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EDITORIAL

HTSCs: Five Years of Progress

This year marks the fifth anniversary of the discovery of high-temperature superconductors (HTSCs). If
you have been following the news coverage of this area ef research in the popular press, you may have
experienced what seemed like a reller ceaster ride. Perceptions of this scientific discovery have ranged
from the wildly enthusiastic to a view that the party was over and that these new materials would always
remain a scientific curiosity.

But progress has, in fact, far exceeded realistic expectations fer this remarkable discovery.
While an explanation of the underlying phenomenon of high-temperature superconductivity is still not in
hand, this scientific find has moved quietly into early technological development. Groups in the United
States and Japan are routinely making 100-meter lengths of HTSC wire with continuous improvement in
electrical and mechanical properties. Laboratory prototypes have provide# proof-of-grinciple demon-
stration of several power applications, including motors, transmission camles, and fault-current limiters.

This month's cover story reports on the technological state of the new superconductors. Our
goals are to provide an overview of the pregress made in the past half-decade te develep these
malerials for use by the electric utility industry, and to highlight many of the issues that have made HTSCs
such a challenge. Rather than limiting this review to EPRI-sponsored programs, we have included the
most remarkable accomplishments from public and private organizations around the world.

In an earlier EFRI Journal article (January/February 1990), we speculated on the breadth and
depth of the potential impact of these new materials in the power industry. While the degree to which
high-temperature superconductors may eventually penetrate the market for large electrical equipment is
stilt uncertain, there is ne doubt that superconducting technology will establish a market presence and
demand a thorough and intelligent assessment of its cost ané benefits,

For those who design, manufacture, purchase, operate, or service electrical equipment, the
achievements described in the current article point toward a revolutionary chanee in the underlying
technology of the business. If today's rate of progress continues, the common assumption that we will
have to wait until the next century for application of high-temperature superconductors will not prove to
be correct. The time for adapting this new technology will arrive very soon. The time for influencing its
development has already come.

We invite your participation and feedback in cur ongoing effort to understand this exciting
development and to assess its potential.

T s K SEAaiil,

Thomas R. Schneider, Executive Scientist
Office of Exploratory & Applied Research
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COVER STORY

Superconductors Are Still Hot

Probing the atomic microstructure of the new
high-temperature superconductors, scientists
are learning some of the secrets to overcoming
fundamental performance barriers that appeared
daunting just a few years ago.

FEATURES

Breakthrough in Electrical Burn
Treatment

EPRI research has identified the mechanisms
underlying progressive tissue damage from elec-
trical burns and has produced the first therapeu-
tic treatment that appears to effectively prevent
such damage.

Preparing for Disaster

At an EPRI-hosted conference on disaster pre-
paredness, utilities shared information, insights,
and practical tips on how to ensure orderly ser-
vice restoration in the wake of hurricanes, earth-
quakes, and other natural calamities.
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THE STORY IN BRIEF

interest in high-temperature superconductors is heating up again, as researchers

make steady progress on technical probiems that appeared daunting only a few years ago. Working with

new materials, corporate and university laboratories are now producing short samples of wire with perfor-

mance levels approaching those needed for electric power applications like advanced motors and power

cables. And scientists, probing the atomic microstructure of the new superconductors ever more deeply.

are tearning some of the secrets that are key to overcoming such fundamental performance barriers as

weak-link grain boundaries and magnetic flux creep. But even as researchers approach the promised land

in material performance, there are new calls for a coordinated and more focused national program in

high-temperature superconductivity that will ensure a leading position for American science and industry in

S uperconductors
Are Still

the race to develop
power applications.

by Taylor Moore

NEW WAVE OF OPTIMISM HAS
SPREAD AMONG SCIENTISTS

working with the new high-
temperature superconductors

(HTSCs), overcoming earlier fears that
fundamental—perhaps insurmountable—
obstacles stood in the way of ever push-
ing the materials’ technical capabilities to
the levels needed for practical use in elec
tric power applications. Wires and tapes
made from some of the new materials are
approaching the electrical and mechanical
requirements for use in electromagnets
and conductors for prototype supercon-
ducting motors, generators, and power
transmission cables. And researchers say
they are confident that continued, incre-
mental progress—not a major break-

through—is what is needed to make com-
mercial equipment containing high-per
formance HTSCs a reality by the end of
the decade.

Many of the major laboratories inten-
sively pursuing HTSCs have reported en-
couraging results in recent months. These
include the ability to consistently make
material that is durable enough to with-
stand processes for manufacturing useful
lengths of conductor; the achievement of
high critical current densities in short
lengths of fabricated HTSC conductor; and
the maintenance of superconductivity in
some samples in the presence of a strong
magnetic field at temperatures no lower
than the 77 K (absolute) of inexpensive
liquid nitrogen. As recently as a few years

ago, the best HTSC wires were quite brit-
tle, were capable of carrying no more cur
rent than copper, and could withstand
almost no magnetic field. To many, it
seemed that the promise of high-temper
ature superconductivity would never be
realized.

Since then, however, “researchers have
demonstrated that the new HTSC maten-
als can meet all the performance require-
ments for electric power application, al-
beit not yet in the same sample,” says
Donald Von Dollen, a project manager in
EPRi’s Electrical Systems Division who
manages some of the Institute’s supercon-
ductivity R&D. Meanwhile, several groups
are making steady strides in bulk materi-
als processing and the manufacture of su-
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perconducting wire and tape. Low-cur-
rent-density HTSC wires in continuous
lengths of up to 1000 meters are already
produced commercially for R&D use.
Still, recent progress notwithstanding,
the technology remains high risk because
material performance is only part of the
challenge, notes Thomas Schneider, an
executive scientist in the Office of Ex-
ploratory & #Applied Research who co-
ordinates much of EPRI’s involvement in
superconductivity. “The technologists are
confident about achieving the perfor-
mance targets. But we can't really be sure
yet that if we reach the targets, we will be
able to afford the product. That's the ma-
jor risk at the moment—we don’t know
about the cost. But the technical advances

are telling us that the technology is indexd
feasible.”

Adds Ken Goretta, an HTSC researcher
at Argonne ™ational Laboratory, one of
three national laboratories with major pro-
grams in the field: “In just the last few
years, I've run the gamut between opti-
mism and uttér pissimism, and ['m more
oplimistic now than at any time since |
started. The main reason i= that people
have made sections of wire with good
properties. The results already reported
would lead all but the most skeptical per-
son to be optimistic.”

While there iz renewed hope that the
remaining barriers to high-performance
superconductors will succumb to the per-
sistent probing of science within the next

AMERICAN SUPERCONDUCTOR: MAKING HTSC
WIRE FOR APPLICATIONS Based in Watertown,
Massachusetts, American Superconductor Corporation

is one of several U.S. firms developing high-temperature

superconducting wire for use in electric power applica-

tions. The company is producing flexible wire and tape

with a bismuth-based compeund, using a proprietary

version of the powder-in-tube method, in which HTSC

materials are annealed at high temperature within a

silver sheathing and then pressed or rolled. Lengths of

wire as long as 60 meters can carry over 3000 A/cm? in

zero applied magnetic field, a current level that Ameri-

can Superconductor says can

be used in developmental applica-

tion prototypes. The company has
formed strategic alliances with a
number of commercial partners and
recently announced a collaborative
venture with key national laboratory
and university HTSC research centers.

Wire is rolled and wound in pilot manufacturing line

Longitudinal cross-section micrograph of early BSCCO powder-in-tube wire

few years, there are also concerns over
which advanced industrial economies will
reap the ultimate economic advantags
from the new lechnology. Some scientists
in this country worry that without a ma-
jor new initiative to fecus disparate (and
in some cases duplicative) R&D efforts, the
technology may become yet another case
in which technical and market dominance
is eventually ceded to non-US.-based
tirma.

“Can we support the kind of long-range
research that's going to pay off in 10 years,
not 3? Or will we just buy the stuff from
Japan or Europe?” asks Ted Geballe, a pro-
fessor emeritus of applied physics and
materials science and engineering at Stan-

ford University who is conasidered a senior




statesman of superconductivity research.
“If we go along haphazardly, without co
ordination, I don’t think we’ll get there as
fast as our foreign competition.”

Realities dampened
initial euphoria

When scientists around the world began
in late 1986 to confirm reports of super
conductivity at unprecedentedly high
temperatures in an obscure class of ce-
ramic oxides, both the popular and scien-
titic media could hardly contain their eu-
phoria. Longsought visions of supereftfi-
cient generators and motors and very-low-
loss power lines, as well as magnetically
levitated, high-speed trains and giant
magnetic energy storage coils, suddenly

Flexible HTSC wire and tape

seemed within the realm of commercial
viability. Perceptions that these visions
would be rapidly realized were seemingly
made unanimous by the discovery, in
1987, of an yttrium-barium-copper oxide
(YBCO) that changed to a zero-resistance,
superconducting state when cooled to the
relatively balmy absolute temperature of
92 K. Although that is still -294° on the
Fahrenheit scale, it is well above the 77 K
(-320°F) boiling point of nitrogen.

These discoveries triggered a frenzied
series of crash programs in government
and corporate laboratories worldwide and
sparked major national and industry re
search initiatives here and abroad. Many
ol the efforts in this country have received
active participation and support from EPRI

on behalf of its electric utility members.
Most continue to this day, although with
somewhat less government and industry
funding than was available at the period
of peak national interest.

There have been significant strides in
critical transition temperature, a key pa-
rameter of interest in superconductivity
(although not the only important one). In
1988 the highest reported value rose to
125 K; that temperature—obtained for a
thallium-based compound—has yet to be
exceeded.

Some scientists are still searching for
signs of superconductivity at higher tem-
peratures. Paul Chu of the University of
Houston, one of the codiscoverers of su-

perconductivity in the YBCO compound

Starting forms for powder-intube wire fabrication
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that is the most widely studied HTSC ma-
terial, remains convinced that “the possi-
bility of the discovery of a superconduc-
tor at room temperature is as strong as
ever.” Meanwhile, some researchers have
shifted their attention to the other two pa-
rameters that are key to eventual power
applications—critical current density and
critical magnetic field—and are seeking to
increase their valuiss in known supercon-
ductors.

Despite the early advances, by 1989 the
difficult realities and fundamental chal-
lenges hit home among scientists who
were trying to work out the physics and
chemistry of these exotic, potentially rev-
olutionary new materials well in advance
of reaching a theoretical understanding of
the mechanism of high-temperature su-
perconduclivity. The downturn in the
mood of many researchers and the change
in their outlook for near-term success were
reflected in several gloomy
reviews, including an
article in Science that
asked pointedly, “Is the
party over?”

The pessimism reflected
daunting practical prob-
lems on several fronts.
Besides being brittle and
having rather poor mag-
netic properties, the earli-
est compounds were chem-
ically unstable, tending to
steal copper and oxygen
from any nearby source
and thereby ruining the
material’s superconductiv-
ity. Researchers have since
learned which composi-
tions are stable, but con-
trolling the amount of cop-
per remains a challenge.
horeover, HTSL wire must
be sheathed in a good con-
ventional conductor so that
it isn’t damaged by current
if it suddenly becomes
nonsuperconducting.
Because almost any other
material will react with the
HTSC material under high-
temperature precessing, a

popular approach i= to insert HTSC pow-
der into tubes of pure silver, which are
then annealed and rolled or pressed into
tape or drawn into wire. A major chal-
lenge in manufacturing HTSC conductors
is to come up with an alternative to silver
that offers fewer processing difficulties
and lower cost.

So far, researchers have found three ma-
jor families of HTSC materials, all of which
feature layers or planes of coppir oxide
weakly coupled in a crystal lattice atomic
structure with other layers of some com-
bination of elements, either yttrium-bar-
ium, thallium-barium, or bismuth-stron-
tinm. But only certain chemical composi-
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tions within the families are supercon-
ducting, and some exhibit much higher
critical transition temperatures, current
densities, and magnetic fields than others.
Obtaining just the right combination by
finetuning the processing conditions is as
much a laboratory chef’s art as science.
Reproducibly measuring good perfor
mance in multiple samples is yet another
matter.

Moreover, the HTSC materials are gen-
erally not equally superconducting in all
directions within a sample. The copper ox-
ide planes are believed Lo be the region
of strong superconductivity, with current
tlowing more easity along an axis parallel
rather than perpendicular to these planes.
Such twodimensional, anisotropic super
conductivity may be tolerablv for thin-film
electronic applications, for which useful
devicus can be made from single crystals
with very good clectromagnetic proper-
ties; indecd, thin-film electronic switches
and sensors are likely to be among the ear-
liest commercial applications of HTSCs.
But flexible wire for use in high-power ap-
plications demands good properties in
bulk, polycrystalline material.

As might be expecied, the highest val-
ues yet reported in each of the HTSC fam-
ilics have been in samples measuring a
few centimeters square and a few mi-
crometers orless in depth. Critical current
density for highly vriented, single-crystal
thin films of yttrium-barium-copper ox-
ide has been found to be as high as 3
million amperes per square centimeter
of cross-sectional area at 77 K, and as high
as 50 million A/cm? at liquid helium
temperature (4.2 K). In late 19971, General
Electric reported worid-record critical cur
rent densities for a polycrystalline thick
film (3 micrometers) of thallinm-barium-
talciu m-copper oxide (TBCCO): 500,000
A/cm? at 42 K and 100,000 A/cm? at 82 K-
But each of these results was achieved in
relatively smali samples and in the ab-
sence of an applied magnetic field.

In contrast, power applications of
HTSCs typically require a current density
of 100,000 A/cm?® in the bulk supercon-
ductor Depending on the application, the
superconductor also must operate within
a strong magnetic field. HTSC power

transmission cables with adequate cur-
rent-carrying capacity at 77 K would op-
erate in a low magnetic field. But motors
and gencrators containing electromagnets
wound from HTSC wire must maintain
superconductivity at such current levels
while operating within powerful self-gen-
erated fields of at least several tesla. Re
searchers believe that it may be more prac
tical to operate the HTSCs in such devices
at temperatures around 2(-35 K with
nonliquid helium cooling. If supercon-
ductors could produce much higher mag-
netic fields—up to 18 tesla—then ad-
vanced, ultracompact generators and en-
ergy storage devices would be possible.
Even higher fields could be employed for
certain advanced magnetic materials pro
cessing technologies.

Because the magnetic tield produced by
a superconductor is intimately related to
its critical current density, the current-car-
rying capacity of electromagnets wound
from HTSC wire becomes limited by the
self:generated field. Another fact related
to current tlow (unfortunately, for the
HTSCs) is that a material’s critical mag
netic field is also anisotropie: higher when
oriented parallel to the crystal plane, but
much lower when unfavorably applied
across it. For high-powermagnct applica-
tions, bulk HTSCs must withstand consis
tently high critical fields in all three di-
mensions.

The critical current density of General
Electric’s TBCCO thick film declines to
10,000 A/cm?® at 65 K in a 2-tesla field in
the most unfavorable orientation. Short
samples of YBCO conductor a few cen-
timeters in length, made by CPS Super-
conductor, reportedly can carry 100,000
A/cm? in zero field at 77 K but can carry
only about a fifth of that level—20,001
And the
process used to make such samples is lim-

A/cmP—in an 8-tesla field.
ited to a few millimeters per hour Despite
considerable progress elsewhere on the
processing and manufacturing  front,
longer Jengths of conductor, made from
bismuth-strontium-calcium-copper ox-
ide (BSCCO), still have much lower current
densities. Nevertheless, researchers note,
these are among several technical mile-

stones that many observers would have

considered impossible a little over two
years ago. Short wires and tapes with
these levels of critical current density can
now be made by several processes and can
satisfy the requirements for use in certain
specialized electric power applications
and in prototype development.

“If you know how to process the mate-
rials correctly into usable wire—and we
have spent a lot of time developing pro-
prietary technology to do just that—then
you already have materials that are suffi-
cient to meet the demands of the applica-

"

tions for the immediate future,” says Gre-
gory Yurek, president of American Super-
conductor Corporation, one of the leading
U.S. firms developing superconductors for
electric power uses. Established by former
members of the faculty of the Massachu-
setts Institute of Technology, American Su-
perconductor is already making flexible,
highrquality superconducting wire and
tape in a pilot manufacturing line, using
its own version of the process involving
powder in silver tubes. The company has
formed strategic business alliances with
Inco Alloys International and Pirelli Cable
Corporation kv develop HTSC applica-
tions.

Yurek, a former M{T professor of mate-
rials science and engineering, says 60-me-
Ler lengths of American Superconductor’s
wire are now showing 9000 A/cm?at 77 K
in zero field. “That kind of material is
pretty exciting. Its electrical and mechan-
ical properties are sufficient to enable a
broad range of prototype development for
applications. We're at the stage now where
customers can begin to use this wire—
whether for motors, transmission lines,
or small energy storage devices—while
American Superconductor cuntinues  to
make concurrent progress in both the ma-
tenals science and the manufacturing en-
gineering. [ think we will start to see com-
mercial products with components made
from these materials out amung end users
in the second half of the decade.”

Indeed, a coil made from American Su-
percanductor’s wire, which is based on a
BSCCO compound, was used last yearin a
25-watt demonstration motor engineered
by Reliance Electric under &n EPRI con-
tract. One-half ampere of current in the su-
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perconducting field winding, immersed in
a liquid nitrogen bath, drove the first
known HTSC motor with a usable power
output, about equal to that of a desktop
computer’s cooling fan,

Grain boundaries_gng

flux-creep demons

Much of the earlier pessimism aboul
achicving practical HTSCs stemmed from
two shortcomings observed in the so-
called 123 YBCO material. Unlike the ex-
cellent low-temperature superconductors
(LTSCs) that are based on niobium-tita-
nium or niobium-tin and that require
costly liguid helium cooling, the ceramic
YBCO
granular, tending to subdivide along indi-

material is electromagnetically
vidual crystal grain boundaries into re-
gions of strong superconductivity scpa-
rated by interfaces with poor supercon-
ductivity. Because of this weak-link prob
lem, the critical current density measured
over useful lengths of material is typically
much less than that of individual grains.
The practical current density is even less
when HTSC wires are wound into coils
that generate strong magnetic fields.
Strong magnetic flux pinning is another
virtue of LTSCs that HTSCs lack at the high
temperatures at which engineers would
prefer to use them. With LTSCs, which are
uscd to make powerful electromagnets for
such things as particle accelerators and
magnetic resonance imaging systems, the
magnetic flux lines penetrate the material
and become pinned at the sites of local
perturbations or defects in the atomic
slvucture. Current flowing through the
material creates a force that pushesagainst
the flux lattice. The flux then tends to
creep from these pinning sites, in turn cre
ating some resistance (i.e., energy loss),
which is antithetical to a superconductor
For LTSCs, the temperature at which the
magnetic tlux lines begin to become de-
pinned is almost identical to the materi-
als” critical Iransition temperature (the
level at which they become supercon-
ducting). But given the much higher ther
mal energy associated with the higher
transition temperatures of HTSCs, flux
lines become depinned more easily, And
with YBCO, the atomic-level perturbations

10 EPRI JOURNAL September 1992

that make good pinning sites in LT5Cs are
instead concentrated around grain bound-
aries—thus impeding a high critical cur-
rent density.

“Weak links at the grain boundaries and
weak magnetic flux pinning combined
with strong flux creep are the two princi-
pal difficulties with HTSCs,” says David
Larbalestier, a professor of materials sci-
ence and physics at the University of Wis-
consin and the director of the school’s
Applied Superconductivity Center. "An
anisotropic but still three-dimensional ma-
terial like YBCO tends to be granular with
weak links and thus has much lower ef-
fective transport current density than is
achieved in individual grains. If it’s really
only two-dimensional—as are the bismuth
and thallium 2212 and 2223 phases it ap-
pears to be possible to make the material
so it is not granular, but then the flux pin
ning is weak. So even if a material is not
granular, the critical current density can
still be low because of poor flux pinning
rather than granular weak links.”

For reasons that are not yet entirely
clear, experts say, the BSCCO compounds
have shown much higher critical transport
current densities across multiple grain
boundaries than the YBCO materials have.
One BSCCO phase, the 2223 material, is a
known superconductor at 110 K.

Sumitomo Electric Industries of Japan
has reported measuring 9700 A/cm?® at
77 K and zero field in 114-meter lengths
of 2223 BSCCO tape made by the powder-
in-tube method. In the United States, sev-
cral groups—American Superconductor,
Argonne National Laboratory, Intermag
netics General, Los Alamos National Lab-
oratory, and the University of Wisconsin-
have also fabricated BSCCO powderin-
tube tapes that have demonstrated good
performance at 77 K, again mostly in zero
tield. The current-carrying capacities in
such reported results are within the range
required for prototype development for
power transimission applications.

At liquid helium temperature (4 K),
wires made from the 2212 BSCCO com-
pound by Japan’s National Research In-
stitute of Metals (one of scveral early
groups to work with the BSCCO family)
have demonstrated a higher current-car-

Tying capacity than even commercially
LTSC wires in
fields exceeding 18 tesla. Researchers in

available niobium-based

Germany working for a unit of Sicmens
and scientists at American Superconduc-
tor have achieved similar performance.
According to some experts, these results
suggest that the first high-power applica-
tion of HTSCs may be in hybrid, niobium-
titanium-BSCCO magnets for laboratory
experiments—magnets that operate at 4 K
but that can produce very high magnetic
fields.

One proposed model to explain why
the current-carrying capacity of BSCCO
exceeds YBCO's across multiple grain
boundaries is that the bismuth com-
pounds readily cleave, like mica, into
platelike grains along the bismuth oxide
layers; these grains tend to be well-aligned
and connected, like brickwork, which pro-
motes good current transport between
them. Detailed study and measurement of
single crystals have thus far been limited
to the phase (2212) with a lower critical
transition temperature (80-90 K). BSCCO
wires and tapes are made up more of ran-
domly oriented polycrystalline material
than of single crystals and therefore have
lower current densities, but experts say
that certain processing methods, such as
rolling, may actually help to align the
grains,

Much  of
among HTSC researchers springs from the

the rencwed bullishness
good results that are being reported with
BSCCO, as more research groups and com-
panies such as American Superconductor
and Intermagnetics General set their
sights on commercial-scale production of
BSCCO wire and tape.Sumitomo, which is
said to have more scientists working on
[{TSCs than any other group in the world,
has used its BSCCO wire to make a coil ca-
pable of generating a 1-tesla ficld when
cooled to 4 K with liquid helium. And
Sumitomo is belicved to be close to gen-
erating an equally strong field with such
a coil at liguid nitrogen temperature.
“Many of the results that Sumitomo has
reported are very impressive from a tech-
nological standpoint,” says Larbalesticr of
the Wisconsin Applied Superconductivity
Center, "but the continued development
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that is needed for long coil lengths of
high-critical-curreni-density wire has to
be underpinned by a scientific under-
standing of how to control the 2223 phase
formation into well-aligned graina with
good current transport.

“BSLLO is so complicated that nobiady
really has it under control,” adds Lar-

BISMUTH MATERIAL SHOWS
IMPROVED CRYSTAL STRUC-
TURE The highly oriented,
platelike crystal structure of ¢
superconducting bismuth-
strontium-calcium-copper
oxide is seen in this reflected
differential interference photo-
micrograph of the ab plane
surface. The compound

is known as 2212 BSCCO and
has a superconducting transi-
tion temperature of 80-90 K.
Some wire samples made from
the compound have demon-
strated better current-carrying
capdacity in very high magnetic

get a pure phase.”
Moreover, Larbalestier
explains, the BSCCO
materials are even more
anisotropic than YBCO.
And they are more vul-
nerable to magnetic flux
creep and lattice melting,.
“There is much concern
that they cannot maintain
strong flux pinning at
temperatures above 30 K,
but we should remember
that these materials are
terrifically complicated.
There is still no general
agreement on the physical
mechanism responsible
for HTSCs,” he says
“The thallium com-
pounds are even more

complicated than bis-

balestier. “Mo one has yit baen able to
make complelely aligned, pure 2223
phase. There is much debate over the cor-
rect composition needed to obtain such a
phase and much uncertainty about the op-
timum high-temperature processing con-
ditiens. Some people Lhink the BSECO
mixture has to become slightly liquid to

tional, niocbium-based low-

temperature superconductors.

muth, but there is one

fields than the more conven-

phase in particular—the
1223 material—that does
seem to have strong flux
pinning well above the
liquid nitrogen tempera-
ture. The downside is
that, so far at least, the
bulk material seems to be
granular—if not 1o the
same extent as YBCO, then comparably
s0.” According to Larbalestier, “General
conclusions about the long-term potential
of the yttrium, bismuth, and thallium ma-
terials at 77 K are not yet justified. Should
we concentrate on solving the granular
problem in YBCO or thallium-1223, or the
flux pinning problems of the bismuth
compounds and thallium-2212/2223? The
answer is not at all clear yet. Pregress so
far has largely been empirical. The chal-
lenge now is to understand these e#xceed-
ingly complex materials, with which so
much progress has been made since 1989.”

Gathering momentum for

! - AiEad

Assuming that the recent rate of prog-
ress in establishing sustainable electro-
magnetic properties and in conductor
developmenl conlinues, as many HTSC in-
siders believe it will, support is growing
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in this counlry for the next kig push to-
ward realizing the promise of high-tem-
perature =uperconductivity for power
equipment. Many experts believe that the
materials and manufacturing technology
is well enough in hand to begin to go be-
yond proof-of-concept application dem-
onstrations—such as the several small
HTSC motors that have been made—and
to start designing and fabricating super-
conducting components for larger ma-
chines and for tranamission cables.

Such was the message last year from
a high-level, ad hoc industry working
group of more than two dozen organiza-
tions active in HTSC R&D, writing in a re-
port requested by the undersecretary of
commerce for technology, Rabert White.
The group, which included EPRI, noted
that most federal funding finwr HTSC re-
search—which this year amounts to
around F150 wmillion—is currently par-
celed out among numerous centers for
basic science and technology and among
groups focused on defense-related appli-
cation= in eclectronics and computers. The
development and scale-up of mure-com-
mercial but capital-inténsive applications
stich as motors, generators, and cables will
nust happen without a major government-
industry initiative. Such a program could
cost $230 million and take five years to
complete, the group said. S0 far, however,
national research priorities and funding
levels have not been reprogrammed along
those lines.

Applications-related work sponsored
by EPR[ and others has been ongoing vir-
tually since the discovery of HTSCs. Al-
though the levels of suppurt have re-
mained fairly low, the work has estab-
lished the technical feasibility of the ma-
jor application= of interest to the electric
power industry; it has also established
technical and economic criteria against
which te gauge progress in conductor per-
formance. As conductors progressivelv
improve in current density and therefore
in current-carrying and Held-generating
capacity, it will become possible to de-
velop increasingly mwre powerful, yet
more compacl, motors.

Moreover, with current densities at least
an order of magnitude higher than those
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HTSC CURRENT DENSITIES AT TWO KEY TEMPERATURES

LIGUID HELIUM TEMPERATURE  Reporis of steady progress in raising critical current densities
keep coming from HTSC research groups around the world. The shaded regions in the graphs indi-

cate target values of current density and magnetic tield for key electric power applications. When

short samples of wire
realm of liguid belium

made from some HTSC matertals are cooled to the 4.2 K absolute temperature
and operated in high magnetic tields, their current-carrying capacity exceeds

even that of conventional low-temperature superconductors (LTSCs). Experts say some of the earli-

est applicaiions of HTSCs may be in combination with niobium-based LTSCs in hybrid electromag-

nets for use in research laboratories and particle accelerators,
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LIQUID NITROGEN TEMPERATURE For most electric power applications, HTSCs should deman-
strate high current densities in the 65-80 K temperature realm of more practical and aftordable liquid

nitrogen cooling. At 77 K. laboratory samples of HTSC wires and films have demonstrated good cur-

rent densities. Results in some cases fall within the range required for some power applications, but

the values decline with increasing magnetic tield. At high fields. such as would be asscciated with

electromagnets in large motors, generators, and energy storage coils, current densities an order of

magnitude higher than presently achieved are needed. Recent progress gives researchers reason

to believe that such performance levels can be reached.



presently attainable with BSCCO tapes, re-
searchers expect to be able to reduce—also
by an order of magnitude—the so-called
hysteretic losses at the surface of a super
conductor. These are the product of a
small but inherent resistance created by
induced surface currents in superconduc-
tors used in alternating-current applica-
tions, such as those that are of interest to
utilities. {The famed zerorcesistance prop
erty of superconductors applies only to d i
rect current.)

Superconducting motors with higher
power density and greater efficiency than
conventional motors could become a ma-
jor application of HTSCs, since motors now
account for nearly two-thirds of all the
electricity used in the United States. A de-
sign study done for EPRi by Reliance Elec
tric indicates that the operating cost sz v-
ings from a 10,000:h p HTSC motor, as com-
pared with a conventional induction mo-
tor, could equal as much as two times the
ITSC motor’'s estimated capital cost over
its projected 30-year operating lifc. (In ad-
dition to building the 25-watt demonstra-
tion motor with American Superconduc-
tor's BSCCO-wire coil, Reliance Electric
has made, with EPRI support, a dc motor
that operates at nearly 1300 revolutions
per minute [rpm| with a 75-turn YBCO so-
lenoid winding supplied by Argonne Na-
tionail Laboratory.)

Oak Ridge National Laboratory has de-
veloped an  axial-gap superconducting
motor with an adjustable<peed drive that
will serve as a prototype for future motor
development and for testing the perfor
mance of new HTSC conductors as they
become available. EP’RI is supporting this
effort as well. The axial-gap motor fea-
tures a simplified design for easier manu-
facture and early commercialization. 1t has
a stationary stator and field coil, elimi-
nating the need for high-current brushes
and rotating scals. Outfitted with LTSG
wire-wound components, the motor has
performed to design specifications in pre
liminary testing, delivering 102 newton-
meters with a magnet current of 2100 am-
peres.

Meanwhile, Emerson Electric has used
trapped-field superconducting disks, de-
veloped by EPRI-sponsored researchers at

the University of Houston, to power the
first entirely self-contained superconduct-
ing motor. The design is based on a 1979
patent issued to EPRI scientist Mario Ra-
binowitz that describes the trapping or
storing of a powertul magnetic field in
a superconducting bulk material. Disks
made from YBCO material that are capa-
ble of trapping a 1.5-tesla field at 77 K
have been produced at the University of
Houston. “This development will have a
major impact on electric energy storage
and generation in the future,” says the
university’s Paul Chu, director of the
Texas Center for Superconductivity there.

Other applications of HTSCs in motors
are considered feasible for development
within the same time scale as the motors
themselves. For example, HTSC machines
could feature—in addition to their rotor
windings—powerful, floating electromag-
netic bearings that produce no friction to
cause wear. Researchers at the University
of Houston have made YBCO-based mag-
netic bearings that can operate at 135,000
rpm and others that can lift 60 pounds per
square inch.

The inverters, or controllers, that ac-
count for 1% of all the energy used by
motors may feature highpower, super
conducting electronic field-effect current
switches that offer far more precise con-
trel of motor speed. Researchers at the
University of Maryland are working on
HTSC switches based on the field-cffect
phenomenon, which they were the first
to observe.

When made into multifilamentary wire
and bundled into cables that are enclosed
in underground refrigerated pipes, high-
temperature superconducting cables will
be able to carry more current than con-
ventional cables in the same space, even
considering the requirements for the
coolant and associated refrigeration sys-
tems. Underground Systems, inc.---an Ar
monk, New York, firm contracted by EPRI
to study the feasibility of retrofitting ex-
isting power transmission systems with
1TSCs—figures that such cables could
carry as much current &s conventional
ones do now, but with only 1% of the con-
ductor crosssectional area. And if the ma-
terials can achieve high enough current

densities, HTSC circuits can definitely
transmit power with lower losses than to-
day’s technology, even taking into account
the energy for cooling.

Researchers at Underground Systems
have developed technical specifications
for HTSC conductors in three-phase ac
power cables. These include the ability to
transport at least 1500 A rms at 75 K
(pumped liquid nitrogen refrigeration),
with total electrical losses of no more than
{).5 svatt per phase per meter, and at least
2000 A rms at 77 K, with losses of no more
than 1 watt per phase per meter. The con-
ductor assembly, round with a hollow core
2-5 cm in diameter, must also have suffi-
cient strength to withstand manufactur
ing, installation, and temperature-cycling
stresses and maintain perfermance speci-
fications.

Underground Systems has identified
750 underground circuits in this country,
each at least a mile long, as candidates for
HTSC conductors that meet such specifi-
cations. The earliest, largest-payoff retro-
fits could increase the power ratings pos-
sible through existing pipes by a factor of
2 to 5. @ver the long term, the higher
power transmission capacities possible
with HTSCs may stimulate new projects
offering alternatives to overhead trans-
Pirelli Cable
joined Underground Systems in an EPRI

mission lines. Recently,

project to develop a commercially viable
HTSC cable design.

Eyes on the prize

Despite the steady stream of promising
results from laboratories and scientific
conferences, EPR1 and others whose inter-
est in electric power applications of HTSCs
is paramouiit must at times swim against
the tide to maintain the technology’s place
among national priorities at a time of
shrinking resources and dwindling sup-
port for R&D. Because of the depth of the
technology’s potential impact on indus-
trial economies in the next century, ques-
tions about the national identities and as-
saciations of the leading minds and orga-
nizations pursuing HTSCs involve more
than friendly competition. Many obser
vers view LITSCs as one of the critical
technologies for American industry in the
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Technician removes HTSC coil from liquid nitrogen baih for 1esting

years ahead and feel that success could
spell the difference between increasing
global competitiveness and watching from
the sidelines.

“The United States is a major player, but
not the only player, in high-temperature
superconductivity,” says EPRI's Thomas
Schneider. "With the progress that has oc-
curred over the last two years, this coun-
try clearly could be left behind unless we
recognize the change that has occurred
and shift our national strategy—from one
of pursuing the science in the hope of
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making another breakthrough, to one of
creating an organized response and really
working to move the wire and applica-
tions technology out of the laboratory and
into development.”

Examples of that type of response are al-
ready taking shape. In February, Ameri-
can Superconductor announced the for-
mation of the Wire Development Group, a
collaboration involving government, in-
dustry, and academic research organiza-
tions to develop HTSC wire for electric
power applications. Joining the company

in the effort are the three major national
laboratory superconductivity pilot cen
ters—at Argonne, Oak Ridge, and Los
Alamos—as well as the University of Wis
consin’s Applied Superconductivity Cen-
ter (whose program is supported by EPRI
and the Defense Advanced Research Proj-
ects Agency). The goal is to accelerate the
technological developments needed to
make flexible HTSC wire in lengths long
enough for use in industry programs to
develop commercial products. More re-
cently, a similar joint project to develop



HTSC POWER APPLICATIONS BEGIN TO TAKE
FORM Demonstrations and prototypes of electric
power applications of high-lemperature superconductors
have begun to take shape as HTSC wirss and coils
becomne available. A 25-watt motor with a field winding
made with wire from American Superconductor was built
vy Reliance Electric under EFRI contract fasl year. It
was the first such motor with HTSC components with a
usable power output—enough to run a desktop com-
puter’s fan, Meanwhile, American Superconductor and
Pirelli Cable Corparation have fabricated a prototype

HTSC conductor for power transmission cables that

HTSC power cable

features a hollow center for liquid

HTSC conductor

nitrogen refrigerant. Researchers
at the University of Houston's
Texas Center for Superconductiv-
ity, sponsored in part by EPAI,
have made frictionless supercon-
ducting magnetic bearings for

use in HTSC generators.

Liguid nitrogen

Frictionless magnetic bearings

HTSC wire was announced by Intermag-
nelics General and Argonne.

“Wire development is the key to cap-
turing the economic potential of high-tem-
perature superconductivity,” says Jim Da-
ley, manager of superconductivity at the
Department of Energy, which oversees the

#,

national laboratories. “Capturing scien-
tific innovation and meving it from the
mind to the marketplace requires close
ceordination between the public and pri-
vate sectora. The countries that learn to do

this effectively will have a lasling edge in

Nitrogen

international markets.”

Yet realizing the promize of high-tem-
in electric
power systems remaius a lall order. “Al-

perature superconductivity

though US, private industry acknowl-
edges the potential market value of su-
perconductors, it is reluctant to invest
because of the high cost of research, un-
certain profits, and the long-term commit-
ment required for a return on investment
in a technology that will not reach the
market for at least several mare years,”
notes EPRI's Schneider. “The United Stales

\ \ _‘.\‘
Prototype HTSC conductor

Reliance Electric's HTSC demonstration motor

does have lhe talent and facilities neces-
sary to develop HTSCs for energy applica-
tions, but without prompt action, our op-
portunity to be a werld leader in the tech-
nology could be losl. The time to shift our
strategy is new. A strong industry-gov-
ernment parinership can succeed. What
we need is the courage to proceed.” =

Background information ler this article was srevided by
Thomas Sctneider. Oifice el Exploratory & Applied Re
searcn, and Dounald Von Dollen, Elecincal Syslems Divi
sion
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AJOR ELECTRICAL INIURY
RANKS AMONG THE MOST
DEVASTATING FORMS OF
TRAUMA: up to 75% of pa-
tients hospitalized for direct high-voltage
electrical contact lose at least one limb,
and fewer than 15% recover sutficiently to
return to work. Until recently, two impor
tant factors have hampered effective treat
ment. First, the tull extent of injury often
has not been readily apparent, the result
being a disheartening series of progres-
sively more extensive amputations as ini-
tially healthy-looking tissue succumbs to
hidden damage. Second, the fundamental
nature of electrically induced damage at
the cellular level has not been understood,
so no specific therapies have been avail-
able to reduce or reverse the process.
Now research by Dr. Raphael Lee and
his colleagues al the University of Chi-
cago, with funding from EPRI and several
other sponsors, has led to the develop-
ment of both new diagnostic techniques
for determining the truc extent of electri-
cal injury and a promising new drug ther-
apy that may be able to minimize posi-
electric-shock cell degeneration. The key
to both of these accomplishments is the
discovery that electrical “burns” involve
not just thermal injury caused by the pas-
sage of current through living tissue, as
was previously thought. Rather, much of
the damage results from the structural
breakdown of cell membranes due to the
presence of strong electric fields estab-
lished within the membranes during elec
tric shock. The new drug therapy aims
specifically at fostering membrane repair
To apply such innovative treatments for
electrical injurics as they become avail-
able, the University of Chicago Hospitals
have cstablished the Electrical Trauma
Center, the nalion’s first such center It in-
cludes eight specially equipped intensive
care rooms, to which victims of highvolt-
age electric shock can be airlifted from vir-
tually anywhere in the United States
within a critical 6-hour intervention pe-
riod. Several advanced medical imaging
technologies will soon be ready for bed-
side use in the center to diagnose the ex-
tent of injury and monitor recovery, and
clinical trials of the new drug therapy are
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expected to begin next year. Already, util
ities arc beginning to refer injured work-
ers to the center.

“This work represents a significant
breakthrough in the understanding and
treatment of electrical injury,” says Ron
Wyzga, program manager for health stud-
ies in EPRI’s Environment Division. “In
addition, the prospect of being able to re-
pair cell membrane damage has the po-
tential for much wider application—as a
treatment for other types of burns and for
radiation injury, and even perhaps as an
adjunct treatment during cancer therapy.”

Two kinds of injury

Although the physiological effects of clec-
tric shock have been studied almost as
long as electricity itself, the basic mecha-
nism of electrical injury to cells remained
unclear until very recently. At first, it all
just seemed rather curious. In the late
cighteenth century, for example, a court
“electrician” amused Louis XV by using
an electric shock to make 700 monks leap
into the air simultaneously: The first doc-
umented fatality from an industrial elee-
trical accident occurred in 1879, the same
year that Edison invented the incandes-
cent lamp. Although the unexpected pat-
tern of progressive damage in apparently
healthy tissue after electrical injury has
been documented for more than a century,
it has generally been allributed to heat
generated by the passage ot current.

In 1987, however, Dr. Lee, a plastic sur
geon who also has a doctorate in electri-
cal engineering from the Massachusetts
Institute of Technology, began publishing
a scries of papers that demonstrated the
traumatic importance of electroprration—
cell membrane breakdown caused by
strong electriial forces that oecur in tissues
during shock. While under mast circum-
stances thermal damage requires electrical
contact for seconds, electroporation can
happen within fractions of a millisecond.

The thermal part of an electrical injury
is usually readily apparent and ranges
from mildly reddened arcas to charred tis-
sue al the site of a high-voltage contact.
Often the suslained contact that causes ex-
tensive thermal injury results from the “no
let go” phenomenon, in which the passage

by John Douglas

THE STORY IN BRIEF

Electrical burns produced by
strong electric shocks are par-
ticularly harrowing injuries.
Damage to skin and muscle
tissue is typically progressive,
often moving far beyond the
original burn area and result-
ing in the eventual loss of
entire limbs. Researchers
working under EPRI contract
have now discovered the mech-
anisms underlying this tissue
damage: electric fields pro-
duced by the shock current as
it travels througl the body
cause hidden damage to cell
membranes along the way.
This knowledge has led not
only to the development of new
diagnostic equipment but also
to a breakthrough therapeutic
treatment that appears to halt
progressive tissue damage from
shock injuries. Clinical trials
for the therapy will be con-
ducted next year at the newly
established Electrical Trauma
Center, located at the Univer-

sity of Chicago.
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of alternating current causes fiexor mus-
clesin the hand to contract and prevents
victims from voluntarily releasing their
grip on an electrified object. Research on
this kind of injury is expected to con-
tribute to the design of electric safety de-
vices that would sense a ground fault and
open a circuit in time to minimize heat
damage from an electrical accident.

Damage to tissues caused by electropo-
ration, however, occurs almost instanta-
neously and may not show up for several
days, as cells struggle to close membrane
openings caused by fields and to reestab
lish internal equilibrium. Cell membranes
are susceptible to strong electric fields be:
cause, uniike most other parts of the cell,
they are held together by weak electrical
forces rather than chemical bonds. If a
ruptured membrane cannot be repaired in
time, vital contents are lost from a cell un-
til it dies.

Search for hidden damage

Given the dual nature of electrical injury,
the first step toward improved treatment
has been to develop methods for detect-
ing the initially hidden damage caused by
electroporation and for monitoring the cell
membrane repair process.

According to the currently accepted
model, the basic structure of membranes
is a double layer of phospholipid mole-
cules. Eachh of these molecules has a hy-
drophilic (water-attracting) “head” and a
hydrophobic (water-repelling) “tail.” The
phospholipids are arranged with their hy-
drophilic heads extending outward to-
ward thie walery intra and extracellular
medium, while their tails fill the narrow
interior space between the two layers. The
phospholipid molecules have consider
able latitude for movement within the
membrane bilayer; their movement is re-
sponsible for the appearance of transient
pores in normal tissue.

Generating an electric field across a cel]
membrane causes pores, or holes, to ap-
pear. If the electric field is weak, the pores
are temporary and lipid molecties quickly
mobilize to close them, with help from
specific proteins that also have alternating
hydrophilic and hydrophobic segments. If
the field is strong enough, however, the
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THE DUAL NATURE OF ELECTRICAL INJURY An important recent discovery is that
electrical burns typically result irt two very different types of injury. Immediately recognizable
is the thermal injury that results from the destruction of tissues at the point of contact. But
the current from a shock actually passes through much of the body as it travels to ground,
setting up strong electric fields along its path. These fields cause hidden damage to the
membranes of individual cells, which then slowly deteriorate and die.

This damage can necessitate progressively

extensive removal of the limb.

Muscle cell

Current path




pores becume permanent, interrupting im-
portant cell processes and eventually de-
stroying the cell.

One of the most important functions of
a cell membrane is to control the movi-
ment of material into and owl of the cell.
In particular, protein molecules that ex-
tend through the phospholipid bilayer
regulate the passage of ions, such as cal-
cium, sodium, and piotassivm. This often
involves “pumping” ions out if a cell into
a morne concentrated solution, a process
that risquires the expenditure of energy. If
a significant number of pores appear in a
membrane, external ions can move freely
inta the cell, leading to a serious clec-
trolytic imbalance and causing the cell to
swell with water, further enlarging the
pores. At the same time, the cell begins to
exhaust its supply of adenosine triphos-
phate (AT molecules, which provide the
energy needed to restore ion balance and
conduct membrane repair.

A variety of imaging terhnologies are
now available to delect such metabolic
changes and thus locate tissue damaged
by electroporation. Magnetic resonance
imaging (MRI), for example, uses vlectro-
fields to probe
changes, such a= the dissociation of ATY

magnetic malecular
during cell repair and the increase in con-
cenration of various ions. By quantifying
and imaging these changes in lssue ex-
posed Lo electric shock, MRI can help a
physician assess the extent and severity of
damage that might not otherwise be ap-
parent. MR! can also be unsed to detect
edema (the accumulation of fuid i tis-
sues) and to monitor bload flow through
an injured area.

Although MR images have exceptional
spatial resolution, the equipment involved
is nat portable, and it is difficult to trans-
pori severely injured patients for frequint
EIRI examinations. Work is therefore un-
der way at the Liniversity of Chicago’s
Franklin McLean %oemorial Research In-
stitute to develop smaller imaging devioes
that could be used for rouline badside ex-
amination. One promising candidate be-
ing investigated under EPRI contract is
single photaelectron emission computed
tomisgraphy (5PECT). In this technology,
a patient is injected with very =mall

amounts of radicactive isetopes that tend
to concentrate in regions of particular
metabolic activity,. A technetivm  com-
pound known as **Te-pyrophosphate, for
rxample, forms a complix with calcium
ions and thus can serve as a SPECT indi-
cator of increased lvcal calcium concen-
tration following cell membrane rupture.
Another *"Tc compound similarly indi-
cates incrirazed potassium ion concentra-
tions. The rubidium isotope “Rb can be
used to evaluate bload fow to electrically
traumatized tissue.

Other new diagnostic techaiques are
al=o being developed. Uine critical indica-
tor of the severity of clectrical injury is its
effect on the electrical impedance, or re-
sitivity, of tissue. Researchers at the Uni-
versity of Wisconsin have found, for ex-
ample, that a decrease in impedance of
more than 50% is always associated with
death of muscle tissue, while a decrease if
less than 40% generally indicates survival.
In the case of nerve tissue, the oxtent nf
damage can be estimated by measuring
the ability of nerve bundles to distinguish
between two mild shacks separated by a
brief period of time, the =a-called refrac-
tory period test.

Sealing injured membranes

The second step toward impriwing the
treatment of electrical trawma has been the
search for a drug therapy that can initiate
the zealing of electroporated cell mem-
branes. Taking a hint from the natural
healing process, in which proteins help
close spentaneously occurring membrane
pores, the Liniversity of Chicago team be-
gan examining the effects of various ma-
terials. with alternating hydrophilic and
hydrophobic segments, which might bind
to the edges of pores in a membrane and
initiate sealing.

Surface-active copolvimers, or surfac-
tants, looked particularly promising. This
broad class of materials includes numer-
ous detergents, emulsifiers, and wetting
agents, whose properiies can be lailored
to specific applications by changing their
chemical structure. In particular, Polox-
amers—copolymers consisting, of hydro-
phobic propvlene segments and hydro-
philic ethyvlene segments—have preved

safe and useful in several previous med-
ical applicatioms.

Initial experiments with surfactants in-
volved exposing isolated muscles cells b
electric shisck and watching their response
to various Ireatments. The extent of elec-
troporation was measured by observing
the release of fluorescent dye from each
cell. For cells in a neutral saline solution
{controls) the loss of dye was both dra-
matic and continuous; for cells bathed in
a Poloxamer, dye releade was markedly
slower and nearly stopped after only 4
minutes. The implication was= that surfac-
tantz could, indeed, help seal cell mem-
branes—at least inr vitro.

The next critical experiment wa= to
measure the effect= of Poloxamers in liv-
ing tissue—the biceps muscle of rats,
which were deeply anesthetized for the
progedure. In these tests, when a flap of
muncle was shocked, its electrical imped-
ance quickly fell to about 50% of normal—
the level usually assoctated with perma-
nent ti=sue damage. [ntravenous treat-
ment with a Poloxamer 20 minutes after
the shock, however, was able o bring
the impedance level back to about 0%,
where it remained stable—indicating like-
lv. membrane repair. Surprisingly, when
the Polozamsr was administered to a rat
fefore the muscle was shocked, imped-
ance stabilized at aboul 96% «f nurmal.
After 24 hours, the muscle tissue of both
groups of rats (reated with the Poloxamer
showed nane of the progressive damage
that would have been expected from chee-
trical trauma-—a finding that suggests
possible long-termy recovery of function.
This s the frat time that damage to cellu-
lar membranes has been repaired through
therapeutic intervention.

Additional evidence of the effectiveness
dl Poloxamers was provided by electron
microscope photographs of cell mem-
branes thal had been pretreated wilth a
Poloxamer. These micrographs showed
evidence of interactions between the elec-
trically induced pores and the surfactant:
Thie membranes appeared to be undergo-
ing a repair process.

On to clinical trials

Such promising results have encouraged
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TREATING INJURED MEMBRANES

A cell membrane is a complex structure
consisting of a double layer of lipid
molecules that is penetrated by larger
protein molecules. The protein mole-
cules regulate the passage of ions in
and out of a cell. When electric fields
create large pores in a membrane, ions
can flow freely, destroying the internal
balance and leading to cell death.
EPRI-sponsored research has demon-
strated that intravenous injection of
surface-active copolymers can be used
to sea! pores until natural repair pro
cesses can take over.

A VIEW OF HIDDEN DAMAGE Mem-
brane damage caused by electric fields

may not be apparent in affected cells,
even when they are evalvated during
surgical intervention. Such cells never.he-
less undergo changes that can be
detected with the aid of radioactive iso-
topes that concentrate in regions of
particular metabolic activity. This view of
an injured patient, made with the use of
single photoelectron emission computed
tomography (SPECT), clearly delineates
the burned area of the torso but also
shows underlying damage in otherwise
healthylooking areas of the shoulder and
neck.
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researchers to move quickly toward the
use of Poloxamers to treat patients at the
Electrical Trauma Center. “We hope to
move to clinical trials in 1993,” says Dr.
Lee. “We could start tomarrow if we had
the bedside diagnostic equipment, but it
has to be custom-built, and we need it ti
monitor recovery.”

Specifically, the University of Chicago
team is formulating a therapeutic strategy
involving the administration of Poloxam-
ers and a solution containing ATP, which
could have a priming effect on the ability
uf injured cells to synthesize ATP on their
own. Diagnostic tests will enable the re-
searchers to determine the effects of dif-
ferent mixtures of Poloxamers and tontrol
other variables in order to optimize the
healing process.

[f this new therapy is successful, it may
be applied to the treatment of other in-
juries in which membrane damage is a
major component. These include some
low-temperature,  nonclectrical — burns,
such as scalds, and injury caused by ex-
posure to ionizing radiation. “There’s no
existing treatment for radiation damage.,”
saya Dr. Lee, “and we're interested in pur-
suing the use of Poloxamers for this ap-
plication. If they prove effective, it will be
a major accomplishment.”

More speculatively, surfactants might
conceivably be used to protect the mem-
branes of healthy cells around a tumor
during radiation therapy for rancer. This
therapy is based on the pringiple that tu-
mor eells, which are rapidly dividing, are
more s=useptible than normal cells to
damage trom free radicals (chemically ac-
tive molecule fragments) created by the
pas=age of ionizing radiation. The poten-
tial problem is that surfactant= might also
acl as scavengers for the free radicals, thus
prifecting cancer cellz as well as normal
cells. The fact that a variety of other dis-
eases, including muscular dystrophy and
several neurological disorders, also in-
volve cell membrane damage raises the
pitssibility that surfactants could at least
provide a new research tool for their in-
vestigation.

“l believe that the use of Puloxamers
will eventually becomi routine for treat-
ing electrical burns and pussibly a varigty

ELECTRICAL INJURY PROJECT SPONSORS
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of other problems,” says Dr. Mary Lapelli-
Schellpfeffer, medical director of Wiscon-
sin Electric Power Company, which is ons
of the cofunder= of the University of
L hicago work. “This project has offered
our ulility an opportunity to focus re-
search effort on an area that could directly
affect our employees if they arc burned.
Wost electrical burns <o not involve util-
ity personnel, however, =0 thi= cffort also
shows our commitment to help members
of our community who might need thi=
treatment.

“In addition, thi Electrical Trauma Cen-
ter provides a uniquee chanre to enhance
our understanding of electrical injuries
and to bring together in one place a suffi-
cient number of patients o get depend-
able findings about new treatment tech-
nologies. We're only 40 minutes from
Lhicago by helicopter, but patients could
be brought from as far away as the West
Coast within the critival time for slarling
treatment. The center i a resource for the
industry, and we should support it so that
promising technologies ¢an be developed
quickly and made available elsewhere.”

Even befare clinical trials using Polox-
amer therapy begin, the Electrical Trauma
Center iz accepting patients wiho need spe-
cialized medical and =urgical treatment

for major electrical injuriez. Dr. Lee ex-
pects the eight available patient risoms to
be readily filled, and he says that the av-
eragi patient stay will probably be six to
eight wweks. In additiom, the diagnostic
techniques already developed have pro-
vided important insights into some past
mjuries, {Ine woman from Loui=iana, for
example, was examined at the center and
found to have residual nerve damage
from an electrical accident three years ago.
This disovery helped her obtain better
treatment back in her home state.

“There are between 1000 and 1500 =e-
vere electrical bumn ca=e= a year in the
Linited State= that require the kind of spe-
cialized treatment now available at the
Electrical Trauma Center,” concludes Ron
Wyzga. “l anticipate that similar centers
will eventually be istablished in isther ni-
gions of the country; they will undoubt-
edly use some of the diagnostic techniques
and surfactant therapies nisw being pio-
neered at the University of Chicago. EPRI
will continue its commitment to fhis re-
search, which will be of great direct ben-
efit nat only to utilities and their workers
but alto to the general public.” u

Background information for this article was provided by
Ran Wyzga. Enviranment Division
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I'THIN 30 DAYS IN THE FALL

THE STORY IN BRIEF Hurricanes Andrew and Iniki,
OF 1889, TWO MAJOR DIS-
wo of the most devastating natural disasters in the notron’s ASTERS OCCURRED that
threw large regions of the

history, hove focused the publics ottentiononthe  country into chaos. On September 20 and

21, Hurricane Hugo smashed into the
East Coast with a ferocity that wreaked
havoc, passing Charleston, Seuth Car-
olina, with 140-mph winds, then wind-
ing its way up to Charlotte, North Car
olina, which it hit with gusts of up to 100
mph. A few weeks later, on October 17,
the Loma Pricta earthquake, measured at

frightening power and unpredictability of the forces of nature

While full recovery in Florido and Hawaii wiltinvolve

infrastructure repairs for beyond power restorotion, the

destruction wreaked by thesestorms ;
7.1 on the Richter scale, shook up north-
crn California. 1t lasted onlv 13 seconds,
underscores theimportance of emergency planning for but it devastated pockets of homes and
businesses from San Francisco to Santa
utiliies as well as government groups Case studies from post Cruz, collapsed a section of double-deck
freeway in Oakland, and felled a piece of
disosters—nowwelfunderstood onddocumented— the upper roadway of the Bay Bridge,
which connects San Francisco and Oak-

land.

andthe results of on £EPRIhosted conference on disaster
Causing billions of dollars in damage

and leaving bewildered residents without

preparedness outline key elements for on effective utility
power, both events put utilities” emer-
emergency response pfon Recommended ore the ~ Bency plans to the test. Looking into the
progression and outcomes of these inci-
preparation and maintenance of emergency dents has given representatives of utili-
ties, regulatory agencics, and rescarch
groups an opportunity to study how to
most cffectively plan for disasters. Most of
the country should be interested. Given
carthquakes, floods, hurricanes, snow and
ice storms, and tornadocs, few arcas arc

not at risk. Utility systems can even be

headguarters with independenf communication
lines. inplace agreements with other utiities,

public aid groups, and government bodies. and
damaged by geomagnetically induced cur

G positive:ongoing relotionship with the news rents triggered by unusually heavy sun-
spot activity.

media g utiity s main connection fo “Emergency planning is not something

that pushes itsclf in your face under nor-

the outsideworld during ¢ disaster. mal circumstances,” says EPRI project man-

FOR L)s4sTE,

ager Ben Damsky “As practices change, new
equipment is installed. As the system grows,
vou need to take a closer, more thorough look
at your plans. If you neglect emergency plan-
ning, vou don’t get any feedback until the prob-

lem hits vou. and then it’s too late.”

by Bob McGee
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A little over a year after the nation =uf-
fered the devastating Hugo-Loma Prieta
double swwhammy, EPRI hosted a confer-
ence in the San Francisco Bay Area that
was attended by 60 U.S. and Japanese rep-
resentativies. While the type and severity
of disaster incidents may vary, conferees
agreed on several points that ari# impor-
tant for any utility’s preparedness plan-
ning; these are outlined in Procecdings:
Wide-Area Disaster Preparedness Conference
(EL-729R).

The first, and most obvious, point is that
it is essential to have an overall plan that
iz known throughout the utility and that
is regularly rehearsad and updated. A
plan that exist= only on paper i= not much
more effective than good intentions. To en-
sure effective coordination of efforts, fa-
cilitie= must be prepared for use as emer-
gency headquarters, complete with re-
dundant communications and access to
system drawings and data. During an
emergency, the interim use of power lines
may be nonstandard, and knowing how
and where to temporarily adjust relays
can make a crTucial difference in bringing
customers back on-line. A stock of re-
placement parts =hould be stored, and
arrangements should be made with neigh-
boring utilities to share hardware and

heavy equipment. Here again, communi-

cations are key to the execution of an or-
derly plan and shauld include connections
with local, state, and federal government
agencgies, including the military. Finally,
the confereen agried, media milations are
very important in disaster planning. lt's
tempting for utility crews to see restora-
tion of power as the end point of concern,
but the public’s perception—Ilargely in-
fluenced by news media coverage—is the
real measure of success for a disaster re-
cavery operation.

God and the people at
the power switch

Acts of God berome a big liability for com-
pany reputations when actimns of utility
management fail to mitigate damage in
what the public feels i= a reassmable pe-
riod of ime. “God is becoming less of a
factor,” says EPRI technical advisor Robert
fveson, “and utility management is be-
coming more of a factor, at least in the
public’s mind. When more than onis util-
ity is involved and one performs well and
the other doesn’t, you've had it.” In oni
ingtance, an unexpectied early fall =now-
storm blacked out the service aras of sev-
eral utilities, One utility took two days
longer to get back on-line than the neigh-
boring utilitics, and neither its customers
nor its regulators were happy. When the
regulators looked,
they found the emer-
gency plans deficient.
ine of the best-
prepared companies

for snow, 1w, and

storma is Lentral Maine Power (CKI,
which covers a sarvice area subject to both
extrems coastal and extreme inland storm
patterns. “We have a bill insert that we use
twice a year—in summer and winter—to
make sure peaple are prepared for an out-
age,” says Tim Vrabel, supervisor of com-
munity rielations, “We make sure our line
crews have a lot of depth when we know
a storm is on the way; aside from our reg-
ular backup crew, we might have one or
two other crews. If it’s going to be a heavy
snow, we'll have our chains on the night
before.”

CMP* also has a complete manual for
emergency power restoration and a net-
work of mutual aid that invelves hun-
dreds of people frim other utilities in
Canada, Mew Hampshire, Vermont, and
Mazzachusetts, plus a private contractor
that helps with transmission work.

One of the planning characteriatics that
helps improve response, according to Ive-
son, is institutionalizing actountability
within the utility. Maturally, backup plans
are key. Mot only do you rneed backup
emergency control and emergency opera-
tions centers at a site away from the pri-
mary centers, but you also need contin-
gencw plans for whatever might have to
be replaced. This is one of the reasons
emergency planning needs to be exten-
sive, and one of the reasans the plans need
to be reviewed regularly.

Typically, much of the consideration
given emergency planning by utility man-
agement revolves around economiis. A re-

gion’s economic welfare has an impact on
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WORKING ON THE PROBLEM The
emergency operations center is the heart
of restoration efforts. coordinating a broad
range of round-theclock logistical
demands, including worker dispatch,
requests for equipment and assistance,
feeding of crews, and news media infor
mat:on updates.

IR0/ UEMBIS SIMET
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neqf the ultimate earthquake sur-
Ovival experiences perhaps was
that of PC&E gas construction foreman
Kevin Scannell: “I was in a hole cut-
ting service off when | locked up
at thee twe guys standing above me.
Their faces had gone white, and the
building behind them was swaying. |
was at eye level with the street, and |
saw a 3-foot-high wave of concrete
rolling down the street toward me.”

When the 15 seconds of shaking fi-
nally stepped in San Francisco’s Ma-
rina District on Octeber 17, 1959, no
one on Morthpoint Street near Fillmore
was prepared fer what they saw:
cracked facades, the front of an auto-
mobile suspended in midair after a
street had risen up under the middle of
it, and finally, down on the corner, a
three-story building that had collapsed
into itself.

Power was out, and a plume of
smoke could be seen rising from a few
blocks away, at Beach and Divisadern,
where a fire raged out of control. Emer-
gency relief efforts were already be-
ing ooordinated at the Marina Mid-
dle School under the auspices of the
mayor’s office, Many people, out of
their homes, would sleep elsewhers
and wait for an official inspection be-
fore going back in.

Given the fire in progress, and re-
ports of the smell &of gas coming from
all over the Marina, gas distribution
engineer Brian Leary made a decision:
] said the Marina District gas sysiem

On the Scene in San Francisco

had to be shut down immediately. ’eo-
ple looked at me like [ was crazy, be-
cause we had never shut down a low-
pressure system before for any reason.
But 1 shouted everyone down.” Elec-
tricity service was restored within
days. Gas was another matter. Damage
was so sever that the entire gas sys-
tem had to be replaced. Handling this
effort made PC&E some friends.

For several days, PG&E was working
in the street until late in the evening. In
the weeks that followed, drilling would
begin at seven in the morning and end
at seven at night; the arca would be
cleaned up as much as possible when
work was done each night. Residents
were kept informed of the progress and
were told that Thanksgiving —over a
month away —was the target date by
which everyone could expect gas ser-
vice to be restored. With service per-
sonnel from other utilities throughout
the West joming in to assist in the
restoration effort, PG&E would beat its
own schedule.

To help residents cope while they
were without gas service, the utility
brought in trailers with showers, often
used for firefighters battling forest fires.
The repair efforts and clizar concern for
their customers earned the company a
Lpontaneous vutpouring of affection
from the loral residemts. The home-
made sign= many put up in their win-
dows whim the work was done said it
simply and gratefully: “Thank you,
PG&E.” O
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the level of emergency preparedness the
local utility is willing and able to main-
tain. When a region is experiencing #co-
nomic difficulties, there is a potential fer
decrease in  emergency preparedness.
How a utility spends money is not just its
own business, either. & company may
have to convince its public utility com-
migsion that an expenditure is prudent in
the context of all its option=. Top pre-
paredness at any cost may not be seen as
an option when local economic distness
clouds the is=ue.

[veson feels that every company should
have an emergency preparedness plan
geared to those phenomena most likely
to threaten a company’s systim. He also
believes that the plan should encompass
training activities and dialogue with other
agencies. In what he calls a balanced
viewpnint, Iveson believes an emergency
plan should be tailored to the financial sit-
uation of a utility. “Managements tend to
taki: each company’s emergency plan on a
case-by-case basis and to prepare most rig-
arously for the problems they are most
tamiliar with,” says Iveson. “A utility that
ha= recently had a bad experience, with all
the attendant publicity and regulatory
scrutiny, will spend a lot of time on emuer-
gency planning. Others will not. There's a
sensitivity to the business risk in making
a choice that reduces your ability to re-
spond. In the end, the level of prepared-
ness becames a business decision.”

Sam Mullen, a planning coordinator
who has spent 24 years with Atlantic Elec-
tric and who has spent the last 6 vears
wirking on emergency planning, feels the
isstie should have a higher priority at ail
utilities. “In between disasters, ulilities
can develop a sense of complacency and
overcontidence. Utilities generally need to
develop plans in greater detail, and they
need to regularly revise them,” savs
Mullen, who wrote his own company's
storm plan. “You should have not only an
annual test but periodic tests of various
entities. For instance in the T&D area, |
hold damage survey exercises. [ send out
personnel to survey feeders and different
tvpes of equipment and write up state-
ments about damage. It gives them the op-
portunity to learn more about the svstem.”



‘070 Jamod IeL Janp

exsey o Apsiemun

CEMAGNETICALLY
WPLCED CUEean )7

Mullen has outlined 35 specific tasks in
Atlantic Electric’s operation that he be-
lieves are essential. He has also outlined
35 different emergency response fields in
his company’s computerized personnel
system. The system is coded, providing
people’s capabilities on REDI (responder’s
emergency duty instructions) sheets. “All
of us who hold jobs in noncustomer-con-
tact areas in this 2000employeé com-
pany,” says Mullen, “also can assess dam
age, do other operational and support
jobs, or help with customer contact fune
tions in an emergency.”

The priority given to emergency plan-
ning is important to Mullen: “Every com-
pany has its top 10 issues. Emergency
planning may slip down the list from time
to time. Even though people may believe
in it, it may never get top billing. I'm not
comfortable with that—emergency pre-
paredness and planning is essential to
lives and livelihoods. It’s just that impor-
tant.”

Reality checks

Hurricane Hugo hit Charleston on Sep-
tember 21, 1989, just after midnight. It
then moved northwesterly through the
South Carolina Electric & Gas service ar-
ea, passed through a section of Carolina
Power & Light's territory, and finally
curved north and split Duke Power’s
territory. Fully 300,000 of 470,000 SCE&G
customers were affected; so were 140,000
of CP&L’s 900,000 customers and almost
700,000 of Duke Power’s 1.6 million cus
tomers. Together, the three companies had
600 transmission structures and 16,000
poles damaged and had to replace 27,608
distribution transformers. Duke [Power
alone had 9000 craft and professional
workers involved in the restoration pro-
cess, and this force was supplemented
by 2600 workers from other companices;
people came from 11 utilities in 16 differ-
ent states to help.

When Duke Power activated its Distri-
bution Emergency Center, bracing for its
firstever experience with a hurricane, the
utility was using its Emergency Workforce
Management System, a mainfranme com-
puter program, to track and sort resource
requests and record personnel move-
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uburban Massau County and the
S suburban and rural reaches of Suf-
folk County on Mew York's Long Is-
land have a weather history that in-
cludes more than a brush with danger-
ouk storm patterns: they’ve been hit by
hurricanes. Long Island Lighting Lom-
pany (LILCO) knows how to prepare
for them.

LILCO’s #mergency restoration pre-
paredness efforts were significantly en-
hanced in 1985-1986, after Hurricane
Gloria blew through the service area in
a direct hit and knocked out power to
H00,000 of the utility’s 1 million cus-
tomers. It took 11 days before power
was restored to everyone. Then, last
year, Hurricane Bub interrupted ser-
vice for 477,000 customers; full ristora-
tion took four and a half days.

LILCO's Electric Service Dispartment
has established personnel assigniments
and comprehensive procedures for use
during major resterativun efforts. These
procedures address all azpects of emer-
grney operations, including storm an-
ticipation, mobilizatien ol personiul,
mutual assistance crew support, com-
mand and control, localized restora-
tion, system survey, delivery ot materi-
als, communications, and data report-
ing.

To keep it people ready to put these
plans into action, LILLO conducts a se-
ries of emergency drills that cover field,
divizional, and headquariers opera-
tions. All of LILCO's 6500 employees
participate, and cvery employee has a
special, nonstandard duty to perform
in an emergency. "{lur efforts include
clas=room a= well as field training,”
zays Wirrner Schweiger of LILCO's Elec-
tric Service Dipartmint.

Each year employees assigned to
substatiens undergo refrisher training

Practice Makes Perfect at LILCO

at LILCO’s Hauppauge facitity. Then, in
January and February, operators work-
ing in pairs pick up IBM 55-SX work-
stations preloaded with a disaster sim-
ulation, set thim up at assigned sub-
stations, log on, and go through the
emergency scenario. Firtional damages
are reported, giving personnel the op-
poriunity to file simulated repair or-
ders; progress in effecting those repairs
is followed at both divisional and cor-
porate headquarters.

In addition to entering damage re-
pair airders, substation personnel enter
manpower information and restoration
estimates and provide rapid survey in-
formation that seTves as an early indi-
cator of storm damage; they als=o pro-
vide information on access to critical
facilities and lodging capacity for mu-
tual assistance crews. The drills last &
hours and encompass 25 substations
each day over the course of four days.
In May and June, the drills are nepiated
in anticipation of hurricani season.

These emergency drills complement
a full field drill conduited in April,
which further tests workers’ skills in
the actuital work environment. This drill
involver patrolling and surveying the
distribution circuitz arpund 105 substa-
tions throughout the system. On each
of five days, one-fifth of LILCLYs service
tervitory is covered; the personnel in-
volved are totally devoled to thie drills
during that time, with their regular du-
ties covered by personnel in other parts
of the company. Any substandard con-
ditions, or necessary follow-up pro-
cedures such a= tree trimming, are
reported and subsequently handled.

“The company has the commitment
to support the effort,” say= Schweiger,
“and our experience shows just how
important that is.” O
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ments. “Statistics such as poles down, cus-
tomer outages, weather information, per-
sonnel at specific locations, personnel in
transit, departure times, and estimated
arrival times assisted greatly in the strate-
gic management of nespurces,” said Rich-
ard M. Johnston, a company distribution
operatinns systems supervison, in a 1990
report b the Sowtheastern Electric Ex-
change.

With 98% of Duke’s {harlotte cus-
tomers affected by outages, customer cails
were recorded through the utility’s Emer-
gency Service Restoration System. This
system was used to identify locations
where field assignments should be made
to expidite service restoration. And onee
restoration had progressed significantly,
thie system provided a customer callback
tool.

During the emergency, Duke's Trans-
mission and De=ign Engineering Deparl-
ment provided personnel 1o act as guides,
scouts, and damage assessors. Right-of-
way clearance personnel were assisted
by laborers fram different departments.
Heavy equipment operators from Duke’s
Construction  Maintenance Department
helped move debris, allowing truck access
to damaged facilities. Lagistical assistance
emerged a= une of the most critical func-
tions, from organizing lodging plans to
preparing meals for emergency workers
Substations, schools, shopping centers,
and hiels wirre used as= satellint com-
mand centers, according b Johnston, re-
ducing congestion and making it posziblis
o maintain more effective and efficient
management.

“Since Hugo, a total review of all emer-

"

gency plans has taken place,” says John-
ston. “Chur previous plans worked, but
they have been expandid and improved
tor better address catastrophic events such
as hurrivangs. Further definition of the
special abilities of other departments has
been added. Areas for additionai training
have been identified, and that training has
taken place for many groups.”

Johnston adds, “ne point to empha-
size in anw plan is the preassignment of
perzonnel  ta  specific  responsibilities.
When personnel are aware of what they
will be responsible for, they are more of-
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fective. Another point is more frequent
drills. We conduct yearly drills in which
our field personnel use the computer pro
grams to simulate an emergency. Practice
is required for efficient performance dur-
ing any emergency.”

Mutual assistance was also a concern in
revising the emergency plans. “A check-
list was developed for review with all vis-
iting crews in order to clarify operating
procedures and policies,” Johnston says.
“If we face another longterm restoration
process, we plan torotate of f system work-
ers after five to seven days. Extended pe-
riods of abnormal working hours, coupled
with being away from family, compound
fatigue and take a definite toll on morale
and productivity.”

Duke’s revised plans also call for build-
ing a stronger relationship with both the
State Emergency Management Agency
and the military. And a safety review and
examination of work methods, which are
always a concern when the various con-
tracts, safety rules, and work practices of
different utilities and contractors overlap,
yielded an interesting decision: “In most

(¥

situations, visiting crews will follow their
normal safety rules and work practices
rather than ours.” The idea, after all, is to
safely and swiftly accomplish service
The
safety rules and work practices reduces

restoration. introduction of new
productivity and adds to management
complexity.

Other important observations of John-
ston’s report included the effectiveness of
Duke Power’s nightly strategic planning
sessions for the big-picture view, which
enhanced the likelihood of sound reas-
signments the next day, and the impor
tance of daily status reports in keeping
morale and motivation high. A day-care
facility created during the emergency pe-
riod has been refined and added to the
emergency plans. Provisions for employee
family support and a toll-free phone num-
ber for family emergencies have been
added as well.

Also mentioned were Distribution
Emergency Center expansion and com
puter program enhancements. The an-
swering of calls by Duke executives and
programmers during the emergency was

deemed valuable,

especially since it

gave them a first-
hand sense of cus-

tomer response to

restoration efforts

and a better insight into potential pro
gramming enhancements.

Putting the drills to work

Pacific Gas and Electric serves 4.1 million
electricity customers and 3.4 million gas
customers in a service territory covering
94,000 square miles in northern and cen-
tral California. Centered 8 miles northeast
of Santa Ciuz, the Loma Prieta quake in-
terrupted electricity service to about 1.4
million customers; the company’s own
general office complex and Energy Cow
trol Center in San Francisco were affected.
As pG&E president George Maneatis said,
“The lights went out and T knew we’d lost
1 called
power control. We were in very serious

San Francisco. downstairs to
circumstances. The earthquake was the
worst crisis in my 36 years here.”

According to PG&E supervising power
system engineer Ted Reece, damage was
sustained at the Moss Landing power
plant, the Metcalf substation, and the San
Mateo substation, which in turn tripped
other plants, ultimately affecting Mon-
terey, Santa Cruz, and San Francisco.

The first service was restored in about
an hour, and over 98% of the blacked-
out customers—all but 26,000—had their

power back within two days. Yet in San
Francisco that dusk, only the lights of the
Bay Bridge and a stretch of Market Street
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were Jil as people assessed damage and
waited for the quake’s aftershocks. In a
couple of areas, such as the city’s Marina
District, gas main replacement was re
quired. With crews regularly working 12
hour days seven days a week, that process
was completed in four weeks.

As Reece reported to the Wide-Area
Disaster Preparedness Conference, the pri-
mary responsibilities of PG&E’s Energy
Control Center (ECC) are dispatching gen-
eration resources and monitoring and co-
ordinating the operation of the 580- and
230-kV “Unlike
control centers at many utilities, the trans-

transmission  netvvork.
mission network is not controlled directly
by a supervisory control and data acqui-
sition (SCADA) system. Thal responsibility
is delegated Lo regional switching centers
and power plants. A real-time dispatch
computer is used to monitor the system
and control the generation,” he noted.
“In addition, ECC personnel coordinate
PG&E’s operation with other utilities
throughout western North America.”
Unfortunatell, a new energy manage

ment computer system was being in-
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stalled at the time
of the earthquake, and
some of the emer-
gency power supply
facilities were not in
operation. "The dis-
patch computer performing the automatic
generation control functions failed at the
time of the earthquake, when shaking
caused the disk drive to malfunction,” re-
ported Reece. “We were actually in the
middle of a systems transition at that time,
and since the new installation, all the disk
drives have been given their own seismic
bracing. However, must of the: problems
in the ECC were caused by the loss of our
own power and the failure of backup
power systems.”

A by-product of the confusion and the
lack of power, Reece noted, was the “in
adequate space for support personnel and
quiet places for dispatch personnel to
gather their thoughts.” Power flow analy
sis was also initially dif ficult without com
puters. Many of the critical ECC functions
remained out of service until 6:30 p.m., al-
most an hour and a half after the quake.
However, PG&E telephone, microwave,
and radio systems all remained intact dur-
ing the quake and were vital to obtaining
resources and coordinating operations.

“The value of PG&F’s private commu-
nications network was clearly demon-

strated in the aftermath of the quake,”
says Augie Nevolo, chief telecommunica-
tions engineer at PG&E. “While the public
telephone network quickly jammed up
with an overload of calls, our telephone
system was able to handle emergency re-
sponse calls throughout our service terri
tory. In fact, our network was used by
state emergency response agencies need-
ing to call San Francisco.”

Asa result of Loma Prieta, PG&E has en-
hanced its backup ECC and, according to
director of corporate security Lyman Shat-
fer, has tested altermative headquarters,
expanded cellular capabilities, established
emergency operations centers at its re-
gional organizations, and put a database
management system on-line. “The model
we’vedeveloped,” he adds, “has been mir-
rored by the southern California utilities.”

A PG&E earthquake drill, in advance of
Loma Prieta, was one of the most impor
tant testaments to the company’s prepara-
tion. It ultimately made PG&E employees
and their mutual aid partners heroes for
their customers (see sidebar). “You have
to have a plan and test the plan,” says
Reece, who agrees that the emergency pre-
paredness exercises are key. “1 think we're
learning each time. The desire for infor-
mation is driving the drills. Lines of com-
munication and responsibility need to be
clear and not interfere with the restoration
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PARTNERS IN YOUR PLAN
Connections with other organizations
can be crucial to the efficiency and
effectiveness of disaster response
efforts. Setting up relationships ahead
of time and maintaining them as part
of the emergency response plan will
ensure good coordination when help
is needed.

News media:

Regulators: Neighboring utilities:

Aid organizations: Edison Electric Institute:

EMERGENCY
RESPONSE
PLAN

Emergency response teams: North American Electric

Reliability Council:

o aees Federal, state, and local
Military units:

governments:
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% A J hat do you do if there’s a major

& dicaster and your power sys-
tem collapses? “Blackouts present very
unusual problems for a system opera-
tor,” says PRI project manager Gerry
Cauley. “Under normal conditions, the
system is constantly kept on an even
keel through switching adjustments
and gradual shifts in generation and
load. After a blackout, it can be very
difficult to determine how the system
will hehavi: you've got to build the
system back up piece by piece in an
order that ensures the safety of per-
sonnel and equipment while restoring
customer service as quickly as possi-
ble.”

EPRI is now developing new soft-
ware called the Expert Advisor for
System Restoration to help operators
get their service areas out of the dark
more quickly. “Essentially, the software
serves as an advisor to suggest a plan
to get back on-line,” says Cauley. “The
program uses special simulation tools
combined with rules based on expert
knowledge. In the event of a major
blackout, the program gathers infor-
mation from the control
center’s energy manage-

32 EPRIJOURNAL September 1992

ment system computer and provides
information to the operator about
which units to start and the sequence
in which to start then. It alzo gives op-
erators sets of switching procedures to
provide outside power to large gener-
ating units to get them restarted.” In
addition lo helping the operator cope
during an emergency, the advisor can
be valuable as a restoration training
and planning tool.

The software, which i now avail-
able as a knowledge-based prototype,
was developed by Philadelphia Elec-
tric Company and, in its present form,
ia based on that utility’s system. Still,
the advisor is about 80% generic, and
the rules can be modified to customize
it to another company’s system. EPRI
currently has an active group of advi-
sors from 10 utilities providing inpul
on design, and it will soon select a sec-
ond host utility system for a commer-
cial-grade version of the program,
which will also include the &pecial sim-
ulation tools required to model system
behavior during a restoration. This
version is expected to be on the mar-
ket by the first quarter of 1994.

At that time, the program will
be fully integrated with the
EPRI Operator Training

Simulator for use in restora-
tion planning and training,
The final version for imple-

mentation in control centers is planned
as a collaborative project for 1994-
1995.

Cauley feels the expert advizor will
go a long way toward giving every
utility the capacity to reestablish its
own system quickly after a total col-
lapse. But he is quick to point out that
the software doet not provide for com-
pletely automatic restart: “If you are
bringing the system up unit by unit
and substation to substation, you still
have to reenergize ¢ach of them. While
the commercial software will be able to
help in this operation—checking fre-
quency to see if there's too much gen-
eration-load mismatch or if voltages
are too high, for example —it’s still the
operator’s show.

"We're putting information in the
system that's based on prior knowl-
edge, and it’s the operator who may
know there’s something wrong with a
particular unit or line. The computer
will never provide the total answer—
that's why the operator will always
have an essential role in restoration.
There are too many uncertainties and
too many things that can go wrong,.
The operator i4 still the person in
charge.” 0O




effort. There are ways of getting informa-
tion that don't interfere with or impede

operations.”

Sharing parts and information

While the importance of human resources
in respanding to an emergency cannot be
overstated, putting a power system back
on-line will inevitably require spare parts
to meplace components damaged in the
disaster—sometimes, as in the case of
Hurricane Hugo, tens of thousands of
pieces. To prepare for such needs, many
utilities regularly exchange data on distri-
bution parts and materials that can be
made availabte to neighboring companises
on short notice. It is not uncommon for
utilities that have material inbound from
a vendor for their normal inventary to
redirect the order to a utility in an emer-
geney and reschedule the eriginal ship-
ment for a later date.

Cither organizations also provide assis-
tance m this area. The Edison Electric In-

stitute created and
maimntains the %lutual
Assistance Plan, which
compiles and updates
lists of transmission
and distributiom equip-
ment that its member utilities can make
available to their neighbors in case of a
calamity. The North American Electric Re-
liability Council, or MERL, keeps a com-
prithensive database listing the availabil-
ity of major power transformers from vir-
tually every utility in the country. This in-
formation can be particularly important
because, unlike most distributiom equip-
ment, power transformers are nearly cus-
tom-made o the requirements of each
generating station and are difficult to -
pair; finding a closely matehed replace-
ment unit quickly can save a utility many
muonths of replacement power at a cost of
hundreds of thousands of dollars a davy.
Sharing people and parts may get the
power back on, but as EPRI's Ilveson
strizsses, sharing information with the cus-
tomer may turn out o be the most im-
portant factor in a restoration operation:
“When the power gows off in such an elec-
trified society, the dominant feeling is one

of helplessness. The ulility not only has to
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work hard tis réstore power, it has to make
it clear to the public that it kniws what
it's doing—that the wtility is not helpless
Thiz means that relation=hip= with the me-
dia are crucial, especially at the start of a
crisis, when information is at a premium.”

Stacey Shaw, a manager of media rela-
tions at Florida Power & Light, agrees; she
points aut that the concept applies to the
waork of customer service representatives
as well as to that of a mesdia llaison: A
company’s perception of customer needs
tends to be restoration-oriented, and
there's no question that restoring power is
the top concern. But sometimes we forget
that the customer perception of what is
going on is also very important. Bome
companies that have extremely good
restoration efforts don't get that message
oul fasl enough to the customer. The best
programs arc very strong in sharing
minute details.” And, she adds, “the bet-

ter wour relations with the news media be-

fore the emergency, the more accurate they

are likelv to be i telling your story.” 0

Background wformation for this slory was provided by
Ben Damsky Rebert Iveson and Frank Young ol the Eleg
tngal Sysiems Bwisian
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TECH
TRANSFER
NEWS

EPRICON Restores ESP
Performance

s many utililies shift to lower-sulfur
A coal in response to the 1990 Clean
Air Act Amendments, they face a compli-
cation —the adverse effect such a shift can
have on elecirostatic precipitator (ESP)
performance. Reducing the coal sulfur
level from 3% (0 less than 1%, for exam-
plc, can increase parliculale emissions
from an ESP by as much a= a factor of 10.
A recently patented EPRI invention—EPRI-
CON—reduces the cost of restoring ESU
performance after fuel awitching and thus
increases the practical options  utilities
have tor complving with the amendments.
About half the plants affected by the
amendments  are  candidates  for fuel
switching, and virtually all of these units
are equipped with ESPs.

ESI* performance depends on the resis-
tivity of fly ash, which in turn is controlled
by sulturic acid vapor in the tlue stream.
This vapor forms from 50, produced by
the combustion process. A switch to
lower-sulfur fuel reduces the amount of
aii,, thereby degrading the efficiency of
the ESP. I the past utilities have compen-
sated for this change by injecting SO, into
the duct ahead of the precipitator, but con-
ventional =0, conditioning systems are
costly and require storage and mainte-
nance of chemical reagents.

The reagentless EPRICON process oper-
ates by withdrawing 1-3% of the hot flue
gos from thie boiler and passing it through
a catalyst that converts some of the SO, in
the gas to =0,. The SO,-enriched stream is
then injected back into the flue duct ahead
of the ESI. Since it takes advantage of the
existing pressure drop in the main flue gas

system, EPRICO™ does not reguire a fan to

move the S@.-enriched =idestream. And
because it derives the SO, fram SO, already
in the flue gas, the process does not add
sulfur emissions to the air.

A cataly=t test facility operated for over
a year at Alabama Powwer Company’s
Plant Miller has produced encouraging
50,-te-50, conversion efficiency mesults,
including indications of a relatively long
catalyst lifetime. Preliminary estimates
alsa indicate that EPRICO® will be signif-
icantly less costly to instalt and operate
than conventional 501, conditioning sy=-
tems. EPRI is currently negotiating licenzes
with potential conumercializers and s
looking for a host site for a full-scale
procesa demonstration to confirm perfor-

mance resulis and economic estimates.

B EPRI Contact: Ralph Aftman, (615) 899-
072

New Clearinghouse on
Environmental Externalities

ne of the most complex and rapidly
Oclmnging regulatory areas affecting
clectric utilities involves environmental
externalities—the assignment of explicit
eronomic value to certain environmental
impacts, such as the emission of air pol-
lutants. To help EPRI members keep up
wilh the accelerating pace of activity in
this= field, a clearinghouse on environ-
menlal externalities has been added to
EPRINET, the Institute’s technology deliv-
ery information network.

The Environmental Externalities Clear-

inghouse maintains a state-by-state data-
base of regulatory activity related to ex-
ternalities, including current  require-
ments, citations ot important filings and
orders, and detatls of implementation is-
sues. A bibliography of the externalities
literatune provides referencis to books, re-
search reports, and regulatory documents,
Short summaries of key documents from
the most recent literature are also pre-
sented.

(n addition, the clearinghouse contains
introductory background information on
environmental externalities issues, to-
gether with summary analyses that can
help users who are new to this field. A cal-
endar of related activities notifies vsers of
upcoming conferences and events, and a
news =shorts feature provides summarics
of articles from recent journals and the
trade presa.

Acrvording to Wictor Miemeyer, a pro-
gram manager in the Integrated Energy
System= Division who helped create the
new service, part of the problem facing
utilities i= that aclivities related to envi-
ronmental externalities are in a constant
atate of flux. Mew requirements are added
at various stages of implementation, and
regulatory agencies are still sorting out
their overlapping jurisdictions. The clear-
inghouse will provide utilities the most
comprehensive and timely overview of
the subject now available, from basic in-
troductory information lo the latest details
of regulatory action in each state.

“Launching this clearinghouse on
EPRIBET represents an important experi-
ment in technology transfer” =avs Mie-
mever. “We have raceived a lot of re-
quests for information on environmental
externalities. Such information quickly
gets oul of date if you offer it just in
printed form—which argues strongly for
on-line electranic access. The clearing-
house is intended to be used on an as-
needed basis by utilities, 20 we must fol-
low future use patterns closely to ensune
that it remainz a worthwhile venture.”

The Environmental Externalities L lear-
inghouse is being developed and main-
tained by Barakat & Chamberlin of Clak-
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land, California. ® £PRt Contact: Larry
Wiltinms, (415) 855-2695. Barakat & Cham-
bertin Contact: Marjoric McRae, (510) 893-
7800. F PRINET Help Desk: (800) 964-8001)

Nuclear Fuel Guidelines Aim
at Defect-Free Core

he failure of nuclear fuel elements can
have majior impacts on plant opera-
tion and maintenance; it can lead to re-
strictions on reactor power level, for ex-
ampie, and increase the potential tor radi-
ation exposure of maintenance persinnel.
The recognition of such impacts has raised
the issue of fuel reliability to new promi-
nence in the nuclear industry. As part
of this enhanced effort, guidelines have
been develuped and published (EPRI TR-
100654) to help nuclear utilities cstablish
their uwn fuel reliability programs and
achieve “zero defect” reactor operation.
fGince the late 19805, the vtility industry
perception of what constitutes an accept-
able level af fuel reliability has shifted
substantially. In the past, it was not un-
common K operate for some time with
cores known to contain a certain number
of failed fuel rods. As the potential cost of
fuel fatlure became more apparent, how-
ever, and as reactor operating practices be-
gan to change, utilities sought guidance in
establishing programs to enhance fuel re-
liability.

An impurtant response to this growing
emphasis was lhe publication, in 1987, of
an EPRI repiirt (81>5521-5R) recommend-
ing corrective actions following the detey-
tion of a fuel failure. The new fuel relia-
bility imprevement guidelines address the
next step—establishing an overall pro-
gram to prevent fuel failures from hap-
pening in the first place. These guidelines
warre developed thriugh the collaboralive
cfforts of EPRI, the [nstitute of Muclear
Pawer Dperations, and experts from 17 in-
dividual L5, utilities

The guideline= are particularly timely
because of an industry trend toward in-
creased fuel duty, as utilities opt for ex-
tended rractor operating cycles, higher
dizcharge burnups, and advanced fuel de-

sign features. [n addition, changes in wa-
ter chemistry due to plant aging can have
implications for fuel perfermance. Unless
accompanied by a program to improve
fuel performance, such changes could in-
crease the frequency of failures caused by
existing mechanisms or result in new
modes of failure. Using the new guide-
lines, utilities can develop their own poli-
cies and proceduris aimed at the preven-
tion of all fuel defects.

The guidelines address the needs of
both management and lechnical personnel
regarding a plan’s development and im-
plementation. One objective addressed is
to define for senior management the scope
and content of a utility-specific fuel relia-
bility program. For plant managers, engi-
neers, and operations personnel, the re-
port delineates the practices that should
be followed to ensure gond fuel reliability.

Included are sections on fuel design,
fabrication, receipt inspection and han-
dling, plant cleanliness contral, opera-
tions, water chemistry control, fuel in-
tegrity manitoring, operation with failed
fuel, and fuel inspection and repair. A re-
current theme i the need for awareness
and commitment by all program partici-
pants, with responsibilities clearly as-
signed to appropriate management or line
personnel. ® EPRI Contacts: Rosa Yang,
(415) 855-2481, amd (Melti Ozer, (413)
§55-2089

Power Quality
Testing Network Formed

S ensitive microproces=or componcnts
in today’s electronic equipment are
susceptible lo =lighl elecirical distur-
bance= in the power supply. Such distur-
bances can make elocks go on the blink,
scramble computer data, and stop auto-
mated industrial equipment. To further
the industry’s understanding of =uch
problems, EFRI's Power Electronics Appli-
cations Center in Knoxville, Tennessee,
has established the Power Quality Testing
Metwork (PQTH).

The network manages power quality
testing that is carried out by nonprofit

agencies and universities and supported
by individual utility sponsors. Member
utilities or their customers can contact
EPRI and request a PQT™ evaluation i
power-electronics-based devices—for ex-
ample, power supplies in personal com-
puters. The testing assesses how the
equipment can by effectively connected to
the utility system in the short run and
identities what manufacturera can do in
the fong run to improve product design.

Products may be redesigned to operale
through short pawer disturbances instead
of shutting off or to generate less interfer-
ence with utility systems, which can itself
caiise power quality problems. Test results
for a specific product will be provided di-
rectly i the manufacturer; combined,
generic results will be used to create a
database to help member utilities under-
stand a priiduct group’s power quality at-
tributes.

In April, PQTN began its tirst collabora-
tivis research project—an evaluatiiin of the
high-trequency ballasts used in fluores-
cent lights. These ballasts are extremely
energy-efficient: a 753-watt incandescent
bulb can be replaced with an electronic
fluorescent compact that use= onfy 15 ti
& watts, vet delivers the same amount of
light. Howewver, not enough is known
about the power quality disturbances that
the electronic ballasts may generate or
about how well they withstand the dis-
turbances they receive, Tists on the bal-
Jast= are being conducted independently
at multiple PQTN member labs.

Similar tests have begun on transient
vollage surge suppressors (TS5s), which
are installed to protect electronic equip-
ment from overvollages and other prob-
lema. Mo standards have yet been set for
TVSSs, and data from the POT™ tests will
help both ulilities and manufacturers un-
derstand their power quality characteris-
tics and limitations. Initial resuits from the
ballast and TVSS tests are expected by the
end of this vear. Future evaluations will
focus on personal computers and  ad-
justable-speed drives up to [0 horse-
power, ® EPRI Contact; Mark  Smnotyj,
{415) §55-2980
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RESEARCH UPDATE

Hydroelectric Systemns

Concrete Gravity Dam Stability Analysis

by Dougias Morris, Generation & Storage Division

PRI's Hydroelectric Generation and Re-

E newamle Fuels Program has devel-
oped a specialized code for concrete grav-
ity dam stability analysis. The code, CG-
DAMS, was designed to respond to the dam
stamility analysis requirements of the Fed-
eral Energy Regulatory Commission (FERC),
which are set out in the commission's Engi-
neering Guidelines for the Evaluation of Hy-
dropower Frojects. These guidelines were
developed by FERC's Office of Hydropower
Licensing to help the commission’s techni-
cal staff evaluate dam safety and stability.
At five-year intervals, slam owners are re-
suired to reevaluate dam stability in light of
current conditions and siesign criteria, Es-
sentially, a stability analysis determines a
dam’s resistance to sliding on its founda-
tion under three loading conditions: normal
loading, flood loading, and seismic loading.
Existing dams that do not meet the required
shear safety factor for each condition are
usually "tied sown” with posttensioned an-
chors driven from the dam crest into the
foundation. The average cost of stabilizing
a dam with anchers ts $2 million, but the ac-
tual cost can be higher by a factor of 10.
The FERC guidelines allow owners to
adopt a variety of analytical approaches of
widely ranging complexity They also allow

owners 10 use generic values for cencrete-
to-rock bonaling strengths and for shear and
tensile strengths of concrete, and to use lin-
ear uplift pressure distributions. In fact, sw-
ing to the guidelines’ many assumptions
and simplified concepts, analyses can be
performed by slide rule or pocket calcula-
tor. The penalty is that in the majority of
cases the resuits are very conservative ana
resuire more material for stability than nec-
essary. Moreover, one EPRI site study found
that the results could also overestimate
structural stability, although the requircs
safety factors were met at the dam being
studied and safe operation was assured.

Because of the recegnized overdesign
aspects of the calculaton, dam owners
have recently started to use data taken at
their sites, as well as data from strength
tests on core samples of concrete and rack,
in their analyses. This approach produces
more-realistic  stability results than the
generic values do, and FERC now encour-
ages owners to perform site investigations
o acquire actual values.

CG-DAMS

EPRI's dam safety advisory committee 1S
composed of representatives of EPRI mem-
ber utilities, consulting firms, FERC, and the

ABSTRACT Under Federal Energy Regulatory Commission (FERC) guide-

lines, dam owners musl evaluate the stability of their structures every five

years. Because traditional approaches typically yield overly conservative sta-

bility estimates, EFR! sponsored the development of a computer code, CG-DAMS,

to provide more-realistic assessments that reflect site-specific conditions. This

finite-element code—which is available in mainframe. workstation, and per-

sonal computer versions—can be used to predict crack growth, shear, and

stress under a variety of loads.
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three majer federal dam-owning agencies.
It concluded that the use of finite-element
anaiytical methods that allow the input of
site-specific strength and other material
parametric values would result in more-re-
alistic dam stability assessments. General
software programs with that type ef capa-
bility existedl. but they required a great deal
of manipulation to model dams, founda-
tions, ane reservoirs, The preferred ap-
proach was to design a code suitable fer a
typical utility structural engineer, who might
perform dam analyses only orce every
three to five years. To bridge the gap be-
tween finite-element methods and tradi-
tional analytical practices, EPRI sought to
design a cade that would provide as many
automatic options as possible and would
simplify data input.

CG-DAMS meets these specifications The
code allows users to model concrete as er-
ther a linear-elastic or a nonlinear material.
Users can select a typicat dam profile from
a set of everflow and nonoverflow sections
Using information readlily available frem de-
sign drawings, they can custemize the stan-
sard profile sy entering dimensions such as
dam height, crest width, downstream and
upstream face slope angles, and drainage
gallery location. The modelest profile can be
analyzed with or without the foundation and
the reservoir. The code can generate a fi-
nite-etement rmesh to suit all the modeled el-
ements. If the dam section to be analyzed
has a umgue profile—for example, if it in-
cludes the powerhouse—the analyst can
create that profile and generate a suitable
mesh; however, this resuires a higher de-
gree of user experience.

Under the guidance of H. T. Tang of EPRI'S
Nuclear Power Division, the initial version of
CG-DAMS was merged with ABAQUS-EPGEN.
which provided the concrete constitutive
mode! and the numerical analysis capabil-
ity. The positive response of EPRI members
to that version, which runs on a mainframe,



encouraged the development of a personal
computer version with additional modeling
options. The PC version is independent of
ABAQUS.

Users can input a wide variety of loads to
CG-DAMS via input screens designed to
EPRIGEMS criteria and similar n format to
Macintosh and Windows screens. In addi-
tion to accounting for the gravity ioad of the
dam, the code applies hydrostatic pressure
distributions for headwater and tailwater lev-
els and applies point loads for overflow
loading on the crest and spillway buckets
(Figure 1). It can simulate the effect of fill-
ing the reservoir on the dam structure and
the foundation, automatically applying the
reservoir load in steps to determine the sta-
bility at each leve! (Figure 2). Silt, backfill,
and ice loads are alsc standard loading
options.

A major teature of the code is s ability
to include thermal loads and directly cou-
ple the thermal response resuits to the
stress analysis. The heat source can be at-
maospheric or, in the case of the heat of hy-
dration of the curing concrete, internal.
Users can assign lemperatures 1o the dam
and the foundation. The material properties
required for modeling thermal loading in-
clude heat transfer coefficients, thermal
conductivity, and thermal expansion; con-
crete creep compliance and the aging ef-
tect of temperature on the modulus of elas-
ticity are optional,

Dynamic (seismic) loading can e simu-
lated by using a pseudodynamic reservoir
pressure loading routine developed by Pro-
fessor Anil Chopra of the University of Cal-
ifornia at Berkeley, or by inputting a time-
history record of actual or simutated earth-
guakes. The latter method currenlly is avail-
able only on the mainframe version of the
code. CG-DAMS can also perform a fre-
guency analysis, using the subspace inter-
action method to extract the structure’s fun-
damental frequency.

Hydrostatic uplift pressure loads are ap-
plied at the interface of the diam and the
foundation. The default option is a linear dis-
tribution or, if the dam has drains, a bilinear
distribution However, users can input alier-
native distributions, such as actual ste mea-
surements taken along a secton. It the
analysis determines that a crack will de-

Figure 1 CG-DAMS can account for a variety of loading conditions. A pseudedynamic loading rou-
fine simulates seismic loading against the upstream face of the dam. The code also models the
effect of crack growth on hydrostatic uplift pressure at the interface of the dam and the founda-
tion, automatically adjusting the pressure distribution along the length of a crack.

Crest ioad

Y

Foundation

Crack tip

"T

[ pam gravity load

I nydrostatic pressure

[ Hydrostatic uplift pressure
] Pseudedynamic load

Spillway
bucket load

velop, the codie automatically adjusts the
uphft pressure to maich the length of the
crack as it grows. If the crack projects be-
yona the line of drains, the user can choose
to follow FERC's assumption that the drains
will no longer operate er can select other

Heservoir level 100%

drain characteristics, such as those de-
scrnbed in EPRI report TR-100345. Users can
define a crack in the siam or the foundation
by entering zero tensite strength for the des-
ignated area. The code automatically ap-
plies uplift pressure distributions 1N such
cracks that are appropriate to their location
and angle.
Users can add cracks in the founda-
tion to represent rock joints, seams,
and faults, and can subdivide the
foundation into sections with dif-
ferent material properties (o
simulate different types of
rock. Also, they can

Tailwater level

20%
40%

Siit

g4

60%

100% =

80% |- =~

Uplift pressure
distribution

yan

Figure 2 By applying the reservoir load in steps., CG-DAMS can simulate the effects of reservoir
filing on a dam and its foundation—for example, the effects on uplift pressure at the dam-
foundation inlerface. In the case shown here, at the 20% reservoir level the uplift pressure is
evenly distributed along the interface; the filling of the reservoir results in greater uplift pressure

closer 1o the dam's upstream face.
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change the concrete-to-rock interface pro-
file by entering he codes finite-element
mesh generation routine.

CG-DANMS offers a variety of output tables
and graphics. Fer example, the results of an
analysis can include the length of a crack
along the cencrete-to-rock interface and the
value of the shear safety factor. The code
also provides stress profile plots (with uplift
pressure included) and principal stress vec-
tor plots, It can present results for individual
loads as well as results for the combined
loads, It also plots dam stability response to
dynamic loading versus time.

Other research

In conjunction with the develepment of CG-
DAMS, EPRI investigated the operation ef 17
dams across the United States that ranged
in age, height, and feundation treatment
and rock type. The researchers studies
records of uplift pressure, headwater and
tallwater levels, and ambient temperatures
for the dams, Their objectives were to iden-
tify factors that influence uplift pressure dis-
tribution and 10 validate o improve the ac-
curacy of the assumptions in the FERC
guidelines. This knowledge will help dam
owners betfter focus site investigations to
obtain information about the parameters im-
portant ta stability analysis

Dam designs are commonly based on the

assumption that the rock mass behaves like
a porous medium. Unless the joint spacing
is small, uplift pressure distribution Is con-
trolled by the length and relative perme-
ability of the rock joints that intersect to form
the flow path beneath the dam. Field data
from the study have shown how the aper-
ture size of the joints defines the shape of
the uplift pressure distribution. As the Jead-
ing on a dam changes, the loading on the
foundation changes, causing the rock joints
to open or close. When seasonal tempera-
ture increases cause a dam's downsfream
face to expand, the foundation loading
changes. The seasonal temperature effect
at some of the sites studied was much
greater than expected. It 1s possible that
changes in uplitt resulting from this phe-
nomenon hael eeen erroneeusly attributed
to flood loa#ls from the spring runeff.
Recerds shewed that at some of the sites
uplift pressure has a linear relationship to
changes In load. Al other sites, the associ-
ation was found to be guadratic or expo-
nential. Finite-element analysis using a com-
puter mode! demonstrated that these rela-
tionships depend on rock joint apertures.
Tight or grouted joints result in a nonlinear
relationship between headwater level anal
uplift. This knowledge will help dam owners
use uplift pressure measurements for sea-
sonal flood levels to project values for ah-

normal fiood levels, such as the probable
maximum flocd. FERC had been reluciant to
permit such extrapolation because of the
variation in behavior at different sites, but it
has new relaxed the guidelines as a result
of the EPRI studies.

EPRI has compleled a numencal model,
CRFLOOD, that predicts flew and uplift pres-
sure distribution in a rock joint or in a crack
in cencrete. The model was verified by lag-
oratory tests on a specimen with dimen-
sions equivalent to those at actual sites.
Results from CRFLOOD for different entry
heads, crack apertures. and drain diame-
ters confirmed the findings concurrently ob-
tained in the study of the 17 dam sites. In
the future, CRFLOOD will be merged with CG-
DAMS to model the combined effect of flow
and stress in cracks, CRFL@@D is also un-
der consideration for use in dam stability
analyses with an improved model of feun-
dation rock joint configurations.

Members of EPRI's dam safety advisory
committee have been instrumental in get-
ting therr organizations to test CG-DAMS and
CRFLOOD during their development, and
these reviews have resulted n major im-
provements that have boested the codes'
practicality. In addition, two EPRI members
have submitted test cases te FERC so that
it can develop procedures for reviewing sta-
Wiily analyses that use the EPRI codes

Residential Program

Developments in Line-Voltage Thermostats

by John Kesselring, Customer Systems Division

Alhermostat 5 a temperature-sensitive
on/elt switch used to control a heater
or an ar conditioner For heating. the ther-
mostat signals the heater te turm on when
the temperature drops below the set point
chosen sy the occupant When the reom
temperalure (as measured by the thermo-
stat) reaches the set-point temperature, the
thermostat signals the heater fo turn off,
Three basic elements make up this simple
feedback loop: a temperature sensor, a de-
vice for switching the heater on and off, and
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a means by which the occupant can ¢con-
trol the set point.

Line-valtage and low-voltage thermostats
are the two most commonly used types of
thermostat. A line-voltage thermosiat is con-
nected in series with the heater and the line
voltage— the voltage in the electrical circuit
for the bullding It controls the heater sim-
ply by switching the line voltage en and oft
A low-voltage Thermostat is connected to a
low-voltage (24-V) electrical relay. This relay,
rather than the thermostat iiself, energizes

and deenergizes the heater. The low-volt-
age thermostat ts by far the most cemmon
type of controt for central forced-air (electric
or gas) residential heating and coeling sys-
tems, but it is too expensive for use In zoned
applicatiens, in which each reem or zone is
heated by an independent unit.

Bimetal-strip line-voltage
thermostats

In many parts of the country, baseboard
electric resistance heaters are the resigen-



ABSTRACT A thermostat that provides reliable, accurate temperature
control is the key to a comfortable, efficient space-heating system. The lack
of a commercially available line-voltage thermostat that is affordable and per-
forms well has been a significant factor in limiting the comfort and popularity
of zoned residential electric heating systems. With EPR! support, two manu-
facturers have developed innovative, electronics-based line-voitage ther-
mostats that offer a cost-effective control option for creating a comfortable en-
vironment with zoned electric heal. These thermostats also may help reduce

energy consumption.

tial heating option wilh the lowest first cost.
Intended for use in zoned systems, these
healers—like kickspace and radiant cailing
heaters—offer other advantages as well
they are mechanically simple. highly dur-
able, and very quiel Moreover, zoned sys-
tems give occupants the opportunity 1o re-
duce energy use by lowering thermaostat
settings n unoccupied rooms. Neverthe-
less, zoned electric healing systems are of-

heater on. When the set point is reached,
the strip springs away from the switch, turn-
ing the heater off

A recent EPRI study (RF2034-29) has
made it clear that the fowest-cost bimetal-
strip line-voltage thermostals perform very
poorly, The strips adjust slowly to changes
in room temperaiure, and internal heating of
the wires often makes 4 difficult to maintan
a set-point temperature. Even shortly after

ten regarded as uncomfortable, inefficient,
and expensive 10 operate, Largely respon-

installation, these thermostals generally do

not maintain stable temperatures, and their
performance degrades with time. As a re-
sult, users do not get the full beneftts of an
efficient zoned electric heating system.

For zoned applications, the only alter-
natives to low-cost, bimetal-sirip units to
date have been considerably higher priced
electronic or electromechanical line-voltage
thermostats. To improve the quality of zoned
heating, EPRI recently sponsored the de-
velopment of high-performance electronic
line-voltage thermostats thai are relatively
Inexpensive.

Thermostat performance

The performance of a thermostat is judeed
by how closely it mantains the rcom tem-
perature at the set paint. This depends, in
turn, on three key parameters: deadband,
cycle frequency. and droop. Performance
may alse be influenced by the physical
placement of the thermostat {relative to win-
dows, outside walls, or the heater itself) and
by the quality of the installation (overtght-
enng of mounting screws may damage
timelal-strip fhermostats)

Deadhand is the temperature range in
which the thermostat sends ne control sig-
nal to the heater. This range corresponds to

sitzle for this perceplion is the device com- 80
monly used to contrel the heatng units— =
the line-voltage thermostat. 78 |-
Electrical contractors purchase more L
thermostats for residences than any other 78 |-
consumer group, and they strongly influ- L
ence the markei for line-vollage thermo- T 74
slats. Bulldng codes rarely specify the -
type or guality of thermostat 1o be installed. E 72
To enhance the attractiveness of ther bids E
on work in residences designed tor zoned & 90
heating. contractors typically procure the
least expensive thermostats, namely, built- 68
in or wall-mounted bimetal-strip line-voltage
thermostats. 66
The bimetal-strip thermostat 1s a very sim- |
ple mechanism, The heart of it is an element 64 L | | | L
composed of thin sheets of two dilferent 0 05 i 1.5 2 25 3

melals that are bonded together The met-

Time {hours}

als empand or contract at different rates =

when the room temperature changes. Thus,
as the room cools off, the bimetal strip
bends down toware an electric switch and
eventually makes contact with it, turning the

Figure 1 Temperature control around a 70 F sel point, A fhermoslat with a large deadband at-
lows the room temperature to swing widely (black curve). In response, occupants may raise the
set point so that the temperature never dips below the desired 70° (gray curve). thereby increasing
energy consumption. The precise control afforded by new, electronic line-voltage thermostats.
which have a 2' deadband (color curve), promises energy savings as well as increased comforl.
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Figure 2 High-performance, low-cost line-voltage thermostats: Honeywell's prototype (left} and
PSG Industries’ basic residential model (right). These electronics-based thermostats, developed
with EPRI support, will help maximize the benefits of zoned residential electric heating systems.
Advanced features will include programmability and setback capability.

the difterence between the temperature at
which the thermostat swilches the heater on
and tha! at which it switches the heater off.
Deadband is a function of how sensttive the
temperature sensor is to changes in room
termnperature. To keep occupants camfort-
able, the deadband should be narrow, 2-
4°F (2°F 1s the smallest difference to which
people are normally sensitive),

Figure 1 illustrates the importance of
deadband. The least expensive thermostals
generally have the widest deadbands. In
zoned applications, these thermostats may
allow lhe room temperature 1o swing widely.
Given wide temperafure swings, a typical
occupanl may feel discomferl and in cold
weather may raise the set point so thal the
lowest temperature in the room is tolerable.
In that event, the minimum temperature in
the cycle is equal to the desired tempera-
ture, and the average room temperature is
increased. A thermostat with a smaller
deadband could increase occupant com-
fort and at the same time save energy, as
testing by Portland General Electric Com-
pany has shown. In carefully controlled sit-
uations involving the same customers in the
same residences, EPRI plans to compare
customer electricity consumpltion on a com-
mon degree-day basis when a bimetal-strip
thermostat is used ard when a high-perfor-
mance line-voltage thermaostat 1s used
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Cycie freguency, usually measured in cy-
cles per hour, indicates how many times the
thermostat tuns the heater on and off, Each
on/offfon sequence delimits cne cycle. In
general, electric heaters should cycle four
or more times per hour in order to keep
room temperature rear the set point. To in-
crease cycle frequency and reduce dead-
band, many bimetal-stnp thermostats in-
clude an anticipator—a very small resis-
tance heater iocaled close Lo lhe lempera-
ture sensor inside the thermostat. Used o
minimize overshoot, it “anticipales” the time
when the room temperature will reach the
set point and shuts the heater off, letting the
lemperature coast up to the set point as the
residual heat In the heatirg system is re-
leased into the room.

Droop is a reduction in room temperature
that typically occurs when the wires inside
a thermostat are heated by current passing
through them fo the healer. If the tempera-
ture sensor is not thermally insulated from
lhese wires and the anticipator, the thermo-
stat operates as If the room temperature
were higher than it actually is. As a resuit,
the heater is switched off arematurely and
the set-point temperature is in effect re-
duced. Long duly cycles, which are refa-
tively common in cold weather, are a lead-
ing cause of heat buildup in thermostats.
Thus, a comfortable temperature setting in

mild weather might resut in significant
droop in cold weather, leading cccupants
to increase the set point (and cause further
droop). By thermally insulating the ssnsor
and by putting openings in the thermosiat
casing 1o keep the device well ventilated,
thermostat manufacturers can reduce droop.

Electronic line-voitage
thermostats

With EPRI support under RP2731-12 and
13. Honeywell and PSG Industries have
each developed an electronics-based line-
voltage thermaostat that performs wel and
promises to be relatively inexpensive (Fig-
ure 2). Both the thermostats meet EPRI-
specified performance requiremerts: thay
operate with a 2°F deadband, reduce droop
to less than 2°F, and cycle five or more times
an hour if necessary.

For temperature sensing, toth thermo-
stats use thermistors—solid-state sensors
that undergo changes in electiical resis-
tance as temperaiure changes. The therm-
istors are used to measure temperature at
set intervals (e.g., every 5 seconds). The
thermostats are well ventilated, and in each
the thermistor is insulated rom the wiring,
Earlier electroric line-voltage thermostats
used thermistors too, but they needed sev-
eral components (including bridge circuils,
signal ampilifiers, and sophisticated voltage
regulators) lo prevent erroneous readings.
The Honeywell and PSG thermostats use
fewer components and are designed ior
easy assembly; prices for them should be
well below prices for other high-perfor-
mance line-voltage thermostats.

In PSG's thermaostat, thermistor resistance
is converted into a frequency and forwarded
lo a microprocessor, which is programmed
10 decode the signal, compare it with lhe
set point and ofher data, and respond in a
variety of ways. The microprocessor sends
output to the temperature display. to a relay
for heater switching (if necessary), and o a
Ime delay, which serves an anticipatorlike
function, switching the heater off and letting
residual heat in the heater ring room tem-
perature up to the set point. The micro-
processor aiso has multistaging capabilities
for use with appropriale equipment: k can
change fan speed in multispeed fan-forced
heaters, and in heaters with second-stage



heating elements, it can turn off the second-
stage element at 3°F below the set point.
Further, the thermostat can e connected to
a motion and light detector, whose signal
will trigger a heating cycle if the room tem-
perature is below the set point.

PSGs electronic ling-voltage thermostat
has recently become commercially avail-
able, and a user-programmable model will
S00N 4o on the market. The programmable
mode! will include a setback function that
enables users 1o save energy when a reom
is unoccupied by adjusting the set point—
lowering it during heating periods and rais-
Ing it during cooling periods, PSG is explor-
ing the use of its thermestat circuitry for tem-
perature contrel N several appliances, in-
clusling water heaters and through-the-wall
air conditioning and heating systems,

Honeywells new, lew-cost line-voltage
thermostat was jaintly develeped by the

Honeywell Senser and System Develop-
ment Center in Minneapelis and Honeywell
Limited of Canada. It uses a patented “cool
switch” power-switching module; a power-
stealing anel contret module that facilitates
two-wire instaliation and increases retrofitta-
hility; and a compact design that enables
high-volume, snap-together assembly and
easy cahbration while taking thermal char-
actenstics inMto account. Thermostat proto-
types have been fife-cycle tested, and de-
velepment is continuing. Commercial pre-
duction is expected by the summer of 1993,

To wrovide high performance at low cost,
Honeywell has initially focused on conirol
functions in its new line-voltage thermostat,
Later models wil incorporate functionality
enhancements, such as setback capabil-
ity, programmability, digital displays, and
control buttons—features that are already
included n other Honeywell thermostats.

Some Honeywell thermostats also already
include the corperation’s patented light- and
motien-based thermostatic control.

The price of the new thermostats will vary
with thermostat features, the level of distri-
bution, and the manufacturers’ marketing
strategies. The least expensive ones are ex-
pected to cost roughly $12 more apiece
than bimetal-strip thermostats, today's low-
est-cost option, The new thermostats can
be instailed quickly and are designed for
use with older baseboard and radiant heat-
ing systems as well as with new systems.
PSG and Honeywell believe that there 1s a
large retrofit market for the new thermostats,
and EPRI expects the devices to help utili-
ties retain their existing share of the home
heating market, Utilities with aggressive de-
mand-side management programs may
welt offer rebates or other incentives for
retrofitting or installing the thermostats.

Land and Water Quality

Comanagement of Low- and High-Volume Utility Wastes

hy Ishwar P. Murarka and John W. Gooarich-Mahoney, Environment Division

E lectric utilites produce several wastes
Oor by-products associated with the
combustion of fossil fuels. The greatest val-
umes of waste are generated from the con-
trol of flue gas particulate matter and emis-
sions of sulfur oxides. These wastes, pro-
duced continuously during the combustion
process, are generally referred 1o as tugh-
volume combustion wastes; they include
gottom ash, fly ash, and flue gas desul-
funzation sludge. in agdition, several low-
volume wastes from noncombustion ac-
tivites —including  boilercleaning  liquids,
demineralizer regeneration wastes, water
treatment sludges and brines, and equip-
ment-cleaning wastes —are produced on a
periodic basis. At many mower plants, tow-
and high-volume wastes are comanaged in
ponds er landfills (Figure 1).

In a 1988 report to Cengress. the Envi-
ronmental Protection Agency (EPA) con-
cluded that high-volume combustion
wasies are generally nonhazardous and

that the electric utility industry's disposal
management practices for these wastes are
protective of the environment and human
health (Wastes from the Combustion of Coal
by Eilectric Utility Power Plants, EPA/S30-SW-

88-002, February 1988). The £PA noted the
lack of data on the environmental effects of
comanagement, however, and expressed
concern that some low-volume wastes may
exhibit hazardous characteristics. There-

ABSTRACT crri studies at two power plant sites show that comanage-

ment—the practice of comingting, in utility disposal ponds, low-volume non-

combustion wastes (such as boiler-cleaning and water purification wastes) with

high-volume wastes from coal combustion—does not contaminate ground-

water or soifs with hazardous trace elements. The Environmental Protection

Agency currently classifies high-volume combustion wastes as nonhazardous.

The extensive field data colfected by EPR! are relevant for the EPA's future

regulatory determination of whether low-volume noncombustion wastes also

are nonhazardous and therefore whether comanagement may continue.
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Figure 1 Codisposal of low-volume noncombustion wastes (bottom pipe) and high-volume com-
bustion wastes in an ash pond. EPRI has gathered environmental data on this utility practice, called
comanagement, for use in regulatory review.

fore, the agency stated its intention to con-
sider, on the basis of further study and in-
formation obtained during the public com-
ment period, whether low-volume waste
streams should be regulated under the haz-
ardous waste provisions of the Resource
Conservation and Recovery Act. The two
low-volume wastes of greatest concern to
the EPA are boilercleaning and water pu-
rification wastes. If the agency were to reg-
ulate these and other low-volume wastes as
hazardous, the utility industry would have to
end its practice of comanaging low- and
high-volume wastes.

To provide the EPA with data necessary
for making a final determination, EPRI con-
ducted environmental performance assess-
ments at two coal-fired power plants that co-
manage low- and high-volume wastes in
ponds: L-site in the southeastern United
States (EPRI report EN-7545) and C-site in
the Midwest (TR-100955). The studies fo-
cused on the subsurface environment to de-
termine if comingled low-volume wastes
have a discernible effect on groundwater
downgradient from the ash ponds. During
the two years of field sampling and analy-
sis, the researchers collected data defining
waste characteristics, the leachates that
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formed, their migration into the underlying
subsurface, and their effects on groundwa-
ter quality. By sampling upgradient ground-
water, the researchers also established the
ambient water quality.

Low-volume waste
characteristics

The term /ow-volume waste is typically ap-
plied to noncombustion wastes produced at
a power plant during such activities as
equipment maintenance and water treat-
ment. The most common examples include
boiler and cooling-tower blowdown, water
treatment sludges, demineralizer regener-
ant, boiler-cleaning wastes, pyrite rejects,
coal pile runoff, and floor and yard drain col-
lection sump effluents. These wastes are of
diverse origin and differ widely in volume
and chemical composition; many of them
are produced intermittently as a result of
rainfall or scheduled maintenance activities.

The low-volume wastes causing the
greatest regulatory concern are boiler-
cleaning wastes. Although boiler-cleaning
wastes generally contribute less than 1% to
the total waste volume, they can contain rel-
atively high concentrations of copper, iron,
cadmium, chromium, lead, and other met-

als, as well as chemicals from the cleaning
solutions, such as nitrates, ammonia, and
citrates. Untreated boiler-cleaning wastes
occasionally exhibit hazardous waste char-
acteristics, most notably corrosivity and
concentrations of cadmium, chromium, or
lead that exceed regulatory levels. However,
codisposed boiler-cleaning and high-vol-
ume wastes do not exhibit hazardous char-
acteristics.

The low-volume wastes with the largest
annual volumes (1 to 20 million gallons)
have the lowest concentrations of dissolved
solids and are unlikely to have a measur-
able impact on the environment when codis-
posed. These wastes include boiler blow-
down, demineralizer regenerants, fireside
wash water, and floor and yard drain efflu-
ents. Within this group, demineralizer re-
generants have the greatest total-dissolved-
solids content. Demineralizer regenerants
are produced during the removal of natu-

Table 1
CHEMICAL CONSTITUENTS
AT OR BELOW BACKGROUND LEVELS
IN DOWNGRADIENT WELLS

At both sites

Aluminum Lead
Ammonia Manganese
Antimony Molybdenum
Arsenic Nickel
Barium Nitrite/nitrate
Beryllium Phosphate
Cadmium Selenium
Chloride Silicon
Chromium Silver
Cobalt Sulfide
Copper Thallium
Iron Thiourea
At L-site only
Boron Potassium
Bromide* Sodium
Fluoride Vanadium*
At C-site only
Magnesium

‘Not analyzed at C-site




rally occurring minerals— cal-
cium, magnesium, sedium. and
sulfate—from akeady clean
water to produce ultrapure wa-
ter for use in boiler ubes. Since
these minerals are also present

Table 2

CHEMICAL CONSTITUENTS ABOVE BACKGROUND

LEVELS IN DOWNGRADIENT WELLS

Mean Groundwater Concentration {mg/L)

of 258 mg/L. Its concentration in
the downeradient wells was less
than one-half that amount. Analy-
sis of soil cores showed no evi-
dence that elements from the
waste were accumulating in the

Conslituenl Upgradient Ash Pond Downgradient

In high-volume wastes, it would o LR sails either below or downgradi-

ifficul i - nt from the ponds,

bg d‘| icult to isolate the con T A . % ent fro e ponds
tribution of regenerant waste The soil and groundwater

Magnesium 2 45 11

to changes in groundwater S analyses found no measurable
gualty, e e 9G ¥y impact attributable to the low-val-
Pyrite rejects and coal pile Siiate ¢ 1§ s ume wastes at L-site. None ofthe
runoff, particutarly from the Al C-site regulated trace elements were
more acidic eastern bituminous Boron <06 1" 6 elevated in the downgradient
coals, also can add frace met- Calcium 93 144 123 wells, Increased iron and sulfate
als to the ash pond leachate. Fluonde 01 0.2 0.4 concentrations and low pH were
When oxygen and moisture are Potassium <3 89 9 observed within and directly be-
present, pyrite oxidation oc- Sodium 13 44 61 neath the ponds, indicating that
curs, lowering the aqueous pH Skoritim o1 08 04 some localized pyrite oxidation
and releasing iron, sulfate, and Sulfate 73 220 350 may be occurring, However, no

other constituents. Coal pile
runoff can centain high con-
centrations of caopper, zinc,

Note: Concentralmns wers measured In groundwatar samples irom wells upyragian)
o telow, and downgracdien! of the ash ponds The upgrachant results establisheg

ihe consliluents' Rackgrouna ievels.

magnesium, aluminum, chlo-
ride, iron, scdium, and sulfate.

L-site study

|_-site is 2 60-acre pond system serving a
400-MW coal-fired plant. The disposal facil-
ity consists of two unlined settling ponds
that have been used for waste comanage-
ment since 1973. Approximately 30,000 cu-
bic yares of fly ash and bottom ash from
eastern bitumineus coal are sluiced 1o the
ponds annually, as well as mosl of the
plant's low-volume wastes. In the L-site
study, the researchers installed and moni-
tlored 24 wells and piezometers and col-
lected 70 geologic core samples to evalu-
ate the environmental effects of comanag-
ing low- and high-volume wastes.

The waste disposal ponds be over a se-
ries of bedrock valleys filed with highly per-
meable alluvial sediments and saprolite,
which make ug the shallow aguifer. The
saprolite is produced by the in-place chem-
ical weathering of the metamorphic bed-
rock. The horizontal alignment of the platy
mica minerals in the saprolile greatly influ-
ences the aauifer characteristics, yielding
horizontal hydraulic conductivities two lo
three orders of magnitude higher than the
vertical hydraulic conductivities.

Between 20% and 35% of alt the water

entering the pond system discharges
through its base into the shallow ground-
water aquifer. The groundwater then moves
herizontally through the aliuvium and sapre-
lite to a nearby river, Its velocity is highly
variable; the mean value is just under 1 foot
per aay. Geochemical analysis of soil cores
indicated a low altenuation capacity in the
coarse-grained aquifer.

Groundwater samples were collectes
from monitoring wells located upgradient of,
pelow. and downgradient of the ash ponds.
n samples from the downgradient wells,
nearly all the constituents analyzed either
were at or below detection limits or did not
significanily differ from background (ie.,
upgradient) concentrations (Table 1), The
only analytes with elevated concentrations
in the downgradient well samples—cal-
cium, magnesium, strontium. and sulfate —
are generally associated with high-volume
cembustion wastes (Table 2). These ana-
Ilvtes are alsc common consiituents of
groundwater and are fremuently found in
concentrations higher than those observed
at L-site. Sulfate i1s the only one of the four
with 2 published federal drinking-water
standarci—namely, a secondary standard

pyrite exidation products were
found in the downgradient wells,
The oxidation products either at-
tenuate in the aquifer matrix or
have limited moiility because of
the relalively stagnant ground-
water flow in that part of the site.

C-site study

C-site ts a 280-acre pond system serving a
1000-Mw coal-fired plant. The site com-
prises two unlined settlling ponds that be-
gan operation in 1970 for the disposal of
low- and high-volume wasles. Nearly
500,000 tons of fly ash and bottom ash de-
rived from bituminous coal are sluiced to the
ponds annually, along with most of the
plant's low-volurne wastes. The researchers
at C-site installed and monitored 36 wells
and piezometers,

The C-site ponds are located n an olg
nver meander over a coarse-grained allu-
vial aquifer The ponds have created a
groundwater mound, resulting in radial How
away from the facility. Nearly 98% of all in-
flow to the pond system dlischarges (o the
shallow alluvial aguifer. The groundwater ve-
locity is very high. reaching 340 feet per day
in the pebbly sediments near the northeast
cerner of the secensary ash pond. The at-
tenuatien capacity of the asuifer material is
relatively low.

At this site, as at L-site, the comanage-
ment of low-volume wasles with ash has rot
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had a measurable impact on downgradient
groundwater quality. Groundwater sampling
showed that most analytes either were ator
below detection fimits or were statistically
the same as background (upgradient) con-
centrations (Table 1).

The seven analytes with elevated con-
centrations in samptes from the downgradi-
ent wells—boron, calcium, fluoride, potas-
sium, sodium, strontium, and sulfate—are
common groundwater conshtuents and are
generally associaled with high-volume ash
{Table 2). The fiuoride level was an order of
magnitude below the federal primary drink-
Ing-water standard. The sulfale leve! was
shghtly above the federal secondary drink-
mg-water standard of 250 mg/L Trace met-
als associated with boiler-cleaning wastes

were not elevated in the downgradient
welis. Very low concentrations of chromum
(<12 pg/L) were measured in groundwater
from wells immediately adjacent to the ash
ponds. Because the researchers did not cb-
serve chromium in any other groundwaler
samples, they concluded that it probably
came from the geologic sltrata in which the
wells were screened.

Environmental impacts
of comanagement

The L-site and C-site investigations found
no groundwater impacts unigquely attribut-
able to the disposal practice of comanag-
ing utility low-volume wastes with coal ash.
Despite lhe high grounsiwater velocity and
relatively low attenuation capacity at both

sites. none of the hazardous trace elements
present in the low-volume wastes had mi-
grated into the groundwater after more than
17 years of operation. These results are con-
sistent with previous EPRI laboratory re-
search on the equilibrium geochemical
processes that contro! the leaching and at-
tenuation of trace elements in the environ-
ment.

These studies have investigated whether
the comanagement cf utility low- and high-
volume wastes is an environmentally sound
disposal practice. The €PA is likely to pro-
ceed with regulatory determination in 1993,
and the L-site and C-site studies provide up-
to-date, extensive field data for assessing
the environmental perfarmance of coman-
agement.

Fossit Plant SO, Contro!

FGD Economics

by Pau! Radcliffe, Environment Dwision

In developing plans for complying with the
1895 Phase 1 deadline of the 1980 Clean
Air Act Amendments (CAAA), utilities have
been challenged to minimize the cost im-
pact while dealing with a broad spectrum
of legal. political, environmental, marketing,
and technical issues. A cost-eftective com-
pliance strategy requires up-to-date, accu-
rate, and objective cost information on al-
ternalive sultur dioxide (SO.) control tech-

nologies. The proper choice of a flue gas
desulturization (FGD) system will save a util-
ty millions of dollars in initial capital outlay
alone Pollution control systems can ac-
count for up 1o 40% of the capital cost and
35% of the operating cost &f new plants,
and costs can e considerably higher when
retrofitting FGD at existing plants.
Recognizing the need tor objective and
up-to-date infarmation on the options avail-

ABSTRACT Wwith the passage of the 1990 Clean Air Act Amendments,

utility planners are busy developing strategies for reducing emissions of sul-

fur dioxide. Working with a ulility project advisory group, EPR! has updaled

technical and economic evaluations for 28 flue gas desulfurization processes,

incorporating up-to-date information on the technical merits, capital require-

ments, and operating and maintenance costs of commercialty viable FGD tech-

nologies. Also available is a new computer model that aflows utility planners

{o make site-specific FGD cost estimates with increased accuracy.
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able for SO. control, EPRI has completed
technical and economic evaluations of 28
FGD processes, including both wet and dry
technologies. The [ull results of these eval-
uations have been published in EPRI report
TR-017193 (two volumes) in addwion, a
computer model for estimating site-specific
costs (FGDCOST) has been released. With
this model. users can tailor EPRI's published
FGD cost estimates ta their own installations.,
either new or retrofit.

Cost estimates

The 28 processes evaluated fall into three
categories: wet scrubbing, dry injection,
and sulfur recovery. The wet scrubbing
processes yeld a by-preduct that contains
substantial moisture Typically these by-
products are disposed of, and they may re-
quire dewatenng before disposal. Also in-
cluded in this category is the limestone
process that produces gypsum of wallboard
quality, suitable for sale. The reaction prod-
ucts from the dry injection processes (in-
cluding spray drying) are collected in a dry
torm with the fly ash. in the recovery pro-



cesses, sulfur is recovered from the flue gas
in the form of efemental sulfur, sulfuric acid.
or liquid SO,

Figure 1 shows current capital cost esti-
mates for 25 of the 28 processes evaluated,
and Figure 2 shows levelized control costs
(assuming no inflation) per ton of SO, re-
moved. (For the remaining three processes,
costs were developed for special cases and
are discussed below.) These cost estimates
are for a moderately difficult retrofit situation
and do not include plant modifications be-
yond the FGD system, such as stack relin-
ingfrebuilding and particulate control up-
grades to accommodate the FGD system.
Site-specific retrofit factors have a signifi-
cant impact on costs. (The published eval-
uations present costs for new installations
as well as for moderate retrofits.)

The cost estimates in Figures 1 and 2 are
ased on a single 300-MW unit, 2.6% sulfur
coal, and two operating absorber modules
plus cne spare. This design basis is differ-
ent from the basis used in previous EPRI FGD
evaluations, which were developed for new
plant sites, 500-MW units, 4.0% sulfur coal,
anal three absorber modules plus one
smpare. The lower-sulfur coal used for the
current estimates is more typical of the coals
being burnes today. Engineering require-
ments have been reduced to reflect the ex-
perience and knowledge gained from the
first generation of scrubbers. The matura-
tion of FGD technology has led to simpiified,
more standardized designs and hence to
reduced contingency fees. Because of the
reduced unit size and correspondingly
shorter construction mericd, the allowance
for funds used during construction (AFUDC)
is lower.

Technical and economic evaluations were
also performed for three processes that are
targeted for specific applications: two dry
injection processes—Nalec dry sodium in-
jection and HYPAS—and Passamasuoddy,
a wel process that produces a calcium
carbonate by-product. The cost estimates
given here are for the moderalely difficult
retrofit case and are in 1990 dollars. The
NaTec evaluation used a low-sulfur (0.48%)
coal, as specified by the vendor because
of the high cest of the soda reagent, and
assumed a 300-Mw unit and 50% SO, re-
moval, The resuling capital cost was

Figure 1 FGD capital cost estimates for a moderately difficult retrofit (1990 dollars). The estimates
assume a 300-MW unit, 2.6% sulfur coal, and—except as noted in parentheses for certain dry
processes —S0, removal of 980%.

Capital Cost for Retrofit {($/kW)
100 150 200 250 300 350 400

n
o

Wet scrubbing processes
Limestone/forced oxidation

Limestone/wallboard gypsum

Limestene/inhibited oxidation

Limestone/dibasic acid
CT-121
Pure air/Mitsubishi

Magnesium-aenhanced lime

Bischoff
Saarberg Holter
Noell/KRC
NSP bubbler
Lime dual-alkali

Limastane dual-aikali

Dry injection processes

Lime spray drying

Tampefla LIFAC (80%)

Lurgi circulating fluid bed

T

Furnace sorbent injection (50%)

Ecanomizer injection

(50%)
Duct sorbent injection s (50%)

Duct spray drying (50%}

| |

ADVACATE

Sulfur recovery processes

Wellman-Lord

SOXAL

ISPRA bromine

Magnesium exide

I
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Figure 2 Levelized centrol costs for a moderately sifficult retrofit—tevelized over 15 years, con-
stant 1990 dollars (no inflation). The estimates assume a 300-Mw unit, 2,6% sulfur coal, and 90%
SO, removal (except as noted in parentheses).

Levelized Cost fer Retrofit {($/ton SO, removed)

200 300 400 500 600 708 800

Q

Wet scrubbing processes
Limestone/forced oxidation
Limestone/wallboard gypsum
Limestone/inhibited oxidatien
Limestone/dibasic acid
CT-121

Pure air/Mitsubishi
Magnesium-enhanced lime
Bischeff

Saarbkerg Holter

Neell/KRC

NSP subbler

Lime dual-alkali

Limestone dual-alkali

Dry injection processes

VIR

Lime spray drying
Tampella LIFAC {80%)
Lurgi circulating fluie bed
Furnace sorbent injection {50%)
Ecencmizer injection {50%)
Duct sorbent injection (50%)

Duct spray drying (e esssssss— (505
ADVACATE

Sulfur recovery processes
Wellman-Lerd

SOXAL

ISPRA bromine

Magnesium exide

i
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$50/kW, and the levelized control cest was
$1500/ton of SO, removed. The HYPAS eval-
uation used coal with a sulfur centent of
1.5% and assumed 60% SO, removal; for
a 300-mMw retrofit, the capital cest was
$130/&W and the control cost was $974/tan
$0,. The Massamasueddy recovery scrub-
ber was evaluated for a 100-Mw plant,
which is in the range of its targel market.
The analysis used 2.6% sulfur coal and as-
sumed 90% SO, removal, The resulting cap-
ital cost was $488/kW, higher than for other
processes because of the srnaller unit size.
The centrol cest was $707/ten SO,.

Among the more important conclusions
that can be erawn from the evaluations te
date are the fellowing:

o Intense competition between system andl
component suppliers is serving to contrel
FGD costs, which are lower than previously
expected. Increasing demand in response
to the CAAA could result in a seller's market,
with higher prices; however, penetration
from overseas suppliers will tend te ampen
that impact. The highest demand is likely to
occur n 1896-1997 h respense to Phase
2 of the legislatien.

@ Costs per ton of S@, removed are very
clese fer many of the conventional, wet
scrubbing technelogies.

o Compared with wet FGB, dry injection
processes generally have lower capital
cests but higher cests per ten of SO, re-
moved.

B Design simplificatien can save mere than
30% of the capital cost of conventienal FGB.

Levelized control cests per ton ef SO, re-
moved are higher for most of the dry in-
jectien technologics because of their lewer
Se, removal capamililies and higher reagent
cests. The dry injeclien lechnelogies require
much less capital, but they suffer from
higher operating cests as a result of greater
reagent consumplien and cest. These tech-
nologies carry relatively more risk because
they are under development. Still, they may
be a practical choice for older, smaller units
with limited space for retrefitting wet FG®.

EPRI's cosl estimates were developed just
before the passage of the CAAA, in what
could be considered a buyer's market. With
a large number of buyers entering the mar-
ketplace, it is paossisie that demand could
shift, creating a seflar's market. Approxi-



mately 15000 MW of FGD retrofits have
been ordered to date in response to Phase
1 of the CAAA. Prices could rise as demand
on system and component sumpliers in-
creases. The magnitude of the impact is dif-
ficult to quantity and will depend substan-
tially en the type of FGD process under con-
sicieratien. Increased market demand could
change both the absolule and relative costs
of processes. Site-specific retrofit faciors
also will have a significant impact on costs.

Utilities would be wise to procees with
planning and retrofit cost studies now for
Phase 2 compliance in order to avoid the
anticipated seller's market n 1996-1997,
when orders will be placed for the Phase 2
deadline, Cost increases should e re-
strained to some degree by the penetration
of suppliers from overseas— suppliers who
have been active in the European and
Japanese markets, where siringent acie
rain retrofit programs have been completed.

The linal report on the pProcesses exam-
ined to date includes commercial and tech-
nical evaluations, as well as cost estimates,
and should help utilities make informed
choices when screening alternative FGD
technologies. Each process evaluation in-
cludes a brief overview of the process and
chemistry, major design critetia, a flow dia-
gram, a material balance, a list of relative
advantages and disasivantages, the status
of commercial development, capital and
levelized cost summaries, sensilivity curves
for principal input parameters, and a list of
major equipment. EPRI is considering addi-
tional processes for evaluation,

Cost-saving concepts

A parallel project (RP2873-1) has investi-
aated ways to contral and minimize the cost
impacts of refrofitting FGD at existing plants
(EPRI report TR-100310), This effort has

identified cost- and space-saving concepts
that can be applied tosiay in retrofil FGD sys-
tems without compromising performance
and reliability,

These design concepts include the use
of larger absorber modules, wet stack op-
eration (no reheat), pertormance-enhancing
additives, improved materials of construc-
tion. and simplified dewatering technigues.
Compared with conventional wet FGD sys-
tems, advanced designs that incorporate
these features can achieve savings of 30%
in capital costs and savings of 25% in op-
erating and levelized control costs, without
loss of reliability.

FGDCOST

A computer model for estimating FGD sys-
tem costs has been released that can help
utilities tailor EPRi's generic cost estimates
to specific plant sites. This menu-driven
model. FGDCOST, features a spreadsheel
template (one spreadsheet for each tech-
nology) that uses internally storesl design in-
formatien to enable users to readily estimate
capital, operating and maintenance, and
total levelized costs for both new and retro-
fit applications. The model computes costs
by using site-specific data entered by the
user and default values for the setectes FGD
process. User inputs specify econemic cri-
teria, boiler and coal characterisiics, site
conditions, and adjustments for retrofit diffi-
culty.

Sensitivity analyses can be perfermed for
varialions in utility economic and design cri-
teria, as well as for ste-related alternatives.
The moeel can be used to identify the rel-
ative importance of vanous cost elements,
such as equipment, energy, manpswer, ansi
reagent. The spreadsheet termat provises
an easy way 1o examine alternative config-
urations and test sensitivities 10 changes in

input parameters. User input can be saved
as a worksheet file that is retrievable for use
in subseguent runs.

Over 100 EPRI member utilities have used
FGDCOST in their compliance planning, Util-
ities in three states have reported FGDCOST
results within 5% of therr final vendor quotes
(in one case, within 0.3%). One utility that
used FGDCOST came closer to its vendor
quote than did a detailed estimale by its ar-
chitect/engineer,

The new model takes the place of
RETROFGD, a computenzed FGD cost es-
timating code released by EPRI in 1987.
With the assistance of a software devetoper,
EPRI is developing an EPRIGEMS version of
FGDCOST to provide a more user-frisndly
spreadsheet interface that will expedite and
simplify the inputting process.

All cost evaluations are performed within
the framework of EPRY's Technical Assess-
mernt Guide (P-6587-L), which was updated
in September 1989, For the more conven-
tional systems, capital cost estimates are
considered to be detailed (Class {1)): for the
less-developed systems, preliminary (Class
iy, Overall. the estimates are considered to
have an aesolute accuracy of £20% and a
refative accuracy of +10%. The accuracy
and censistency provided by FGDCOST can
help utilities differentiate between candidate
processes and alternative configurations.

Some industry forecasts project another
40,000 Mw of FGD retrefits in response to
Phase 2 of the CAAA. Il would e prudent
to proceed with Phase 2 planning and cost
studies now to explore all available options
and determine their cost implications. Ex-
tensive preliminary planning and early eval-
uation of the risks associated with alterna-
five cempliance stralegies will yield a2 mere
comprehensive and cost-effective plan ca-
pable of withstanding outside scrutiny,
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Project

Custocmer Systems

Residential Ventbation Controller
Technology (AP2417-2@)

Infitration and Mechanical Ventitalion in
Low-Aise Muitamily Dwellings
(RP2417-21)

uhlity Communications Implementation
Urizing Manutacturng Messaging
Technical Support (RP2568-25)

Nonazeotropic Water-Cooted Chiller
{RP2983-21)

Slinky/Spiral Ground Cail Development
{RF3024-21)

Brusntess Doubly Fed Machine System
Development Program, Phase 3
(RP3087-19)

Evaluatien ol Electne Utlity Demand-
Side Managemeni Programs
{RP3269-11)

High-Efficiency Heal-Pime-Assisted
Supetmarket Dehurdification System
Data Colieclion Systam and Montoring
{AP32R0H1)

Computer-Aidea Ligntng Design
{AP3387-4)

Industrial Demand-Sde Management
EMicieniey Program Process Indusiries
{RFA374:-3)

Electrical Systems

Opetator Tramng Simutator. Conversion
lo VWS (RP1915-11)

Graptic User Interface {or Power Flow
(RP2746-3)

Detenoration of Extruged
Semiconductive Insulalion Shields
(RP28II8-3)

Development ol Advanced Composite
Malerials for Unlity Applications
{AP3229-1)

Devetopment ot a Supercanduciing
Transmussion Cable Sysiern (RP7911-24)

Environment

Nondesiruchve Testing of Synihelc
Lingrs {RP1457-11)

Eltects of Low-Suttur Coal Finng on
Cyclone Thermat Parformance
{RP1E35-27)

Waslewaler Tieatment Technologies for
Pawer Plant Water Management.
Sooping Study (RP2114-11)

Speciatier ol Arsenic, Chromium. anc
Nickel i Fly Ash, and Metabolic Toxicity
Study (RP2485-27)

Full-Scale Evaluation af Relrofit
Low-NQ, Burnars ar Homer City 2
(RP2916-19)

Mariagemeni {RP2955-8)

Eftecis of Magnetic Field Expesure on
Human Melatorin (RP2964-15}

Rale of Trust in Misk Percephion and Risk

Funiing/
Duration

$104.100
12 months

$104.300
10 months

$123 500
24 menins

$532 200
T2 months

$153.500
23 monl¥s

$359,800
12 months

$150 000
22 months

$107 500
24 months

$a81 100
12 months

$450.000
11 months

$300,000
28 monihis

$508,000
17 moantns

$89,608
21 montha

§248,500
21 manlhs

$180,000
10 months

$128.600
10 months

$96.800
26 monihs

§192,000
12 menths

§138,700
23 months

$610.700
8 months

150,000
26 monihs

$107.400
5 moriths

Contractor/ EPRY
Provect Manager

Geomet Technologies/
J Kesseiring

Ecotope/J Kassetning

Open Networis
Ergmeerng /
L Carmchael

Trane Co./F Joyrer

Oklahoma Slale
University /£ Jeyter

Oregon State University /
8 Baneree

Maitin Maretia Energy
Systems{ P Hanser

0 W Abrams. PE &
Associales/ M Khaltar

Harl McMurpry & Parks/
K Johnson

Chem Systems /A Jeffress

ABB Systems Control
Company G Cauiey

Bonneville Power
Agmimkstration /N Bati

Utility Equipme=* T&D/
B Bernsten

Foster-Miller/ T Kendraw

Pirell Cable Cotp /O Ven
Ootlen

I-Corp {nlernalional /
A Mctearn

Central Ithnais Public
Service Co./A Kokkinos

Sargent 8 Lundy
Engineers!8 Nalit

Umniversily of Lowisville /
L Goldstemn

Raelan Corp {0 Eskinazi

Decision Scence
Research Instilute f
A Thrai

Midwest Research
Institute /R Black

Frr=gry

Callular Responses 10 Low-Fraguency
Electric and Magnelic Fields: Caloim
Fluctualions and Channel Funchon in
Osteorilast Cells (RP2965-21)

Acithe Aerosols Expasure Assessment
{RP3237-1)

Utihzauon of Coal Combustion By-
products 1 Agriculture and Land
Reclamaton: Merkel Analysis far
Migwesl Region (PP3270-3)

Exploratory & Applied Research

Thin-Fiim Tecnhnology far Salid Oxide
Fuel Calls (RP2426-55)

CeO; Electroyte lor Soid Oxide Fuel
Calt Applications {RP2428-58}

Fuels and Chemicals From Synihesis
Gas. Staws. Direction, Polential
{RPBOO3-33)

irlegrated Sensers Industry-Univirsity
Research Cenler (RP8004-17}

Fundamental Studies of NO, Destruction
n Oiffusion Flarnes {RAPBO0S- 16}

Particle Dispersion n Threg-Dimansionat
Free Snear Flaws {RPSO06- 23}

Applicalion ef Distriouted Computing
and Data Managemen Technigues to
Simulation and Centrol el Complex
Systerrs (RP8010-26)

Fraclai indicators of Ecologicat
Resperises to Cimate Change
{RP3011-15}

Madels ot the Biological Cycle of
Carpon inthe Ocean (AP8011-17)

Electncatly Dnven Nonequiliorum
Fusion Analylicat Pherormenologicat
and Performance Studies (RPE012- 1)

Steam Chemisiry anel Cerrgsicn in
Steam Turbines (RAS002- 1)

Generation & Storage

Aamp Excursion Methed for Fassil Plant
Cycling Commuiment Decisions
(RP1184-37)

Applicalion of Neural Networks tor
Vibration Signature Analysis (RP1864-11)

Oynamic Simuiation Model i Highty
Integrated Eniraned-Flow Gashecation-
Combined-Cycle Power Flanl
{RP2524-18)

Cool Water Simulator Upsracie
(RP2524-1B)

Advanced Depostlion and Subsirate
Technologies tor Silicon-Fifm
Photovoltaics (RP2611-5)

Turbomachinery tor IGCASH (Imegrated
Gasilicatlion-Compressed-Air Slorage
With Hermigificalion) and CASH Cycle
Appicauons (RF2620- 10)

Expert Systern fer Auxikary Equipmen
Memioring ang Chagnosis (RP2624-4)

Turmine Effciency Improvernsm
{AP2818-7)

Funding /
Duranon

3446,100
36 monlhs

$600.000
29 months

$69.200
12 months

300,800
23 manlbs

$313.900
36 monihs

$75,000
18 monihs

$100.000
24 minlhs

$292 800
35 monlhs

$133,100
41 months

$283.500
35 menths

$112,500
34 months

§$135,300
17 manths

5149900
11 monthsg

SOE Q80
H months

$55,200
11 monifs

SHB 500
B months

$110,800
19 months

§48 400
4 monihs

$299,900
12 months

$96.500
30 monihs

$177 100
12 monihs

$266.900
10 menths

Contractor/EPR!
Project Manager

SUNY Ressarch
Foungalion/C Raflerly

Environ Comp /L Lewm

Geotechnoiogy/
M Eirastuc)

Gas Resaarch Instiuie
W Bakker

Ceramaiec/!W. Bakker

Uriversity of Pitsourgnh{
N Stewar!

Umwversiy of Callfornia,
Barkaley fJ Maulbelsch

University of Arizona/
A Kokkinos

Ureversity of Southern
Califernta/J Mawloelsch

Rutgers University /
A Wildberger

University of New Mexica/
L Pretka

Princelon University/
B Goigsten

Energy/Matier Conversion
Corp. IR Hrsch

Srress Technolagy/
8 Dooley

Applie® Anaiylics
Assgcales/O O Connor

Karla Technology{
R Colsher

Dawid S Weber /N tiers

David S Weber !
J McDanet

Martin Manelta Energy
Sytems /F Goodman

Energy Sicrage & Power
Consullants/A Cohint

Expert Syslems
Cansulting Groug/J Sten

Stress Techinalogy {
A Leyse
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Frepee!

Generation & Storage {cont.)

Diesa Generalor NQ, Centrol
Perlormance Enhancement {RP2832-11)

Utitity Benelis ol Supercanducting
Magnelic Energy Storage (RF3116-3}

Valus of Energy Storage: Screenng
Analysis and Taols (RP3116-4)

Nifreus Oxide Bench-Scale Siudies
(AP3197-11)

Preidtype Development ol a Rotor-
Mounted Scanner tor Turbine-Dhven
Generalers (RP3205-1)

Stale-ol-ine-Arl Power Plant (RP3222-1)

Humid-Air-Turthme Cycte- Yectncal
Services Assistance (RP3251-6)

240 MCFC Plam Reliabilily and
Avaltabilily Analysis and Fuel Cell
Module Basigrn (HF3252-3}

High-Cancantration Phatovollaic
Integrated Aray: Design, Development,
and Deploymenl (RP3256-4}

Air-Permilting-Stealegy Guidance lor
Compressed-Ait Energy Storage Plants
{RP3268-3)

Strategic Analysis of Biomass and Waste
Fuals for Elaeinc Fower Getteration
(RA3295-2)

Weod Ash and Wood Energy Production
{RF3295-3}

Freld Tests of Whale-Tree Energy
Technology {RP3295-4)

Amnewable Fuels Perspectives
Document (RP3295-6)

Integrated Energy Systems

Infegratea EMF Risk Management
(RP2560-3}

Framework lar Asseszing Mar ket
Managemant Benelits of Market-Based
Generatlon (RP2801-6)

Shorf-Term Reliabllily Planning and
Imptmmentauon System (RP3145-3)

Eftect of Overnaul en Eguipment
Avalamity (RP3360-2)

Nuclear Power

Transient Fuel Betiavior Analysis With
FREY Code {RP1117-5)

Improves Soil Spring Methed
{AP1443-19)

Valinaton of RETRAN-03 lar Natural
Cirgulation (RF2291-3)

Maintenance Guide for ABB Medium-
Valtage Circunl Breakers {RF2814-67)

Monitoring Corrosien and Biofdm
Farmation n Power Planis (RP2939-11)

License Renewal Apphcatron Bocuments
{RF3075-5)

Developmenl of Decisien Aid {or Marm
Contant Pumgp Seal Replacement
{RP3111-6)

Funaing/
Duranon

$520,600
29 manlhs

350,000
11 months

§83.200
10 months
$74.800

4 months

$1,024,700
20 months

$2,543,300
45 months

$145,000
28 rnonths

$443.200
6 monlhs

$250,400
24 months

$50.700
11 months

$500,000
15 monlhs

$164.400
36 manths

$517.800
9 months.

$145,000
6 months

$379,900
14 monihs

$50.000
12 months

$140,000
11 months

$50,000
24 mionthis.

$125,000
18 months

350,800

2 meniths
$100 000
12 manths

$102 400
9 months

$78.400
29 monihs

$148.900
13 months

$493.900
24 months

Comtraclor/EPRI
Fraject Manager

Hawaunan Electtic Co. /
H Schraiber

Banneville Power
Adrmnistration /S Chapet

Decrswn Focus (S Chape!

Ahlsirom Pyrapower!
R Brown

ST) Optronics{ J. Stein

Sargent & Lundy
Engineers{S. Pace

Energy Storage & Pewer
Consullants fA Cohn

Fuel Cell Enginecering
Corm (£ Gitis

Scientific Analysis/
F. Dostalek

Raoan Corp /8 Meha

Appeat Consultants
C McGawin

SUNY Research
Foundation/E Hughes

Energy Perlormance
Syslems /€ Hughes

Pacific Gas and Electnc
Co./E. Hughes

University of Southetn
Callorna/G Hesrer

Monamed El-Gassair/
A S

Apphed Decisien
Analysisf R Sidag

ARINC Research Cerp, /
J Weiss

Anatech Research Cerp {
L Agee

Bechtel Group!H Tang

Compuier Simulalion and
Analysis/i Asxee

Grove Engngenng /
J Sharkey

Structural Intearty
Associates/ 0 Cubicciom

Mulliple Dynamics Corp f
J Carey

Anacapa Sctences/
J Yasutake

Froect

PWR Shutdown Risk Assessmen) and
Management Guidetines (RP3114-63)

Rehabitity-Cenerad Mantanance
Waorkstation (RP3134-2}

On-tine Probe for Iron Corosion
Parlicutates (RP3173-3)

Advanced Lignt Water Feacter: First-l-
a-Kind Engineanng {RF3308-1)

Developmert ot Guidaiines for Deter-
mining Site-Specific Ground Motion
inlegralpn and Analysis Efforts
{RP3382-9}

Development of Ground Molion
Methedelogy and Guidelines Using
BLWN Medel (RP3302-10}

Aszessmant of Ground Motior From
Empirical Dala {RP3302-12)

Site Effects Guiosline or and Ste
Explaration of Lolung, Tawan
(RF3302-13)

Coorctination of Driling and Site
Invastiganons at Giiray 2 {RP3302-15)

Engineerng Support far Early-Site-Permit
Pemornsiralon Pragram (RP3302-17)

Full-System Decontamination
Entancement Swdy (RF3307-3)

Risk-Bassd Equiprment Manlenance
Effectiveness Evaluation (RP3323-1)

Optimization of Salely/Relability-Based
Qulage Planning {RP3323-2)

Browris Ferry Instrurnentation and
Coriral Uperade Plan {RP3332- 14

Human Reliability Assessment and
Applications During Non-Full-Power
Operalons (RP3333-2)

Qutage Reltanilty and Risk Inmative
Planning {(RP3333-5}

Non-Full-Power Data Comgpilaton ang
Amalysis {RP3333-8)

EOPIS Integraton en the Browns Ferry
Simulator Integrated Computer System
{RP3336-1)

Advanced Contrel Systam Test Bed
Support (RP3338-1)

Calvert Cliffs Upgrava Flan (RP3414-1)

Cress-Section Generalar Cade
Develosmenl (RP3418-1)

Determination of Thermodynamic
Quanhities Associaled With the |orization
of Water at 225-350C {RP3500-2)

CHEC Codes Quality Assurance
{RP4112-3)

CHECWORKS Applicalion Manager
(RPa114.4}

Hysragen Water Chamistry Adviser
{RPC101-24)

Seisrnic Techrical Evaluation of
Replacement ftams (RPQ101-29}

Sugpori for Steam Ganeralor NDE
Pertermance Demonstralinn
{RPS404-38)

Fundng/
Buraiion

$601,800
21 menths

$166,200
11 menths

306,608
25 menihs

§50.000,800
55 menths

$271BOO
15 months

$393,100
15 monlhs

$69,000
15 months

$112,700
15 morthg

$76.500
& menths

$198,400
15 mening

$257,100
3 months

3474, 100
8 manihs

$90.300
& months

$143,600
10 menths

$463,200
28 monihs

367 600
t2 months

$144.500
13 monihs

$393.200
6 months

$1,221,400
26 mening

$185.000
12 months

$30,500
7 months

350,000
11 manths

$174.900
1 momhs

$180.400
11 months

$99,9¢0
11 months

$186.600
19 moaihs

$568,200
12 months

Caontracior{ EPRI
Project Manager

Westinghouse Elecine
Carp {P Kafra

Hatliburton NUS Epviron-
mantal Cory./ ™ Cottey

Bamcock & Wilcox Co./
1. Passait

Aovanced Reaclor Cerp /
J. Saniucct

Risk Engnaenig/
J. Schneder

Pacific Enmingerting 3
Analysis/JS Schnader

Geomalrix Consullants/
J Schnewer

CH2M Hill} f Schneide

Weedward-Clyde
Consultanis{J Sehneider

S. Levy/S Gray

Facilic Nuciear Systems
C Wood

Halliburion NUS
Environmental Carp./
8 Cru

Science Applications
Interpational Corm {8 Chu

Mellerus Engineenng
Carp. iR Torok

Science Applicanons
International Corp {
A Siigh

Quagrex Energy Services
Corp./H Oehiberg

Tenera LP/A Chu

Scignce Applicatians
Internahenal Corp {
W Retriand

Telccte Ecison Co, !
S. Bhatt

Science Applications
Inlernational Cor ¢
C. Witkinsan

Utilty Resources Assoe ¢
L Agee

Srigham Young
Urivarsity /P Paine

Allos Engineenng
Apmlcatens/8 Chexal

Altes Engineenng
Applications /B. Chexal

Dacision Focus /L, Nefson

EQE Engineenng /
T Mutbord

J A Jones Agelled
Resestch Co
M Behravesn
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New
Technical
Reports

Reaeuests fer copies of reports should be directed
10 the EPRI Distribution Cenler, 207 Cogeins Drive,
P.O Box 23205. Pleasant Hill, California 94523;
(510) 934-4212, There is ne charge for repests re-
sguesied by EPRI memiser utilikes and alfiliates. Re-
ports will be previded te nenmemiser U.S. ulilities
only upon purchase of a license, the price of which
will be eqgual to the price of EPRI membership.
Qlhers pay the listed price or, in some cases (when
neted), must enter inlo a licensing agreement.

CUSTOMER SYSTEMS

Beneficial Electrification: An Assessment
of Technical Potential

CU-7441 Final Report {R®2738); $200
Contractors: Regtonal Economic Research, Inc
Respurce RDynamics Corp,

EPRI Prajecl Manager P Humme!

Automatic Restart of Complex Irrigation
Systems

TR-100176 Final Report (RP2782-4); $200
Centracters South Dakola State University
Nationat Food and Energy Council

EPRI Project Managers: A. Amarnath,

O Zimmerman

Targeting DSM for Transmission and
Distribution Benefits: A Case Study of
PGA&E’s Delta District

TR-100487 Final Report (RP2548-9), $200
Contraclors: Energy and Envirormental
Economics; Pacific Gas and Electnc Co
EPRI Project Manager P Meagher

Concentrations of Indoor Pollutants
Database: User's Manual

SW-100533 Computer Manual (RP2034-26); $300
Contraclors Lawrence Berkeley Lamoratery;
Fourth Floor Databases, Inc

EPRI Project Manager: J Kesseinng

Directory of Electric End-Use Metering
Projects

TR-100590 Finat Report (RP2980-2) $300
Conlractor; Energetics Inc

EPR! Project Manager R Gillman

DSM Process Evaluation: A Guidebook to
Current Practice

TR-100647 Final Report (RP2981-2). $200
Contractor: Charles River Associates

EPRI Preject Manager: P. Hanser

Electric Vehicle Battery Testing and
Development at Argonne National
Laboratory: 1990 Annual Report
TR-100665 Final Repor! {(RP3150-1), $208
Contracior: Argonne National Laboralery
EPRI Projecl Manager R, Swaroep
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Approaches for Synthesizing DSM

Program Evaluations: The Wiscensin DSM
Program Evaluation Database and a
Review of Meta-Analysis, Vols. 1-3
TR-100697 Final Report (RP3269-1); $20@ each
voluma

Coriraclor: RCGfHaaler, Bailly, Inc

EPRI Project Manager P Hanser

ELECTRICAL SYSTEMS

Multi-Stress Aging of Extruded Insulation
Systems for Transmission Cables

TR-100268 Final Reporl {RP2986-4)- 32008
Centractor Natienal Research Ceuncil of Canada
EPRI Project Manager: B. Bernstein

Development ot Optimized PPP-Insulated
Pipe-Cahle Systems in the Commercial
Voltage Range

TR-100416 Finat Report (RP7880-1) $288
Contractor: Cablec Corp

EPRI Project Manager J Shimsheck

Proceedings: Automatic Generation
Control—Research Priorities

TR-100451 Proceedings (RP2473-51), $200
Centractor: Thomas Kennedy

EPRI Project Manager G. Cauley

Physical and Electrical Properties of
Two-Dimensional Metal Hydrides and
Buckminsterfullerene {Cgy}-Based Solids
TR-100464 Final Repart (RP7911-20); $200
Conlracior University of Kenlucky

EPRI Project Manager M. Rabmnowitz

Proceedings: 1991 EPRI PCB Seminar
TR-100503 Preceesings $200

EPRI Project Managers: G Addis M. MclLeamn
T Thrall

TRELSS: A Computer Program for
Transmission Reliability Evaluation of
Large-Scale Systems, Vols. 1-§

TR-100566 Final Recort (MP3159-1}, Vol 1, 5200
TR-1800566 Cormputer Manugl; Vol 2, $280

Vols 3-5, license ragquired

Contractors. Public Service Electne 8 Gas Co.,
Southern Company Services Inc  Georgia
tnstitule of Technology

EPR| Project Manager M Lauby

Computerized Database on Dielectric
Materials

TH-100€19 Final Report (RP7897-5), $200
Caniractor: Center for Information and Numencal
Data Analysis and Synthesis, Purdue Uriversity
EPRI Project Manager F Garcta

Development of 500/600-kV Solid-Type
Nonpressurized Oil-Paper DC Cable
TR-100621 Final Report (RP7888-1); $200
Contraclor; Cablec Corp

£PRI Project Manager: F. Garcia

Substation Grounding Programs,

Vols. 1-5

TR-100622 intenm Repert (RP1494-2); $200 each
volume

Contracter Georgia Institute of Technology

EPAI Project Manager: G Addis

ENVIRONMENT

Clean Air Act Response:; Continuous
Emissions Manitoring Workshop
TR-100510 Proceedings (RF1961): $500
EPRI Project Managers: R. Binsol, C. Dene

Utilization of Coal Combustion

By-products for Masonry Construction
TR-100707 Tepica! Repart (RP3176-1). $208
Contractor: University of Wisconsin Milwaukee
EPRI Project Manager: D. Golden

Agueous Complexation, Precipitation, and
Adsorption Reactions of Cadmium in the
Geologic Environment

TR-100751 Inlerim Repor! (RP2485-3); $200
Cuntractor: Batlelle, Pacific Northwest Laborataries
EPRI Project Manager: M Elrashid

Supercritical Fluid Extraction for the

Apalysis of Contaminated Soils

TR-108754 Final Repor! {RP2873-4}, 3208
Contraclor: Balteile, Pacific Nothwest Laboratores
EPRI Project Manager. | Murarka

EXPLORATORY & APPLIED
RESEARCH

Calcium Carbonate Impregnation of Coal
TR-100570 Final Report (RP8003-18); icense
required

Contractor: det Propulsion Laberatory, Calitornia
Institute of Technotogy

EPRI Project Manager C Kulik

GENERATION & STORAGE

SheH Coal Gasification Project:
Gasification of Eleven Diverse Feeds
GS-7531 Inlernim Repert (RP2695-1) $200
Contractor, Shell Devslopment Co

EPRL Project Manager N Stewart

Comparison of Advanced Steam
Temperature Control Algorithms for
Fossil-Fuel-Fired Utility Power Plants
TR-100342 Final Reperl (RP2710-13), §200
Conftractar Honeywell, inc

EPRI Project Managers. M. Divakaiuni, J Weiss

Zero-Discharge Wastewater Treatment
Facility for a $00-MWe GCC Power Plant
TR-100375 Final Report (RP2221-25). $200
Contractor: CH2M Hill

EPAI Praject Manager M Epsier

Cast and Quality Management: Making
Fossil Power Plants More Competitive—
Phase 1

TR-108377 Final Report (RP2389-5), $556
Contractor Center for Productivity and
Manulacturing Engineenng, San Jose State
Universily

EPRI Project Manager B Frischrnuth

Proceedings: 1991 EPRI Gas Turbine
Procurement Seminar

TR-108540 Proceedings (RP2915-6) $200
Contraclor;, Carnot

EPRI Project Manaaer: H, Schreiber



Coal Desulfurization by Perchioroethytene
Processing, Vols. 1-3

TR-100551 Final Report (RP3027-1); $200 eact
volume

Contractor: Midwes! Ore Processing Co.. inc
EPRI Project Manager' C Kutik

Proceedings: Sixteenth Annual EPRI
Conference on Fuel Science

TR-100632 Proceedings (RP832-33). $200

EPRI Project Managers' N. Stewart. H. Lebowilz

Molten Carbonate Fuel Cells as
DistributedGeneration Resources: Case
Studies for the Los Angeles Department of
Water and Power

TR-100686 Final Report {RP1677-20)  $200
Contractor Mohamed M. El-Gasseir
EPRI Project Managers D Raslter, R Siddiqui

Proceedings: 1991 Fuel Oil Utiiization
Workshop

TR-100701 Proceedings (RP27788). $200
Conlractor: Carno!

EPRI Project Manager W Rovesh

Assessment of Wind Power Station
Performance and Reliability

TR-100705 Fina) Report (RP153040); $200
Contractor. R Lynette & Assoc:ales. Inc
EPRI Project Manager. J Berning

Evaluation of the Westinghouse Solid
Oxide Fuel Cell Technotogy for Etectric
Utility Applications in Japan

TR-100713 Final Reporl (RP1676-13), $200
Contractor: Westinghouse Electnc Corp
EPRI Project Manager D Rastler

INTEGRATED ENERGY SYSTEMS

Engineering and Economic Evaluation of
Pressurized Fluidized-Bed Power Plants
{E/GS-7342 Final Report (RP3167-1). $500
Contraclor Bechtel Group. In¢.

EPRI Projec; Manager G Booras

NUCLEAR POWER

Determination of Thermodynamic Data for
Modeling Corrosion, Vol. 4: Chloride lon
Interaction With Magnesium, Calcium, and
Hydrogen lons at 250-325°'C

NP.5708 Finat Report (RPS407-01). $200
Contractor Brigham Young tUniversily

EPRI Projec! Managers P Paine, P Miliett

TML-2 Postaccident Data Acquisition and
Analysis Experience

NP-7156 Interim Report (RP2558-2)' $200
Conlractor: Grove Engineering, inc

EPRI Protect Manager. R. Lambert

Guideline for the Utilization of Sampling
Plans for Commercial-Grade Item
Acceptance (NCIG-19)

NP-7218 Final Report (RPQ101-7), $200
Contractor: Gilbert/Commonwealth, Inc
EPRI Proiect Manager. W. Bllanin

Solenoid Valve Maintenance and

Application Guide

NP-7414 Final Report (RP2814:36); $3500
Contractor Strategic Technology and Resources,
Inc

EPRI Protect Marager- V. Vaima

An Approach to the Analysis of Operator
Actions in Probabilistic Risk Assessment
TR-100259 Final Report {RP2847-1;
RP2286-2, 3); license required
Conlractors. Halliburton NUS Environmental
Corp - Accrdent Prevention Group; Genera!
Physics Corpy

EPRI Project Manager A Singh

Reliability Centered Maintenance (RCM)
Technical Handbook, Vols. 1 and 2
TR-100320 Final Report {RP29370). license
required

Contractor' Halliburton NUS Environmental Corp
EPRI Project Manager: O Worledge

Nuciear Power Plant Resource Book, Vols,
1and 2

TR-100359 Spectal Report. $20.000 each volume
EPR! Project Manager S. Green

Proceedings: Seventh International
RETRAN Conference

TRA0036! Proceedings: $200

EPRI Project Manager L. Agee

Optical Fibers in Radiation Environments
TR-100367 Final Reporl (RP2614-69); $200
Contractor. Onie State University

EPRI Project Manager J, Weiss

Individual Plant Examination Review Guide
TR-100369 Ftna) Report (RP3000-46), $200
Conlraclor Enn Engineering and Research In¢,
EPRI Project Manager- J Sursock

Fire-induced Vulnerability Evaluation
{FIVE)

TR-100370 Final Repor( {RP3000-41) $50.000
Conlractor. Professional Loss Control, Inc
EPRI Project Manager. J Sursock

Nuciear Plant Reliability: Pata Collection

and Usage Guide

TR-t00381 Interim Reporl (RP3200-1), $200
Conltractor Halliburton NWS Envirorimental Corp.
EPRI Project Manager B. Chu

PWR Steam Generator Tube Repair Limits:
Technical Support Document for Outside
Diameter Stress Corrosion Cracking at

Tube Support Plates

TR-100407 Final Report (RPS404.15, -19, -21, -24,
29 30 -31,-32,-33 36 -37.-70. -71, -72)
license requrred

EPRI Pioject Manager L Wiliams

Corrosion of Zircaloy-Ciad Fuel Rods in
High-Temperature PWRs: Measurement of
Waterside Corrosion in North Anna Unit 1
TR-100408, Tier 1. Intlerim Report (RP2757-1)
$200

TR-300408, Tier 2 interm Repori, license
required

Contractor: Weslinghouse Etectric Corp
EPRI Proiecl Manager: Q. Ozer

Ground-Motion Attenuation and

Earthquake Source Scaling in Eastern

North America

TR-100409, Tier 1, Final Report (RP25566); $200
TR-100409, Tier 2, Final Report; icense required
Contractor- Woodward-Clyde Consultants

EPRI Project Manager J Schneider

Foam Rubber Modeling of Seismic Site
Effects and Soil-Structure Interaction
TR-100430, Ter 1, Final Reporl (RP2556-2, -47);
$200

TR-100430, Tier 2, Final Report; iicense required
Contraclors. Unversjty ot Calforn:a, San Diego
Universily of Nevada, Réno

EPR! Project Manager: J Schneider

Spatial Variation of Earthquake Ground
Motion for Application to Soil-Structure
Interaction

TR-100463, Tier 1, Final Reporl {RP2978-1), $200
TR-100463, Tier 2, Final Report. iicense required
Contraclor: Bechtel Civil, Inc

PRI Project Manager J. Schnetder

Utility Implementation of EPRI Rod
Ejection Accident Methodology
TR-100520 Final Report (RP2941-3); $200
Contractors. Leaders in Management Ing:
Duke Power Co

EPRI Projec: Manager: L. Agee

Steam Line Break Analysis Methodologies:
Simulation of PWR Steam Line Break
Accidents, EPRI-Sponsored Projects
TR-100521 Final Report (RP2941.1 -2). $200
Conlractors, S. l.evy ftnc.. Cermak Fletcher
Associates Inc

EPRI Project Manager: L Agee

NDE of PWR Fuel: identifying Candidates
for Hot Cell Examination

TR-100543 Intenm Report (RP222348). $20.000
Conltraclor: Weslingllouse Etectric Corp
EPRI Project Manager- H, Ocken

Irradiation Effects on Grain Boundary
Chemistry of Austenitic Stainless Steels
TR-100548 Fina!l Report (RP2680-9) $200
Contraclor Baltelie, Pacific Northwest
Laboralories

EPRI Project Manager J Nelson

Control Room Alarm System Upgrades
TR-100584 Final Report (RP3136-1); ficense
required

Contractor MPR Assoclates, Inc

EPR! Project Manager J Kelchel

Cluster-Impact Fusion

TR-100642 Final Report (RP35005). $200
Contractor- Purdue University

EPRI! Projecl Manager* M. Rabinowitz

Residual Stress Analysis in BWR Pressure
Vessel Attachments

TR-10065t Final Report (RPC102-3), $5000
Contragtor- Southwest Research Inslitute
EPRI Project Manager: M, Behravesh

Fuel Reliability improvement Guidelines
TR-100659 Final Reporl (RP2223), license
required

EPRI Projecl Manager R. Yang
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EPRI Events

NOVEMBER

8-n

Wood Pole Conference

Starkville, Mississippi

Contact: Harry Ng. {415) 855-2973

9-1

Suhstation Diagnostics

Palo Alto, California

Contact: Joe Perter, {(202) 293-7510

9-12

International Conference on Low-Level Waste

Baltimore, Marylanel
Contact: Carol Hornibrook, (415) 855-2022

9-13

American Society for Nondestructive
Testing Thermography Course {Level 1)
Eddystene, Pennsylvania

Contact: John Niemkiewicz, (215) 595-8871

9-13

NDE Training Course: Nuclear Utility
Procurement

Charlotie. North Carolina

Contact: Annette Medlin, (704) 547-6118

10-12

PEAC Training Course on Power Quality
Knoxville, Tennessee

Contact: Marek Samotyj. {415) 855-2920

1i-12

MIDAS Users Group Meeting
Columbus, ®hio

Contact: Lew Rubin, (415) 855-2743

11-12

NSAC-Operational Reactaor Safety
Engineering and Review Group Workshop
New Orleans, Louisiana

Centact; Linda Nelson, (415) 855-2127

12-13

Underground T&D Canstruction Workshop
St. Petersburg, Florida

Contact: Tom Rosienbaugh,

{415) 855-2308

16-19

Decision Analysis for Utility Planning
Miami, Florida

Contact: Charles Clark, (415) 855-2994

16-19

NDE In-service Inspection Training Course:
Weld Overlays

Charlotte, Nerth Carolina

Contact; Annette Medlin, {(704) 547-6110

17-19

AIRPOL '92 International Seminar:
Solving Corrosion Problems in Air
Pollution Control Equipment

Orlando, Flerida

Contact: Paul Radgiliffe, (415) 855-2720
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17-19

Heat Rate Improvement Conterence
Birmingham, Alakama

Contact: Pam Turner, {(415) 855-2010

17-19

ROBAL Computer Code for Ratating-
Machinery Balancing

Eddystore, Pennsylvania

Contact: Tem McCleskey, {415) 855-2655

17-20

NDE Training Course: Micrabiclogically
Influenced Corrosion

Charlotte, Nerth Carelina

Contact: Annette Medlin, (704) 547-6110

18-20

EPRI-EUMRC Market Research
Symposium

Balias, Jexas

Contact: Susan Bisetti, (415) 855-7919

18-20

1992 PWR Plant Chemists' Meeting
San Diego, California

Contact: Peter Paire, (415) 855-2076

30-December 4

NDE Technical Skills Training Course:
Uitrasonic Examination (Levet 3)
Charlotte, North Carofina

Contact: Annetie Medlin, (704} 547-6110

DECEMBER

2-4

Noncombustion Waste Seminar
Orlando, Florida

Contact. Susan Bisetti, {415) 855-7319

7=11

NDE Technical Skills Training Course:
Basic/Specific (Level 3)

Charlette, North Carolina

Contact: Annelte Medlin, (704) 547-6110

7-16

NDE In-service Inspection Training Course:

IGSCC Detection
Charlotte, North Carolina
Centact: Anriette Medlin, (704) 547-6110

8-9

Space Charge in Extruded Cables
Scottsdale, Arizona

Contact: Bruce Bernstein, (202) 233-7511

8-11

Machinery Alignment Course
Eddystone, Pennsylvania
Contact: John Niemkiewicz,
(215) 595-8871

911

1992 Advanced Computer Technology
Conference

Scotisdale, Arizona

Contact: Pam Turner, (415) 855-2010

14-18

NDE Technical SkitlsTraining Course:
Visual Examination (Level 3)

Charlotte, North Carelina

Contact: Annette Medlin, (704) 547-6110

15-18

Motor Monitoring and Diagnostics Course
Eddystone, Pernnsylvania

Contact: John Niemkiewicz, (215) 585-8871

FEBRUARY 1993

3-5

Coal-Handling Systems: State of the
Future (call for papers)

Pensaceia, Floriga

Centact: Barbara Arneld. (412) 479-6012

9-10

Conference on Energy-Efficient Electric
Motor Systems

Baltimore, Maryland

Contacl: Les Harry, (415) 855-2558

9-11

Conference on Cable Condition Monitoring
San Francisco, California

Contact. Linda Nelson, (415) 855-2127

10-12

Workshop on Ais-Operated Valves
Salt Lake City, Utah

Contact: Ken Barry, (704) 547-6040

17-19

New Equipment and Services for
Commercial Foodservice Customers
New Orleans. Louisiana

Centact: Susan Bisetti, (415) 855-7919

MARCH

1-3

International Symposium on Improved
Technology for Fossil Power Plants:
New and Retrofit Applications
Washingten. D.C.

Contact: Lori Adams, {415) 855-8763

24-28

6th National Demand-Side Management
Conference

Miami Beach, Floriga

Contact: Pam Turner, (415) 855-2010

APRIL

5-8

10th Particulate Control Symposium
Washington, D.C.

Contact: Lori Adams, (415) 855-8763

13-14

Generator and Large-Motor Winding
Assessment Using MICAA
Philadelphia, Pennsylvania
Contact: Jan Stein, (415} 855-2320



Contributors

Iveson

S uperconductors Are Still Hot
{page 4) was written by Taylor
Moore, fournal senior feature writer,
with assistance from two EPRI research
managers.

Thomas Schneider, executive €cien-
tist, comanages the Office of Explor-
atory & Applied Ressarch, directing
programs in physical and mathematical
sciencew. He coordinates the Institute’s
research  projects  and  relationships
with other organizatiens in high-tem-
perature superconductivity. Schneider
joined EPRI in 1977 after fisur years as
a research physicist with Public Ser-
vice Electric & Liak in Mew Jerzey. From
1985 to 1987, he served as prosident of
the nonprofit Lighting Research Insti-
tute. Schneider earmed a BS degres
from Stever= Institute of Technology
and a PhD in physics from the Univer-
ity of Pennsylvania.

Donald Von Dollen is a project man-
ager for superconductivity in the Elec-
trical Systems Division. He joined EPRI
in 1991 after three vears a= an engineer
in the R&D and technical services pro-
grama at Pacific Gas and Electric. Von
Diillen eamed a B% in physics from Cal-
ifornta Gtate University, Sacramento. m

reakthrough in Electrical Burn
Treatment (page 16) was writlen
by John Douglas, science writer, with
technical information from Ronald
Wyzga uf EMRI's Environment Divisian,
Wyzga ha= been senior manager of
the Health Studies Program since 1984,
previously having managed work in
health effects and environmental risk
assessment. Before coming ta EPRI in
1975, he was with the Drganization for
Economic Cooperation and Develop-
ment for four yeara and also served as a
profesasor of statistics al the American
College in Paria, Wyzga received an AB
in mathematics from Harvard College,
an M= in statistics from Florida State
University, and an &cD) in biostatistics
from the Harvard School of [Mublic
Ilealth. ®

Preparing for Disaster (page 22)
was written by science writer Bob
Moeliee with assistance from two mem-
bers of the Electrizal Systems Division,
Ben Damsky i= manager for power
electronics systems in EPRI'= Transmis-
sion Substations Program. Before join-
ing the Institute in 1984, he =pent 19
years wilh General Electric Company,
managing engineering projects in a
number of areas, including advanced
valves for HVDL systems and ultra-
high-power thyristors. Damsky holds a
B5 degree in physics from Princeton
University and an M5 in the =ame field
from the Liniversity of Pennsylvania.
Robert Ivezan, staff technical advi-
sor since Y84, formerly managed the
Power System Planning and @pera-
tions Program. He came lo EPRI in 19K()
after 20 years with ™ew York State
Electric & Gas, where his wark in-
cluded ¥ years as supervisor of trans-
mission planning for the Mew York
Power Poil. [veson earned BS and M5
dirgrees in electrical engineering from
Rimnsselaer Polvtechnic Institute and
Syracuse Liniversity, respectively.
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