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EDITORIAL

EMF Research: A Commitment to Excellence

EPRI has sponsored research into possible health effects from electric and magonetic fields (EMF) since
the early 1970s, when attention focused on the electric fields generated around high-voltage elacirical
facilities. Health concerns about electric fields are now viewed as minor, 2 consensus partly based on
results from this early EPRi-sponsored work. But mere-recent studies have suggested a possible link
between magnetic fields and cancer.

in light of these concerns, EPRI'S EMF research was expaneed ane reoriented over the last
several years to focus on magnetic fieléis, Since then, we have helped catalyze a much broader effort
involving research-sponsoring organizations beyond the electric utility industry. In 1989, our program
accounted for about $6 million of a $15-million-a-year {and growing) worldwide effort involving
government agencies, academic research scientists, and utilities in a dozen countries

EPRI is committed to finding the facts about health effects from EMF exposure. Our research is
done by independent scientists and consultants at major laboratories and universities, mcluding Battelle/
Pacific Northwest Laboratories, Johns Hopkins University, Colurnbia University, Yale University, the
University of Southern California, Carnegie-Mellen University, and the University of North Carolina. These
researchers, many of them preeminent experts in their fields, are encouraged to publish results in the
peer-reviewed scientific literature and are free to make therr own interpretations of therr results when ang
where they choose. All results have been presented at the annual public review of EMF research
sponsored by EPRI and the Department of Energy. To further ensure the objectivity of the research, EPRI'S
program is guided by an independent scientific advisory panel compeosed of some of the nation’s top
experts in life sciences and public health.

The broad range of EPRI's health studies, focusing largely on epidemiology ang laboratory
science, has been designed to significantly reduce the uncertainties about EMF and health over the nexl
four years, If additional research Is then needed, we will redirect and target the work as appropriate. But
because EPRI's program also encompasses a substantial effort in exposure assessment—inclusing
exposure hardware, analytical software, EMF measurement surveys, and laboratory structures—we will
also be much better informed about EMF exposures andl about methods of reducing them, if that I1s
necessary.

Time will tell. At EPRI we are committed to taking the time. spensoring first-class research with
Investigators af the highest integrity and credentials, and objectively reporting the results to the pubtia
ang our utility members.

eorge M. l-hdy Vice Presiden
Environment Division
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stringent federal dam stability analysis requirements.
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Promising research results support the hypothesis that
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Research on electric and magnetic
fields and their possible effects
on human health is entering a period
of intense scrutiny. A new battery
of carefully designed studies being
sponsored by EPRI and other
organizations is expected to
significantly narrow uncertainties
about such heaith risks in the next few
years. Studies of workers in so-called
electrical occupations will be particularly

important in this research.



t laboratories and research

centers in about a dozen

countries, an estimated $15

million a year is being spenl
to investigate whether electric or mag
netic fields—such as those associated
with power lines, common house wiring,
or appliances—po=e a health risk. Spon-
sorship of EMF studies has recently ex-
panded ko include a variety of previ-
ously uninvolved parties—the ™ational
Canver Institute in the United States,
Sweden'’s Mational Institute of Occupa-
tional Bealth, France’s Electricité de
France, several Canadian utilities, and
the World Health Organization.

The ramp-up in internativnal research
mirrors a growing public concern that
has been given a sharp edge of urgency
by recent coverage in the popular media.
While the tone is certainly more sub-
dued in the technical literature, changes
in viewpaint regarding EMF are also
crapping up among members of the re-
search community.

The new perspective is reflected in a
paper issued last June by Longresa’s Of-
fice of Technology Assessment and pre-
pared by Indira Mair, Granger Morgan,
and Keith Florig of Carnegie-Mellon
University’s Department of Engineering
and Public Policy. Aicording to the OTA
report, recent epidemiologic studies, al-
though controversial and far from con-
clusive, are beginning to provide a basis
tor concern about risks from chronic ex-
pasure to EMF: “As recently as a few
years ago, scientists were making cate-
gorical statements that on the basi= of all
available evidence there are no health
risks from human exposure to power-
frequency fields,” the authors state, “In
our view, the emerging evidence no lon-
ger allows ane to categorically assert that
there are no risks. But it does not pro-
vide a basis for asserting that there is a
significant risk.”

The careful qualification is under-
standable. The studies referred to i the
OTA paper have suggested that magnetic
fields may cause serious health effects—

spedifically, that they may promote can-
cer—and thal they may have other ef-
tects, such as the alteration of circadian
(internal biological) rhythms. For every
study that has found evidence of a spe-
ritic effect, however, there are others that
have shown no effect. Still, as the report
implies, there has been a sufficient accu-
mulation of postive findings to warrani
broadening the scientific inquiry.

“It is extremely important for EI'R] to
continue vigorously pursuing the scien-
tific and engineering questions on behalf
of the electric utility industry,” says Dr.
Leonard Sagan, a physician who heads
EPRI's EMF studies. “There is a great deal
we still do not understand about EMF
and that we must know in order to de-
termine what, if anything, should be
done. We are pursuing this knowledge
through a broad research program that
encompasses epidemiology, basic sci-
ence, and expesure assessment.”

EPRI sponsors what has been for the
last =everal years the world's largest and
niost comprehensive research program
in the field; at present the program com-
prises 30 studies that cost about $6 mil-
lion a wear. An advisory panel of distin-
guished scientists [rom outside the
utility industry reviews and guides the
EI’RI research.

The emphasis of the present work is ta
canduct studies that eliminate as much
as possible the limitations that have
clouded the results of much past re-
search. “The methodologies used in
many of the epidemiologic studies have
been mare suitable for generating hy-
potheses than for testing them,” says
Leeka Kheifets, m epidemiclogist who
manages several EPRI-sponsored studies,
“What is needed are studies designed to
test hypotheses, along with better re-
sponse rates in both cases and controls
amuong study populations, and better,
mare-quantitalive exposure assessment
methods”

Rigorous studies are generally charae-
terized by large sample sizes, a prospec-
tive rather than retrospective database,

and carefully designed analysis of con-
tounding factors, such as exposure to
cigarette smuoke or to other known car-
cinogens. The need for better exposure
assessment in epidemiologic studies is
particularly acute. Almost all past
studies have used approximations or
surrogates, auch as the contiguration of
house wiring, to represent levels of ex-
posure to magietic fields.

According to Dr. Gilbert Omenn, dean
of Lhe School of Public Health and Com-
munity Medicine at the University ot
Washington and head ol EPRIs indepen-
dent advisory panel, “the Kinds of
studies now under way, including those
on better methods for measuring what
people are actually exposed to, offer goad
prospects that scientists and the public
will have much better information with
which to evaluate the question of EMF
health risks within three yearsor se, To-
day, I think the risk is highly uncertain.”

Expanding the epidemiologic
database
EFRI has several key investigations in
progress to narrow the uncertainties in
the epidentiologic knowiedge base. n
the area of residential EMF exposure, a
study by the University ot Southern Cali-
jornia in Los Angeles is testing the hy-
pethesis of an EMF association with
childheed leukemia. Directed by Dr.
John Peters, the study involves 230 case-
control pairs. Exposure assessments in-
chude 24-hour magnetic field measure-
ments, engineering-based classification
of nearby outdeor utility lines, and an
extenaive effort to collect information on
potential confounding factors. Prelimi-
nary results are expuected this spring,.
Kheifets says, “It'= important to under-
stand why a 1987 study by Dr. David
Savitz found a weaker association of
childhood cancer and actial measured
magnetic ficlds in the same data that re-
vealed an association with a surrogate
exposure, which was determined by
wire code classification. This is tine Fac-
tor the USC team is investigating,
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The Spectrum of EMF Health Research

Different types of studies have different strengths and weaknesses. No ane type can give the whole
answer—all three are necessary 1o determine if there are health risks from EMF.

Epidemiology These stugies are based
on real people, but information, especially on
exposure, is often incomplete. Occupational
studies offer somewhat better exposure data
than other types. Prospective studies, which
follow individuals in real time, give better
information than retrospective studies but take
much lenger. Conclusions from epidemiologic
studies should be drawn only when multiple
studies conducted on a variety of populations
give consistent results.

Laboratory studies Such studies of
cells, tissues, and whole animals otfer better
control—experiments can be designed to
produce graded exposures and to minimize
the confounding effects of diet, genetics, and
the environment. Investigators can generate
and examine specific hypotheses. Laboratory
studies are better for establishing dose-
response relationships than epidemiologic
studies, and they provide the opportunity to
identify which aspects of exposure are biologi-
cally important. A limitation of animal studies,
however, is the difficulty of extrapolating
cbservations to estimates of risk for humans.

Exposure assessment Measurement of
actual exposure is important to identify major
sources. Exposure assessment instruments
are being developed to provide the information
needed both to conduct epidemiclogic studies
and to accurately interpret their results.

© EPRIJOURNAL January/February 1990



“The results of the LS study will by
no means be definitive, but they will
provide mure-precise information that
will complement and improve on pre-
vious childhood cancer studies. We are
using a different location and a larger
number of leukemia cazes, and we're
hoping for a much better response rate
amaong vases and controls, We are con-
centrating on one disease, leukemia, and
we are doing much more detailed expo-
sure assessment,” adds Kherfets,

EMF exposure has also been impli-
cated in changes in reproductive out-
comes. As with cancer, the evidence of
affects on reproductive outcomes is frag-
mentary. {ine Swedtsh study observed
an increased frequency of abnurmal
birth outcomes among the wives of
workers at high-voltage switkchyards. In
this country, Wertheimer and Leeper re-
port longer gestation periode and lower
birth weights in babies born to users of
heated water beds and electric blankets.

[n Mew Haven, Connecticut, a Yale
University medical research team tinder
EPRI sponsership is gearing up for the
first large prospective study of pregnant
woimen and EMF exposure. Some 4000
women who enter the Yale-Mew Haven
Medical Center for obstetric care over
the next 3—-4 years will form the study
group. Detailed exposure assessments
will be conducted for about ene-quarter
of them, and the results will be uzed to
mode! exposures for the rest, Those
monitored will wear EPRI-developed
personal EMF dosimetry devices for
week-long periods at several points dur-
ing their pregnancies, [n addition, EMF
dasimiters will be left in the homes of
these women for 24-hour periods.

A resparch team led by Dr. Michael
Bracken will look for signs of retardation
ot intrauterme growth and late (8-12
weeks) spontaneous abortions. “This ik
the first large prospictive study of EMF
and repreductive outcumes,” noles
Kheifets. “We are going to learn a lot
about the EMF exposures of the women
in this study. A pilot study found that as

many as 38% of the pregnant women in
a small sample used electric blankets
and electrically heated water beds,
which produced average exposures ot
13-30 milligauss |mG|, so in the full
study we shipuld be able to see the ef-
fects of those exposures if there are any.”

Results should become available in
1993. That's about a vear atter results are
eapecled from an EMF assessment re-
cently added to a spontaneous abortion
study being conducted by state health
researchers in California. “I think these
two studies, if the results are consistent,
will settle the issue of whether magnaetic
fields affect reproductive outcomes,”
says Kheifets,

In accupational epidemiology, final
results are expected in the next few
months from the first large EPRI study.
The retrospective study of former tele-
phone workers 1s now winding down,
having found no association between
leukemia and EMF exposure and sur-
prisingly few telephone workers who are
actually exposed to significant magnetic
fields on the job.

Directed by Dr. Genevieve Matanoski
of Jehns Hopkins University, the study
analyzed the occurrence of leukemia as
well ak the magnetic field expesures of
workers from a population of over a mil-
lion former Bell System employees. Bab
Black, the EPRI project manager, says de-
tailed measurements wiere madde for esti-
mation of the actual EMF exposures of
the leukemia cases and the controls.
Other occupational risk factors—expo-
sure to organic solvents such as benzene,
for example—were also evaluated.

“We expected the EMF expostres tor
some jebs to be comparable to those of
electric utility line workers, but that
turned out not to be the case,” Black ex-
plains. The only set of telephone workers
who do receive significant job-related
magnetic field exposures, according to
Biack, are cable-splicers and others who
aften work in urban underground vauits.

One anticipated conclusion of the
study i= that, because few significant

magnetic field éxposures were found,
the apparent lack of an association be-
tween job classification and {eukenia has
not been conclusively demonstrated.
"Still, tt was a big study papulation, in
volving generally greater magnetic fields
thav are typical of residential environ-
ments,” says Black. A more-recent
follow-on study appears to have found
sume positive assaciations between occu-
pational EMF exposure and cancer, how-
ever. (See box, p. #.)

What should perhaps prave more per-
suasive is another study now in full
gear—a study of electric utility workers
Five major LL.S. utilities arc participating
in a retrospective study of some 150,000
white male employees wha worked fir
the companies between 1950 aixt 1956.
Within aboul three years, it ehould be-
come clear whether workers in certain
utility jobs run an increased risk uf leu-
kemia or brain cancer.

The study will cover 2.5 million
person-years, says Black. “There have
been only a few industrial epidemologic
studies that were bigger,” be explains,
citing, those of rubber factory and ship-
yard workers. David Savitz of the Uni-
versity of Morth Carolina is directing the
epidemiology. Enertech Consultants is
performing extensive measurements aif
lhe EMF exposures of workers in various
job lassifications that will be used to re-
construct and estimate employee expo-
sure histories. Confounding risk tactars
will also be analyzed.

In stiil another EPRI-sponsared study,
careful measurements of EMF exposures
of persons in certain job categories are
being made. The populations from three
previous studies (Seattle, LLos Angeles,
and New Zealand) indicating increased
leukemia risk are being, reanalyzed on
the basis ot actual EMF measurements.
EPRI-developed instruments and proto-
cals have been used ti assess the expo-
sures of about 750 waorkers in the threc
lacations. The earlier studies did not
measure actual exposures but instead
used only job titles for classification. Re-
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Telephone Workers and EMF:

Despite negative results in a na-
tional ktudy of telephone workers

that sought epidemiologic evidence of
a link between occupational EMF ex-
posure and cancer, preliminary results
from a recent follow-on study are
drawing attention because they appear
to contradict the earlier findings.
Both =tudies were conducted by re-
searchers at Johns Hopkins University
under the direction of Dr. Genevieve
Matanoski, the principal investigator.
The original study, sponsored by EPRI,
analyzed leukemia deaths during
1975-1980 among 1.2 million retired
and active employees of the former
Bell telephone system. Although more
informatien continues to be addird on
the employment and exposure histo-
ries of subjects i this nationwide
study (known as a case-control study),
the Johns Hopkins researchers have
reported finding ne evidence of in-
creased risk of leukemia among tele-
phone lingmen. This is the case when
linemen—workers who are presumed
to have greater-than-normal exposure
to EMF—are analyzed as a group and
when they are analyzed as subgroups
characterized by estimated expisure.
In analyzing the results, howaver,
Matanoski and her colleaguss became
concerned that the study might be
missing a significant number of leuke-
mia cases among younger, active
workerz. Only 40 deaths in the 20-49
age bracket were observed in the case-

8 EPRI JOURNAL January/February 1990

A Closer Look

control study; something like 200
might be expected, given national leu-
kemia mortality rates.

With funding from the Mational In-
stitute of Environmental Health Sci-
ences, part of the U.S, Mational [nati-
tutes of Health, the Johns Hopkins
group tried to find the supposedly
missing leukemia cases in a 50,000-
per=on subset of active Mew York male
telephone workers, aged 20-49, who
were employed during 1976-1980, The
tram studied the incidence of all types
of cancer at onset, rather than as a
cause of death, by matching records of
the workers with those of the Mew
York Cancer Registry, one of the few
such extensive state data banks.

Althougl the actual numbers of can-
cer cases found among the Mew York
workers were small, the incidence
rates for subjects with line-related jobs
were higher than those for other tele-
phone company employees. This was
particularly true for cable-splicers, the
most heavily exposed subgroup of line
workers. Among the 4500
splicers in the Mew York study, there
were three cases of leukemia, equiva-
lent tr a rate seven times higher than
that for other telephone workers. The
cable-splicers aiso showed a statis-
tically significant, 1.8-times-higher
overall incidence of cancer when com-
pared with other telephone workiirs.
Still, the everall cancer rate for all line-
related workers in the study was be-

cable-

low that for all Mew York males.

The Johns Hopkins researchers
found two cases of male breast cancer
in a subgroup of 9500 central office
technicians, workers who were be-
lieved to be exposed to EMF primarily
from older, electromechanical
phone switching systems. Zero cases
of such a rare malignancy in men
would ordinarily be expected. Also,
compared with
central office technicians showed a
slightly higher overall rate of cancer.

In reporting these latest findings at
the annual EPRI/ DOE EMF centractors”
research review last Movember, Dr.
Matanoski observed that “there does
appear to be an increased risk eof leu-
kemia in the young warkers” and that
different exposures from line work ap-
pear to result in different patterns of
cancer risk. Yet she also stressed the
preliminary nature of the results.

Comments EPRI's Leonard Sagan:
“Because the two studies used differ-
ent methodelogies and involved dif-

tele-

non-iine workers,

ferent populations, their results are
difficult to reconcile. In addition, there
may be factors other than EMF expa-
sure contributing to the incidence ef
cancer among the workers. From the
information we have seen, however,
this clearly deserves to be tollowed up.
EPRI intends to purstie possibilities for
further research in this area with Dr.
Matanoski to clarify the apparent dif-
ferences in results.”



EMDEX Profiles Personal Exposure Through the Day

A personal magnetic exposure record taken with the EPRI-developed EMDEX device shows how the magnetic fields an individual experiences can vary
through the course of a day. Periods at home show peaks from kitchen appliances and other electrical household items, including a telewision, an etectnc

blanket, an electric razor, and a microwave ovan. At work, fields were recorded as the subject passed building HVAC motors or worked at a deskiop
computer. Quidoors, the subject walked by neighborhood utility Tacilities, including an overhead transmission line and a distribution substation. The field
levels shown are not necessarily lypical of the sources indicated, but the EMDEX profile demonstrates that a great variety of sources contribute to an

individual's total magnetic field exposure and that fietds from such sources can vary widely
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sultw of the reanalyses should be avail-
able next spring.

Laboratory studies:
back to basic science

Epidemiology was the primary source of
the suggested link between EMF and
cancer. Ultimately, however, validation of
the nature and magnitude of effects, if
any, will depend both on laboratory cel-
lular and animal studies and on epide-
miologic evidence.

Ethical considerations, the difficulty in
controlling genetic and environmental
variables and expostre, and the length
of the human lifespan together make it
impossible to rely solely en human data.

12:00 a.m, 3:00 a.m, 6:00 a.m,

Time

Besides the need to validate effects, there
is a critical need to better understand the
mechanisms of biological interaction.
These and other questions—such as,
what is a useful concept of EMF dos-
age—are most readily answered in labo-
ratory studies of whole animals (mostly
rodents) and animal (including some hu-
man) cells and tissues.

“If there are health effects from EMF
exposure, then the priscess has to begin
at some primary level, such as macro-
molecules or the cell membrane, where
these fields interact and cause funda-
mental changes,” says Charles Rafferty, a
biophysicist who manages most of EPRI%
EMF laboratory studies. “We need to be

9:.00 a.m

it {

able to identify the site of interaction and
the physical mechanism. Ultimately,
things have to be described in terms of
the macromolecular systems that make
up cells and membranes—that’s the
mechanistic level we need to know about.”
In their general conclusions about the
biological effects of EMF, the Carnegie-
Mellon/OTA authors summarized what
is known about central nervous system
effects and the possible role of EMF in
promoting cancer. Whole-animal studies
indicate that “subtie and complex” ef-
fects, including altered circadian
rhythms, can resuit from the interaction
of electromagnetic fields with the central
nervous system, they say. The interac-
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pidemiologic studies have pro-

vided the major evidence relating
residential EMF exposure to childhood
cancers, including leukemia, and re-
lating occupational exposure to leuke-
mia and brain cancer—the health ef-
fects that have attracted the most public
interest as the EMF issue has evolved.

FPublic concern and research interest
in the possible health effects of expo-
sure to relatively intense EMF began in
the early 19704 with reports from the
Soviet Union of nonspecific ailments
including headache and loss of libido
among workers at high-voltage switch-
yards. But, in 1979, results of a case-
control study of children in the Denver,
Colorade, area by Wertheimer and
Leeper focused attention on cancer and
a possible link with relatively weak
EMF in homes,

Wertheimer and Leeper found an el-
evated risk of all cancers and a twofold
risk of leukemia ameng children who
were presumed to have received
greater magnetic field exposure be-
cause of their homes’ proximity to
power distribution or transmission
lines or transformers.

On the basis of a limited set of actual
measurements, the authors classified
as high or low the comparative magni-
tudes of magnetic fields in the homes
according to their nearness to pre-
sumed high-current utility lines.

The results of the study were ques-
tioned in the scientific community be-
cause of various limitations in its de-
sign and methods. These included an
unvalidated surrogate for estimating
exposure and a failure to take account

10 EPRI JOURNAL January/February 1980
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of such potentially important con-
founding causes of disease as exposure
to radiation or pasaive exposure to cig-
arette smoke.

At least four other case-control
studies of childhood cancer have been
done since the original Wertheimer-
Leeper report. Two (one in England
and one in Rhode Jsland) found ne as-
sociation with magnetic field exposure,
while two others (one in Sweden and
another in Denver, which was designed
to overcome the original study’s weak-
nesses) also indicated positive associa-
tions,

The second Denver study, sponsored
by the utility-funded ™ew York State
Power Lines Project and directed by
David Savitz (an epidemiologist now at
the University of Morth Carolina),
looked at a different pepulation of chil-
dren diagnosed with cancer during a
later period of time. Both wire-coding
classifications and actual indoor mea-
surements were uked to characterize
EMF exposure.

The exposure assessments for the
1987 Savitz study are today the source
of much of what is known about resi-
dential EMF levels, pending more-
detailed assessments. The overall study
found that children with cancer were
more likely to live in the homes with
the highest assumed magnetic fields
(as estimated by proximity to high-
current-capacity utility lines and
equipment), although the association
with measured magnetic fields was
very weak. Mo association of electric
fields with cancer risks was found.

In 1982, using a methodology for ex-

posure assessment similar to the child-
hood study, Wertheimer and fLeeper
also found an association between resi-
dential wiring configurations and adult
cancers (of the nervous system, uterus,
and breast). The results have been
questioned because the study was con-
ducted mostly with a non-blind expo-
sure askessment.

Some 15 occupational epidemiology
studies have looked for a link between
EMF and cancer. The expectation, based
on the usual concept of a linear dose-
response relationship, has been that
any health effects should be mest dis-
cernible among workers in jobs be-
lieved to entail EMF exposures much
higher than those in a residential envi-
ronment,

Such so-called electrical occupations
have been assumed to include alumi-
num smelter workers; electrical equip-
ment assemblers and repair techni-
cians; electricians; engineers; movie
projectionists; power station personnel;
power and telephone line workers;
streetcar and subway operators; tele-
graph, radio, and radar operators; and
welders.

The actual exposures typical of these
occupations have not, in fact, been
measured previously, although current
studies are substantially expanding
the knowledge base. Lack of quantita-
tive occupational exposure data up to
now may bg one reason the epidemio-
logic data are mixed. In some studies,
for some job titles, the numbers of brain
and central nerveus system tumors
and incidence of certain types of leuke-
mia are elevated; for others, not.



tions may depend on the frequency and
intensity of the field, the earth’s back-
ground magnetic field, and the lime and
length of esposure. "How and whether
these findings have public health impli-
cations remains unclear,” the authars
note,

Regarding cancer promotion, the au-
thors say cellular-level experiments poing
to the cell membrane a= al least one site
of EMF interaction. The cell membrane is
a known receptor for chemical cancer
promisters. At the individual cell level,
the snembrane governs processes that are
nuspected of being altered by interaction
with EMF, mcludimg immune response
and communication amony, cells, In one
laboratory, EMF has been shawn to in-
crease production of a cell enzyme (or-
nithine decarboxylase) that is essential
for normal growth, aithough EMF does
nol cause the vary high QDC levels that
are assoctated with cancer promation,
according to EPRI’s Rafferty.

Similarly, to the extent that EMF is in-
valved in altered pratein synthesis, in
changes in immunolegical or hormone
status, or in altered circadian metabolic
patterns, the progression of a tumor ini-
tiated by some other agent inight, in
turn, be affected, the Carnegie-Mellon
authors note. Electric fields have been
ghown in rats to depress the synthesis of
the hormone melatonin by the pineal
gland. Suppressed melatonin levels have
been associated with the growth ot can-
cer, while adminiatration of melatonin,
under iertain laboratory conditions, can
slow cancer growth.

The Camegie-Mellon authors point
out that, while the observations “are con-
sistent with the hypathesis that [EMFI
may play a role in cancer or tumiir de-
velopment, none of these constifutes
prool ar even necessarily a strong indica-
tion that it does.”

On the basis of his knowledge of the
laboratory studies, Rafferty dovd not see
the evidence of biological effects trom
exposure to magnetic helds as clear and
unequivacal. “l think that overstates

what we know, as well a= the strength of
Lhe experniments.

“The problem is that, although some
goed laboratories have done some well-
designed experiments, there has still not
been good replication among laborato-
ries. All the positive results from all
studies everywhere get thrown into the
same bag, but in general, they have not
been replimled or expinrvd lhnmughly,"
says Rafferty.

“Until there is agreement amony labo-
ratories that when vou get a particalar
endpoint you can do the same experi-
ment elrewhere and get equivalent re-
sults, | wotild not say that we have un-
equivocal evidence for effects at the cell
or macromolecular level. Evidence for ef-
fects in animals is also inconsistent; we
certainly do not have convincing evi-
dence tor harmful effects at the whole-
animal level,” Rafferty adds.

Rafferty agrees with the OTA paper’s
emphasis on the danger and the diffi-
culty of estrapalating observed cellular
phenomena to whole organisms. “Effects
at the cell level don’t necessarily tell us
anything about how such effects might
resuit in physiological changes in the
whole animal. Animals have strong ho-
meostatic mechanisms designed to com-
pensate tur changes at one level with an-
other physiological change. Generally,
only very strong perturbations at the cell
level will produce effects that can be
seen at the level of the whole organism,”
Ratterty notes,

Probably the most estensively studied
area of bielogical effvcts in EPRI's re-
search has been that of birth defects; in-
vestipations have beenr conducted on
various laboratory aninaly, including
swine and rodents, Recently concluded
work at Battelle, Pacific Morthiwvest Labo-
ratories, involved rats exposed to electric
field=and, most recently, to magnetic
fields.

Both parts of the study used groups of
several hundred animals under zeveral
levels of exposure. Exposure to power-
trequency electric fiekls ranging up to

130 kV/m produced no significant ef-
fects. The findings of the latest study, in-
volving magnetic fields of up to 10 G,
were alsa negative.

Bob Black, the EPRI project manager,
says the rat teratology studies were
among the largest of their kind ever con-
ducted. Related experiments are being
done in Sweden and Canada. But on the
basts of Ihe negative Battelle results, EPRI
does not anticipate major new efforts of
its own in this area.

Despite epidemiologic studies and
cellular-level experiments that suggest
that EMF may act as a cancer promoter,
so far there have been only limited labo-
ratory studies in whole animals to Lest
the hypothesis. EPRI has been planning a
scries of whole-animal and related cellu-
lar experiments thal, collectively and
eventually, should heip answer the ques-
tion,

A workshop of leading cancer re-
searchers in the summer of 1988 pro-
vided majer input to the research plan-
ning. Among Lhe studies recemmended
were a chronic toxicity-carcinogenicity
evaluation employing the National Toxi-
cology Mrogram (NTP) protocol, a skin
cancer promotion study in mice, a liver
cancer promotion study in rats, studigs
on leukemia and brain cancer in mice, an
animal immune system study, a clinical
sludy on the human immune system, a
tumor growth study, a cellular study on
canier promotion, and a battery of tests
for genotoxicity (although there is no ev-
idence that EMF is capable of cauking
gene mutationt.

Rafferty says that ideally all of the rec-
ommended studies should be completed
twhether by EPRI or by other sponsors)
to establish the aboratory basis for con-
sidering the question uf EMF carcino-
genicity in humans. @ther sponsors, in-
cluding Canadian government agencies
and utilities, as well as the Swedizh gov-
ernment, are funding animal experi-
ments on =kin cancer and liver cancer
promolion and the cellular cancer pro-
maotion study. EPRI is following these ef-
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forts and anticipates sponsoring seme
additional experiments.

Bew projects will constitute the core
of EI'RI’s laboratory studies on cancer.
“The cornerstone of the program is a
study on leukemia and brain tumors in
mice and rats,” says Ratferty. The project
will expose several thousand rodents of
susceptible strains to elevated magnetic
fields over their full, twir-year life spans.
“If EMF is involved in the development
of cancer at any stage, the effect should
be demonstrable in animals. This study
is designed to tell us whether magnetic
fields either initiate er promote cancer or
function in combination with known car-
cinogens,” adds Rafferty. Results are ex-
pected by late 193,

EPRI is also cooperating with the Ma-
tional Institute of Environmental Health
Sciences o develop an BTP-protocol
evaluation of EMF taxicity and carcino-
genicity {another of the recommended
studies). In addition, immune system
studies on both animals and humans are
planned. A tumor growth study in mice
is also anticipated.

The best-documented physiological ef-
fect of EMF in animals, according to
Rafferty, is the suppression of nighttime
synthesis of melatonin under exposure
to electric fields. "If this observation in
accurate—and we are now examining
this—the possibility that EMF could af-
fect human health through the alteration
uf pineal gland function must be taken
seriously,” he says. Various animal
studies suggest that melatonin can med-
ulate the immune system and even di-
rectly suppress the growth of cancer
cells. The hormone is also associated
with regulating development and repro-
duction and with modulating behavior
and related circadian rhythms.

EPRI is sponsoring follow-up studies
of published work on electric fields and
melatonin synthesis and is planning an
experiment to test the effect of melatonin
suppression on tumor growth. Building
on the results of these projects, future
studies will more fully explore the hu-
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man health implications of these factors
and attempt to specify the thresholds of
response for both electric and magnetic
ficlds as well as the site of biological in-
teraction, A 1988 pilot study of human
volunteers vsing electric blankets—con-
ducted for EPRI at Battelle—was incon-
clusive in identifying an effect of mag-
netic field exposure on melatonin
svnthesis.

The search for mechanisms

The epidemiologic studies suggesting an
assaciation between exposuris to mag-
netic tields and cancer were controversial
in the scientific community because,
among, other reasons, they had puzzling
implications for the physical mechanism
of bielegical damage. Because there is no
evidence that EMF transfers energy capa-
ble of damaging gene-carrying chromo-
somes in cells, and because in several
cell studies magnetic fields have no dam-
aging effects on genes, EMF does not fit
within the single-stage model that ex-
plains how most known carcinogens
cause cancer.

A more-recent, bwo-stage model of
cancer suggests the interaction of an ini-
tiating agent (i.e., one that does damage
genes) with later exposure to a promoter
agent that can stimulate abnormal
growth but that cannot by itself cause
cancer. EMF plausibly could play a role
as a promoter under this thesry of can-
cer. Moreover, the positive statistical as-
sociations betwisen cancer and EMF ex-
posure that have been found in some
epidemivlogic studies have encompassed
several types of cancer, an observation
that seems more consistent with the hy-
pothesized role of EMF as a cancer pro-
moter.

The biological research literature
abounds with reports of EMF effects,
ranging from altered calcium ion Aux
across cell membranes ta activation of
enzymes, changes in cells’ immune activ-
ity, endocrine system changes, and alter-
ation of DNA, RNA, and protein syn-
thesis. Still, notes EPRI’s Rafferty, “no

mechanism of EMF interaction uniquely
accounts for these effects.”

Among the hypothesized mechanisms
of EMF interaclion are the induction by
magnetic fields of currents in tissue thal
in some way alter cell membrane func-
tion; molecular resonances at certain fre-
quencies of an oscillating magnetic field
in combination with the earth’s static
magnetic field, which could affect the
tflow of ions across the cell membrane
(the cyclotron resonance model); and the
interaction of magnetic fields with mag-
netite bodies in nerve cell structures.

Of these theories, says Rafferty, inter-
action witihh magnetite represents the
only well-defined bisphysical model. {t
is known that bacteria containing
ferromagnetic material will orient their
motion along an applied magnetic field,
“We don’t really know how this might
aftect the functions of higher organisms,
or even if it applies, but it's a very inter-
esting area of research,” he adds. EPRI-
sponsored work at the California Insti-
tute of Technology is currently looking
for a magnetic field receptor in the nerve
cell structure of salmon that is believed
to be related to their migration behavior.

Several key experiments that gave tise
to the cyclotron resonance medel, such
as studies of diatom movement and of
calcium flux in human lymphocytes, are
being explored further, says Rafferty. He
says the hypathesis is still considered
highly implausible because the normal
thermal energy flux in cells is several or-
ders of magnitude greater than the very
small coupled energy that may result
from magnetic field resonance with ions.

Other mechanistic studies that EPRE s
supparting involve the area of gene ex-
pression, Although EMF does not appear
to damage DMA structure directly, it has
been suggested that EMF may alter cell
processes by interfering with ihe tran-
scription of RMA, an intermediate step in
the process by which DNA dictates pro-
tein production. EPRI-funded work at
Columbia University and Hunter Col-
lege is exploring the changes in RNA
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Key sources of magnetic fields in typical residential environ-
ments include overhead utility distribution lines (both pri-
mary and secondary circuits), the electrical grounding |
system (usually te the metallic water main), and indoor appli- o = | —
ances {e.g.. televisions). Possible other sources include e |
unusual wiring configurations, underground distribution ‘ _
lines, and nearby high-voltage transmission lines. In the | 18
|
|

case of overhead distribution lines, magnetic fields in addi-

tion to those generated by balanced currents in the primary

and secondary conductors can result from net currents—the

vector sum of all the individual wire currents (arrows)— ' v
which fluctuate as loads change. And in buildings that are
typically grounded to the same maze of underground water
pipes, indoor fields can even be affected by return currents
from loads in neighboring structures. A fully wired laboratory
structure and distribution circuit similar to the arrangement
in the diagram have been constructed at EPRI's High
Voltage Transmission Research Center to study the EMF Ground to water main Indoor loads
environment under different simulated loads and electrical

conditions.
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transcription and protein synthesis, us-
ing the salivary cells of flies and a vari-
ety of human cells. The Institute also
closely monitors mechanism research
being conducted internationally.

Getting a better handie on
exposure

A major challenge in hoth epidemiologic
and basic laboratory research, and a ma-
jor part of EPRl's EMF research program,
involves dosimetry and exposure assess-
ment. Although highly variable over
time and space, the electric and magnetic
fields that people normally come into
contact with are thought to be very
weak, But it is known that around cer-
tain appliances and motors, or in the im-
mediate vicinity of any facility or equip-
ment that controls, carries, or uses large
amotumts of electricity, the fields can be
several to many orders of magnitude
more intense.

Getting accurate information on the
strength and distribution of these fields
is crucial to the soundness of study re-
=ults and, more generally, to the under-
standing of the baseline presence of EMF
in the modern environment. It is in expo-
sure assessment that EPRI has perhaps
made the most headway to date.

A powerful computer program for cal-
culating electric and magnetic fields

The Search for
Cellular Mechanisms

Various mechanisms have been proposed to explain how magnelic fields
affect biological systems and thus may be involved in promoting cancer
or in producing other health effects. Some theories focus on the argan or
macromolecular leval. According to one, for example, magnetic figlds
may suppress the human immune system’s resistance to the initiation or
progression of cancer from some other cause. This suppression could
result from direct effects of magnetic fields on lymphocytes or from their
altering of the body's production of a key hormone, melatonin. Other
hypothesized mechanisms of magnetic field interaction extend down 1o
the subcellular level, involving altered communication at the junctions
between cells or on cellular control functions involving RNA.

around high-voitage transmission lines—
ENVIRO, a product of earlier EPR! EMF
activity—is available as part of the
TLWorkstation™ and is widely used by
utilities in transmission system planning
and engineering. But present research
must consider a broader universe of ex-
posure sources, including distribution
lines, household wiring, and electrical
appliances.

To measure fields from such sources,
two new portable devices fer measuring
personal exposure have been commer-
cially developed and are biting tised in
the field. The first, EMDEX {(electric and
magnittic digital exposure system), is a
battery-powered, microprocessor-basiid
device worn on a beltpack for sampling
and recording field levels over extended
periods. It weighs about a pound and
was develiped for EPRI by Enertech
Consultants and General Electric. Some
60 utilities have conducted EMF surveys
of various utility occupational environ-
ments using EMDEX.

EMDEX is now being commercially
produced under license by Electric Field
Measurements of West Stockbridge,
Massachusetts, at a cost of around 2000
per instrument. At a rate of up to oncw
every second, EMDEX recards the mag-
netic field component along three axes,
electric fields, and motion in the geo-

magnetic field. A personal computer
loaded with EMDEX's accompanying
software 15 used to set up the instrument
at the start of a survey and to recisive
and analyze downloaded data.

According to Stan Sussman, the EPRI
project manager who has guided the de-
velopment of EMDEX, the project has be-
come a model for follow-on hardware
work. “The accelerated approach to com-
mercialization—encouraging a large
number of utiiities to join in a coopera-
tive exposure assessment effort—has
biten invaluable in speeding parallel
work on measurement protocols and in
beginning the colliction of measurement
data as =son a= possible,” says Sussman.

EPRI haw also sponsored the develop-
ment of AMEX (average magnetic field
exposure meter), a two-ounce wrist-
watch-style screening device. [t gives a
cumulative readout of a single-axis mag-
netic field measurement. A limited num-
ber of units have been produced for use
by EPRI] researchers and utilities, hMade
in quantity, the AMEX would cost about
$100 per device.

Sussman says the near-term goals for
next-generation exposure measurement
hardware are to add the three-auis capa-
bility to AMEX, to reduce the cost and
size of EMDEX, and to make both instru-
ments more rugged and reliable. Proto-
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Related Studies Here and Abroad

Cumulative EPRI funding for EMF
research since the earliest projects
began in 1973 now totals more than $25
million; the current pregram is invest-
ing about $6 million a year. The workis
conducted by leading independent re-
search scientists at major universities
and laboratories and managed at EPRI
by a team of experts in biology, epide-
miology, physics, public health, and
risk assessment.

EPRI's EMF research has been com-
plemented in this country over the
yearsbya basic sciences program spon-
sored by the U.S. Department of En-
ergy, currently funded at around $3
million a year. Research progranmu at
the state {evel are also under way or
have been completed in California,
Florida, and Mew York.

EPRI research managers and con-
tractors al®0 communicate with re-
searchers in many of the 11 other coun-
tries with active projects on various as-
pects of EMF; collectively, funding for
research abroad nearly equals that of
the EPRI and DOE programs combined.
Sweden’s program is the largest, run-
ning at just under $2 million a year.
Studies are also under way in Austra-
hia, Britain, Canada, Finland, France, It-
aly, Japan, Mew Zealand, Morway, and
Weit Germany.

A study involving up to 12 countries
iz being coordinated by the World
Health Organization’s International
Agency for Rissearch on Cancer, based
in Lyon, France, That project will exam-
ine aver 3000 cases of childhood cancer

for perturbations in postatal immune
system development. The children’s
residential EMF expostires will be as-
sessed,

Twaoclosely linked studies in Canada
will be partially funded by EFRI, the
Canadian Electrical Assoriation, On-
tario Hydro, and Health and Welfare
Canada. The studie= will be conducted
by the Cancer Contrel Agency of Brit-
ish Columbia, McGill University, and
the University of Torinto. Other child-
hood cancer studies are under way or
planned in Sweden and Britain.

The ®ational Cancer Institute isover-
seeing an EMF component of a study at
the University of Minnesota that is in-
vestigating 2000 cases of acute lympho-
blastic leukemia for various environ-
mental exposure risks and genetic fac-
tors.

Three studies just beginning in Cali-
fornia under the joint direction of the
state Department of Health Services
and the Public Utility Commission are
being funded by the state’s electric util-
ities as part of a $2-million-a-year,
three-year EMF research program man-
dated by the legislature. One project
adds an EMF exposure component to
a Mational Institutes of Health-spon-
sored study at USC of childhood brain
cancer.

In another of the Califernia studies,
USC and Enertech Consultants (a major
EMF measurement and analysis con-
tractor to EPRI) are repeating detailed
exposure apsessments. in 80 Denver
homes that were part of the Savitz

childhood cancer study. Finally, a study
in northern California of the associa-
tion between water quality and the rate
of spentaneous abortion in a large
number of women over the next three
years is being extended to include EMF
exposure {based on limited msasure-
menls). Results are expected around
1992.

At about the same time, results are
anticipated from an occupational study
of leukemia and brain cancer among
employees of the Canadian utilities
Ontarie Hydro and Hydro Québec and
the French utility, Electricité de France.
EPRT's Bob Black says the studies of
US. and Canadian-French utility work-
ers are on sufficiently parallel tracks
that if one study begink to find pogitivit
results in a particular type of cancer
or job classification, researchers for
the other fitudy can be alerted.

In Sweden, a cancer epidemiology
ktudy of utility workers has been ongo-
ing for over a year under the direction
of the country’s Mational Institute of
Occupational Health. The number of
subjects being studied is substantially
smaller than that in the US. and Cana-
dian studies; results are due in 1991,

A second Swedish study, under the
direction of Dr. Anders Ahlbom, will
investigate the risk ef cancer among
persons who live directly under or near
high-voltage transmission lines. Direct
measurements of EMF exposure will be
conducted within a sample of homes.
Thisstudy should be cempleted in 1991
or 1992.
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type second-generation AMEXs are antic-
ipated around mid-1990).

Equipped with EPRI's EMF instruments
and trained in measurement protocols
that have been developed in parallel,
utilities and EPRI rentractors on various
projects are sampling and logging data
on the diverse EMF environment—on job
sites and in homes, office buildings,
schools, and other public buildinga

The half dozen research projects in the
last few years that have measured resi-
dential magnetic fields have shown
mean field flux densities of 1 mG or
lower. But peak levels greater by an or-
der of magnitude or more are al4o found
indoors. Ongoing EPRI projects are fo-
cused on gathering a much more exten-
sive database on residential exposure as
well as developing new analytic tools for
assessing them.

A laboratory residential structure and
part of a neighborhoed distribution sys-
tem have been built at EPRI’s High Volt-
age Transmission Research Center in
Massachusetts to measure and evaluate
the dynamic EMF environmenl under
various wiring and current-loading con-
figurations. At HVTRC, operated for EPRI
by General Electric, the setup includes
the fully wired laboratory house, served
by a 1200-ft 23-kV overhead distribution
line and with grounding connections to a
specially designed water main system
with variable resistance, and a number
of simulated residential and primary cir-
cuit loads.

According to Greg Rauch, a project
manager in EPRI's Electrical Systems Di-
vision, two types of three-axis magnetic
field recorder developed primarily for
utility tield use will also be used at
HVTRC, in the national survey, and in
other rizlated projects. One device is a
waveform capture system for recording
many simultaneous point measurements
of tields and current flows. It will be
used at the laboratory house to study, for
example, how magnetic fields change as
researchers vary the loads and ground
resistance. Of particular interest
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EPRI Projects in EMF: Timetable for Results

Some 30 EPRI-sponsored research projects spanning epidemiology, exposure assessment, and basic
science are investigating various aspects af ithe EMF health effects quastion. The horizon for expected
results from most major studies is within two to tour years. The work 1s conducted in leading universities
and laboratonies and is guided by an independent advisory commiltee of distingutshed scientists. EPRI
also maintains close ties with other leading national and international EMF researchers,
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are the fields from unbalanced return
currents that can result from normal
loads, from improperly grounded house
wiring, and even from nearby loads out-
side the house.

Rauch says a second type of field re-
corder known as STAR (for stand-alone
recorder) will also be used at the labora-
tory house but will be more extensively
deployed in 1he survey now ninder way
of residential EMF in about 1000 homes
across the country. Some 25 utilities are
expected o participate. A 1988 pitiat
study involving six member utilities and
23 homes was used to develop the mea-
surement protocol and instrumentation,
Separately, representatives of some 20
utilities were trained at an HVTRC semi-
nar last September in the use of STAR.

Among other things, “the pilot study
identified net currents and nonstandard
wiring configurations as potental
sources of significant indior magnetic
fields,” says Rauch. (Met current is the
vector sum of all currients in a system of
canductors such as a three-phase distri-
bution line} On the other hand, a nearby
high-voltage fransmission line can also
dominate the indoor field, he adds. The
research =o far indicates a wide variabil-
ity in indoor field levels and in the major
sources contributing to those fields.

EPRI i= also sponsaring measurement
surveys of a variety of nonresidential en-
vironments, including offices, public
buildings, schools, and machine shops,
as well as power facilities (e.g., wenerat-
ing plants and substations and switch-
yards). Most of the results of both the
residential and nonresidential survey ac-
tivity should be available m 1991. The In-
stitute is alse sponsoring detailed mag-
netic field characterization work on
electric blankets at Carnegic-Mellon Uni-
versity. A compiter program for mirde]-
ing exposure te such fields is expectid to
be out by the middle of this year.

Many of the data being gathered from
EPR! projects and other projects on resi-
dential magnetic fields (their =ources,
tiveir intengities, and how they vary over

time and space through a structure) are
to be incorporated as they become avail-
able into a powertul new software pack-
age in the works. When it is released in
about two vears, the program—dubbed
RESICALC—will calculate and display a
map of indoor residential magnetic fields
fur various combinations of sources and
current flows.

Mow under development by Enertech,
RESICALC will feature a uzer interface
with three-dimensional CAD-type color
graphics, including icons for various
strisctural featuris, external and internal
electrical wiring, and appliances. “It’s a
very ambitious software ¢ffort,” says
Sussman, the EPRI project manager.
“Users will be able to flexibly define the
dimensions and the mechanical and elec-
trical layout of a structure and see it
modeled in three dimensions on the
screen. After assigning voltage and cur-
rent values and specifying some time
variables, they can dynamically calculate
the magnetic fields and view those in
three dimensions with the different in-
tensity levels shown in color as they
vary through the interior space.

“Users could also play ‘what if* games
and evaluate changes in the fields at dif-
ferent levels of power use or current
flow and different numbers and loca-
tions of field sources,” adds Sussman.
“The ultimate design objective is to en-
able the user to flexibly mode! an indi-
vidual's exposure as the person moves
about the house, with the clock running,
so to speak, and some or all of the
suurces operating. One form of output
might be a graph of integrated exposure
aver time,” RESICALC will be tested in
limited release in the coming year.

The continuing search for answers

As the depth and breadth of EPRI's re-
search program shouid indicate, sugges-
tions in recent epidemiologic and labora-
tory studies of a link betwecen electric
and magnetic fields and risks to human
health are being taken seriously. A broad
¢ffort has been mounted to investigate

the issue and sort out the truth from a
maze of fragmentary, vague, and sormi-
times contradictory nbservations. As the
elisctric utility industry's science and
technology organization, EPRI will re-
main at the center of the pursuit of the
broadest base of objective scientific un-
derstanding of EMF.

EPR! and other research nrganizations
in the United States are not alane in this
pursait of the truth aboiit EMF health ef-
fects. Agencies and groups in some
dozen countries are independently en-
gaged in a courdinated research effort.
There is reazon to hope that within three
to five years science will provide a much
clearer understanding of three basic
questiens that are at the heart of EPRI's
EMF research: Js there a risk to human
health? What are the biologically signifi-
cant enposures, if any? And how does
EMF cause biological effects? u
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Ithough some of the excite-

ment has subsided since the

discovery of high-tempera-

ture superconductors (HTSLU's)
in 1986, R&D on these remarkable mate-
rials is still going strong at laboratories
worldwide. A better understanding of the
potential of HTSCs is now emerging, in-
cluding cautiously optimistic hopes for
such utility applications as =uperefficient
generators and superconducting  trans-
mission cables. The news from the R&D
labs, however, is that HTSCs in customer
systems will probalily precede applica-
tions in the utility grid. It is in the end use
of electricity, in a wide variety of electri-
cally powered machines, that HTSi s and
other superconducting materials are likely
to make their most immediate and great-
est impact on utilitics and the value of the
electricity they provide.

The vision taking shape is one of light-
weight, highly efficient superconducting
motors driving pumps, fans, compressors,
conveyors, and virtually every other kind
of industrial machine. Superconducting
machines that use magnetic forces for
such tasks a= separating ores and clays,
pumping of corrosive and abrasive lig-
uids, fabricating sheet metal, and improv-
ing the properties of ceramics, plastics,
and metals may alsoe come inte wide use.
In electronics, circuits fashioned with su-
perconducting materials could boost the
processing speed of compuiters, reduce re-
sistance losses in motor controllers, and
enhance the ability of magnetic resonance
imaging scanners and other nondestruic-
tive enamination devices to sense minute
changes in magnetic fields. Even the pro-
censes of getting to work and traveling
betwien major cities could be transfermed
by superconductor applications in mag-
neticaily levitated trains.

Although formidable technical barriers
remain to be surmounted before any of
these visions can be realized, the potential
binefits te utilities and their customers are
too great to ignore. To bring both the op-
portunities and the problems into focus,
the U.S. Department of Energy and EI*RI in

Utility interest in the development of the new,

high-temperature superconductors—HTSCs—
goes beyond their possible application in the
power grid. The introduction of HTSCs in cus-
tomer applications is likely to have an even
greater impact on utilities, increasing the
value of electricity and expanding its use in vir-
tually every area of life. According to a recently
completed EPRI/DOE assessment, HTSCs
could open a window of opportunity for many
new uses of superconductivity—from powerful
but compact electric motors to high-speed com-
puters to magnetically levitated trains.
Researchers are now working to narrow the
gap between the potential of HTSCs and their
engineering practicality and are looking for
ways to shape the brittle ceramic materials in-
to useful forms. Recognizing the enormous
potential of these revolutionary materials for
both customer and utility applications, EPRI
continues to monitor and support the national
effort to put HTSCs to work.




Superconductivity and Everyday Life

Specialized applications of low-temperature superconductors are already a reality in medicine,
experimental physics, a prototype levitated train, and other kinds of machines. By reducing costs
and improving performance, HTSCs could expand the use of these superconducting machines
and lead to such entirely new applications as compact motors, electromagnetic pumps, and
materials fabrication techniques.

High-quality silicon manufacturing (UniSil)

Magnetically levitated train {(Japan Railways Group)



Portable mineral separator (Intermagnetics)

4

Biomagnetometer (Biomagnetic Technologies)

early 1989 completed the tirst comprehen-
sive assessment of superconductors and
their potential for improving the energy
productivity and capabilities of electri-
cally powered equipment.

“We’relooking squarely at the question,
‘What good might superconductors be?’
and learning that the answer could range
across virtually every industry and area of
life,” says Thomas Schneider, senior scien-
tific adviser in EPRI’s Office of Exploratory
Research. "By conceptualizing how we
might bridge the gap between the scien-
tific breakthroughs already made and the
engineering practicality still in the future,
we can better guide and set priorities for
our R&D.”

A question of feasibility

Superconductors have long showed po-
tential for improving the efficiency and
enhancingthecapabilities of electrical and
electronic systems. When cooled below a
critically low transition temperature, su-
perconductors lose all resistance todirect-
current electricity; this property suggests
that itmight be possible to reduce or elimi-
nate resistance in electrical systems, thus
improving efficiency and generating
stronger magnetic fields. In addition, su-
perconductorsshow a unique tendency to
exclude magnetic fields, known as the
Meissner effect, which could conceivably
be applied in new kinds of machines.

Some special applications of supercon
ductors, such as magnetic resonance med-
ical scanners and other scientific instru-
ments, already exist. In addition, most of
the large particle accelerators used in ex-
perimental physicsemploy superconduct
ing magnets to control the direction of
higlenergy particles racing toward the
experimental target. The metallic super
conductors used in these systems, how-
ever, require extremely low temperatures
toattain their superconducting properties.
These transition temperatures of 23 K or
lower can be achieved only by means of
liquid helium retrigeration, which has
proved too complex and costly for most
ordinary uses of electricity.

Today, the discovery of HTSCs has re-
vived visions of a role for superconductors
in many ditferent industries. Some of the
new, ceramic HTSCs are superconductors
at temperatures well above the boiling
point of liquid nitrogen, a plentiful and
thermodynamically efticient refrigerant
that is literally cheaper than beer. The
prospect of liquid-nitrogen-cooled sys
tems has enlarged the window of oppor-
tunity for superconductivity applications.
And if scientists should sueceed in devel-
oping materials that become supercon-
ducting at room temperature, this vista
will expand even further.

The obstacles to applications of HTSCs,
however, seem built into the characteris-
tics of the new materials themselves. Su-
perconductors function as such only be-
low certain critical values of temperature,
magnetic field, and current density (the
measureof the currenta conductor carries
per unit of cross-sectional area). HTSCs, to
date, have demonstrated tolerances for
relatively high temperatures and mag
netic field strengths; this suggests they
may become practical for many applica-
tions. But achievement of the most practi-
cally important characteristic—high criti-
cal current density-—remains a vexing
problem for researchers.

For applications developers, the chal-
lenge of achieviug high current densities
is complicated by other factors. First, the
maximum currentcarrying capacity ot
superconductors is reduced to a varying
extentby magnetic fields, which would be
present in all practical applications. Con-
tact with water vapor and with conven-
tional conductors and substrates—from
copper to silicon—can result in chemical
reactions with the HTSCs that can quench
their superconductivity. In addition,
HTSCs are superconducting only when
carrying direct current; therefore, ac ap-
plications must include power conversion
circuits or else sacrifice efficiency because
of ac losses. The magnitude of HTSC ac
losses is also not exactly known.

Facing these hurdles, scientists are at-
tempting to produce HTSC materials that
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can achieve and maintain high current
densities in real-world conditions, This
work has produced some success: current
densities as high «s several million am-
peres per square centimeter have been
achieved with thin films of the materials.
These films, however, have been produced
only on rigid, impractical, and costlv sin-
gle-crystal substrates, such as strontium
titanate, that do not rab the HTSCs of oxy-
gen. Researchers are now exploring ways
te insulate HTSCs from chemic.al reaction
while depositing them on silicon wafers
and other practical substrates that can be
readily manufactured for use in electronic
devices.

Other applications will require more
flexible forms of superconducting mate-
rical. Fashioning the brittle ceramic HTSCs
into wires and other bulk conductors for
use in electric motors and electromagnets
is proving extremely difficult. One possi-
bility now: being studied is to make a bulk
conductor out of many thin ceramic fibers
that could be bound together into a suffi-
ciently flexible superconducting svire. To
date, the best wires produced this way
haave demonstrated current densities in
the range of 1000 A/cm?, far short of the
100,000 A/cm? that will probably be re
quired for bulk applications. The Japa-
nese, however, have achieved values as
high as 17,000 A/cm? in a zero magnetic
field by taking a different approach, in
which powdered HTSC material is in-
serted into tubes of pure silver

“Rather than developing the materials
in forms used in conventional machines, it
may prove more productive to develop
applications around the forms of the mate-
rials that canpossibly be made,” says Dave
Sharma. a subprogram manager in EPRI's
Electrical Systems Division. “The interac-
tion between applications development
and basic research on theory and mate-
rialsmay produce entirely new equipment
designs and uses for electricity.”

Magnetic appeal

None of the possible applications for
HTSCs would have more impact onenergy
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productivity than vse in electric motors,
which account for about 64% of all electri
cal energy use in the United States. In con-
ventional motors, the magnetic field in the
air gap between the stator and rotor is
generally limited toa range of0.5-1.2 tesla
by saturation of the field in the iron stator
and by the risk of overheating from too
large a currentin the windings. Tradition
ally, designers increase the horsepower of
motors by increasing the length and the
radius of the rator or by adding more
turns in the winding.

A superconducting winding on the ro
tor, however, could make it possible to
increase the magnetic field in the air gap to
50 tesla or more and thus boost power
without necessarily adding to the motor‘s
weight and volume. The strong magnetic
tield in the air gap would makeitnot only
possible but necessary to operate the sta-
tionary ac winding without the tradi-
tional, Flux-assisting role of the stator core
iron. The stator cere could be reduced in
weight and volume, or even eliminated,
further reducing core losses and making
the motor even lighter and smaller. Over-
all, the reduction of losses trom both the
stator core and winding coutd make this
superconducting motor extremely effi-
cient.

In the recent EPRI/DOE assessment, re-
searchers at Oak Ridge National Labora
tory looked at several different supercon-
ducting motor concepts. One concept now
in development at ORNL locates the dc
superconducting field winding on the sta-
tionary portion of the motor. This unusual
design, which uses a round superconduct
ing stator bracketed by two rotating arma-
tures, eliminates some of the complexity
of supplving refrigerant to rotating com-
ponents of the motor. Yet it remains to be
seen it this novel approach can achieve the
kind of energy efficiency and density that
will make it practical. To explore the po-
tential of the concept, ORNL researchers
are now building a pratotype that uses a
low-temperature superconducting wind-
ing made of niobium-titanium, This re-
search could help clear the path for an

HTSC version of the motor as new mate-
rials become aveailable.

In a separate project, researchers under
contract to EPRI at Reliance Electric Com-
pany are designing and building an HTSC
electric motor in which the feld winding,
more traditionally, is located on the rotor
Like the ORNL design, this is an ac syn
chronous motor in which the supercon-
ducting component can be served with a
direct current. Following selection of ma-
terials for an HTSC winding, researchers
plan to build a 3-hp prototype by 1991.
This work should help clarify such issues
as the design of a practical refrigeration
system, the shielding of the superconduc-
tor from magnetic interference, and the
integration of power electronics.

“This prototype is not intended as a
commercially viable system,” says Jim Ed-
monds, a teclwical adviserin EPRI's Gen-
eration and Storage Division. “Our first
prototvpe may even use a smaller mag-
netic field and beless efficient than a con-
ventional motor, but what we learn in the
process could be invaluable.”

Beyond electric motors, many other
kinds of system could exploit the ability of
superconductors to produce strong mag:
netic fields. Magnetically levitated trains,
or maglevs, are proving themselves in
prototype demonstrations in West Ger-
many and Japan. Levitated 10-15 cm
above their guideways by the repulsion of
electromagnets in both the vehicle and the
track, maglevs can zoom straight into
downtown urban areas at speeds ot more
than 300 mph. This could make them con
petitive in the United States with air travel
for shorter routes, such as Boston to Wash-
ington, D.C., where traveling to and from
the airport often consumes more time and
worry than the flight itself. Analyses per-
formed at Argonne National Laboratory
show that the use of HTSCs in maglev elec-
tromagnets could bring down the costs of
those components, reduce energy con-
sumption by 10-15%, and make the entire
levitation system easier and less expensive
to maintain. Although these savings
would subtract only a small fraction of the
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In Pursuit of Higher Values

The combination of performance characterislics necessary for practicat use of HTSCs will
vary with different applications. Low-temperature superconductors have already achieved the
high current densities and magnetic field strengths necessary for many kinds of commercial and
research applications. HTSCs, however, must carry much larger currents and mainfain this
ability in stronger magnetic fields before they are ready for practical use.
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cost of building and operating a maglev
system, they could give a needed extra
boost to a clean, energy-saving technology
that increasingly seems te make sense.

A more down-to-earth group of tech-
nologies uses magnetic forces to separate
particles with differing magnetic proper-
ties from process flows and from raw ma-
terials, such as the kaolin clay used in
the paper industry. Although most mag-
netic separation systems use conventional
electromagnets, a unique, liquid-helium-
cooled system using a niobium-based su-
percenducting magnet is now in service at
the J. M. Huber Cerporation clay process-
ing plant in Georgia. Designed by Eriez
Magnetics, the system has demonstrated
superior capabilities and lewer operating
costs than the conventional alternatives.
Again, the use of HTSCs and liquid nitro-
gen could make such systems even more
attractive and broaden their use in many
different industries.

The magnetic properties of supercon-
ductors may also prove useful in the pro-
duction and fabrication of materials, many
of which can be engineered into usefui
shapes and, more fundamentally, restruc-
tured at the molecular level when sub-
jected to magnetic fields. Scientists in Ja-
pan and the Soviet Union have demon-
strated the use of magnetic forces to align
crystals within such materials as silicon
and ceramics into the uniform structures
needed for superior performance. Also, it
is known that polymers formed in high-
magnitude fields exhibit greatly increased
strength due to the better alignment of
individual molecules with the fiber axis,
but ne industrial processes have yet been
developed to exploit this effect. The avail-
ability of powerful and economical mag-
nets using practical HTSC materials might
change this.

Superconductors also show potential
for use in the large-scale fabrication of
metals and other materials, where re-
searchers are exploring the use of mag-
netic forces to mold solid materials into
sheets or rods, or hold liquid materials—
such as ultrapure silicon—in a levitated
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Improving Crystal Structure

Scientists have identified the random crystal structure of HTSCs as a factor that impedes the
movement of electrons through the material and limits current density. Using magnetic forces to
realign the HTSC crystals, EPRI-sponsored researchers at the University of Wisconsin at Mad-

ison are studying the relationship between crystal structure and achievable current density.



state so as v avoid contact with molds or
dies, Just as advances in digital electronics
created the design systems needed for fur-
ther progress in that field, application of
new materials to fabrication and process-
ing tasks may help move the entire field of
materials science forward.

Enhanced electronics

Exquisttely sensitive electronic instru-
ments such as magnetic resonance imay-
ing scanners and superconducting quan-
tum interference devices (SQUIDs) repri-
sent the largest commercial applicatisn of
superconductors today and could bi
made smaller, less costly, and easter te use
through application of the new HTSCs.
SQUIDs, which employ electronic sensors
te monitor tiny disturbanres in magnetic
fields generated by superconducting mag-
nets, are currently used in geological re-
search and in medical instruments—for
detecting changes in soft tissue inside the
brain caused by head injuries, epilepsy,
and other abnormalities,

The use of HTSCs could reduce the
bulky insulation needed to house liquid
helium for these instruments, improving
their effectiveness by making it pessible to
position them closer to the body. HYSEs
could also reduce the size and possibly
lower the capital costs of superconducting
instruments for detecting microwaves and
heat, with one possible application being
detection of submarines lurking far below
the ocean surfage.

Much of the esténsive research being
tinanced by the electronics, computer, and
comununications industries in the United
States, Japan, and Europe today s moti-
vated by the possibility of incorpurating
superconductors inte many kinds of elec-
tronic circuits and switches. Research on
ultrafast superconducling computers is
still in an early stage, but these applica-
tions may be among the earliest ones be-
cause they will reguire only supercon-
ducting films. A more relevant develop-
ment from the standpoint of electric
utilities may be the use of superconduc-
tors in motor controilers and other power

Challeng

@

for Long-Range Research

.8

‘NU

<
QOQ
Averit:lble obstacie course of tech-
nical hurdles faces researchers at-
tempting to develop applications for
HTSCs. The mast thorough assessments
of these challenges are cautioualy op-
timistic, emphasizing the need for a

commitment to long-range research.
Two reports an HT'SCs, one recently
publishidd by Japan’s Mikkei Research
[nstitute of Industry and Markets and
the other issued by the Congressional
Research Service in the United States,
predict that the first HTSC applicatiens
are at least 5-10 years away. The re-
ports agree that these first applications
are likely to use HTSC thin films in the
circuits of medical sensors, microwave
detectors, switches, and other elec-
tronic devices. The development of
more flexible and versatile substrates
for the thin films is a major goal of
current research, along with the inven-
tion of economical methods for manu-

facturing the films on a large scale.
Applications requiring bulk mate-
rials, such as electric moters, magnetic
separators, and other heavy industrial
equipment, are at least 10 years in the
future. Here researchers must contend

with the poor mechanical properties
of ceramic HTSCs while also looking
for forms—such as fibers, wires, or
tapes—that can maintain their super-
conducting properties while carrying
larger currents.

The effort to surmount these and
many other obstacles is now in prog-
ress around the world, involving thou-
sands of researchers in both private
and public laboratories. The United
States and Japan have taken lead roles
in  this work, with American re-
searchers at the forefront of materials
and theoretical research and the japa-
nese somewhat ahead in the devel-
opment of commercial applications.
Leoking to narrow thia gap, private or-
ganizations that include such technol-
ogy giants as IBM, AT&T, Dupent, and
Hewlett-Packard have stepped up col-
laborative HTSC projects with re-
searchers at universities and national
labs. To ensure that utility interests are
represented in the devetopment of ap-
plicationa for both power companies
and their customers, EPRI is continu-
ing to monitor and participate in these
efforts of national impoertance.
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Producing Practical Forms

Practical use of HTSCs will require material forms with the right balance of performance characteristics and mechanical properties (e.g., flexibility and
durability). Researchers around the world are experimenting with several material forms that could prove useful, including HTSC wires, coils, tapes. and

cables.

Making Coil at Argonne AtArgonne National Laboratory, a national center for HTSC applications work, researchers have succeeded in shaping the
brittle material into a flexible coil for use in such applications as electromagnets, electric motors, and generators. A paste of HTSC material and a binding
agent is extruded into a string, which is rolled into a coil and baked into a flexible, superconducting form. The finished product is then bathed in liquid
nitrogen to test its current-carrying capability.

Extruding the paste Finished product Testing for current density

Making Tape at Madison EPRI-sponsored researchers at the University of Wisconsin at Madison make an HTSC tape of their investigations of
current density and other performance characteristics. HTSC material in powdered form is inserted into a silver tube, which is stretched into wire and then
rolled into a flat metallic tape with a superconducting center.

Filling silver tube with HTSC powder Drawing wire from fitled tube Powdered HTSC with silver tube and finished tape
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dectronics components used o control
and manipulate clectricity at relatively
high currents and voltages. Motaor contral-
lers consume about 1% of the energy used
by clectric motors, an energy loss that
might be entirely eliminated through the
application of thin-tilm superconduclors
in power switches.

The use of thin-film superconductors in
power electronics devices could also im-
prove the efticiency of superconducling
motors, all of which will require electronic
controllers. If scientists should eventually
develop room-temperature superconduc-
tors, their application in the electronic bal-
lasts used o control Huorescent Hghts
could produce large energy savings.

New life for old technologies

An element of the excitement caused bv
the new HITSEs is the possibility that
thev may enable the application of certain
existing technologies on a much larger
scale, The use of superconducting mag-
nelic beal pumps in commercial and in-
dustrial refrigeration, for example, al-
though it seems farfetched today, may
eventually prove practical with the devel-
opment of 11T&0s, Small-scate versions of
these systems, using conventional elec-
Iromagnets, are used in scientific labora-
tories v achieve extremely lkow temper-
atures. They work on the basis of a prop-
erty of gadelinium and other rare earth
materials to absorh heat when subjected
te magnetic fields and then release heat
when the field is taken away. Substances
exhibiting this magnetocaloric effect can
thus function & refrigerants do in con-
ventional cooling cycles or heat pumps,
absorbing and releasing heat,

With superconductors delivering the
magnetic fivlds needed to induce these
temperature changes, the resulting pgains
in energy efticiency compared with con-
ventional systems might more than offset
the costs The
EPRI/DOE assessment emphasizes that
discovery of alternative, less costly mag-

high of rare carths,

netocaloric materials could help devel-
opers make this technelogy practical on a

much larger scale.

Another exutic techuology that could
become more commenplace with the ap-
plication ot superconductors is the electro-
magnetic pumping of carrosive and abra-
sive fluids, which often cause mainte-
nance problems in conventional pumps
and prove difficult to transport. Electro-
magnetic pumps have na seals or moving,
parts that come in sontacl with the wark-
ing fluid, making them attractive candi-
dates fora range of troublesome pumping,
tasks. They use the reaction of a magnetic
tield and an electric current inlroduced
mto the fluid being pumped; so far they
have been limiled lo the pumping of ex-
tremely conductive fluids such as the lig-
uid metals used in breeder reactors.

Thirmore efticient and economical gen-
eration of magnetic fields through the
use of superconductors might make clec-
tromagnetic  systems  mare practical
for pumping less conductive Huids such
as conl slurries, many kinds of corrosive
or abrasive chemicals, and radioactive
wastes. A related schume, using the inter-
action between a magnetic tield and a cur-
rent applied to a channel of seawater
pumped through an oceangoing vessel,
has been suggested as a possible break-
through  propulsion  system  for  large
ships

From the possible to the practical

While researchers look at the problems of
feasibility and scale invalved in broaden-
ing the applications of electromagnetic
pumpmg and other technologies, new
ideas for uses of stperconductors and
electricity are emerging ail the time. These
visions range from propulsion systems for
a new generation of electrically powered
vans and cars to improved photovoltaic
cells for salar power generation,

As rescarchers work to develop new
materials and fabricate more usetul forms
of the ones already at hand, they will con-
onue to narow the gap batween the
promisce of superconductors and their
seemingly boundless possibility for appli-
catien. As materials performance barriers

are surmuaunted, issues of sl and scale
are likelv to come mare clearly intu relief.
Fhe expancded use of low-temperature su-
perconduciors i applications such as mo-
tors and gencrators, materials separation,
maglev transportation, and medical diag-
nastics may help clear up some of the eco-
nomic questions that will bear on the
eventual use of 1HTSCs,

“It’s clear that many industries bestdes
the electric utilities have an interest in the
development and application of supuer-
comductors,” says Schneider. “These mate-
rials have enormous potential te increase
the value of electricily to our customers in
virtually every area of life, and to increase
the benefits of clectricity te society.”  ®

Further reading
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ckerman Lake in central Michi-
gan ia a trout angler’s Shangri-
la. lts slightly alkaline water
supports a vigorous aquatic
community—trout grow large and strong
feeding on an abundant variety of insect
species and freshwater shrimp, attracting
fishermen from around the world, who
provide an important source of revenue
to the local economy. Ackerman Lake's
bounty is made possible in part by the
calcium-rich soils and limestone for-
mations that surround its shore. Rain-
water and snowmelt flowing through the
watershed deliver a steady supply of nat-
ural acid-neutralizing material to the
lake, preserving the favorable chemical
environment in which Ackerman Lake's

residents thrive.

Thousands of other lakes, however,
lack such a natural capacity ti buffer
acid. Woods Lake in ™ew York’s Adiron-
dack Mountaing, for example, is sur-
rounded by weathered rock and shallow
s0ils that are deficient in acid-neutraliz-
ing compounds. It’s also downwind of
major industrial and metropolitan centers
whose factories, power plants, and auto-
mobiles emit acid-precursor chemicals.
Matural processes, such as the decom-
position of organic matter, also serve as
sources of acids in the basin. Acids car-
ried in the water flowing through the soil
of the watershed are only partially neu-
tralized before entering the lake itself.

Woods Lake is one of many acid waters
that are unable to support healthy popu-
lations of game fish. It has also been a
subject of extensive environmental study
since the mid-1970s, when EPRI re-
searchers began collecting data to learn
why Woods was more acidic than two
neighboring Adirondack lakes sharing
similar characteristics and receiving
similar inputs of acid rain. Some of the
knowledge acquired during the course of
that research is now being applied in a
new experiment—watershed liming—
that seirks to give Woods Lake a line of
defense against acid similar to the one
that naturally protects Ackerman Lake.

Addin ¢ limestone to acidified lakes has proved

an effective and environmentally sound
method of restoring populations of game fish
and other aquatic life. Building on successful
experience with lake liming, researchers are
now going a step further by liming a water-
shed—the land surrounding a lake—rather
than the lake itself. Applied by helicopter, the
limestone dissolves and saturates the ground
with calcium ions, which neutralize acidic
runoff before it reaches the lake. Researchers
are interested in whether deep soil layers are
neutralized and how that affects the duration
of treatment. Quer the next two years, re-
searchers will measure changes in soil and in
the acidity of the lake and its tributaries, as
well as monitor effects on aquatic life. A para-
llel experiment in West Germany will lime a
forested watershed to study effects on the ter-
restrial ecosystem. An objective of both projects
is to evaluate a computer model that simulates

lake-watershed processes.

EPRI JOURNAL January/February 1980 29



Liming the Watershed

For the Oclober liming operation, pelletized iimestone was trucked to a staging area near Woods Lake and was applied by a helicopter equipped with a
commercial fertilizer spreader. Pellets penetrate the forest canopy more effectively than powdered limestone, permitting uniform coverage of the areas
selected for treatmemt. Researchers will monitor the treatment's effects on the lake-watershed ecosystem for the next two years.
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Restoring an ecosystem

Last October, limestone pellets \were ap
plied by helicopter to the farested slopes
above the two tributary streams feeding,
Woods Lake. Autumn showers quickly
dissolved the limestone, allowing it to
soak in and saturate the top 15 cm ot soil.
The idea is that calcium ions liberated
from the limestone will increase the soil’s
buffering capacity, allowing it to neutral-
ize acidic Lnputs to the tributaries and the
lake. Over the next hwo years researchers
will measure changes in the acidity of the
lake and streams. as well as monitor the
treatment’s effects on the aquatic commu-
nity and the terrestrial ecosystem.

EPR) is managing the project, with tech-
nical and financial support provided by
Living Lakes, a private nottorprofit or-
ganization established
that liming is a feasible strategy for re-
stoving acidified waters. Additional fimd-
ing is being provided by the Empire State
Electric Energy Research Corporafion,
the U.S. Geological Survey, and the US.
Fish and Wildlife Service Cornell Univer-
sity, Syracuse University, Clarkson Uni-
versity, Smith College, and the State Uni-
versity of New York at Svracuse will as-
sist in the research.

“The Woods Lake watershed liming ex-
periment will provide a unique oppor
tunity to understand the underlying pro-

to demonstrate

cesses affecting acidification and neutral-
ization,” says Donald Porcella, project
manager in the Ecological Studies Pro-
gram. "The results will help explain the
functioming of watersheds and their eco
logical communities and will provide ad-
ditional information on how to restore
and maintain fisheries.”

The experiment will also provide re-
searchers with hands-on experience in
{he practical aspects of conducting such
an operahon. In the future this knowl
edge may be transferred to private ur-
ganirations or government
who may be liming watersheds on a re-
gional scale. I designing the Woods Lake
watershed liming experiment, research-
ers systematically addressed a variety of

agencies

ecological and logistical concerns, includ-
mg the quanfity and the nature of the
limestune to be applied, the amount of
wettershed area to be treated. and the sea-
sonal timing of the application.

Two areas above Woods lake, repre-
senting roughly 409 of the total water-
shed, were chosen for treatment because
they have thick soils and encompass the
primary tributary streams. Coordinates
were set up in these areas to mark appli-
cation paths for the helicopter pilot to fol-
low. The helicopter distribution system
used in the experiment conuisted of a
¢ommercial fertilizer spreader that holds
4000 pounds of limestone, which was
suspended by a cable attached to the
underside of the helicopter. This arrange-
ment sped loading times by allowing the
helicopter to hover over a staging area
while technicians on the ground refilled
the spreader. After flying his craft to the
treatment area, the helicopter pilot used a
radar navigation system to apply the
limestone precisely in successive paths to
achieve uniform coverage of the selected
areas with precalculated dosages of
+-3 tons per acre. The round-trip time for
each flight was about si¢ or seven
minutes.

The limestone itsclt was carefully se-
lected. “We require a very high calcium
carbonate content—93%,” says Porcella.
“It's pelletized so it will penctrate the for-
est canopy and give us a more uniform
treatment than is possible with a dry
powder” Conducting the operation in the
fall had several advantages, according to
Porcella. “It’s the time of vear when the
trees are losing their leaves, so the falling
pellets won't damage the forest canopy
And of course there’s a lot of rainfall dur
ing that period, su the limestone rapidly
dissolves and saturates the upper lavers
of (he soil.”

Building on experience

Adding limestone to improve the produte-
tivitv of soil and water has been practiced
since the time of the Romans. Farmers
routinelv add  agricultural lime to their

fields to neutralize acidity, and over the
past 30 years several government and pri-
vate orgawizations in the United States
and Europe have added limestone di-
rectly to lakes to counter acidification.
According to Robert Brocksen, executive
director of Living lLakes, liming has ma-
tured beyond the research stage and into
a practical tool for restoring acid lakes
and streams.

Living Lakes, which receives about $3
million annually from ufilities and coal
companies, has taken the lead in the lim-
ing effort in the United States, developing
methodologies for calculating optimal
lime dosages for specitic waters and us-
ing an array of apparatus to apply the
limestone. Helicopters, fixed-wing air-
craft, barges, and pumps have been used
to lime 40 lakes and |3 streams in differ
ent areas ot the United States.

The US. liming effort pales in compari-
son with that of Sweden, which has limed
some 4000 lakes to date and has about
600N more ticketed for treatment. “Lim-
ing is a fisheries management tool,” says
Brocksen. “it’s a way of altering water
quality to benefit acjuatic organisms.”

Adding limestone to an acidified body
of water produces rapid and dramaticre-
sults. The alkaline limestone quickly neu-
tralizes the water’s acidity, allowing fish
and other members of the aquatic com
munity toreestablish themselves and dis-
place acid-tolerant organisms that may
have taken hold while the lake acidified.
Porcella and Brocksen emphasize that no
deleterious effects have been abserved as
a result of liming.

Adding limestone directly to a lake has
its limitations, however. For many lakes,
such as Woods, the benefits of direct lim-
ing are shortlived because their water is
constantly being replaced. Aswater flows
from the lake's outiet stream. the lime-
stoneis flushed away as well, so the treat-
ment has to be repeated when the lime-
stone is exhausted. Moreover, liming the
body of a lake does net neutralize acidic
water tlowing in from the watershed. The
tributarics aind groundwater flows teed-
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ing the lake continue to deliver their bur-
den of acid. The problem is especially
acute during the spring and fail, when
snow runoff and storms introduce surges
of acidified water into feeder streams and
shallow areas near shore, both of which
provide important habitat for spawning
fish and for fish nurseries,

Long-term benefits
By liming the Woods Lake watershed,
rather than the lake itzelf, researchers
hope to overcome these limitations. “We
expect that the dissolved limestong will
be effective in neutralizing acid for the
next 5-10 years,” says Porcella. "We will
be monitoring it to see whether it actually
does last that leng. We also want ta see
whether the treatment will increase the
habitat for fish by making the tributary
streams available to them, and whether it
will take care of episodic acidification—
the pulses of acids that enter the shallow-
water areas of the lake after storms or
snowmelt.”

Watershed liming is thus an ecosystem

approach to restoration that i= built on
the results of more than a decade of EPRI
research on thie environmental effects of
acid rain, Much of this research has fe-
cused on the Adirendack region, where
acid rain has been blamed for the decline
of fisheries in numerous high-elevation
lakes. To examine the processes involved
in lake actdification, EPRIl assembled a
team of researchers representing several
scientific disciplines to study three lakes
in Adirondack Park—Woods, Panther,
and Sagamore—from 1976 ta 1984, Thiz
ambitious project, the Integrated Lake-
Watershed Acidification Study (ILWAS),
produced a wealth of information on the
processes that determine why some lakes
acidify while others do not. The re-
rearchers quickly learned that lake acidi-
fication was far more comples than previ-
ously thought. For example, each of the
study lakes, lotated within 30 km of each
other and receiving nearly identical in-
puts of acid, registered a diffierent level of
acidity. Weods Lake was found to be
acidic, with an average pH of 4.7, while

A_ Line of Defense Against Acid

Panther Lake was neutral, with an aver-
age pH of 7. The pH of the third lake,
Sagamwwe, fluctuated between that of
Woods and that of Panther. Why the dif-
ference?

Robert Goldstein, who managed the
ILWAS project for the Ecological Studies
Program, explains. “[Prior ta 1LWAS there
existed a widespread misconreption con-
cerning surface water acidification,” he
says. “Many peeple believed that a lake
was like water in a beaker, and acid rain
was like adding acid to that beaker—that
a single factor determined the acid-base
What ILWAS demon-
strated was that the acid-basze status of
water in a lake or stream is not simply a
function of what's falling directly into it,
but rather a function of multiple environ-
mental factors. As precipitation moves
from the atmosphere to the lake, it can
tollow different pathways. It can fall
directly into the lake, or it may first be
intercepted by the terrestrial ecosystem.
There, it can flow on the surface of the
suil, or it can flow through the upper, or-

status of Jakes.

Some lakes are naturally protected from acidification because water draining into them flows through deep soils fich in acid-neutralizing materials, The
shaliow soil around Woods Lake has little acid-neutralizing capability—a condilion thal researchers aim to remedy by liming the watershed. As the
limestone dissolves. it saturates the soil with calcium ions; these ions neutralize acidic runoff before it enters tributary streams and the lake itself.
Researchers will measure the effective duration of watershed liming compared with that of [ake liming and will determine whether tributaries become
available lo spawning lish,

Orgartic layer,
where most flow occurs

Sandy, leached layer

Mineral soil

Lake outlet

=\ | Watershed boundary
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ganic lavers uf the soil, which are acidic,
or it can flow into the lake through the
deeper, inorganic lavers, which are neu-
tral. Depending on the pathway that the
water follows, it will come into contact
with different components ot the ecosvs-
tem. In each of these components there
are processea thal can change the water's
chemical composition.”

The average depth wf the soil in the
Paother Lake watershad is about 20 me-
ters, while the average soil depth ot
Woods is about 2 meters. In addition, the
Panther soils are more permeable than
thise al Woads, Consequently, acidic wa-
ter moving through the Panther Lake wa-
tershed penetratis deeper and remains in
contact with the seil particles for a longer
period of time, allowing for more neutral-
1zation to take place before the water en-
ters the lake. In comtrast, most of the wa-
ter flowing through the lis: permeable
soil around Woods remains in this acidic
upper lavers, so only further acidification
Qecurs,

Goldstein's (LWAS team developed a
general theory for understanding how
such watershed precesses interact to in-
tfluence lake chemistry. The theory has
been incorporated into a computer sim-
wlation moedit that predicts a lake's vul-
nerability to acidification. The [LWAS
muodel is now used by utilities, by the U.S.
Environmental Protection Agency, and by
other organizations in the United States
and Europe a® a tool to predict how
changes in atmospheric avid deposition
will thange the acidity of surface waters.
The Mational Acid Precipitation Assens-
ment Program  (MAPAP) is using Lhe
model's predictions i forming recom-
mendations on emissions control strate-
gies that will be contained in its final as-
sessment report, scheduled for release
next fall.

ILWAS mwodel simulations were used in
the design of the Woods lLake experi-
tmamt. The actual liming of the watershed
will in turn provide an opportunity tivput
the ILWAS model through a rigorous test
of its predictive powers, according to

Lwldstem. The data eblaind by field
medsurements will risveal how the eco-
system is responding to the limestone
treatment, and will be compared with the
mitdel’s predictions to determine how ac-
curately the mwdel mirrors the changes
that are taking place in the real world

“In all the cases whire we've used the
madel to date, the lake-watershed =ys-
lems have been more or less in equi-
librium,” Goldstein savs; “they’re not
changing with time. Yet the best test of
the model is when systeins change dra-
matically. This experiment will allow us
to really test the entire workings of the
madel: howy it predicts the movement of
watdr through the watershed, and how it
simulates all the biogeochemical pro-
cesses that influence the composition of
the water as it moves through the entire
ecokystern,”

The ILWAS model will also be put to the
test in a related esperiment being con-
ducted in the Black Forest of West Ger-
many. For more than a decade the forest
has shown symptoms of decline m the
form of needle losses and discoloration,
which may be the result of soil acidifica-
tion and nutrient deficiencies. This spring
the Schluchsee Experimental Watershed
in the southern portion of the Black For-
ent will be limed by the Institute of i-
enge and Forest ™utritiom of the Albert-
Ludwig University in Freiburg. Con-
ducted as a cooperative effort, the Woods
Lake and Schluchsee watershed experi-
share similar objectives, ap-
proaches, and measurement technigues
but differ in the purpose of treatment.
The German study’s main objective is to
mvaluate the treatment’s ability to revital-
ize and maintain thiecolegical functions
of a managed forest. The American study,
in contras, i% directed primarily to the
efficts on the aquatic ecosvstem. “These
similarities and diftercncies will make the
restslts interesting  and  more
broadly applicable,” Porcella notes. The
iLwaS model will be used to integrate the
results from Ihe Adirondack and Black
Forest sites because geegraphic and cli-

ments

muore

matiedifferences in the two regions make
comparisons difticult. The apportunity to
test the ILWAS model may prove to be vne
of the most valuable aspects of the coor-
dinated effort, according tuPorcella. “The
experiments in the two different water-
sheds will provide the most rigorous test
of the ILWAS model to date,” he says

A practical option

Research by EPRI and Living Lakes, as
well as that conducted in Europe, has
shown liming to be a safe and cost-effec-
tive mitigation technique. The practice
has been criticized, however, as a Band-
fid solution that does not treat the prob-
tem of acid rain at its source. Such a view
reflects a narrow perspective, according
to Brocksen, who maintains that liming is
a useful tool for managing water quality
that makes scientific and economic sense
regardless of what regulatory actions are
taken to control the emissions of acid pri=
CUTHOTS.

“There are mujtiple gources of aaidity,”
he says. "But even if we presume that the
bulk of that acidity comes from stack
emissions and that further emissions re-
ductions will be mandated, the best scien-
tific estimates indicate that it may take
20-50) years or more for some of the af-
fected lakes to recover on their own.”
Thus even with emissions control of acid
precursors, liming would still be a practi-
cal way te hasten the recovery process,®
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TRANSFER
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$6 Billion Benefit
From EPRI Research

S ome of the largest benefits of collec-
tive R&D accrue in environmental
research, where results can help establish
a scientific basis fer recommendations
on industrywide regulatory policy. A re-
cently completed EPA analysis of EPRI%
findings on fessil fuel combustion wastes
tllustrates how the aggregate savings of
electric uhlities can total billions of dol-
lars.

EPA and eleciric utilities were given
time to develop a better understanding of
the character and environmental conse-
quences of scrubber sludge, coal combus-
tion ash, and related wastes when Con-
gress (in 1980) adopted amendments to
the Resource Conservation and Recovery
Act (RCRA). Because of the cost to change
how these high-volume wastes are han-
dled, they were temporarily exempted
fram hazardous-waste classification and
regulation. But the RCRA amendments
also called foar EPA to study the matter
and “submit a report on the adverse of-
fects on human health and the environ-
ment, if any,” from the disposal and vse
of fly ash, bottom ash, FGD scrubber
sludge, and other by-products of fossil
fuel pinver generation.

n response to the amendments, the
Edison Electric Institute and the Ulility
Sulid Waste Activities Group (USWAG), an
ad hoc committee of utility representa-
tives, began supplying information to
EPA, And EPRIs Solid Waste Environ-
mental Studies project, established at that
time, provided a foundation of indepen-

dent research on which both USWAG and
EfA came to rely heavily,

EPA’'s report trom its work, Wastes From
the Combuestion of Conf by Electric Utility
Power Plants, appeared in 1988, 1t cited 21
EPRI reports dealing with such matters as
the chemical and physical characteristics
of the wastes, their leaching and trans-
port in the environment, groundwater
analyses at disposal sites, and extrackion
methods for waste treatment and reuse.
The EPA report came up with three
findings:

o That high-volume wastes from coal
combustion {mainly ash, sludge, and
slag) should be classified as nonhazard-
ous for regulation under federal and state
pPrograms

® That reuze of those wastes in an envi-
ranmentally sound manner =hould be en-
couraged

a That a number of low-volume mate-
rials, such as boiler cleaning waste and
demineralizer regenerant, may merit clas-
sification as hazardous waste

Since the EPA report came out, EPRI-
sponsored researchers have continued to
improve and validate models and de-
velop new data for predicting the release
of chemicals fram utility waste and for
tracking their transport, transtormation,
and ultimate fate in the environment.
Mow, newly proposed RCRA amend-
ments that could change EPA regulation
of combustion wastes in the 19905 make
this ongoing work all the more timely.
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But during the interval between the

1980 amendments and the time any new
amendments are likely to take effect,
EPA estimates, the utility industry will
save roughly $3.7 billion  annually

the aveided cosl, nationwide, for design
and implementation of the new facilities
and procedures that would be needed if

the high-volume wastes from coal-fired
power plantz were classified as hazard-
ous. The total benefit could amount to
more than $I8 billion over the next five
years—and USWAG attributes nearly $6
billion of that saving to EPRL The costs of
cleaning up old plant sites would add up
to that much, as wotild the lo=s of reve-
nue that would result from regulations
restricting the sale and reuse of fly ash
and other wastes for construction and
other uses. W E0RI Contacl: Islhear Mu-
rarka, (415} 855-2150

Production-Line R&D Cuts
Transformer Core Cost

anufacturability is the bottom line
M in technology development; it
marks the last opportunity to control
product cost. In the case of new distribu-
tion mransformers with law-lposs amor-
phous metal dores, utility R&D involve-
ment in manufacturing techniques is ex-
pecied to make the difference between
unrealized market potential and broad
commercial success.

Several years of R&D and field testing
since the 19705 have yielded complete
technical success for the advanced trans-
formera—but clear economic benefit ouly
for wtilities whose plant costs, interest
rates, demand charges, and replacement
power costs establish a high value (35 a
watl or more) for any power that can be
saved by transformer efficiency. In a few
Cases, reguiatury pressure to reduce sys-
tem clectrical losses has added to the
market,

The early amorphous transformers
were expensive. The cost of the thin, brit-
tle amorphous metal strip itself and the
cost of the labor-intensive core construc-
lion limited the initial market, according
to EI'RI project manager Harry Mg Since
1987, about when the first
commercial units were sold—EPRI has

therefore

alzo sponsored development of cost-
effective manufacturing techniques,
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The result 1s a computer-driven pro-
duction line that started up in Decembuer
1989 at a LE transformer plant in Hickory,
Neorth Carelina. Automaled processes cut
the ribbons of amorpheus metal and as-
semble them into complete cores. Be-
cause the core laminations are only about
0001 inch thick (about one-tenth the
thickness of conventional core steel), ex-
traordinary precision is required o cut-
ting the sheets of metal and assembling
them inlo cores.

Eeonomies il this key manufacturing
stage should help bring down the initial
cost of the transformers so that their com-
petitive advantager of energy savings
and lower operating costs show up bet-
ter, “We'ree nearing the point at which
amorphous-core  transformers  will  be
competitive for at least half the LLS. util-
ity market,” says Harry Mg, “There are
about 25,000 amorphous units now in

"

service, but the tigure ought (o grow rap-
idly in what iz now a much more vom-
petitive transformer market.”

Compared with conventional units,
amorphous-core transformers reduce no-
load electrical losses by 60-70%. EPR! es-
timales Hhat nationwide use would save
billions of kilowatthours, with an annual
value ot $300-700 million, For specific
product information, contact Larry Low-
dermilk at General Electric in Hickory,
Sorth Caraling, (704 362-3113. ® (PR}
Contact: Harry Ny, (415) 855.2973

Validation Speeds Use
of IGSCC Remedy

E PRI authentication of new repair
anx! maintenance techniques for util-
ity equipment helps speed the transfer of
these technologies from the laboratory to
the power plant. Recently, for example,
Commonwealth Edison turned to EPRI's
Repair Applications Center (a specialized
activity of the NDE Center in Charlothe,
*orth Carolina) to confirm the effective-
ness of a technique—and equipment—for

mechanically squeezing a pipe to prevent
mtergranular stress corrosion  cracking
(IGSCL) in BWR systems, EPRIs evalua-
tion contributed te %RC approval of the
process, and its submequent use at six
Commonwealth BWRs produced a benefit
assessed by the utility at more than $400
million,

Developed by SMC O'Donnal], [ne., the
mechanical striess improvement process
(MSIP) features a clamp that introduces a
beneficial compressive stress at welds
that are susceptible to Mi=CL, In combina-
tion with regular inzpections, MSIP can
help utilities aveid the extra in-service
inspections and costly pipe replacements
that have been necessary at many BWRa.

The new technique appeared cost-
effective early on, but Commonwealth
needed an abjective evaluation and con-
chusive evidence of MSIT™s reliability in or-
der to gain acceptance from the WRC.
Here s where the Repair Applications
Center was helpful, providing both ex-
pert staff and a large-diameter pipe-to-
fitting mockup for testing the procesa.

Before-and-after strain measurements
documented that MSIP changed the resid-
ual stresses near the welds from tensile to
compressive. The test results were sub-
mitted to the MR, which approved MSIP
as an IGSCE remedy early in 1988 (MUREG
0313, Rev. 2).

Commonwialth has used the MSIP? pro-
cedure on a total «f 333 welds at its Dres-
den-1 and -2, Quad Cities-1 and -2, and La
Lalle-1 and -2 BWRs. By the utility’s best
estimate, it will thereby aveid some
$434 million of expense for special in-
service inapections and replacement uf
piping. MSIP also cut the occupational
radiation expuasire of Commonwealth
workers by about 20 person-rems for
each of those avoided welds. For informa-
tion on MSIP, contact E. ). Hampton at
SMC @ Donneli in Mittsburgh, Pennsylva-
ma, (412) 655-1200. W LPRE Cantact. for
Gifman, 415) 855-8911. or Wuylie Childs,
(415) 8§55-20158

Maintenance Equipment
Data in Catalog Form

I n addition tu its program of technelogy
wivrkshops, evaluations, and demon-
strations, EPRI's NDE Center in Charlotte,
forth Carolina, is serving EPRI member
utilities as a clearinghouse for informa-
tion on power plant maintenance equipe
ment. Iy that role the center has assem-
bied a comprehensive file of equipment
information, including technical papers,
NDE Center evaluations and performance
data (not recommendationa), and vendor
literature and covering everything from
nuts and bolts to remotely contrioiled sub-
marines for underwater inspectiing.

Now the center has responded lo utility
interest in specific topics by compiling
two new equipment guides, the Valve
Muaintenance  Equippent  Reference Guide
and the Remote Equipmient Guide: A Com-
pendivint of Selected Types of Robotic Equip-
ment Used in Hazardous
“These guides are a new Kind o resouree,
impartial catalogs of the equipment avail-
able in particular areas of maintenance,”
soy= EPRL program manager Jim Lang,
“They cover EPRi-developed equipment
and clude equipment develaped by
other organizations as well.”

The Valve Maintenaice Equipment Refer-
ence Guide foruses on metor-operated-
valve performance testing, relief-valve
testing, valve machining, valve-seat hard-
facing, and miscellaneous types of valve
maintenance. The guide includes specifi-
cation sheets and photographs of cur-
rently available equipment.

Thiz Remote Equipment Gunle presents
information on terrestrial and underwa-

Environments.,

ter remetely operated vishicles, pipe
crawlers, and manipulators, An  elec-
tronic database of the information n the
equipment guide s currently under de-
velopment. To obtain the guides, contact
Ken Brittain at the %NDE Center, (704)
547-6139. @ EPRI Conttact: [im Lang, (415}
855-2038
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RESEARCH UPDATE

Dam Safety

Concrete Gravity Dam Stability

by Dougias Mortis, Generation and Storage Division

M ost of the dams associated with hydro-
electric plants are licensed for oper-
ation by the Federal Energy Regulatory Com-
mission (FERC). In response lo an increased
national awareness of the need for a regulated
dam safety program, the Code of Federal Reg-
ulations was amended (o require that all |-
censed sams be reanalyzed for stability and
safe operation every tive years.

One of the foading condittens to be analyzed
is the prowable maximum fleod (PMF). This 15
calculated for each dam site by using a worst-
case sequence of precipitation for the dramn-
age bhasin (called the probabie maximum pre-
cipitalien, or PMP) and a possitle, but worst-
case, scenario for estimating the maximum
runoff into the river.

The concept of the PMF as a flood load for
damns was intreduced n the 1970s; therefore,
almost all dams built sefore than are unable, in
theory, to withstand that fiood level, Very few
remedies exist for this situation It there is suffi-
cient space, the spillway capacity can be in-
creased ta pass the flood around the dam. In
thecase of concrete gravity dams, a dam can
be anchere# by threading large anchor cables
from the dam's crest through vertical holes,
One end is grouted in mortar in the rock foun-
dation and the other is posttensioned at the
crest. EPRI has estimated the average cost of
installing anchor cables to be $2 milion per
dam. Figure 1, which shows a section #f a con-
crete gravity dam, provides an understanding
of the major forces affecting dam stability.

EPRI's dam research is aimed at helping
utilities understand the stability of their dams
under the moresevere PMF loading conditions.
Without this knowledge, dam owners are
obliged to be overly conservative with their en-
gineenng designs and upgrading programs.

Design conservatism exists in many areas,
For example, the FERC stability analysis guide-
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lires (which reflect the design approaches of
the Army Corps of Engineers and the Bureau of
Reclamation) state that without adequate site-
specific data to prove otherwise, the concrete
should be assumed to crack under tensie
stresses greater than 10% of its compressive
strength: according io the guidelines, the ten-
sile strength of the joints where new concrete
was poured on old concrete might be iess. No
tensiie strength Is allowed for the bond me-
tween the concrete and the foundation (which
is rock for concrete gravity dams). Regardless
of the actual strength of the bond, the FERC
approach assumes that the rock just below the
surface has been damaged by blasting or that
adversely oriented geolagical joints could fai,
it any part of the dam goes into tension under
load, then a crack must be assumed that will
run horizontally unti a compression zone is
reached. The uncracked portion must retain
the stability of the dam.

Liplift pressure s assumead to exist within a
dam, at the dam-foundalion inlerface, and
within the foundation. This pressure  caused
by waler seepage and can have a maximum
value esuivalent to the pressure head of the
water in the reservor. When a crack occurs, the
crack is assumed 1o have the maximum uplift
pressure across its hornzontal area commensu-
rate with its elevation and the reservorr level.

Drains are included in dams 1o relieve uplift
pressures. The FERC allowance for drain effec-
tiveness depends on actual pressure mea-
surements taken at the drain locations and on
the maintenance program for drain cleaning.
More significant te research studies is that un-
less evidence is presented to the contrary, the
drains are assumed o have no effect if inter-
secled by a crack under ticod conditions.

These design assumptions compensate for
a lack of knowledge abeut concrete cracking
characteristics and an initial lack of computa-

ABSTRACT New federal regulations adopting a more stringent

flood criterion have forced reanalysis of the nation's older dams. The

result is a reevatuation of many of the design assumptions that have

been the basis of dam design and stability analyses for over 80 years.

EPRI research is providing methods for obtaining more-accurate site

measurements to characterize actual site conditions and is developing

numerical modeling techniques to simulate concrete cracking and drain

effectiveness. Although these studies have not yet been completed, the

resuilts are already reducing the costs required to strengthen dams.



tional tools for modeling the interactons ef
torces on a dam They also compensate for ihe
lack of a relable history of valid measure-
ments.

EPRIS research studies seek 1o develem
mare-accurate models of concrete cracking
mechamsms, to investigate the behawor of up-
It pressure and dran effectiveness for very
fine cracks {10- te 40-mif aperture}, 10 model
uplift pressures in rock foundation joints, and
10 Introduce methods of extracting credible
data from exising dams for \nput to stability
analyses Implementaton of the differemt
methods sheuld determine the conservatism
(i.e. design margin} in any given dam and
permit the application of this design margin
toward meeting the PMF criterion with a mini-
mum of additional strengthening

Research results

TheEPRI studies, which are net yet completed,
nclude guidance for comgiling site-specific
measurements to take advantage of site condi-
tionsthat are usually better than FERC's generic
allowances. A database of stapility mformation
from 18 host dams representing older desians
will be compited to support individual submis-
sions to FERC by showing typical ranges of
strength, drain performance, and other param-
eters, A finite-element code based on the EPRI-
supported ABAQUS code is being designed
for gravity dam stability analysis lo provide a
convenient alternative to the overly simplistic
cantilever beam appreach used by most dam
engineers, Laboratory investigation of the dis-
iribution of uplhft pressure in concrele cracks
and rock jonis is under way lo delermine the
eftect of drans and different drain diameters
on coniralling that pressure. Finally, an analyt-
cal computer code that uses fracture me-
chanics as the mechanism of concrete crack-
ing will be used to prediict the length and direc-
tion of potential cracks.

EFRI has sleveleped and field-iested de-
tailed guidelines for the successtul exiraction
of intact core samples of concrete and rock
from existing darns. When the guidelines are
followed, core samples have far fewer breaks
from driling and handling than s normally the
case Such good-quality samples, together
with the recommended documentaticn proce-

Figure 1 Cross seclion of a concrele gravity dam. The weigh! of the concrete counlers the force of
the water in the reservoir, The dam is initially prevented from sliding by the cohesion ot the rack-
concrele bond. If that bond were broken, sliding could be prevented by the triction force of the
bonding materials. Fewdams have the tlat base shown here; broken surtace rockis cleared down
to a sound toundation, creating trenches that provide additional anchoring. The uplift pressure
shown is caused by water seepage in rock joints and cracks in the foundation and at the dam-rock

interface.

Water force '

Crainage

Friction

dures, provide excellent records ef in situ con-
ditions-—records capable of supporting argu-
ments to FERC for using higher values of mate-
rial strength and better bend conditions than
these in the @eneric case. The guide suggests
videotaping the inside of boreholes andl eirains
with a special 3-nch-elameter, remetely con-
troffed television camera to record wall coneli-
tionsand identify cracks. Methods are given for
isolating these cracks to measure any inflews
or cutflows This werk s associated with the
compilation of the stability information from the
18 sites remrgsenting a range of clder dams
and foundzation geelogy

The (nformation obtained from mapping
foundation cracks and rock |oints by borehole
nvestigations can be combined with surface
observations of similar rock anemalies for input
{o an EPRI-developed numencal model of pres-
sures and tlows in dam foundations. The theory
forthat model resulted rom a project to invest-
gate the distribution of uphft pressure N very
fine cracks (1010 40 mils) The code statistically
generates various hypothetical configuratiens
of joint sets in e founefatior to compensate for

Cohesion

. Uplift

those that escaped mapping The foundation
model calcutates and maps the uplift pressure
acting on the dam for the postulated jont con-
figurations. then auiematically creates another
hypothetical cenfiguration fromthe same pasic
input data That procedure 1S repeated many
timas until an adequate range of results has
been oblained Ttis apgroach can wam the
engineer of the possibility of unusually high
values of uplift pressure below thedam Such a
condition would be typical of a joint set that
connects the reserverr to a point in the dam
base downstream of the drains.

As mentioned above, EPRI Is investigating
upiit pressure distrisution (n concrete cracks
and the effectiveness of drains n reducing
those mressures, A senes of concrete slab
medels of cracks in dams has been used (o
test the effects of crack aperture crack rough-
ness, crack waviness, drain diameter. and en-
try water pressure on flow in a crack and the
resultling pressure pattarn. This nfgrmation will
allew the investigators to develop ceefficients
that characternize the parameters measured in
the tesls. The appropriate coefficient values
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will be used to define actyal conditions and.
thus, dam stability. A similar approach to defin-
ing cencrete crack properties by coefficients
will allow the back-calculation of apparent
crack size for situations where a crack has
been discevered in a dam and an estimate of
its pessible length is required

Crack propagation
in concrete

Concrete, like ceramics. is subject to brittle
fracture, but the traditional approach has been
totreatcencrete as if it were a ductile matenal.
Fracture mechanics was developed te model
fractures of writtle material. EPRI research is
investigating how 1o apply fracture mechamcs
concepts te concrete dams so that crack prog-
agation can be more accurately simuiated.
This work has already resulted in a computer
code that models cracks in the concrete mass
of a dam. Testing of laboratory models is con-
tinuing in order to determine what happens
when cracks intersect discontinuities, such as
the darm-rock interface or geological joints int
the foundation. Splitting tests have been per-
formed on large concrete samples of different-
size aggregate to obtain fracture toughness
values. It was found that aggregate size did not
significantly influence crack length. Further
testing will determine if the shape of the aggre-
gate is impertant (rounded riverbed stones
versus sharp crushed rock). Other test restits

show that the fracture toughness of concrete
increases as the crack length increases; that
is, the material at the crack tip resists progres-
sive tensile crack extension. Therefore, the un-
cracked material has progressively greater
strength. This result suggests that existing
dams have a greater capability to withstand
the PMF ioasing than previousty assumed

By adapting a generalized finite-element
analysis code called ABAOUS-EFGEN, EFM| Is
also providing a near-term method of mere
accurately calculating dam stability on the
basis of the conventional strength-of-materials
method. The vser will not have © be famhar
with finite-alement analysis or the ABAQUS
cose to perferm the stability calculation, The
essential inpul data requirements will be the
dimensions and parameters that define the
¥am and the feundation. The code will select
the appropriate finite-element mesh and wilt
be capable of analyzing static and dynamic
load condilions. Special code features will
permit sensitivity studias to be convenienily
performed so that a given dam’s reaction to
many different cenditions can be etter under-
stood and its structural weaknesses can be
identified.

Probable maximum
precipitation

The PMP values available from the Nationa!
Weather Service (NWS) are extrapolated from

actual severe storms across hundresls of miles
of terrain, As a resull, the PMP may te overly
conservative for many specific locations. In
one instance, FERC has accepted a PMP vaiue
substanhally lewer than the NWS value

Given this situation, FERC has encouraged
EPRI to mmreve the understanding of the types
of extreme precipitation storms that contnibute
to promable maximum floed estimates These
Studies are investigalng weather data cap-
tured on radar and satellite plotseverthe {ast 10
to 20 years in an attempt to undersiang storm
patterns anal frequencies. These initial invest-
gations might eventually augment the precim-
fation gage #ata that form the basis of the PMP
values published by the NWS. Attempts will
also be made 1o guantify the effect of tomogra-
phy on precipitation. Itis hopedthat the results
of this research will encourage utilities to de-
rive their own site-specific PMP values where
appropriate,

Although a dam might meet all current se-
sign criteria, the expansion of local poputations
and their need for housing, work, and recre-
atienal facilities will vastly increase the poten-
tial and cost of downstream damase. The re-
sult will be a continuing need to assess the
status of ams. The tools being developed by
EPRI tar reafistically evaluating dam stability will
net be used just once per dam but will be
required to assess continually changing condi-
tions, new regulations, andtheravages of time

Ecological Studies

Application of Genetic Ecology to Bioremediation

by Robert Goldstein and Donald Porcella, Environmen! Division

pproximately a year and a haf ago,

EPRI's Environment Division, in coopera-
tion with its Office of Exploratory Research,
initiated research on deveioping a new Cross-
disciplinary field of science called genetic
ecology. Genetic ecclogy I1s the study of how
environmental (physicat, chemical, and bic-
logical) factors affect the abundance and
functioning (expression) of genes. !t is denved
from the introduction of the corcepts and
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techniques of molecular genelics info an eco-
logical context,

Through the application of knowledge de-
nvesl from genetic ecoiogical research, there
exists the potential to develop new miotech-
nologies o remediale polluted sites N situ
This would be done by altering environmental
factors at the sites to manipulate the genetic
systems of indigensus microbiota to centrol
specific biochemiceal degradation or iransfor-

mation processes {EPR! Journal, September
1988, p. 14). Genetic ecology shauld not be
cenfused with genetic engineering, which 1§
the introduction inta the field of exotic organ-
isms that have been genetically manipulated
in the laboratory.

The poliutants targeted for remediation may
be either erganics or metals. The prme objec-
tive for organics is complete and rapial degra-
dation. For metals, the objective 1s to control



ABSTRACT Research results support the hypothesis that an un-
derstanding of the relationships between the environment of genes
and their abundance and functioning can be used to develop technol-
ogies for in situ waste cleanup. Amplification and increased expres-
sion of genes capable of mercury transformation and naphthalene
degradation have been achieved in the laboratory through modifica-

tion of the physical and chemical properties of their environment.

biogeochemical cycling s0 as to concentrate
Ihe metal n a chemical species or physical
cempariment that mimmizes availabty and
toxicity to macrobiota, For instance, in aguatic
systems, fhe objective might be to sequester
the metal in an insaluble form in the sediments
or lo convert the metal into a volaiile form that
woule escape the water body.

Why genes?

What are the potential advanlages of focusing
an in situ bioremediation stratagy en the ma-
nipulation of indigenous groups of genes In-
stead of on indigenous microbial species?
The principle being used is thatorig gene pro-
duces ane enzyme, which 1 turn controls one
biochemical reaction In conirast, a single mi-
crobial species conducts hundreds of func-
tions, Manipufation of a species hence directly
alfects hundreds of functions, whereas ma-
niputation of a single gene affects only one—
though, Indirectly, il could affect more Thus
the genelic system is a fine-control syster
relatve 10 the species population structure of
the ricrobial cemmunity. Also, the identities of
the species that are preducing the target an
zymes are not necessarily relevant. An oplr-
mal management strategy might be to induce
the presence and expression of the target
genes in all species within the indigenous mi-
crobial community, This can potenfially be ac-
cemplished by slimulating natural processes
of gene exchange in situ

Further it is assumed that since a sngle

gene or a small number of geres has so
rnany fewer girect linkages to the envireament
than a single species, the population of target
genes should be less rigidly constrainesl by
the existing environment and hence be more
amenable to manipulation. The hypothesis is

that, in general. a community of microbial spe-
cies 15 more stable with respect to (s species
structure than te 1s genetic structure; that 1s, it
is easier to alter the abundance of a singie
gene than thal of a single species, since
changing a single species 1s In effect chang-
Ing thousaneis of genes. Hence minor modi-
fication of the genetic structure of an indige-
nous microbial community should require tess
environmental manipulation than modification
of the species structure

Research approach

EPRI maintains three ongoing contracls mer-
taining to the ampplication of genetic ecology o
bioremediafion (RP8000-25, RP3015-1. and
RP3015-2). The first two (being carred out by
the University of Califerrea, Irvine; the Univer-
sty of Tennassee; the University of Arnizona;
Texas A&M, and the University of Califernia,
Santa Cruz) focus on developing strategies
10 manage hiotransermation and hiodegra-
dation processes in the field Coogperative
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Figure 1 Percenlages of bacteria isolated al two of the mercury-poliuted field sites that contain
different genes found on the mercury operon. The data were collected at difterent sampling
locations and limes. MerR is the regulatory gene that turns the operon on and oft. MerA is
associated with the reduction of the mercuric ion to elemental mercury. Mer8 is associaled with
the demethylation of methylmercury, Some operons possess the ability to botn demethylate
and reduce, while others can only reduce.
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Figure 2 Distribution of logarithmic conjugation (transfer) rates of the mer operon for bacteria
capabie of conjugation that were isolated at two of the mercury-poiluted field sites. Not atl
bacteria that contain the mer operon possess the ability to transfer the operon.
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support is being provided in this effort by
Niagara Mohawk, Pacific Gas anel Electric,
Sauthern California Edison, Homestake Min-
ing, the Wisconsin Department of Natural Re-
sources, Oak Ridge National Laboratory, the
U.S. Department of Energy. and the following
other EPMI research mprojects: Animal Re-
sponses to Interacting Stressas (ARTIS,
RP2020), Environmental Behavior of Organic
Substances (EBOS, RP2879), and Health Ef-
lects of Complax Mixtures (RP2963),
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The biotransformation in aquatic systems of
methylmercury anel the mercuric ion lo ele-
mental mercury and the biodegradation in
soils of naghthalene to pyruvate and carbon
dioxide have been chosen as madel pro-
cesses to study. These were chosen because
sets of microbial genes, known as operons,
that control these processes have beenidenti-
fiegd and characterized, In additton, mercury IS
a polential toxicant of concern to the elecinc
power industry {(EPR! Journal December

29 ugmit Hyg

Time (hours)

Figure 3 In the laboratory, expression of the mer operon in the bacterizal species Pseudomonas
stutzeri, as measured by the amount of mer operon messenger RNA {ribonucleic acid) present,
increases in response to the addition of mercuric chloride. Vatues given are in radiation counts

per minute per 5 micrograms RNA at 4°C.
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1987, m 47} and naphthalene is a representa-
tive polycyclic aromatic hysirecarbon (PAH)
rAHs are of concern to the electric power
ndusiry because they are contaminants at
fermer manufactured gas planl zites (EPAI
Journal. JulyfAugust 1989, p 22)

The research approach 1s composed of
three stages. In the frst stage water and
sediment samples are collected at mercury-
confaminated field sites and seit samples
are collected a naphthalene-contamina-
ted sites. The ability of the bacterial commu-
nity al these sites to degrade naphthalene
and transfarm mercury, the abundarnce of the
macterial operens present that control these
processes (target eperons), and the potential
to amplify the number of targe! cperons are
measured

In stage twe, MICrocesm expariments are
conducteg in the laboratory, where environ-
mental factors are varied under cenirollze
conditions to sletermine how the rate of ex-
pression of target operons can e maximized,
Expression is the product of the density of
target aperons and their expression efficiency
(the fraction of target operons that are func-
tioning). The fact that an operon is present
does not mean that it is functioning.

Expression can e increased by increasing
either the abundance of target operons or the
expression efficiency. or both, Both abun-
dance and efficiency are functions of environ-
mental properties; hence, t should be possi-
tle te manipulate abungance and expression
in a predictive manner through alteration of
the enviranment. Hypotheses to be tested in
the microcosmis regarding the dependency of
expression on environmental variables can be
suggested my correlation of the resuits from
stage one with site environmental data

The results of stage two are used 1o devise
in situ remediation strategies thal are then
tested 1n environmental enclosures at field
sites during stage three

Results

Although the research 1s only n 1its early
stages, a wide variety ef intnguing resulls
have already been achieved.

Qperons capable ¢f mercury biotranstor-
mation and naphthalene biodegradation have



been identihed at the mercury- and naphtha-
iene-polluted field siles, respectively {Figure
1) Bacleria isclaled at the mercury-polluled
sites were shown to have the ability to transfer
o ether bactera, by conjugation, copies of
the speron that transferms the mercuric on fo
elemental mercury Comjugatien 1 a natural
process whereby twe bacterial organisms
come adjacent to one another and genetic
material is transterred from one (the donor) to
the other {the recipient). The measured conu
gation logarithmic rates, which are calculated
n terms of the fraction of the recipient peputa-
tion 10 which the operon is transferred in a8 24-
hour period, range over seven arders of mag-
nitude (Figure 2). Naturally occurring rates
previously reported in the literalure tended te
be a millionth or a ten-millionth. In this study,
rates as high as a hunaredth were measured
Since denstties of recipients in the environ-
ment may be as high as 100 million per gram
of dry sediment, the total number of transfers
oceurring in a 24-hour penod ceuld be as

tugh as ene million per gram.

In the laboratory, abundance and expres-
sion have been increased for mercury bio-
ransiormation operans possessed by bacte-
na iselated al the field sites. These Increases
were accomplished by maniputation of tem-
perature ans of mercunc chioride concentra-
tions in the growth medium. I has been dem-
onsirated thal expression can be enhanced at
temperatures as low as 4°C through the addi-
tion of mercuric chionde (Figure 3), The
potentigl significance of this result is that al-
though t 15 commonly assumed that transfor-
mation rates are very slow at low tempera-
tures, there appears o exist the potential to
enhance detoxdication rates at low tempera-
tures through the modification of the chemical
environment This principle would have appli-
cability to the development of in silu manage-
ment strategies for cleanup sites that have
cold winters.

i has also been demonstrated in the labo-
ratory that amplificaten and expression of the

naphthalene-degrading genes can be in-
creased by the addition of salicylate, a non-
toxic intermediate in the degradation pathway.
t has commonly been observed that setox-
ification rates can be increased by the addr
tion of the toxic substance itself, as was done
with mercury in the experiments described
above. But in actual cleanup t would e un-
desirable o add the substance eventually to
be removed. t 5 therefore significant 1o have
demonstrated that degradation can be en-
hanced by the addition of a nontoxic inter
mediate.

In summary, resulls to date have been
highly premising in that they have been cen-
sistent with the hypothesized conceptual
framework upon which the research is based;
that 1s, microbial genes capable of biodetox-
ification are present at contaminated sites,
ana the rates of biodetoxification potentially
can be enhanged by increasing the expres-
son rates of these genes through maniputa-
tion ol environmental factors.

Commercial Program

National Electrical Code Revision

by Karf Johnson, Customer Systems Division

n the 1950s and 1960s with the help of 40
I dtilities, Onn Zimmerrnan, now at EPRI, in-
troduced the concept of diversity into the Na-
tonal Electrical Cosle. Drawing on data frem
over 100 restaurants, Zimmerman proved to
the code panel that as the number of cocking
appliances N a restaurant increases, the peak
demand for power relative 1o total connected
load decreases. Bemand facters (peak-de-
mand load divided by total cennected load)
decrease as connected loads increase. In
simplified terms, as the number of electric ap-
pliances increases, the probability that all of
them will be ¢ycling on at the same ume de-
creases

In 1987 an EPRI-sponscred studly of Depart-
ment of Energy raw data frem the Project on
Restaurant Energy Performance (PREP) found

that in spite of Zimmerman's earlier work, res-
taurants buill to the current code specifica-
tions still had surpnsingly large amounts of

excess capacity Careful analysis of the seven
PREP restaurants found that service entrances
were 24-55% oversized. EPRI contacted the

ABSTRACT The National Electrical Code has just been revised

to allow smaller service entrances and main distribution panels in new

restaurants. Where the new provisions are applicable, first-cost sav-

ings can be significant, improving the market position of all-electric

restaurants. This is the first optional calculation method approved for

the code since 1973.
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Figure 1 Demand factors (the peak-demand load in 8 reslaurant over the previous year, divided
by total connected load) were computed for 262 restaurants from data supplied by EPRf member
ulifitles and other industry participants. Demand factors never exceeded 0.5 in all-electric
restaurants with connected loads above 325 kva, nor did they exceed 0.8 in similar facilities with
connected loads below that, Demand faclors were higher in mixed-fuel restauranis.

L ALL-ELECTRIC RESTAURANTS
3l
|
Oa_ﬁ-—
O
07 — W
| lﬂj o
EO.S- ] D@ o
1% m E% DD
B 05— pod's =
E @ E O 0
@ oo oo D? ]
Dgﬂ 0 . l D
0.3 D i N i)
o
0.2
01—
0 L I I — e =t ||
0 200 400 600 800 1000 1200 1400 1600
Connected Load (kVA)
i MY HES TAUHANT
EL HE ANTS
DI:ID&E! Fu
0.9 OF ﬁ (a4 (5]
a 0 2]
o.ai'— O o]
o}
07|l- D:ﬂgj ?L g
¥ 6o
a
§0.6~ 15 oA B i
© [m]
& 0 = o
2 05+ Q Q‘j
5 . &BD‘D aﬁ&
£ (8} @ o 0
S04l pia O - I
’ a n] ]
§ 8o A o
og, D a
0.3 - o
o
O
g n
0.2 o
011
0 | | | 1 L | L L
0 200 400 600 800 1000 1200 1400 1600

Connected Load (kVA)

42 EPA JOUMNAL Jarary/Febeuary 14980

Nanenal Restaurant Association (MR, one of
the onginal sponsers of the study. te @iscuss
these lindings. it was agreed that panel sizes
generally appeared o be toe big and lhat the
matter mented further study With 1he help of
the NRA, the Edison Electric Institute (EEI), and
the Electric Light and Power Group (utiy
specialists on the National Electrical Code),
EPRI initiates a study of 100 restaurants

Restaurant data

With €PRIs technical guisiance. a contractor
was hired o collect and analyze restaurant
data from EPR! and EE! member ulliles @ver
20 utihties responded. On the ®asis of data
from the initiat 10Q restaurants, a propesal was
prepared and submitted 10 the cedle panel.
The praposal soughi to extend the concept of
dwersity—orniginally formulated by consider-
g cooking and water-heating equiprment
only—ie the whole restaurant. including ight-
ing. cooling. retngeration, ane other electncal
esuipment. This proposal was rejected N an
11-10-1 vote because 1t was felt that more data
were needed {o support ihis change

With the help of the sponsors and another
20 member utiities, EPRI expanded the res-
taurant dalabase to 262 all-electric and
mixed-fuel restaurarnts over the nexl year Only
one restayrant out of the 262 was found te fall
(slightly} outside the demand factors pro-
posed by EPRI and the NRA in their onginal
proposal (Figure 1)

Amned with this expanded database, which
now covered all climate regiens and all major
restauran! types, the project manager and the
contractor called on the members of the code
panel te identfy anel address therr cencerns
During this process a sample calculation was
developed te illustrate thae mechanics e the
new, eptional method. Because safety 1= the
code pane!'s principal cencern, the example
calculabon selected was for the worst-case
restaurant in the eatabase—restaurant 256
the one peint that fell outside the proposed
demand faclors

Optional method

The previeus cede raquired more steps than
the new method does to arrive at a standard
panel size (Figure 2) For example, to calcu-



Figure 2 Example calculation of panel size lor restaurant 256 under the previous code and under the new, optional method. Previously, demand
lactars couid be applied only to food preparation and santtation equipment in new restaurants. Under the 1990 National Elecirical Code, demand
lactors can be applied to 1he entire connected toad for the restaurant, thus greatiy simplifying the caiculation and often reducing the size and cost
of service entrances and main distribution panels.

METHOD UNDER PREVIOUS CODE

Heating (21 kW)

Larger value {341 kW) x 1.0

Coating (341 kW)

Retrigaration (25 kW) x 1.0

Miscellaneous {62 kW) & 1.0

Foad preparation (14 kW) x 0 65
Sanitation {20 kW) x 0.65

Lighting (99 kW) x 1.25

OPTIONAL METHOD
Healing {21 kW)

Cooling (341 kW)
Refrigaration (25 kW)
Miscellaneaus {62 kW)
Food preparation {14 kW)
Sanitation {20 kw)

Lighting {99 KW}

late the panel size for restaurant 256 by the
traditional methoal, demand factors are ap-
plied to food preparation, sapitation, and light-
ng loads Actual connecied loads are also
included On the basis of the computation
process under the previeus cede, a 2000-A
panel would be resuired for restaurant 256.

Under the new, opticnal method (1998 NEC
Articte 220-36), al the electrical lsads in the
building are added, and then one demand
factor Is applied For facilibes with connected
loads up te 325 kVA, the all-electric demand
tactor is 0.8 and the mixed-fuel demara factor
15 1,0 For those with cernected loads over
325 kVA, the all-electnic demand tactor is 0.5
and the mixeo-fuel demand tactor is 8.7 As-
sumatiens used under |he old methosl 1o ac-
count tor growth are aiso applied uneler the

Calculated full-load
current (574 kW. 1771 A}

10% growth {177 A)

582 kW, 1797 A

x Demand Factor (0.7)

= Galculated fult-load
current (407 kW, 1258 A)

+ Growth {10% = 126 A)

new method, Using a growth factor of 10%, a
designer would select a standard parel size
of 1680 A under the new method.

According to acwal biling records, the
tighest demand recorded In restaurant 258
over the previous year was 1292 A and the
average menthly demand was 753 A. Thus,
even in the worst case, safety would not have
been compromised and nuisance tripping
would have been extremely unlikely with a
1608-A panel

After reviewing the technical data and the
various illustrations provided, the code panel
accepted the proposed optional method at
their meeting i November 1988. Their deci-
sion was confirmed by the full National Fire
Protection Association it May 1989. The 1890
National Electrical Code was published Au-

Standard
panel size {A)

2400
Cauoo)
1200
800
608
400
225

Equipment-sizing
current (1948 A)

Standard
panel size (A}

2400
2000
T
800
600
400
225

Equipment-sizing curreni {1948 A}

gust 7, 1989, and will begin to be accepted by
focal and regional jurisdictions early in 1990.

EPRI, in cocperation with the NRA, is now
preparing a detailed analysis of the cost re-
ductions that will be likely to result from imple-
menting the new code. Estimates range up 1o
a few thousand dellars fer smaller factitres,
and savings will probably be even greater in
larger ones. Because of the higher connected
loads in al-electric facilities, savings wil be
higher for these restaurants than for mixed-
fuel restaurants. These savings should help to
remove one of the classic market barriers to
all-electric restaurants,

Various technology transter documenits are
being developed at EPRI and the NRA An an-
nouncement ofthecode change was madeto
iocal code enforcement officials through the

EPRI JOURNAL January/February 1998 43



NRA publicatien Update in Seplember 1989 A
press conterence ang arlicles in varous trasle
publications are scheduled for early 1980,
when the code takes eifect. EPRI is also work-
ing on 2 technical brochure. to be publishaa
In 1890.

Customer service representatives shoule
begin informing customers who are planning

new restaurants amout this important cede
change A workshep entitled “Applying the
Ogtisnal Method for Sizing Service Enirances
n New Restaurants” 1s to be given at the EPRI
Foosiservice Symposium in February 1998,
The success of this campaign 1o change
the National Electrical Code may wel be a
model for other activities in which the electric

utilty industry, with techmcal support from
EPR!, can identify customer needs and reach
national solutions beyond the scope of any
single utility working alane, In addition, the
goed working relationstips established with
trade allies, like the NRA, and EEl create the
possibility for even more customer service in
the future

Quality Engineering Activities

NCIG Update

by Warren Bilamn, Nuclear Power Division

he organization known as NCIG, under
the sponsorship of EPRI, provides an ef-
fective forum for the transfer of technology
ameng member nuclear utiihes. With the
completion of its first task In 1985, establishing
visual weld acceptance criteria, NCIG proved
ts effectiveness and ability te previde timely
and cest-effective solutions to industry con-
struction problems The industry recognized
the value and applicability of some of the cri-
terta not only for ptants under censtruction but
also for the medification and repair of eper-
atng ptants
Formerly the Nuclear Censtruclien Issues
Group (established in 1984), NCIG has unaer-
gone a transformaten in the past years, Not
only has the name changed, but the focus ot
lhe organization has been more clearly #de-
lined and an organizatianal charter has been
established and ratified by unanmous con-
sent of the memsers, The name, which now
consists only of the letters NCIG, is no longer
an acronym for Nuclear Construction Issues
Group The name and erganizational focus
were changes te betler reflect the engineer-
ng and operational nalure of the work sup-
porting the member utlities, Support 1ssues
affecting the nuclear utilities and the industry
as a whole have been identified, and task
plans have been developed. approved by the
members, and implementesd EPR! has issued
a number of reporis te help standardize the
approaches to problems and guide member
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uliities In the sclution of these problems
{Table 1).

Objectives

The NCIG charter estaslished the following
shjectives,

@ Develop a commaon approach to the reso-
iution of technical issues related 10 nuclear
power plant physical faciities that is ac-
ceptable to moth the nuclear industry and
the NRC

@ Provide a means of sharing information and

concerns with professional organizations angd
societies for purposes of obtaining their in-
volvernent and support 1 the resolution of
NCIG issues

o Provide continuing support 10 the docu-
ments developed by NCIG to maintain censis-
tency with industry chanaies until such time as
these documents are incorporated, if apore-
priate, into established consensus standards
@ Support the needs of the NCIG members
and pursué those technical tasks that have a
general application to the nuclear industry

ABSTRACT 70 meet the technical challenges of plant operation,

maintain conformance with licensing requirements, and contribute to

industry standards, a number of EPRI member nuclear utilities have

joined forces with EPRI in a series of research and technology transfer

efforts under the organizational name NCIG. As manager of the NCIG

program. EPRI provides assistance at all stages, from task identifica-

tion through information dissemination. After half a decade of oper-

ation the organization’s activities continue to provide useful solutions

to problems affecting nuclear plants.



v Previde a forum for shanng information on
nuclear issues lor concemed organizations,
i ., utiliies, constructors, professional organi-
zations and secieties, melustry, and the NRC

NCiIG's activities are reviewesd by the
Nuclear Management and Resourcas Council
(NUMARC) and coordinated with the Institute
ot Nuclear Power Operations (INPO) and other
ndustry organizations to obtain recommen
dations and commen® as appropriale, All
tasks undertaken by NCIG are approved by
the NCIG membership as well as the EPRI ad-
visory struclure

NCIG membership and
EPRI's role

The participation of Ihe NCIG member utifities
has been, and will be, the key 1o the contin-
wed success of this organization. Approxi-
mately 30 member cempanies provide sum-
port ta NCIG. NCIG memiers are utllities that
accept and fund one or more NCIG fasks or
make a substantial technical contribution o
the success of a task. An NCIG task is a wark
effort with a well-defined objective that has
been accepted by the membership. Each
completed task becomes the subject of a re-
port NCIG members participate 10 varying
degrees m the successful completion of the
tasks, All EPRI members, however, have de-
nved benefits from NCIG's solution of eng:-
neering, lechnical, gualty assurance, and ad-
ministrative problems.

EPRI manages the program for NCIG Pro-
gram management responsibiiities include
technical and administralive assistance it
identification and development of task activ-
ties; contract administration; and provision of
technical and financial status reports and
schadites o the NCIG membership.

As apmroprtate, representattves of archi-
tect-engineers, censtructors, specialty con-
sultants, equipment suppllers. and codes and
standards organizations may te fnvited by the
NCIG chairman lo participate in NCIG general
imeetings and in the technical developmenl
and performance of NCIG tasks.

Status of some current tasks

The TERI guideline (Techmicat Evaluation of
Replacement ltems, NCIG-11), the most re-

Tabie 1
EPRI/NCIG REPORTS

Title

Visual Weld Acceptance Crifena—Visual Acceptance Criterg {or Structural
Visual Weld Acceptance Critenia—Samphng Plan tor Visual Reinspection ot

Visual Weid Acceptance Cnigna—Tranming Manual lor (rispaclars of Slrue-
lural Welds & Nuclear Power Plants Using the Acceplance Critena of

Guigshines ior Preparng Specifications tor Nuzlear Powar Plaiils
Nuclear Plant Modification ana Design Control’ Guigeines tor Genenc Pros-
Guideline for the Utihzalion ot Commercial-Grade llems . Nuclear-

Guidahnes lor the Contert of Records to Suppor Nuclear ®ewer Planl Oper-

Guidelines tor Quality Records i Electronie Madia for Nuclear Facilllies

EPRI Report  NCIG Task
Numbar Numbet
NP-5358, 01
Vol 1 Welding a1 Nuclear Pawer Plants
NP-5380, Q2
Vel. 2 Welds
NP-5380 [ %]
val 3
NCIG-03
NP-5638 [ 5]
NP-5639 D& Guidehnes tar Piing System Reconcllistion
NP-5640, CH
Vals 1z2n02 lam Prevention
NP-5852 07
Salety-Ralales Applications
NP-5653, 08
Vols 1 and 2 alion, Manlenance, and Moaitication
NR-6200 03 A Performance-Based Selective Inspection Pracess
NP-6295 10
NP-6406 B

Power Plants

Guideling Ior the Techmcai Evaluaton ot Replacement lems i Nuciear

cently completed lask, permits ulillties to use
a systematic technical evaluation precess to
ensure that replacement items procured for
nuclear power plants are equivalent to original
items. The report on this task was published in
December 1989.

A related report describing the acceptance
and dedication process for commercial-grade
iterns {CG1), EPRI NP-5652 (NCIG-07), was 1s-
sued in June 1988

NCIG's Guidelines for the Reparr of Nuclear
Power Plant Safety-Related Motors {NCIG-12)
will permit utilities te have capable repair
shops repair all classes of safety-related elec-
tric motars, either through the extension of the
utility’s own quality assurance program during
repair, or through accepiance and dedication
of the motor as safety-related equipment fel-
lowing repar as a commercial-grade item
The report for this task will be issued in the fiest
quarter of 1990.

Guidelines for Establishing, Maintaining,
and Extending the Shelf-Life Capabiiity of
Limited-Life ltems {NCIG-13) will also previde
Ihe user with recommendations fer packaging
and stoning these items, along with guidance
for the evaluation of tems with expired shell
iives. The report on this task 1s scheduled for

release in the first quarter of 1390,

NCIG's Procedure for Seismic Evaluation
and Design of Smal-Bore Piping (NCIG-14)
provides a rational, consistent, anel simplified
basis for the seismic design and evaluation ot
small-bore piping. By allowing more-flexible
systems and thus reducing thermal stress.
this procedure will heip increase reliability of
piping and reduce plan! piping congestion
and cost. The report is scheduled 1o be 1s-
sued by micd-1980.

Guidelines for Assuring the Qualty of Pro-
cured ttems (NCIG-15) will assist in ensuring
the technical adequacy of procured items by
emphasizing the importance of establishing
technical and quality reguirements up front in
procurement documents and also in proce-
dures used for inspection at the time of re-
cept Because of Ihe complexity of this sub-
ject. the draft report on this task has under-
gone several reviews and is currently
scheduled for ssue it the first quarter of 1990
A companion EPRINCIG document on the
task Guidelines for Performance-Based Sup-
plier Audits (NCIG-16) is also scheduled for
release at the same time.

As part of the EPR/NCIG transfer of technol-
ogy, tour joint CGI/TER! raining seminars have
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been scheduled The first was helsl in Decem-
ver 1989 in Orlando, Flonda, The remaining
three will be helel in February 1990 i Newport
Beach, California, n March 1890 in Chicago.
lHinois, and in April 1990 ¢ Charlotte, North
Carelina, These training seminars wilt consist

of classroom-style lectures with questen-and-
answer sessions. Smaller groups will hold
roundtable discussions and workshops using
examples and case studies from the industry.

The positive results of NCIGs pregrams are
beng felt throughout the nuclear ndustry, As

long as EPRI ulility members continue 1o sup-
pert NCIG tasks, ane the results of the tasks
provide practical solutions to problems affect-
ing nuciear power plants, the nuclear industry
will berefit Future tasks are currently being
developed by EPRINCIG ulility members

Delivery

Automated Distribution

by Thomas Kendrew, Efectrical Systems Division

fihough electric utilities may be tihe larg-

est industrial users of real-time dala. the
sharing of those data among various ele-
ments of a utility natwork is still rudimentary.
Most computers and communications sys-
fems used in transmission and sistibution ep-
erations were designed to perform only spe-
cific functiens. such as load control or super-
visory controt and data aceuisition (SCACA). it
is rare for all the components of these sysiems
to come from the same vendor and to have
compatible interconnections ar standard com-
munications protocols, As a result difterent
systems usuzally have only a limiled ahility, or
no abilty, 1o communicate with each other
thus hindering integrated operation.

An automated distribution system provides
away of connecting all the components of a
utility's sperational distribution system into a
single control and communications network
The potential benetfits of such integrated sys-
tems are strking More than 40 distinct func-
tions can be centially automated (e.9., see
Tamele 1) EPRI studies indicate thal, through
the improved productivity and remote monitor-
Ing made possible by automaled distribution,
utilities rationwide could reduce their cuirrent
annual $5 billion operation and maintenance
budeet by at least $250 million.

Single functions justify
installation

Automated distribution systems have the po-
tential to become he diata highways for a seg-
meni of utilites' data reguirements In the net-
too-distant future.
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Even today, some utilities are discovering
that installation of currently available auto-
mates aisirimution sysierns can be juslified
economically on the basis of a single function.
One example is the new, "smarter” substation.
Teday's microprocessers can operate in the
harsh environment of a distribution substation
and, if so ordered, make operating decisions
andssue commands, In particular, these mi-
croprocessors can grovide far more automa-
ton than existing SCADA systems. which pro-
vide very little knowledge ot the distribution
substation, ang none of the sysiem beyond
the substation feeder breaker.

Dunng a persistent fault condition with a
feeder lockout, for instance, a dispatch eper-
ator must make some decisions abeut the
fault conditions on the basis of intimate kriowi-
edge of the distribution system. Before any
decisions are made, the oparater must ana-
lyze operating maps of feeder routngs. When
the feeser reute is identified, an emergency
repair crew is contacted and feeder patrolling
starts, Alter the fault 1s located and solated,
power s restored to other, unaffected areas,
usually through manual circuit switching

Such restoration requires immediate inter-
action between the dispatch operator, two or

ABSTRACT The remote operation and coordination of utility dis-

tribution components is capable of providing annual industry savings

of at least $250 million. EPR! studies indicate that autornated distribu-

tion systems using expert system technology can automatically make

operating decisions, coordinate components, issue commands, and

provide real-time operating data. EPR! is currently sponsoring two full-

scale demonstrations of automated distribution systems. A project

with Texas Ulilities Electric demonstrates a distributed architecture;

the second project, at Carolina Power & Light, will demonstrate a

large-scale integrated system using a more centralized architecture.



three databases. and field personne! The dis-
tribution dispatch center may have informa-
tion avalable concerning the loasing and
availability of backup feeders—again through
ratabases (maps. logs, etc)—and the dis
patch operator will use this information te de-
termine whether a8 switch can be closed to
pick up load for an 1selates part of the faulted
feeder After restoration of service to all unaf-
tected zones of a faulted teeder which lakes
an average of aboul three hours, work can
finally begin on the fadlted area

The preceding example outlines the re-
quired fresponse 18 a single-point utihity sys-
tem fault and the subsequent measures nec-
essary (o teslore customer service During a
major storm, the complexity of this response
inay Increase by one of two orders of magni-
tude, depending en the size otthe storm area
and the extent ot the utility tselt, Under such
conditions, a system operator must prioriize
outage reports for a step-by-step nvestgation
of feeders, which will inevitably resuit in longer
autages for some customers,

Simulating operator
decisions

Automated distrioution systems have the ca-
pability of pecforming the aforementioned op-
erations autormatically, using the same tech-
niques thal an operator uses, The difference
1s that the fault 1solation and service restora-
fion are done at the substation ievel by micre-
processors that have been programmed 1o
react as an operator would. A substation mi-
croprocessor can also call on different data-
bases to ciear a fault and will queue up multi-
ple faults, clearng them on a previously es-
tablistred priority basis. After a fault has been
cleared. the microprocessor will call the dis-
patch center and report what has happened
With an automated distribution syslem, resto-
raton may take minutes instead of hours
Although the scenano elescribed above
louches on only one capabilty of an auto-
mated siistribution system, such sysiems us-
INg &upert system technolagy are capable of
a full range of operation without human inter
vention. Automatesl systems will have sigital
protection capability far beyond the abiity of
loday's conventional systerns. Digitai protec-

tion can also he adaphve (o previde better
protection) and can have several sublunctions
bull in—Ifer exarnple, time avercurrent and in
stantanecus overcurrent, automalic reclosing
undertrequency protection treaker backup
sync check, and diagnestics This capabliity
provides more functions in iess space &t lower
cost,

System load
management tool

Automated distribution sysiems can aise ad
in load management, batancing icad between
substation fransformers and allowing for bet-
ter dtilization of transtoermer capacty In this
way, an unattended distribution substation
could be considered “attended” through the
use of an on-site microprecessor. With the on-
site micreprocessor, load can we transferred
within minutes and power transtormers can
he loaded to full nameplate rating—no! @
50%. as some are now—to allow for the tailure
of an adjacent transformer. This capability can
defer capital Investments for additional trans-
former capactty and produce major savings

An integrated vollage anal VAR coniret func-
tion can also produce large savings by con-
wolling losses and improving voliage contref
This function alone can often pay for the auto-
mated distnbution system. Remote meter
reading and load cantrol are also possible In
fact. the list of automated distribution system
capabllities could describe more than 158
programmable functions.

Because of its power and flexibility, auto-
maled siistribution is much more than just a
communicalions or controf system: if 15 true
autornation in which software capability actu-
ally replaces the operater (n some reutine uti-
ity operations

Because of their ability 10 Interconnec! sys-
lems or dalabases that store data m many
forms through a standardized communica-
tions system, automates distnbution systems
offer other utiity disciplines broader capa-
bilites. Utility planners are now looking at spe-
cific automated instailations that allow them to
reconfigure their systems n ways that reduce
the need for redundancy. defer construction
of cestly faciltties, and maintan reliability with
reduced fesources. Aulomated distrisution is

Tabte 1
APPLICATICNS FOR AUTOMATED
DISTRIBUTION

Auiomatic controt
BLis secHenaiizing

Feeae deoloymert, swilchung,
and automatic sectonalizng

IMegrated voltage and VAR coritrg
Sulrsiahon-transtonmer [vad balancirg

Coid Ian mekun ph 9eders

Manual canlrol
IDienibgtien shspatch cant@i/SCABA intertace

Date acquisition and processing
Anglog data freeze

Data meritenng

Dala lopging

Interface

Digmbution cammunicalions iter{ace

Protection

Automalic reclositig

Bus lau pralection
INstanianeQus overcurrent

Time overeitrenl

Substation Itanslormer pritechont

Undertrequitiry itecuar

Load management
Lead contreil
Remole servitm conneclion, disconnechon

Pass-thrugh commands

Remote metering

Load survey

Peak dernand metering
Remoie ineler programring

Tampenng delection

therefore just as attrachve 1o the designer as il
is to the operator

Automated distribution
features

The main component ot an automated distn
bution system is the cernmunicatiens system
The central computer must be able 10 receve
input lrorm reimote sources, process data and
lransmit Instrucbions back 1o those sources or
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Figure 1 Concept of integrated utilily system. An automated distribution system uses exlended
tocal area network concepts and appropriate communicalion protocols Lo address the require-

ment for transparency to the user.

Energy Load Automated Customer Cistribution
management managemant distribution accounting information
system research system system

I 1 L i
Control computer cofmmunication network
Division Division Dwision
automated aulomated automated
gistribution distribution disinbution

| Substation communication network

Substation

Substation

| Distribunon communication network

Feeders

substations. This central computer and elaia-
base must also be addressable in a higher-
level language so that the software patched
into the system frem remole databases is in-
difterent to the location or format of the incom-
ing data The system must convert information
stored 1n a variety of forms, such as maps,
text, and diagrams, and pass the wiermation
from network t network as requested either
by a microprocessor or at @ human interface
{Figure 1).

installation of an automated distribution
system also establishes a valuable interface
between the utility and the customer, This will
allow the connecling and discennecting of
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Cuslomers \

customer loads, automated billing and pay-
ments, and direct communication belween
utility and customer. Aulomatag digtsibution
can also effer greater refiability to customers
and facilitate a more economical use ef 2 util-
ity's resources

Demonstration projects

The degree of compatibility between the auto-
mated distribution structure and a utility's or-
ganizational structure is a major factor in de-
termining the success of the automated distri-
bution system, Autoratien shoule be used to
enhance the productivity of an operaton; this
may be difficult to accomplish it the system

isell 1s at odeis with thé structure of the com-
pany. Changes can ba made in a utility’s orga-
nizational structure, but the chances of suc-
cesslul mnlegration of automated disliibution
will be greater if radical changes i the ergant-
zatonal struciure are not required

Such organizational issues, as well as marty
other practical copcerns nvolved in the instal-
tation ot automated distribution systems, can
best be addressed through figid demonstra-
tien. EPRI ts currently In the testng phase of
such demonstrations in Texas and North Car-
olina. At Texas Utilities Electnic in Fort Worth, a
General Elecinic system 15 monitorng a single
subsiation and three feeders. including digital
pratectien, The system is en-ine and 1s capa-
bte of complete autematic control of part of
the utility's system

A Weslinghouse automated distribution
system has been shipped and 15 being in-
stale® on Carolina Power & Light's system,
Automated distnbution wit integrate three
substalions and their feeders. In addition, it
can transfer loag between substations to bal-
ance the load, and it can contral indwidual
loads and read melers

Both systems can isolate and locate faults,
reguiate voltage, and control VAR flow

Future plans

As utiity loads grow, lility systems simply be-
come more sophisticated; ihe large amounts
of data necessary o operate these systems
correctly coutd become unmanageable
Computerized distribution systems are well
suiled to tackle the challenges that are be-
ng created by today’s sophisticated sys-
tems, Aulomation demonstration projects are
ensuring that, as the need develops, such
systems will be ready for incorporation into the
distribution operations of both large and small
ulditios
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(RP2614.52) 7 months Jd Chas
PRIGEMS Modute—Cadle Al 1 L Technploges Ine.
FPP?’%Q-E) e able-upadily ﬁrﬁs 5";?:%?]: nelagiigeng Caoriym Conarate Inlaractions & Stranlied $55.800) Uniearsdy of Wisconsing 8
Gaomalry {RP2658-5) 15 manihs Sehgat
Sensors ane Advanced Trerching $2 500.000  Baitelle Memanal i .
Equipment for haiaildtion af Transtrissicon 51 months  Instlule] T Rodenbaugh COF:'“'" Goolstility Scoping Test §75.080 Argonne Nafional )
Catlle (RP7938-6) (RP2636~5) & monihs Laberatory /B Sehgat
Analysrs et Hign-Fraquency Seismic $214,900 Jack R. Betjamin & Assn:
. Efiects (RP2722-23} 18 monthe ciales ne /A Kassawara
Environment
Guidehnes lor Product Performarnce Based  $127,008 Scence Applicatens
FASTCHEM Applicatieris 310 Sensiiviy 5264 960 Stantary Urniveisy/ Audns of Suppliers (RPQ101-18) 10 maafhs  Infernationa! Care 7
Anelyses (RP2485-15) i@ manths O Mcinmsh W Bramn
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New
Technical
Reports

Reqguests tor copies ot reparts should ee directmd (o
Research Reports Center. PO Boa 50490, Palo Alto
California 34303 (415) 465-4081 There & no charge
tor reports requested by EPR! member alilities U S
universipes, or government agencies Reports will be
provided to nonmember U S uliilies anly upon pur-
chase of a ficense, the pnce for which will be equa
I the price of EPRI membership Others i he
United States. Mexico, and Canada pay e listed
price Overseas price is double the hisled price Fle-
search Reports Center will send a catatng nt EPRI
renarts on request. To order one-page summartes ol
reports, call the EPRI Hotline, (315) B55-2411

CUSTOMER SYSTEMS

1987 Survey of Commercial-Sector
Demand-Side Management Programs
CU-6294 Final Report {(RF2884-1); $100
Contractor: Baltelle. Columbus Division
EPRI Projact Managers P Hansar, W Srndh

Evaluation of Microcomputer Programs
for Commercial Building Energy Analysis
CU-6457 Final Report (RP2891.2) §100
Contracter Arthur D Liltle inc

EPRI Project Manager M Bla1t

Soil and Rock Classification According

fo Thermal Conductivity: Design of Ground-
Coupled Heat Pump Systems

CU-(482 Final Report (RP2892-3) $47 R0
Contractor STS Consuttants Ltd

EPRI Proect Manager P Joyner

Residential End-Use Energy Consumption:

A Survey ot Conditionat Demand Estimates
CU-8487 Final Repari (RP2547-1) $100
Conlractors. Cambridge Syslematics tnc | Regional
Economic Ressarch Inc

EPRI Project Manager S Brarthwait

1988 Survey of Residential-Sector
Demand-Side Managemen! Programs
CU-6546 Final Report (RP2884-1), $100
Contracior Baitelle Catumbus Division
EPRI Project Manager P Hanser

Operation and Pertormance of Commerctal
Cool Storage Systems, Vols. 1 and 2

CU-2561 Special Report (RP2732-5), Vol | $100
Vol 2 $100

Coniractor” Science Applicatons Internalional Carp
EPRI Project Manegers D Gesstert. R Wenaland

ELECTRICAL SYSTEMS
Subsiatton Voltage Upgrading
£1.-8474 Final Report (RP2794-1) $10.000

Contractor’ General Electnc Co,
E£PRI Project Manager J Porter

S0 EPRI JOURMAL January/February 1290

¥nowledge-Based System:

Voltage and VAR Dispatch

EL-6483 Final Report {RP2944-2), 325
Contractor Union Electnc Co

EPR! Project Manager: O Curtice

Proceedings: Power System Planning and
Engineering—Research Needs and Priorities
EL-6503 Proceeciings (RP2473-34) §25
Contractor Sodthem Company Services e
EPR) Proect Manager M Lauby

Pilot Study of Residential Power
Freguency Magnetic Fields

EL-6508 Final Repart (AP2942) S40
Confracior General Elecinie €0

EPRI Project Managers J Milsche, G Rauch

ENVIRONMENT

EMDEX Sysiem Manuals, Vols. 1 and 2
EN-6518 Intenm Hepart (RP729-1€): Vol. | §25.
Vot 2 $3250

Contractor Enertech Carsullarits

EPRI Projact Manager S Suzsmai

Paleonecological Investigation of Recent
Lake Acidification (PIRLA}): 1983-1985
EN-8526 Internm Report (RP2174-10) $40
Contractor inthana University Foundation
EPAI Projact Manager R Goildsten

EXPLORATORY RESEARCH

Fiber-Optic Sensing Workshop
ER-6537 Proceadings (RPBO00-34) £25
Contractor Foster-Miller Inc

EPRI Project Manager J Weiss

GENERATION AND STORAGE

Reducing Power Plant Emissions

by Controlling Coal Quality

GS-6281 Proceeuings (RP1400), $500
Conlractor Writing Consultants Associated
EPRI Project Managers C Harrisen, J Hervol

Operating Problems With Startup

Vaives in U.S. and Japanese Supercritical
Steam Generators

GS-6397 Topical Report {RP1403-19) $32 50
Conlractars Foster Wheeler Energy Corp
Ishikawapma-Harma Heavy indusiries Co  Ltd
Balley Japan Co Ltd

EPRI Project Manager W Bakkar

Planar Solid Oxide Fuel Cell Development
GS-6504 Final Report {RPMB76-3) 825
Contractor Ztek Corp

EPRI Project Manager R. Galdsten

Solid Particle Erosion of Steam
Turbine Components: 1989 Workshop
GS-6535 Proceedings (RP1885:6), $47 50
Corlractor Encer-Amenca Inc

EFRI Project Manager V Hulia

Microbial Conversion of Coal

GS-6553 Final Repait |IRPBOO3-5) $3250
Contrarior Battelle, Pacitic Northwest
Laboralories

EPAI Project Managers. S Yuniker.

. Atharton

Hydrogen Conference

GS-65E3 Proceedings (RP108G 22) $40
Contractor Technology Transition Carp
EPRI Praject Marager B Mehla

Nontoxic Foul-Release Coatings

G5-6566 Fnal Reporl (RP1689.9) 3500
Contracler Stone & Websier Engineening Cotp
EPRI Project Manager: J fsou

Targeted Chlorination Scheduies

GS-6576 Final Report (RP230(-2) $47 50
Conlractar Stone & Webster Engirieermg Cerp
EPRI Project Manager W. Chow

NUCLEAR POWER

ARMP-02 Documentation Par! I, Chapter 5—
EPRI-PRESS Computer Code Manuals,

Vol. 1: Theory and Numerics

NP-457 4-CCM Computer Code Manual
{RP1252-6) $40

Contraclor: S Levy Inc

EPRI Projgct Managers: W Eich, B Breen

Below Regulatory Concern Owners
Group: BRC Waste Variability Evaluation
NP-5685 Final Report (RP101-10, -16}, $1000
Contraclors Vance & Associates: National
MNuclear

EPRI Project Manager P Robinson

Valve Moltor Operalor Improvements
NP.5626 Final Raport (RP2233-2) $40
Contraclor Fester-Miller Inc

EPRI Project Manager B Branks

in-Plant Measurement of

Corrosive lons in Water

NP-6308 Final Report (RP1447 :1): $32 50
Contractor: General Elecic Co

EPRI Project Manager T Passell

Avoiding Steam-Bubble-Collapse-Induced
Water Hammers in Piping Systems
NP-6447 Interm Report (RP2856-2), $32 50
Contraclor Massactusetts Institute of
lechnataqy

EPRI| Project Managers J Kim M Merilo

Lower-Bound Magnitlude tor

Probabilistic Seismic Hazard Assessment
NP-8496 Final Repcorl (RP2556-25) §47 K
Contractor Jack R Benjamin and Associates ine
EPRI Project Manager J Stepp

The Etfecis ot Soil-Structure Interaclion
on Laterally Excited Liquid-Storage Tanks
NP-6580 Interim Report (RP2907-2), $40
Contractor Rice University

EPRI Project Manager H. Tang



Functionat Specifications for a

Radloactive Waste Decision Support System
NP-8501 Final Report (RP2414-13), $1000
Contracter Odelics Inc.

EPRI Project Managars F Gelhaus F Ropinsin

Steam Generator Mode! Vaiidation

and Advanced Feedwater Control
System Deslgn for the Maanshan PWR
#P-6506 Final Reporl (RP2126-7); $32 5
Contractor Wastingheuse Elecific Comp
EPRI Project Manager 8 Sun

Application ot Medern Computer Technology
to EPRI Nuclear Computer Programs
NP-B507 Final Regort {(RP2961- 1) $32 50
Centraclor fower Computing Co

E™RI Projecl Managjer .} Naser

In-Precess Acoustic Emission

Monitoring of Dissimilar Metal Welding
NFP-651)8-M Firal Report (RP2928-2) 325
Contracior Chambierlain Manufacturing Coig
EPRI Proect Manager M Behravesh

Corrosion-Product Release in LWRs
NP-6512 Final Report {RP2008-1); 332 50
Contractor Atomic Energy of Canada Ltd
CPRI Project Manager H Ocken

Reliability of the Southwest

Research Institute TREES Rotor

Bore Inspeclion System

NP-6513 Final Report (RP1570-2}, §25
Centracior J A.Jones Apphad Research Co
EPRI Preject Manager G Dau

Robotics Program Development:
Applicable Lessons Learned From TMI-2
NP-a521 Final Report (RP2558-2) $32 50
Centractor Pentek Ine

EPRI Project Manager R Lambert

Elimination of Soluble Boror

for a New PWR Design

NP-6536 Final Reporl (RP2614-24) 332 50
Contracter: Combustion Engineenng Inc

EPRI Preject Managers W Sugnel J. Yedidia

Methodology Estimating Number

of Failed Fuel Rods and Defect Size

NP-5554 Final Repor! (RP2228-1), $32 50
Contractor Baltele. Pacific Norihwes| Laboratories
EPRI Projecl Managars ® Rudiing R Yang

UTILITY PLANNING

Customer Demand for Service Reliability:

A Synihesis of the Outage Costs Lileralure

P 6510 Final Mepont (RP2801-1) $3% 50
Contractor Laurts R Chnistensen Assuciates Inc
£EPRS Project Mariager H Chao

Why Issues Emerge

P-6552 Final Report (RP2345-55), §32 50
Contracior 4 I' Coates Inc

EPRI Project Manager § Feher

New
Computer
Software

The Elecinc Power Software Center (EPSC) prevides
3 singte disinbution cenler for computer programs
develaped by EF®I The programs are aistriputed
ungder license o users EPRI mamber utilities, in pay-
ing ther membership fees prepay all royaltes EPRI
soMware 1s nol avaiable 1o nonmamber U S ufiliies
Wa 1oyalies are charged 1o nonulilily public sarvice
orgamzalions in the United Stales, including govern-
mgnt agencres. universities, and sther lax-exempt
orgamzatons. Ingusirial organizalions are required
10 pay foyalties Basic support n inslailirgy the coetes
1s available al no charee from EPSC. nhowever, a cen-
sulfing ize may be charged for estansive suppor

For more informatien abow EPSC and licensing
arrangements, EPRI member utiilles, govarnment
agercies. universities and other tax-exempt organi-
zalwns should contact the Etecitic Power Software
Center, Power Computing Co. 1930 H Line Drive.
Dallas, Texas 75207, (214) 655-8883. Industnal orga-
nizabons stiould contact EPAI's Manaeer of Licens-
g, PO Bax 18412, Palo Alie, Calfornia 94303, (415)
855-2866

APLUS: Analysis of Plant Utility Systems
Versier: 10 (IBM PC;)

Cortracior Tensa Services Inc

EPRI Project Manager K, 8 Amarnatls

ASCON-I: Adjustable

Speed Drive Analysis Technique
Version 3.1 (IBM PC)

Contraclor CRS Sinne tnc

EPRI Project Manager Marek Samoly)

BAPMAN: Technology Transter

and Benefits Assessment

Version 10 (IBM PC)

Contractor ADROIT Software

EPRI Project Marager Edward Beardsworlt

COOLAID: Thermai Energy Storage/Demand-
Side Planning/Load and Market Research
Vetsion 2 1 (I8M £C)

Coniractor Regionat Economic Researeh

EPRI Project Managers Steven Braithwal

Hon Wendlana

CQIM: Coal Quality Information Manager
Version 1.0 (IBM PC), GS-6393

Coniraclor Black & Vealch Engmeers-Archilatts
EPRI Project Manager Arun Mehta

DIRECT: Transient Energy Function Program
Version 2 1 {IBM PC), EL-4980

Conlracior Ontario Hydro

EPRI Project Manager Janies Mitsche

EAM: Ecosystem Assessment Model
Version 10 (IBM RC), EA-4907
Contractor Tetra Tech Inc

EMRI Project Manager: Donaid Porcella

EMTPIN: Fronl-End Processor for EMTP
Varsion 2.0 {IBM PC VAX})

Caatractor Power Compuung Co

EPR Projact Maniager Mark Lauby

FASTCHEM: Code tor Predicling
Groundwaler Flow and Sciute Migration
Version 10 (IBM FC), EA-5871

Conttactor Batrelle Pacilic Norfihiwes!
Lamoralones

EPRI Frolect Manager [Dave Mcintash

HPSCAN: Heat Pump Screening Analysis
Version 1.8 (IBM PC); CU-6445-CCML
Contracior ICl-Tensa Services

EPR1 Project Manager 1< R Amarnatt

IMIS: (ndusirial Market Information System
Version 18 (IBM PC)

Conlracior Batieile, Columous Laboratones
EPRI PFroject Manager Hoper! Jeftrass

MULTEQ: Equilibrium of an
Electralytic Solution With
Vapor-Liguid Partitioning and
Precipitation

version 8 0 LIBM PC). NP-5561-CCM
Caontractor S-Cubed

EPHI Project Manager Peter Paine

PULSE: Relative Share Estimation
tor Resideniial OSM Programs
Versian 1 0 {IBM PC), EM-8136-CCML
Contracter National Analysis

EPRI Project Manager Larry Lewis

SGA-ACDCFLT: AC/DC Fault Analysis
Varsion 1.0 {IBM)

Contractor Georgia tnstitute of Technoiegy
£PRI Project Manager Gilert Aadis

SGA-DCGRND: DC Grounding System
Model

Version 10 (IBM)

Confractor Georgra Instiute of Tachnology
EPRI Projact Manager Gilbert Addis

SGA-SGSYS: Substation Grounding
Analysis

Version 4 1 (18BM I1BM PC)

Contractor Georgle Instifute ot Technoloay
EPRI Projact Manager: Gilbert Adais

SGWORKSTATION: Systern
Grounding Workstation

Version 1.0 (1BM PC)

Conlractor . Powsr Computing Co
EPRI Project Manager Gulber! Addis

SSSP: Small Signal Stability Program
Version 1.1 {BM PG EL-5798
Contractor Powsar Computing Co

EPRI Projact Manager Mark Lauiey

WHSIM: Wellhead Binary-Cycte
Simulator

version 10 (IBM PC) GS8-6302
Contracior ESSCOR Inc,

EFRI Project Manager Jonne Berning
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CALENDAR

For additional information on the meetings
Iisted below, please contact the person
indicated,

MARCH

6-9

International Symposium:

Pertormance Improvement, Retrofitting,

and Repowering of Fossil Fuel Power Plants
Washington, D.C.

Contact: Gary Poe, (415) 855-8969

7-9

Industiial Applications of Plasma

Palo Ailto, California

Contact: Mary Kakaio, {415) 855-2561

20-23

EPRI-EPA Symposium: Transfer and
Utilization of Particutate Control Technology
San Diego, California

Contact: Ramsay Chang, (415) 855-2535

21-23

2d National Cenierence and Exhibition

on Power Quality for End-Use Applications
Burfingame, Caiifornia

Contact: Marek Samotyj, (415) 865-2980

26-29

Electric Vehicle Ride

and Drive Demonstration

Anahewn, California

Contact: Jim Janasik, (415) 855-2486

27-28

Pulp and Paper Workshop

Allanta, Georgia

Contact: Ammi Amarnath, (415) 855-2548

APRIL

2-6

Analysis and Design

of Transmission Structures

Haslet, Texas

Contact: Dick Kennon, (415) 855-2311

10-11

Competitive Power Markets: Implications for
Utility Operations and Strategic Positioning
Baltimore, Maryland

Contact: Stave Chapel, (415) 855-2608

17-19

Conference: Life Assessmeni and

Repair Technology tor Combustion

Turbine Hot-Section Components

Pheenix, Arizona

Contact; Vis Viswanathan, {415} 855-2450,
or James Allen, {415) 855-8929
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17-20

Transmission Tower Foundations
Haslet, Texas

Contact: Dick Kennon, (415) 855-23H

23-25

New Technologies: Issues in
Occupational and Environmental Health
Bethesda, Maryland

Contact: Cary Young, {408) 755-4301

24-27
Electrical Potpourri

Haslet, Texas
Contact: Dick Kennon, {415) 855-2311

MAY

1-3

1st International Symposium

on Biological Processing of Coal
Orlando, Florida

Contact: Staniey Yunker, (415) 855-2815

81

1980 SO, Control Sympasium

New Orleans, Louisiana

Contact: Paul Radcliffe. (415) 855-2720

JUNE

1113

Applications of Power Production Simulation
Washington, D.C.

Contact: Mark Lauby, (415) 855-2304

JULY

29-August 3

International Conterence:

Indoor Air Quality and Climate
Toronto, Canada

Contact: Cary Youne, {408) 7565-4301

AUGUST

28-30

International Conference:

Measuring Walerborne Trace Substances
Baltimore, Maryland

Contact: Winston Chow, (415) 855-2868

SEPTEMBER

18-20

Conference: Condenser Technology
Boston, Massachusetts

Contact: John Tsou, {415) 855-2220



Authors and Articles

i—ﬂ

Kheifets

Edmonds

=

Porcela

X

Sussman

Goldstein v

ursuing the Science of EMF

(page 4) was written by Taylor
Moore, the  foursal's senior feature
writer, with guidance from several
staff members of EPRI's Environment
and Electrical Systems divisions

Leonard Sagan, manager of radia-
tion atudies, came to EPRT in 1978, For-
merly a clinical director of environ-
mental medicine, he also was once an
AEC researcher in nuclear medicine.

Stanley Sussman, a physicist and
subprogram manager for exposure as-
sessment studies, rejoined EPRIin 1987
after five years in instrument develop-
ment. Between 1978 and 1981 he man-
aged research in systems modeling,

Charles Rafferty, a biophysicist and
project manager for studies of EMF ef-
fects, joined EPRI in 19H7. He was for-
merly with the Walter Reed Army In-
stitute for Research, where he studied
the biomedical effects of microwave
radintion at subcellular levels.

Robert Black, an epidemiologist,
has been a project manager for EMF
studies since 1979, He came to EPRI
from the University of Texas School of
Public Health, where he earned an
MPH.

Leeka Kheifets, also an epidemiolo-
gist, came to EPRt in 1988 after two
years in occupational health surveil-
lance and management ot Syntex
Corp. and three vears as a biostatisti-
cian at Environmental Health Asso-
ciates.

Greg Rauch, a project manager in
the Electrical Systems Division, guides
research in magnetic fields and power
quality. He joined EPRI in 1988 after 1)
years with General Electric. m

S uperconductivity: Dealing in Fu-
tures (page 18) was written by Jon
Lchen, science writer, with informa-
tion from managers in threc EPRI re-
search groups.

Tom Schneider s a senior science
adviser in the Office of Exploratory
Research, responkible for investiga-
tions in physics and the mathematical
sciences, He has been with EPRI since
1977, following four years as a re-
search physicist with Public Service
Electric & Gas in Mew Jersey.

Dave Sharma is a subprogram man-
ager in the Electrival Systems Division,
guiding research in underground trans-
mission and also working with an In-
stitute-wide group on utility applica-
tions of high-temperature supercon-
ductivity. He rame to E'RI in 1980
after 11 years with General Electric.

Jim Edmaonds, a technical adviser in
the Generation and Storage Division,
has been with EPRI since 1978, working
in the Electrical Systems Division until
June 1988 and then on loan for a year to
the Pdational Science Foundation. He
formerly was with American Electric
Power Service.

J C. White has managed the Roiat-
ing Machinery Program since 1980. He
came to EPRI in 1979 after 32 years in
electrical machinery engineering with
General Electric. =

Working With the Watershed
(page 28 was written by David
Boutacoff, Journal feature writer, in co-
operation with two staff members of
EPRI's Environment Division.

Don Porcella, a project manager for
ecological studies, joined EPRI in 19584,
after six years with Tetra Tech. Still ear-
lier, he was on the engineering faculty
at Utah State for nine years,

Robert Goldstein, alsu in ecotogical
studies, is the subprogram manager for
svstemu ecology. He has been with EPR!
since 1975, before which he was at Qak
Ridge Mational Laboratory, =
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1989 EPRI Journal

Acid deposition, eflects on forests O/N 14

Ac power sources at nuclear plants, reliability
dataon J/AS54

Adapa, Rambabu O/N 57

Adjustable speed drives. tor power piants
Jun 34

Advisory Council, EPRI
member profiles AM 14 Sep 20
seminar on technological innovation Mer 16

Aerosol behavior, in reactor containment
buildings AM 45
Afilliate Member Program. ot EPRI's Customer
Systems Division O/N 1 4
Air quality

etlects on forests ON 14

indoor-outdaor, and health  J/F 42

and ozone Jun 14 Sep 4

trace gas measurement Jun 42

Altemative (ue), methanotas O/N 24
Amarnath, Ammi J/F 8 ON ST
Atherton, Linda OMN 57

Atmaspheric chemistry
and ozone Jun 4 Sep 4
trace gas measurement Jun 42

Automabiles, infrared paint curing for  Sep 26

Baiu Neal Sep56 @®/N57
Barker, Brent Mar 57
Batteries. See Enerqy sterage
Birk, Jim /A1, 61

Blatt, Morton Dac 1 ol

Boller tube tailure
expert system on  A/M24
ramedies for J/F 51

Boiling water reactors, See Nuchaar power
plants

CATALYST planning process Q/N 46
CECIL robot Mar 30 A/M 42

Center for Matenals Fabrication O/N &
Center for Metals Production O/N 4
CFCs. See Chloraluurocarbions,
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Chlorofluorocarbons  Jun 14 Sep 1 4
Clean coal technologies JA 1 4 See also
Fluaizeabed combustior Low-NQ, bumes
Coal analysis. taboratory guidelines for 3ep 38
Coal ash use, assessing environmentat effects
of Den52
Coal-tired power plants. Seealse Coal quality
advanced technologies for {overview) J/F 4
boiler tube tailures in  J/F 54
effects on fish  O/N 49
emissionscontroltor  J/F 4 Mer 42. A/M 40
expert systems for A/M 24
fuidizedbed demonstration Mar 26
water management in  ON 22
Coal gasification, Shell process for Jun 38
Coal quality
assessing impacts of Dec 49
laboratory analysis of Sep 38
Coal Qualty tmpact Model Dec 49
Cogeneration, evaluating options for  O/N 38
COGENMASTER code O/N 38
Cold-arr-velocity technique, for reducing fly ash
erosion J/F 54
Cold tusion A/M 20 J/A 42
Commercial sector. See asc Retngeratitr end
cooling technotogies
advanced hghtingfor Dec | 4
End-Use TAG for  Jun 3§
foodservice eQuipment in - Se@ 43
Compgetition, international. and U.S, industry
Mar 16, O/N 1. 4
Compressed-air energy storage J/F 30 See
also Energy storage
Cool-Storage Supervisory Controller O/N 43
Cost management,implementation pracess for
QM a0
CQIM. SeeCoal @ualty Impact Made!
CRAFT expert system Mar48 See alsp
Expert systems
Cuitice, David AM 58
Customer preterences. and value-based
planning J/F 22

Dau. Gary Dec 6!

Demandside management/planning
and cogeneration O/N 38
and commercial lightng Bec 1 4
DSM program monitoring  J/F 46
End-Use TAG Jun 36
and home automation Dec 24
and industrial sector Mar 44: Sep 36
and residential direct load control  Dec 44
in valuebased planning  J/F 22

DeMeo. Edgar Mar 9, 57
DeVine Jack A/M } 56

Diagnostics
experi systems for AM 24
tor gas turbines  Dec 56
for power system controf  Mar 48
tor substation equipment Sep 40

Dielectric heating and drying  J/A 44
Direct toad control, residential. measuring

impacts of Dec 24

Divakaruni, Murthy  A/M 56

Earthquakes. data on power sysiem perfor-
mance \n  Jun 22
Editorials
CFCs and the Eneigy-Environment Puzzle
Sefp 1
Cooperative Development ot Clean Coal
Technology J/Ft
FACTS and the Future Jun1i
Getting Down to Business With Thin Films
Mar1
Lighting for EHiciency and Productvity Dec 3
The New Industrial imperative O/N 1
The Promise of Passive Plants AM 1
Storage The Competitive Edge J/A 1
Electric vehicles JfF 52

Electrification

histoncal rofe in U.S, manufacturing Dec 16

and international competition Mar 16: O/N 1 4
Electromagnetic Transients Program  A/M 38
O/N 32
Electrostatic precipitators  Mas 42
Electrotechnologies

for commerciat foodservice Sep 43

dielectric heating J/A 4a



Elecirotechnologies (coni.}
freeze concentration J/F 18
guide for assessing Jun 36
industrial, EPRI programon ©O/N % 4
industrial markel for Sep 36.0Q/N 4
and industrnial producrivly Mar 16: @/N 1 4
Dec 16
inlrared paint curing Sep 26
refrigeration and cooling, and CFCs Sef: ! 4
Emissions control
of nitrogen oxides J/F 4, A/M 40
of particulates Mar 42
of sulfur dioxide JF 4
EMTPcode A/M38,ON 32
End-Use Technical Assessment Gulde Jun 36
End-use technologies. See Etectric vehicles
Elecirotechnologies Home autornation: Lighting
systems.
Energy efficiency
and ad)ustable-speed drives Jun 34
and advanced lighting systems Det: 1, 4
and cool-storage systems O/N 43
and dielectric heating J/A 44
and electrification Mar 16, O/N 4: Dec 16
and foodservice equipment Sep 43
and Ireeze concentration F 16
and infrared paint curing  Sep 26
and relrigeration and cooling, and CFCs
Sept 4
Energy slorage. strategies and technologtes for
JIA 1 4 SeealsoCompressed-air energy
storage:
Environmental eftects
of coal ash use Dec 52
of manufactured gas p'ant wastes
of power plants on fish O/N 49
related to ozone Juni4 Sep 1,4
of stresses on forests O/N 14
EPRI
Advisory Council Mal 16, A/M 14, Sep 20
Affiliate Member Program (Customer Systems
Division) O/N13 4
Expertsystems A/M24 See aiso CRAFT
Exploratory research
on cold fusion A/M 20! J/A 42
on methanal synthesis O/N 24

JIA 22

FACTS (flexible ac transmission system)
Juni4
FASTCHEM code A/M 47
FEATURE code JIF 49
Features
CFCs: The Challenge of Daing Without
Concern Over Ozone Jun 14
Dean Wilson: Weilcoming the Opportunities ot
Change A/M)4
Delivenng Online Expertise A/M 24
Diagnosing Forest Stress  O/N 14
Electritication: Key to Manufacturing
Productivity Dec 18
Emerging Strategies for Energy Storage

Sep 4

EMTP:- Designing for Disaster O/N 32

Fluidized Bed Fires Up at TVA Mar26

Freeze Concentration: An Energy-Efticient
Separation Pracess J/F 16

The Future of Transmission: Switching to
Silicon Jun 4

In Hot Pursuit of Cold Fusion A/M 20

Features (cont )
Innovatton and Industrial Development
Mar 16
Integrated Home Automation Dec 24
ls Cost the Only Measure of Electricity
Value? J/F22
Lighting the Commercial World Dec 4
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