown to have adifferent biologicd effed than linealy
polarized fields, hazard would be limited to some geometricd area and extrapadation o
biologicd effeds to anather frequency based oncdculated induced current would be eroneous.

The comment has been lightly edited for clarity.
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If the magnetic field has abiologicd effed through induced current, experimental design using
circularly paarized fields would be unrecessary.

Y oshihisa Otaka

Mitsubishi Chemicd Safety Institute
Ibaraki, Japan

Comment #2: Marcus Barnes

The following is excerpted from aletter to the Sympaosium from Marcus Barnes of Aerodyne
Laboratories:

I’m recommending that an appendix be included as an attachment to the symposium report [for
purposes of technicd clarity].

Here ae afew relevant definitions | believe shoud be in included in such an appendix:

Exposure The measure of concentration a intensity of the environmental agent (EMF) in
question

Dose That asped, measure of concentration a intensity of the exposure that
biologicdly interads with the organism

(While we too frequently hea “exposure” and “dose” used interchangeably, weredly don't
know what “dose” is.)

Hazard A thred to aperson a people and what they value

Risk The measure of a hazard' s consequence expressed as a condtiona probability of
being hurt or harmed

Working Definitions as applied to and used in EMF:

RMS Root mean square: the eff edive value of an aternating eledric or magnetic field
(regardlessof its waveshape)--i.e., the square roat of the mean value of the
periodic function ower one mwmplete g/cle

TWA Time-weighted average: the mean of an aternating eledric or magnetic field's
RMS value, averaged over aspedfied time period, with a particular sampling rate

Peak (1) The maximum instantaneous value of a periodic dedric or magnetic field's
waveshape or function duing a spedfied time period

(2) The maximum RMS value of an aternating eledric or magnetic field duing
aspedfied time period
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Transient an anomalous departure from an atherwise normal condtionwhere an eledric or
magnetic field undergoes an extremely fast “rise” and/or “fall” time--transients
may contain higher-order harmonics than would be present during the normal
periodic function--so-cdled “spikes’ are a c#egory of transients

Parameter a dharaderistic feaure(s) or property(s) of an eledric or magnetic field--some
exampleswould be: fundamental frequency, periodic waveshape, harmonic
content, field strength, intermitency, moduation envelope, attendant transients
and/or spikes, etc.

Only abeginning, the list could be expanded. It'slikely that you a other participants may have
some terms in mind that could be gpropriately added. Also, you (or others) could improve on
what I’ ve submitted.

Marcus Barnes

Aerodyne Laboratories
Austin, Texas

Comment #3. Kirby C. Holte

Have we, as enginees and scientists, so compli caed the study of possble asciations between
power lines and dsease that meaningful risk assesgnents and resporse plans are impaossble?
The seach for an EMF risk assessnent and response plan has been bagged down for yeas due to
the expanding list of metrics proposed as possble measures of “dose.” Table 1 includes 26
metrics loosely tied to four proposed medhanisms for biologicd couging. The aldition d other
propased medhanisms further expands the list and inclusion o EMF surrogates adds more
complexity. Add norEMF metrics, such as traffic, corona and azone production (from power
lines) and air pallution urtil, and the number of combinations and permutations reades into the
billions. Clealy thereis neither sufficient time nor money avail able to study al propased
metrics.

Two approadies have been suggested to narrow thelist. One gproach, generally advocaed by
the engineas and ptysicists, examines al plausible medanisms by which EMF and its various
derivative metrics could cause or promote a cacer, identifies those metrics which are shown by
the physics to be significant, and then sets fourth a protocol by which thase metrics can either be
measured o derived. The limitations of this approach are first, na enough is known abou the
medhanism to know which metrics are truly significant, and seand, the gproach tends to
eliminate metrics which are not diredly related to EMF.

The second approadh, generally favored by the gpidemiologists, starts with olbservation, for
example Leukemiavs. Wiring Code, then look for measurable metrics which might reasonably
asciate with the observed effed. To be useful in developing aresporse strategy, metrics
shoud be physicdly tied to the biologicd medianism. Ultimately, this sscondapproad leads to
theidentificaion d measurable metrics and their association to the power line. However, the
two listswill differ significantly. Not al of the EMF related metrics from the first list would
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appea inthe secondlist. On the other hand, the seaondlist may contain metrics uch as ozone,
radio frequency naise, etc., which are not onthefirst list. The primary limitation to this approac
isthat the metrics sleded may not be physicdly capable of producing abiologica resporse
sufficient to explain the observed effed.

Thereisasubset of this ondapproach, which has merit but must be treaed with caution. It
adopts one metric, most often TWA 60 Hertz rms magnetic field, and assumes that al other
metrics are ather nat significant or are functionally propartionate to the seleded metric. If, for
example, ore asumes that TWA rms, harmonics and intermittence ae dl significant; one
accepts TWA as the metric by assuming that harmonics and intermittence ae functionally
propational to TWA. One might take the goproad ore step further in designing the resporse
strategy. That is, by assuming that an engineaing design change, which reduces TWA rms
magnetic field, will also reducefield harmonics and intermittence The merit of this approad is
that it is sSmple, bah in terms of “exposure” quantification and for the design o field
management options (strategic resporse). Itslimitationisthat no bologicd medanism has been
shown by which low level TWA or any other single metric can cause or promote cancer. Thus, a
quantifiable risk assesament based onthis methodwill be extremely difficult if not imposgble.

A hybrid approadh may be workable and deserves additional attention. | propose that a small
group d engineas, physicists, epidemiologists, and bologists form a small task forceto
investigate further. Never the less | am becoming increasingly convinced that the modified
(single metric) approach using TWA may be the only pradicd approadh. Once aain, a small
task forcefor further investigationisin arder.

Idedly, theidentificaion d significant metrics along with an understanding of how these metrics
cause biologicd effeds and dtimately, the degreeto which these biologicd effeds cause disease,
would be used to establish a strategic resporse (regulation and/or mitigation dan). This may not
be possble and, given the number of metrics and pssble medhanisms, is, at this point, unlikely.
The modified (single metric) TWA approad, as currently used in California s EMF Design
Guidelines, provide an attradive and pradicd aternative.

These guidelines, developed through a California Publi c Utility Commisson consensus
committee and pubi c heaings, require the utility to evaluate engineeiing and operating measures
which materialy reduce groundlevel magnetic fields for newly constructed or reconstructed
power lines. Only those measures which med all applicable safety and utility design standards
neeal be evaluated and orly thase measures which materialy reduce the magnetic field and add
lessthan 4% to the total cost need be adopted. In recognition that design and operating standards
vary between utiliti es, ead utility operating within the state is resporsible for the development
and administration d their own EMF Design Guidelines. A “Field Management Plan” which
describes the projed, the field management options considered, and the reasons why the various
options were acceted o rejeded, is submitted to the PUC as part of the projed approval process
andis avail able for pulic review.

The California EMF Design Guidelines do nd assume that power linesdo a do nd pose ahedth
risk. If such arisk does exist, the guidelines do nd implicitly assume that that hedth risk is
function d either maximum or TWA rms magnetic field. Instead, the guidelines take apradicd
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approadh based on bdh the state of the science and pubic concern, bah of which tend to focus
onthereduction d rms magnetic fields. The pradica result isthat many new power lines can be
designed with significantly lower magnetic fields. Reductions of 20to 60% are not unusual.

If, onthe other hand, the guidelines required areduction d all of the parameterslisted in Table 1
(and afew others nat listed in Table 1), many of the most eff edive field reduction measures
would be diminated.

Kirby C. Holte
Grid Techndogy Associates
Walnut, CA

Topic #4: Exposure Systems

Comment #1: Stuart Harvey

We have foundthat some expaosure systems described in the literature can orly approximate the
clamed field parameters. Any exposure system design benefits from prease field cdculations
(assuming that manufaduring tolerances are up to scratch), that will provide the exad magnitude
and dredion d thefield at any point. Thisis particularly important where samples may bein a
nontuniform field and the sensor tends to average over asignificant volume, as the cdculations
are then more predse than the measured field. Computer aided design also all ows theoreticd
designs reported in the literature to be optimized for pradicd experimentation.

As an example, aHelmhdltz coil (and pessbly a Meritt coil) is not optimized to producethe
most uniform field over a given working volume, only to cancd a given moment at the centre.
With computer design, the useful working volume can be optimized to fit a given sample space

Arethere general computer programs designed for this? We have used ou own for a number of
yeas and could make it avail able (subjed to some user interfacework) if thereisaneed.

| would also strongly recommend the general use of alaser vibrometer for vibration
measurements when qualifying an apparatus. These instruments operate out of the field region,
do nd require any conredion to the gparatus, and can work through small halesin incubators or
mumetal shields. They are cgable of measuring vibrations that are too small to be sensed by
human touch (if nat by mice).

Stuart Harvey
SAIC Canada
Brampton, Ontario, Canada
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Topic#7: Source and Environment Char acterization

Comment #1: Stuart Harvey

For the dassof periodic fields whose anplitude or diredion changes dowly compared to the
period, esentialy complete dharaderization d thefield at one point in spaceis realily
achievable by periodic sampling with a 3-D waveform capture instrument. Has consideration
been given to reducing the amourt of data storage required by using some on-line processng?

Asan example, thefield at one paint in time (adually several cycles) can be represented as a set
of ellipsesin red space orefor eaty harmonic. Ead elli pseis completely speafied by the
major axis, minor axis, and relative phase, which may require alot less pacethan the
oversampled waveform. The evolution d eat harmonic in space adtime can then be foll owed
by recording changes in these parameters.

With modern eledronics, it shoud be possbleto buld asimilar instrument for freespace
eledric field measurement using three éedricdly-short orthogonal dipdes and fibre-optic link.
With FET preamplifiers, sengitivity to fields of the order of 1 VV/m shoud na be aproblem.

Stuart Harvey
SAIC Canada
Brampton, Ontario, Canada

Topics#8 and #9: Personal Exposure Char acterization and Personal Exposure Modeling

Comment #1: Kent C. Jaffa

Calculated Historicd Fields vs. Contemporary Spat Measurements

In the DOE Engineaing Sympaosium, some presentations concluded that historica reconstruction
of residential exposuresisthe best metric. In particular, Dana Loomis concluded that the
Feychting and Ahlbom methodisthe “gold” standard as oppased to wire @mdes and
measurements. Bill Kaune's presentation on his anaysis of the Swedish power line arrents also
suppated this position. However, Kent Jaff a presented information which showed that these
conclusions are susped and that all findings relying on cdculations or wire amdes $oud bere-
examined. Locd EMF sources are ignored by these metrics and they appea to be more
important to acourt for than historica power line dhanges at least in the Swedish study. If this
istrue for the Feychting and Ahlbom study, it may aso be true for other studies using historicd
cdculations or wire codes which negled locd sources.

Suppat for this premise is found ly examining both the dild and adult controls in the Feychting
and Ahlbom study where these @ntrols are divided into two time periods; 19601974and 1975
1985. For cdculated historicd fields, thereislittl e differencein the distribution o controls
between these two time periods. If historicd power line dianges are important, than ore would
exped some diff erencewith resped to time in the distribution o controls for caculated historicd
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fields. On the other hand, there is a significant diff erence between the dhild controls for these
two time periods for contemporary spat measurements. The ealier time period residences have
significantly higher measured fields indicating that older homes in Sweden have higher locd
EMF sources. Thus, cdculated historicd fields appea to be the most flawed in ealier time
periods contrary to previous viewpaoints.

A dired comparison d the importanceof locd sources and hstoricad power line dhanges can be
made by an examination d the Swedish exposure observations. A comparison ketween
contemporary spot measurements and cdculations shows that 21.3% of the 1300 olservations are
classfied dfferently with resped to the threeprimary exposure cdegoriesin the study. The
misclassficaion dff erence between contemporary spot measurements and caculated historicd
fieldsisonly 7% higher. On asmaller representative sample (660 olservations) for which
contemporary annual average cdculated fields are avail able, the misclassficaion between
contemporary and historicd annual average cdculated fieldsis only 15.6% which islessthan the
effed of contemporary locd sources. Thus, contemporary locd sources (21.3%6 misclassfi-
cdion) are more important than historica power line danges (15.68% misclasgfication).

In the Swedish study, it is reasonable to assume that the dfed of historicd loca sourcesisin the
same ball park as contemporary locd sources sncethe measurements were made under low
power condtions with the power turned dff to the residences. Under these condtions, locd
sources would include groundcurrents, other external sources not included in the caculations
and cdculationerror. Thus, historicd locd sources appea to be more important to acount for
in the Feychting and Ahlbom study than historicd power line dhanges.

In addition, historicd cdculations don't appea to be aleto dscriminate between residencetype
asthereislittl e differencein the exposure distribution d gpartments and single family homes.
On the other hand, apartments have significantly higher measured fields than single family
homes.

One other important fador isthe acarracy of historica currents which were only known in 100
ampere increments. Thisis poa predsion. The only requirement for spot cdculationsto
acarately predict annual average cdculationsisthat the spot current be in the same 100 ampere
increment as the annual average aurrent. Even if there isadifferencein the aurrent increment,
current diff erences of 100amperes wouldn't change the exposure cdegory for some observa-
tions. Thus, the variability of spot currentsisn’t too problematic with thislevel of predsion.

Kaune reported that historicd current changes are important, hovever thisis susped as his
findings are below the predsion d the data. He reports a 3.8 ampere/yea average load growth
and ayea-to-yea variability of 55 amperes. Based onthe average Swedish current of 300
amperes, this corresponds to a 1.3%/yea load growth and ayealy variability of 18%. However,
the predsion d the datais 100amperes or 33%. Thus, these findings are questionable because
the reported findings are lower than the acairacy of the data.

In conclusion, an examination d the @ntrols and olservation data shows that contemporary
locd sources are & or more important to aceourt for. These findings dori't suppat the Loomis
and Kaune presentations. Based onwhat is known, dfferences between groups and measure-
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ment pradices can’'t acourt for this. In addition, these cnclusions can’'t be explained away
with nondifferential misclassficaion arguments. Jaffawill be making a presentation onthis at
the next BEM S meding and is planning on publishing his analysis. Jaff a believes that risk
estimates based onwire cdes and historicd cdculations can’t be interpreted corredly withou a
better understanding of therole of locd sources and powver line changesin individual studies.

Kent C. Jaffa
PaafiCorp
Salt Lake City, UT

Topic #13 Field-management Tednologies

Comment #1: Kirby C. Holte

As 2 cgpably ill ustrated by EPRI and ahers, there ae many engineaing options avail able to
reduce groundlevel magnetic fields produced by new or existing power lines and substations. In
the case of new construction, many of these options can be implemented with no a very little
additional cost to the projed. Infad, eledric utiliti es operating in California, have, since 1994,
have adieved significant reductions in magnetic fields from new lines and stations while

limiti ng added projed coststo 4 gercent or less

Although much has been said and written abou the 4 percent cost bench uncer the California
program, other technicd and persona safety isalestendto be far moreimportant in evaluating
field management options. These alditional fadorsinclude, for example, structural integrity
under maximum expeded medanicd |oad; the aility to construct the line using standard utility
tods and pradices; the aility to safely maintain the line or substation; radio, audible, and
television nase; induced currents and vdtages; zero and regative sequence arrents; etc.

Table 13-1 compares sven pdentia tower and condctor configurations utili zing the split phase
technique to reduce groundlevel magnetic fields. The base caeisasingle drcuit 220 RV line
using horizontal construction. All seven split phase dternatives reduce the magnetic field by 52
to 8. On the other hand, the two Cruciform design ogions have substantiall y increased zero
and regative sequence airrents which must be evaluated for their effed onthe system. In
addition, al of the dternatives have dlightly increased radio, audible, and television nase which
may be significant in areas with we& radio and TV signals.

C-8



APPENDIX C

Table 13-1: Engineering Evaluation — Magnetic Field Reduction for a 220kV Transmisson
LineUsing Split Phase Construction

220KkV TransmissonLine Phasing Mag Elec Aud. Radio TVI Zero Neg. Pos.
Configuration Field Field Noise Noise Seq Seq  Seq.
I I z

Base Case, Single Circuit Horiz. abc 186 2.2 146 283 -64 08 24 338
SCE Doulle Circuit Lattice abc-abc 89|15 ]18.9 326 |-7.2 0.8 3.7 |17.2
SCE Doulle Circuit Lattice abc-cha 3911.1 J21.2 1329 ]-3.0 Jo.8 J1.0 ]15.3
SCE Doule Circuit Compad abc-abc 90]1.3 |J17.2 J30.5 ]-9.0 0.8 4.1 175
SCE Doulble Circuit Compad abc-cha 25]0.8 |22.2 134.0 J-1.4 ]0.8 0.1 J14.7
EPRI Doule Circuit Lattice abc-cba 36]1.0 ]22.3 ]34.3 J-2.1 0.3 |14 149
EPRI Semi-Cruciform- mid span Split 3911.6 ]16.3 ]|30.5 |-5.6 3.0 3.6 ]18.2
EPRI Verticd Split Phase Split 48]1.6 |18.9 ]32.7 J-4.4 3.1 5.6 ]19.9

In this example, the mmpad 220 K/ doulde drcuit design ontubuar towers would appea to
offer the lowest magnetic field and zero/negative sequence arrents but the highest radio and
audible noise. One might seled this configurationin areas with good TV and radio coverage
while seleding an dternative if the locd signal strength is weé.

The Cdlifornia Public Utility Commisgon recognized that the seledion d the “best” field
management alternative required athorough engineeing analysis based onthe spedfic cond-
tions and ead uility’s operating and construction standards. As such, ead utility was instructed
to develop and pubish an EMF Design Guide. These Design Guides provide the basis by which
field management options are evaluated and ranked.

Kirby C. Holte
Grid Techndogy Associates
Walnut, CA

Comments Keyed to Overall RAPID Objedives

Comment #1: P. Sarma Maruvada

The Symposium covered al EMF engineaing aspeds relevant to the ongoing risk assessment
processrelated to the EMF-Hedth isaue. The foll owing comments addressthe four general
caegories of topics discussed at the Sympaosium.

1. Technologiesto measure and characterize magnetic fields

»  Existing techniques and instrumentation are quite adequate for measuring and charaderizing
al relevant aspeds of power-frequency eledric and magnetic fields.
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* Inthe dsenceof any clea indicaion onwhich field parameter — or even a combination o
parameters —isrelevant to biologicd effeds, asimple andrelatively inexpensive gproach
shoud be recommended for field measurement and charaderization. The resultant magni-
tude in the cae of magnetic field and the magnitude of the unperturbed eledric field appea
to be the simplest and probably the most appropriate parameters to be recommended. Field
parameters such as polarization a geomagnetic field comporents shoud be considered ony
for spedal laboratory studies.

+ Analyticd techniques are gopropriate for charaderizing the EMF of only simple wnfigura-
tions auch as overheal transmisson lines or undergroundcables. It isfutile, for example, to
attempt to cdculate the magnetic fieldsin high-voltage substations or in aresidential
environment, because of the complexity and dversity of the configurations and equipment
involved and the mntinuows variation d the magnitudes and preses of the arrents. A
statistica approac to charaderizing EMF, based on dktail ed long-term measurements, is
much more gpropriate in such cases.

e Measurement protocols need to be simplified as much as possble to permit their widespread
usein studies. It shoud be remembered that in some cases even afew spot measurements,
made with awell -cdibrated instrument, could provide agood charaderization d the
environment.

e Exposure systems used in recent in-vitro, in-vivo and human studies have been grealy
improved, thanks in large part to the competent engineeing contribution to these studies and
to the comprehensive guidelines provided by organizations sich as NIST. The important
asped of quality assuranceis also being addressed right from the start in recent studies.

2. Information on types and extent of human exposure in residential and occupational settings

o Studies such as Rapid projeds# 3and # 6 lave contributed valuable information on human
exposures to EMF. Caution shoud be exercised, howvever, in extrapalating results, for
example, from a 1000-person study to the entire popuationin the diff erent regions of the
U.S. In arecent Canadian study [1,2] of the magnetic field (MF) expasure of 200 personsin
aresidential environment, important diff erences were observed in the MF levels and
expasures in two groups of houses (in two diff erent municipaliti es), mainly dueto dffer-
ences in the water pipes used (plastic vs metdlli c).

o Thedtatisticd model developed in [2] can be auseful tod for evaluating popuation
exposures (past and present) to MF in residential environments. The model takes into
acourn the presence of any power transmisson fadliti esin the vicinity and uses the
information onthe statisticd distribution d currents, over any given period d time, in the
transmisson system. Thistoad is useful in estimating past expaosures for epidemiologicd
studies or in providing information required for puldi c heaings on transmisson pojeds.

e Inrecat epidemiologicd studies, appropriate instrumentation hes been used to measure
occupational exposuresto MF and the data obtained has been used, along with ather
information, to predict past exposures, sometimes over periods of twenty to thirty yeas, for
different job caegories. The wed& pant of many of these studies, however, isthe ladk of
other pertinent information and in some cases the methoddogy used. More engineaing
studies are neaded therefore to improve the acairacy of prediction d past exposures, by
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taking appropriate acourt of the past load variations as well as of any changesin technd-
ogy or work pradices which might have taken paceover the yeas.

Techniques to manage exposure/mitigate fields

It is appropriate to develop techniques for mitigating MF in buldings, mainly to eliminate
possble interferenceto video dsplay terminals. Existing tecdhndogy has proven adequate
for this purpose.

However, the question d mitigation techniques for the purpose of reducing popuation
exposureto fieldsis, at best, premature.

Field management as a pullic padlicy issue needs to be examined carefully from diff erent
points of view: hedth effeds, bio-ethics, engineaing, econamic, legal and pulbli c informa-
tion. Such an examination hes been caried ou recently in Québec[3], which resulted in the
adoption d aprudent management pdicy, based oncontinuing reseach, vigilance and
pubdic information.

Dissemination of Information

Rapid projed # 5isvery important for engineeing studies all over theworld. It is siggested,
however, to encourage inclusionin this database of al EMF charaderization studies caried
out, na only inthe U.S. bu in ather courtries also.
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