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PRODUCTS

Each year, R&D Magazing's pancl of scientific experts selects
100 neae products fo receive the prestigious Ré&D 180
Awards. The panel considers thege products to be the year’s
most technologically significant. Presented annually for the
past 30 years, the R&ED 100 Awarde recognize the achivve-
ments of inventors and scientists around Hie world. Past

mmm

EPRI-sponsored deliverables now available to ufilities and their cusfomers

s

D

winners inchude such well-known products ae the video recorder, antilock brakes, the automatic teller

machive, and Hie fax machine. This year, four EPRI-gponsored products received R&D 100 Awards.

SmeSine for Clean Power

The Suresine™ active power line conditioner solvis a
variety of power quality problems= that cost American
businesses, industries, and government agencies billions of
dollars each year. This product ling, divelopisd by Weating-
house Electric Corporation with support from EPRI and
Public Bervice Electric & Gas L_ompany, is the first inte-
grated electronic package to cumbine adaptive, active
harmonic filtering with sag compensation and instantaneous
line voltage regulation. Installéd on the customer s
premises, it offers two-way protection against power
disturbances—against those coming off the utility grid and
those produced by the customer’s equipment. Whether the
prablem is a momentary surge, 2ag, or harmonic distortion,
Sureline corrects it to provide clean power. Measuring less
than 2 square feet, thie 5-k¥A single-phase SureSine unit
allows for flexibility in terms of mounting. With support
from EPRI and PSE&G, Westinghouse plans to add more
featuri=, such as ride-through capability and capacitor
switching surge suppression.

For more information,
A s m contact B. Ben Banerjee,
jan (415) 855-7925. To order,
i call Robert McCallion at

L G
0 %5\ %: 8‘ J g E’W.—:‘inghuu.—c, (410) 584-
Tr——— ] 5979.
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Competitive wind Energy

Until the arrival pf the 33M-¥5 variable-speed turbine, cost-
competitive wind powirr was not widelv available. This
new turbing, developed by Kengtech/U.S. Windpiawer in
conjunction with EPRI, Miagara %uhawk Power Cirpura-
tion, and Pacific Gas and Electric Company, offers electricity
for 5¢/kWh, which makes it 40% more cost-effective than
the best wind machines on the market today. The turbine’s
variable-speed capability enables it to change rotational
speed with the speed of the wind. Thix feature increases
energy capture and prolongs the life of the turbine drive-
train. Relatively light components reduce manufacturing
and operating costs. The turbine, which generati=s 350~

400 kW, is available only to utilities and qualified devislop-
ers; a minimum order of 75 machines is required.

For more information, contact Edgar DeMeo, (415) 855-2159. To
order, calf Dale Osborn at Kenetech{U.S. Windpower, (415) 398-
3825




SGndsaver 2001

Mow metal foundries can meet
sand disposal regulations and
save money with the Sand-
saver 2001 reclamation process.
Developed by EPRI's Center for
Materials Production in cooper-
ation with Indianapolis Power
& Light Company, Navistar
International Transportation Corporation, and BGK Finish-
ing Systems, Sandsaver 2001 uses infraredheating and
fluidized-bed technologies to clean the spent sand that
foundries have used to make molds and cores for metal
castings. The product’s name reflects the year-2001 deadline
set by local, state, and federal mandates requiring a 50%
reduction in solid-waste disposal. Reclaiming about 90% of
the used sand, Sandsaver 2001 offers the potential for sav-
ing millions of dollars in disposal costs annually. Reduced
sand transportation also cuts back significantly on oil
consumption and carbon dioxide emissions.

For more information, contact Gene Eckhart, (202) 293-7517. To
order, call David Bamick at BGK Finishing Systems, Inc., (612)
784-0466.

Mos-controlied Thyristor

Harris Corporation packed a lot of power into this little
device. Measuring 1.5 by 1 by 0.25 inch, the MOS-controlled
thyristor is a semiconductor switch that allows for faster,
more efficient control of electric power. Compared with the
next best switch on the market, it slices power losses in half
and offers the capability to handle roughly 20 times the
current level. It also can operate in very high temperature
environments that would incapacitate other switches.
Moreover, it happens to be the most affordable semiconduc-
tor power switch ever developed. Currently it is available in
600-volt (MCTV75P60E1) and 1000-volt (MCTV65P100F1)
models only. A full product line is being developed that is
expected to range from 200 volts to as high as 5000 volts.
For more infornation, contact Harshad Mehta, (415) 855-2293.
To order, call Fred Lokuta at Harris Corporation, (717) 474-327 3.




DISCOVERY

Basic science and innovative engineering at the cutting edge

Ocean Process Could Offset CO, Buildup

ithough carbon dioxide
(CO,) emissions from
human sources {largely
energy-related) are the
subject of rising concern as
a possible contributor to
global warming, the amount of carbon thus
released is very small in relation to the
natural carbon cycle. Much larger amounts
of carbon are sequestered and exchanged
each year in a cycle involving oceanic,
atmospheric, and land-based processes and
reservoirs. Even slight changes in the natural
exchange or capture mechanisms involved
could offset the anthropogenic contribution.

One carbon-fixing process currently
being studied as a potential way to counter-
balance atmospheric increases in CO,
involves so-called whitings—white, turbid
suspensions of lime mud that form in
shallow tropical seas. These cloudy suspen-
sions are composed of very fine grained
calcium carbonate (CaCO,) crystals, thought
to be precipitated by bacterial activity. The
whiting phenomenon is being studied with
support from EPRI's Office of Exploratory &
Applied Research by scientists at the Univer-
sity of South Florida (USF).

The specific cause of whitings is the subject of consider-
able debate. Some scientists have attributed the clouds to
the resuspension of shallow carbonate sediments as a result
of storms or ocean currents, but USF researchers have
recently established that whitings are biologically induced.
The researchers hypothesize that CaCO, crystals form on the
outer membrane of certain photosynthetic bacteria, such as
the genus Synechocystis, under specific conditions of light,
alkalinity, and carbon concentration.

Laboratory analyses of water samples taken along
transects across whitings in Bahamian waters indicate that
these formations reduce CO, concentrations near the ocean
surface and thus drive the increased oceanic absorption of
atmospheric CO,. Whitings generally last from one day to
two weeks, after which the precipitated CaCO, sinks to the
bottom of the ocean—effectively sequestering the carbon.

If ways to promote the formation of whitings could be
found, the absorption of CO, from the atmosphere might be
increased significantly. Indeed, there is evidence that
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Whiting formations {circled) near Andros !sland in the Bahamas

biologically induced carbonate precipitation was instrumen-
tal in removing CO, from the atmosphere at the end of the
Cretaceous period—creating such spectacular geologic
formations as the white cliffs of Dover. The initial data from
the USF research suggest that whitings in the range of 50-
100 km? could offset the annual CO, output of a large fossil
power plant.

The USF scientists have cultured Synechocystis in the
laboratory to verify their field data and to determine how
improved cultivation practices could allow naturalstrength
whitings to be artificially induced. The researchers are also
studying satellite images to better evaluate the global
occurrence and density of whitings and to determine
whether they are increasing naturally in response to higher
atmospheric concentrations of CO,. Understanding the
biochemical processes involved in the formation ef whitings
could also lead te new water puiification techniques that
induce the precipitation of trace elements and other
pollutants.

w For more information, contact Robert Goldstein, (415) 855-2593.



Improving Lamp Design With Nonimaging Optics

ntil recently, there was no systematic methodology for

determining how to achieve the desired illumination

on a surface from an extended source of light, such as
a fluorescent tube. Designing reflectors to direct light rays
from a source toward a target was essentially a matter of
trial and error. Now a new methodology, called nonimaging
optics, offers a way to design lighting fixtures that are more
efficient, cause less glare, and provide a specified distribu-
tion of light on a target.

Traditional optics has used a method of analysis in
which rays of light from a point source are focused to
reconstrict an image of the point. However, modeling the
efficient transfer of light energy from an extended source
does not require the consideration of image focusing, with
its complex mathematical analysis of the rays from all
points on a source. Rather, nonimaging optics can deter
mine target irradiance distribution by considering just those
rays emitted at or near the edge of a source.

Monimaging optics was initially used to develop solar
concentrator designs that optimize the conversion of solar
radiation to electricity. Now EPRFsponsored research at the
Ecole des Mines, in Paris, is using nonimaging optics to
analyze and develop improved reflector designs for fluores-
cent lamps and other extended sources. Recent results have
shown, for example, that light from a fluorescent bulb can
theoretically be distributed evenly over a limited target
region by using either flat or slightly curved reflectors along
both sides of the tube.

Future work will explore the application of nonimaging
optics to actual lighting design. Eventually the methodolo
gies developed in this work will be incorporated into soft-
ware for use by architects and the lighting industry. Research
objectives include establishing the theoretical maximum
efficiency of fixtures with glare cutoffs and developing the
fixture shapes required to achieve uniform illuminance.
® For more information, contact Karl Johnuson, (415) 855:2183.

New Coal-Grinding Approach Saves Energy

n the conventional grinding mills used to pulverize coal

for utility power plants, only about 1% of the energy

expended actually goes into reducing the size of the coal
particles. Most of the rest is wasted on metal-to-metal
contact and friction. The initial results of EPRI-sponsored
research at the University of California at Berkeley indicate
that a novel, two-stage mill could reduce energy use by 20-
50% while producing particles that offer improved combus-
tion performance.

The basic principle of the new mill is that direct
compression is the most energy-efficient way to break up
pieces of coal. The first stage of the hybrid mill, therefore,
features a series of high-pressure rollers that accomplish
most of the size reduction. In the second stage., a conven-
tional ball mill (a rotating hollow cylinder with steel balls
inside) further breaks up the coal particles to produce fine
grains. Oversized particles emerging from the ball mill are
recycled back to the high-pressure roll mill. The improve-
ment in the combustion characteristics of the coal may be
due to the fact that the particles are finer and more consis-
tent in size.

Related research at the University of North Carolina
indicates that the increased use of compression during

grinding may also make coal cleaning easier. Compression
causes coal particles to fracture along grain boundaries—a
process that tends to separate carbon grains from grains
containing sulfur-bearing minerals. Such separation could
potentially facilitate the removal of the sultur through
conventional or advanced coal cleaning.

Tests of the new hybrid mill are continuing, and
simulations are being conducted to determine whether it
can be retrofitted to existing grinding circuits. If the tests
are successful, EPRI will consider putting together a consor
tium of utilities, vendors, and other interested parties to

scale up the grinding technology.
® For more information, coutact David O'Couior, (415) 855-8970.







From industrial production lines to personal computers, power
quaiity problems are becoming an increasingiy troublesome and costly concern.
To provide appropriate solutions to the many types of problems encountered, EPRI
is developing equipment and approaches for application on both sides of the me-
ter. Advanced filters, condilioners, and other devices located on the customer
premises can protect sensitive equipment against many disturbances, some of

which are actually produced on-site. On the utllity side, a variety of thyristorbased

controllers will provide new options for dealing with problems that originate on the

distribution system. Meanwhile, researchers at EPRI’s Power Quality Test Facility are
investigating how well existing eiectronic equipment can tolerate power distur-

bances and are working with manufacturers to reduce product vulnerability.




he proliferation of microelec-

tronic processors in a wide

range of equipment—from

home VCRs and digital clocks
to automated industrial assembly lines
and hospital diagnostic systems—has in-
creased the vulnerability of such equip-
ment to power quality problems. These
problems include a variety of electrical
disturbances, which may originate in sev-
eral ways and have very different effects
on various kinds of sensitive loads.

What were once considered minor vari-
ations in power—usually utinoticed in the
operation of conventional equipment,
such as lights and constantspeed mo-
tors—may now bring whole factories to a
standstill. A power interruption or 30%
voltage sag lasting mere hundredths of a
second, for example, can reset program-
mable controllers for an assembly line,
while adjustable-speed drives for motor
ized equipment on the assembly line may
themselves be sensitive to voltage har
monics and transients. The costof such in-
terference can be substantial. One glass
plant, for instance, estimates that a five-
cycle interruption—an outage of less than
a tenth of a second—can cost about
$200,000, and a major computer center
reports that a 2-second outage can cost
some $600,000.

As a result of this vuinerability, increas-
ing numbers of industrial and commercial
tacilities are trying to protect themselves
by investing in equipment to improve
power quality, such as uninterruptible
power supply (UPS) systems, surge sup-
pressors, and isolation transformers. Cor
porate data processing centers, for exam-
ple, can justify an increase of as much as
45%% in their capital investment for onsite
power distribution facilities in order to en-
sure adequate electricity quality. Products
and services related to power quality now
represent a multibillion-dollar market in
the United States alone.

Which approach to power quality is
best, however, depends largely on specific
circumstances. Some problems, such as
harmonic interference between different
electrical loads on the same line inside a
building, are often solved most easily on
a customer’s premises. Others, such as
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momentary power disruptions caused by
lightning strikes or substation switching
operations, may be less expensive to cor
rect on the utility’s side of the meter
Determining the most cost-effective ap-
proach in particular situations requires,
first, more information about the causes of
power quality problems in general and,
second, the development of new analyti-
cal tools for utilities to use in advising
their customers.

There are also major opportunities, in-
cluding several based on recent develop-
ments in power electronics, to improve
powerconditioning equipment for both
sides of the meter More-efficient inverters
for on-line UPS systems, for example, will
reduce losses from the power that contin-
uously flows through them. Thyristor-
based controllers for distribution systems
will provide new options for reducing
power interruptions that originate on util-
ity lines. Equipment manufacturers are
also incorporating power quality protec-
tion into their products. Examples include
filters to mitigate the effect of harmonics,
special circuits to provide power factor
correction, and capacitors that provide
enough stored energy to enable digital
clocks to ride through brief interruptions.
EPRI is working with manufacturers in
some of these development efforts.

Responding to these needs and oppor
tunities, EPRI is accelerating an already
wide-ranging program of research to
study and solve power quality problems.
Surveys are under way to better under-
stand the causes and effects of power dis-
turbances, as seen both on utility systems
and at individual customer sites. The
power quality characteristics of important
categories of sensitive equipment, such as
personal computers, are being measured,
and more-advanced power conditioners
are being developed for use by customers.
EPRI is also developing advanced power
electronic controllers for use on utility dis
tribution systems.

Assessing power quality

As the need for more information about
power quality became apparent over the
past few years, EPRI launched two major
studies to determine the extent and nature

of problems and to identify potential so-
lutions. One effort was aimed at cus-
tomers and has produced a series of tar-
geted how-to documents for dealing with
power quality problems in various end-
use situations. A standardized power
quality assessment procedure was also
produced as part of this effort. The second
study, now at its midpoint, involves the
use of 300 power quality monitoring
nodes on the distribution systems of 24
utilities throughout the United States and
is being extended to customer sites. Pre-
limjnary results have recently become
available and are providing valuable in-
sights into the causes and impacts of var
ious utility system events that affect
power quality. Both studies were under-
taken by Electrotek Concepts, Inc., of
Knoxville, Tennessee.

Several important conclusions emerged
from the enduser study. The researchers
found that, despite growing concern over
power quality, many large industrial cus
tomers need to be beiter educated about
how specific problems affect their equip
ment and about the potential solutions
that are available. The three kinds of
equipment found to be most susceptible
to common disturbances are program-
mable logic controllers, automated data
processors, and adjustablespeed drives
(ASDs). The four kinds of disturbance that
present the most problems with these
types of equipment are voltage sags, mo-
mentary interruptions, transients, and
harmonics. The cost of losses associated
with these problems may exceed the orig-
inal purchase price of the affected equip-
ment many times over

The initial phase of the study was fal-
lowed by 38 detailed case studies at 17
participating utilities. The 32 cases that
have been completed have revealed a va-
riety of specific power quality problems
facing important industrial and commer-
cial customers.

Automotive plants, for example, are
major power consumers; their peak loads
are 20 MW or more, typicaily supplied by
two separate distribution lines. While the
presence of multipie, redundant lines
means that a transmission system fault or
the loss of a substation transformer will



SOLUTIONS ON BOTH SIDES OF THE METER

Disturbance

Voltage sag

- Tree or animal contact with lines

Overvoltage ~_Fault on another phase

' ~ Load rejection

Interruption ~ Blown fuse

Breaker operation in response
to fault

Transient ~Lightning strike

“Utility switching

Harmonic distortion ~ Nonlinear loads

T
I Ferroresonance

Electrical noise ~_Improper customer wiring
|' - or grounding

Note: The solutions listed are not inclusive. In a given situation, the ultimate solution will depend on such facters as economic issues, system configuration,
the utility-customer relationship, and the customer’s electrical environment.
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typically cause only a brief vollage sag,
even such momentary events may have a
significant cost. Fallowing a voltage sag,
for example, the restarting of assembly
lines may require clearing the lines of
damaged work, restarting beilers, and re-
programming automatic controls—for a
typical cost of about $50,000 per incident.
One automaker estimated that the total
losses from momentary power glitches at
all its plants run to about $10 million a
year. The researchers concluded that most
automotive manufacturing equipment
could be engineered to withstand small
voltage dips and that censtant-voltage
transformers could help sensitive equip-
ment ride out larger voltage sags.

EPRI’s national study of power quality
on utility distribution systems began in
1992 and will continue through 1995.
Monitoring sites were chosen to produce
statistically valid conclusions about how
distribution systems in general respond to
various power quality problems. Results
=0 far indicate that the most important
cause of momentary veltage =ags is light-
ning strikes. [n the majority of sags, the
voltage drops to about 80% of nominal
value, [n terms of duration, rags tend to
cluster around three values: 4 cycles (the
typical clearing time for faults), 30 cycles
(the instantaneous reclosing time for break-
ers), and 120 cycles (the delayed reclosing
time for breakers). The effect of a voltage
dip on equipment depends on bath its
magnitude and its duration; about 42% of
thir sags observed to date were severe
enough to exceed the tolerance standard
adopted by computer manufacturers.

Another common event that can cause
power quality prohlems
switching on the distribution system. Al-
though such switching i= a long-estab-
lished practice that usually deesn’t affect
customer equipment, problems can arise
at some large industrial sites that have

is capacitor

their own transformers and capacitor
banks for power factor correction. [n such
cases, a resonant escillation may be set up
in the customer’s line that magnifies the
effect of the utility’s switching operation.
A momentary overvoltage some three to
four times the nominal rating may thus
be created, tripping or even damaging

10 EPRI JOURNAL December 1993

protective devices and equipment. Elec-
tronically based ASDs for industrial mo-
tors are particularly susceptible to these
transients. A planned extension ef the
EPRI distribution power quality project
will include simultaneous monitoring ef
power disturbances on both sides of the
meter at affected sites.

Remedies—customer side
of the meter

A variety of technical options are available
to correct power quality problems. The
choice of which to use—and whether to
focus on the customer’s or the utility’s
side of the meter—depends largely on
specific circumstances, but research to
date has provided some important guide-
lines.

The majority of minor power distur-
bances in commercial buildings can be
remedied by making improvements in fa-
cility wiring and grounding. Sensitive
loads and electrically “dirty” leads, for
example, ran be iselated on dedicated

branch circuits to minimize interference.
Care must be taken to prevent power
anomalies from passing between such
dedicated circuits by way of shared neu-
tral wires or ground connections. The
Mational Electrical Code stipulates that
the steel frame of a commercial building
be bonded to ground at the utility service
entrance. Problems can arjze, however, if
bonds are made inside a building between
neutral wires and the grounded frame,
creating inadvertent connections between
loads and allowing stray currents to cause
disruptiens.

In many industrial plants, adjustable-
speed drives require special consideration,
since they are a major source of some
power quality problems, especially har-
meonics, and are particularly susceptible to
others, such as voltage surges and sags.
ASDE work by first rectifying constant-fre-
quency, constant-voltage ac power to dc
and then inverting this dc power to create
a variable-frequency, variable-voltage ac
output. This process feeds harmonic volt-

ANALYZING VOLTAGE PROBLEMS Studies of voltage sags and outages on
utility distribution lines reveal that the great majority of events involve

very brief {<10-cycle} disturbances in which voltage drops by 20-40%.

Such information can help engineers design equipment capable of handling

the most important power quality concerns.




age distortions back onto the line, where
they caninterfere with sensitive electronic
loads. In turn, the dc section of an ASD
is particularly susceptible to momentary
overvoltages coming from the outside.

In general, harmonics caused by ASDs
are not a problem unless these devices
make up a major part of the load supplied
by a customer’s transformer. But if the site
also has capacitors for power factor cor-
rection, the resulting resonant circuit may
magnify the effect of a particular har-
monic frequency. EPRI] research has veri-
fied that one cost-effective solution to this
problem is the installation of line filters
next to large ASDs and motors to reduce
the magnitude of harmonic distortion.
Conversely, to prevent nuisance tripping
of small ASDs in response to transientvolt
ages from the outside, which are also mag-
nified by on-site powerfactorcorrecting
capacitors, a small inductor (choke) can be
placed in series on a line to reduce current
surges.

Sometimes, however, more-sophisticated
technology is needed to solve power qual-
ity problems on a customer's premises,
and EPRI studies have indicated a partic
ular need for new powerconditioning de-
vices capable of providing integrated pro-
tection against multiple kinds of power
disturbances. Responding to this need,
EPRI has worked with Public Service Elec-
tric & Gas Company (PSE&G) and West-
inghouse Electric Corporation to develop
an active power line conditioner (APLC)-
the first device to combine active har
monic filtering, line voltage regulation,
and transient voltage surge protection in
a single, compact unit. A 5-kVA single-
phase version of the APLC was commer-
cialized in late 1992, and 50-kVA and 150-
kVA threephase versions are now also
available. Other products in the APLC
family will be offered in the near future.

Instead of using conventional passive
filter circuits, which remove only specific
harmonics from a line, the APLC’s power
electronic circuits automatically adapt to
changes in the harmonicspectrumand ac-
tively inject signals onto a line that cancel
the disturbances. This approach elimi-
nates the need to calculate what harmonic
currents are likely to be present or to re-

tune filters as load conditions change. In
addition, the APLC regulates incoming
voltage to compensate for sags and surges
on the utility line. Since the 5-kVA device
is about the size of a personal computer
and weighs only 125 pounds, it can easily
be installed close to sensitive loads.

One of the first demonstrations of an
APLC took place at a pharmaceutical plant
in the PSE&G service territory, where har
monic distortion from ASDs was inter
fering with the computercontrolled op-

incorporate some energy storage capacity
into the APLC to enable it to ride through
short power outages without affecting the
performance of sensitive loads.”

The Customer Systems Division is also
working on a variety of other power qual-
ity devices for end-use applications. One
example is a hybrid filter that adds a se-
ries active element to an existing passive
filter and controls harmonics by actively
adjusting series impedance. New England
Power Service Company is demonstrating

VULNERABILITY OUTSIDE THE ENVELOPE Voltage disturbances measured
at a single location as part of an EPRI power quality study demonstrate that

power glitches frequently lie outside the so-called tolerance envelope used

as a design goal by computer manufacturers. Disturbances above the upper

line or below the lower line can potentially result in equipment malfunction.

Such problems could be reduced by providing higher-grade power or by

enlarging the tolerance envelope—that is, designing the equipment to be

more robust.

Duration (60 Hz Cycles)

eration of the plant's quality control
laboratory. Problems of this kind, which
had been interrupting plant operations
several times a month, were completely
eliminated through the installation of a
prototype APLC. During the year-long
test, the device also maintained power
quality for the lab during a particularly se-
vere thunderstorm.

“The APLC provides a low-cost solution
for several kinds of power quality prob-
lems,” says research manager Ben Baner-
jee of EPRI's Customer Systems Division.
“We estimate that APLC technology could
save utility customers many millions of
dollars over the next five years. Further
development efforts are also under way to

a prototype hybrid fiiter in an 800-horse-
power ASD application at a sewage treat-
ment plant. Another example is an ad-
vanced solid-state load center for com-
mercial and industrial facilities, which
will integrate a variety of control functions
related to power quality, including load
monitoring, fast load switching, and pro-
tection against fault currents and over
voltages. Also under investigation are ad-
vanced UPS concepts that feature novel
means of storing energy, such as flywheels
and supercapacitors. And a new genera-
tion of ASDs is being developed that will
reduce harmonics and be more capable of
riding through power disturbances.
“This growing array of power quality
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technologies will give utilities and their
customers more flexibility in addressing
power disturbances,” says Wade Malcolm,
manager of the Power Electronics & Con-
trols Program in the Customer Systems
Divisien. “In addition, we are working
with equipment manufacturers to incor-
porate power-conditioning capabilities in-
to their products.”

Remedies—utility side
of the meter
Meanwhile, EPRI is also developing ad-

vanced technology for use by utilities to

improve overall distribution system relia-

bility and to keep power quality problems
that originate on distribution systems
from reaching custemers. This technelogy,
the basis for a concept EPRI calls Custom
Power, invelves a combination ef power
clectronic controllers, distribution auto-
mation equipment, and an integrated com-
munications pretocol, which together will
enable utilities to meet the power quality
needs of industrial and commercial cus-
tomers with sensitive loads. Custom
Power service would probably be offered
initially to large individual customers or
to clusters of smaller customers in indus-

trial parks.

“Power quality problems can generally
be categorized into two groups,” says
Vasu Tahiliani, manager of the Custom
Power Distribution Pregram in EPRI’s
Electrical Systems Divizion. “One group
includes waveform distortions that usu-
ally arise on the customer’s premises and
can best be solved there. The other group
includes powsr interruptions and voltage
sags that originate on the distribution sys-
tem. Custom Power will give utilities new
options for overcoming this second group
of problems and providing custemers
with high-quality pewer. I believe this can
sometimes be the lowest-cost approach,

WORKING ON HARMONICS Nonlinear loads—such as adjustable-speed motor drives, electronic ballasts for fluorescent

lamps, and power supplies for welding equipment—can inject harmonics onto power lines and interfere with other loads.

EPRI is working with equipment manufacturers to create power-quality-hardened equipment that doesn’t create harmonics

and that can even correct power factor discrepancies, increasing efficiency. Examples are the ballast and welding

power supply prototypes shown here.

Adjustable-speed drives

Electronic lamp ballasts

Welding equipment

Prototype hardened ballast

]
|E \\‘___ - '_//
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Prototype hardened
welding power supply




although specific problemz have to be
handied on a case-by-caze basiz.”

The basic Custom Power configuratinn
would use power electronic contrallers at
a substation with two independent distri-
bution feeders tx provide #ssentially un-
interruptible, robust power to customers.
in the event of a power flow interruption
on one feeder, a solid-state breaker (SSB)
would switch over to the ather feeder, re-
ducing thi outage time for a fault to vne
cycle or less Meanwhile, a static con-
denser (STATCOM) would hold voltage
constant and supply momentary power si
that the customer lsad would remain s
sentially unaffected by the feeder switch-
mg.

Both of the basic Custom Power con-
trollers just described are now being de-
vilopid for EPRI by Westinghouse Science
& Technilogy Center. 55B and STATCO¥
pristoty pes are being designed b use cur-
rently available gate-turnoff thyristors fir
15-kV distribution systems. Labwratory-
scale versions of both deviciz= have been
constructed and tisted to prove concept
feasibility. Litility field testing of full-scale
prototypes is scheduled to begin in late
1994 or early 1995. Commercial versions
of the controllers are expected to be ready
fur market in 1995 or 19496,

55Bs have several advantages aver the
mechanical circuit breakers now com-
monly usged in distribution systems, Mot
only can an 55B react much more quickly
than it= mechanical counterpart, but it can
also be used repeatedly without degrad-
ing performance, wherea= a conventional
circuit breaker has to be refurbished after
repeated use, Each 5B has thyristors that
conduct normal lead current and interrupt
excessive fault currents. A surge armester
in parallel with the thyristir switches pro-
vides protection against transient over-
voltages that develop during faults. in
additium tis their role in providing pre-
mium-quality power to customers with
sensitive loads, %5Bs will allow utilities ta
operate their distribution systems at in-
creazed short-circuit capacity and to exe-
cute automated load management morc
efficiently.

A STATCON is connected as a shunt bir-
tween a distribution line and ground; it

SOLID-STATE CONTROLLERS FOR CUSTOM POWER EPRI’'s Custom Power
concept involves the use of high-voltage electronic controlliers to improve

power quality on utility distribution systems, In this configuration, a solid-state

breaker can switch between two independent feeders to provide uninterrupted

power to a load in the event of a fault on one feeder. A static condenser, or

STATCON, helps provide voltage support and supplies momentary power so

that the customer load is virtually unaffected by the feeder switching.

supports voltage in the line by exihang-
ing power with the line during different
part= of a cycle. A thyristor inverter in
the STATCEM rectifies a portion of the ai
piwer from the line to di power to charge
a large capacitor and then inverts this de
puswver to ac for réinjection to the line as
nesded. The capacitor bath acts a= a
siiurce of conatant voltage and provides
cnough energy to supply real power to the
line for a few cycles during voltage sags
or intérruptions.

Development work haz also begun on a
variety of other electronic controllers en-
vizgioned as part of Lustom Power seryvice.
A dynamic voltage restorer would be con-
nected in series with a distribution line to
ovirride maomentary voltage sags and
swells by inserting a compensating volt-
age into the line. Thyristor-switchied ca-
pacitors would bring distribution system
capacitors on-line in smaller increments in
order tis follaw load changes more closely
and reduce the trangients now associated
with large capacitor awitching eperations.

“Our aim in developing Custom Power
technology is to take a cost-competitive
approach to improving power quality,”

Solid-state breaker

Customer

EPRI
Mehta. “Advanced electronic contrullers

Harshad

research

sava manager
will provide new flexibility to utilities as
thiy implement distribution automation
plan= and work with customers to find the
muast expedient and economical way to
providi uninterruptible quality pawer.”

Services for members

To be in a better position to advise their

customers abaut the best solutions to
power quality problems, utilities need a
better understanding of the melativnship
between distribution systems, customer
systems, and a variety of end-use tech-
nologies. To address this need, EPRI'S
Power Electronics Applications. Center
(PEAQC) in

launched a reswarch project on system

Knouville, Tennessee, has
compatibility. Specifically, this prject is
aimed at determining hinw well exizting
vlectronic equipment can tolerate pow-
er dizturbances, what disturbances the
equipment genirates, and how well it per-
forms it= intended function. Equipment is
chosen for evaluation bw¥ EPRlI member
utilities participating in the project.

The first twin technologies tested under
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TESTING AT PQTF The Power Quality Test Facility has been established at

EPRV's Power Electronics Applications Center to evaluate how welt various

equipment tolerates power disturbances and to determine what power quality

problems the equipment itself may cause.

The Power Quality Test Facility features a wide variety of measurement

and test equipment.

A transient voltage surge
suppressor is tested to failure.

An advanced welding power supply is tested for power quality

characteristics.

the project were the electronic ballasts

used in fluorescent lamps and the tran-
sient voltage surge suppressors widely
sold to protect sensitive equipment, such
as computers. Tests were conducted at the
new Power Quality Test Facility (PQTF) at
PEAC. The tests showed that, although
electronic ballasts produce about 18%
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more illumination per watt of electric
power consumed than conventional mag-
netic ballasts, they create more than twice
as much current distortion and are more
vulnerable to transients on the power sys-
tem. Tests on three brands of transient
voltage surge suppressors revealed wide
variations among the brands in their re-

sponse to surges and stead y-state over
voltages, and uncovered some deficiencies
that were reported to the manufacturers.

Another PEAC service is the Power
Quality Hotline, available to EPR1 member
utilities. With this service, a utility engi-
neer can obtain immediate, high-level
help over the phone to deal with specific
power quality problems. Duke Power, for
example, recently used the hotline to ask
for assistance in finding out why some
customers’ digital clocks were gaining as
much as 2 hours during the night. After
Duke faxed a graph of waveforms cap
tured by monitors on the affected circuit,
engineers used a simulator at PQTF to re
produce the effect and directed Duke
maintenance personnel toward possible
causes. Following this lead, the Duke team
found that voltage pulses were being sent
onto the circuit by substation equipment
that was about to fail. Replacing the
equipment not only solved the mystery of
the speeding clocks but also probably pre
vented a costly blackout on the circuit.

Two kinds of training courses are pro
vided by PEAC for utility personnel con-
cerned with power quality. The first type
is an intensive, handson three-day course
in which participants use PQTF equipment
to simulate a variety of power quality
problems and have an opportunity to use
some of the commercially available prod-
ucts designed to correct those problems.
The second type of course involves cus-
tomized instruction by PQTF staff on a
utility’s premises and may be attended
by utility customers as well as utility per
sonnel.

To further technology transfer in the
power quality area, EPRI has established
the North American Power Quality Test-
ing Network and is also setting up re
gional power quality service centers. The
national network includes not only mem-
ber utilities but also university research-
ers, public agencies (such as the National
Institute of Standards and Technology),
and the Canadian Electrical Association.
The first regional power quality service
center opened recently in the Northwest
with half a dozen utility members. The
center is currently sponsoring several ac-
tivities of regional interest, including



ADVANCED PROTECTION DEVICES Improvements in power quality can be achieved by means of new electronic devices now

becoming available for use on both sides of the meter. On a customer's premises, an active power line conditioner provides

integrated protection against many types of power disturbance, while an active hybrid filter controls harmonics on a line by

adjusting series impedance, On utility distribution systems, solid-state breakers react much more quickly to faults than their

mechanical counterparts, and STATCON can support voltage in a line by exchanging power with the line during different parts

of a cycle.

Hybrid filter

power quality workshops, the creation of
a database of power quality consuitants,
and the publication of market-specific
pirwer quality brochures.

An integrated approach

Because of the complex nature of power
quality problems, an integrated approeach
is needed in addressing them—in choos-
ing power-conditioning equipment, in de-
ciding whether to use the equipment on
the customer’s or the utility’s side of the
meter, and in conducting research to head
off future problems as the use of sensitive
electronic devices becomes even more
widespread. Substantial progress is being
made in each of these areas.

A wide variety of power-conditioning
equipment is now available for om-site use
by utility customers, ranging from small
plug-in surge suppressors to multimega-
watt uninterruptible power supplies. ™o
single product can =olve all the kinds of
power quality problems that customers
are likely to encounter. PEAC has con-
ducted tests on many of these devices and
has published technical commentariez on
how each type can be used most effiec-

Solid-state breaker

STATCON

Active power line
conditioner

(WNONORT
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tively to combat various power quality
problems. The center is also working with
manufacturers fo improve product perfor-
mance.

The optimal placement of power-condi-
tioning equipment eventually comes diwn
to economics. Some cases are clear: a home
computer is most easily protected against
transient overvoltages by a $20 surgie sup-
pressor; a new industrial park might be
able to obtain uninterruptible power more:
cast-effectively through dual-feeder Cus-
tom Power service offered by the local
utility. Between these extremes, however,
the discision about how best to prowvide
premium-qualify power depends on a va-
ricty of site-specific factors and en cen-
tinuing technological developments.

Lowking to the future, EPRI's [ntegrated
Energy Systems Division (IESD), jointly
with the Electrical Syatems and Customer
Systems divisions, is conducting a market
study of power quality that will measure
utility and customer attitudiss toward
power disturbances and their potential se-
lutions. “We want to make sure that EPRI’s
response to power quality issues i= as ef-
fective an possible in meeting the demands

of the industry,” says Vito Longo, a re-
search manager mn IESD.

“EPRI i= committed to giving member
utilities the information and technologies
they need to work with customers con-
cerned about power quality,” says Marek
Samotyj, manager for power electronics
end-use systems in EPRI's Customer Sy=
tems Division. "Our caze studies and the
evaluations performed at PEAC are help-
ing to establish much-needed standards in
what has been a chaotic field of endeavar.”

Vasu Tahiliani of the Electrical Bystems
Division emphasizes the need for “ceor-
dination at all levels—research, devilop-
ment, and application. Particularly as more
Custom Power options become available,
we expict to work even mare closelv with
the suppliers of this equipment and with
member utilities in dietermining which
technologies are most appropriate for a

specific application.” =

Backgreund information ler \his article was prowded by
Wade Malcolm, Ben Banerige, and Mares Samoly, Cus-
tomer Systems Division; Vasu Tahlian and Harshad
Mehta, Electrical Syslems Division, and Vito Longe. Inte-
graled Energy Systems Division
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by Taylor Moore

THE STORY IN BRIEF

Researchers have new optimism
for the commercial prospects of
pressurized fluidized-bed
combustion (PFBC) among
advanced fossil power systems.
Recent EPRI studies indicate low
capital costs for PFBC and highiight
the technology's potential as a
competitive source of low-cost generation
using low- o medium-sulfur coals. The
new perspective is spurred by recent
more positive outlook on the
prospects for pressurized flu-
idized-bed combustion (PFBL)

—a technology that burns
coal in a chamber enclosed in a pressur-

ized steel vessel—is spreading. In PFBL,
steam is raised to power a steam turbine
generator while the pressurized fiue gases
are expanded through a ga= turbine. Un-
til recently, EPRI projections of environ-
mental control performance and cost of
¢lectricity for PFBC were not among the
best for advanced coal technologies.

The latest EPRI engineering and eco-
nemic analyses, however, suggest that
capital costs are lower for PTBLC than for
other advanced fossil fuel options and
also reveal that PFBL operating costs are
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sensitive to the sulfur content of the feed
coal. These studies confirm the poten-
tial of PFBLC plants, when using low- to
medium-sulfur coals, to generate electric-
ity at a lower levelized cost than conven-
tional pulverized-cnal plants with flue
gas scrubbers, than integrated gasifica-
tion—combined-cycle (IGCC) plants, or
even than natural-gas-fired combined-
cycle plants when gas prices are same-

successes at severd PF8C
projects worldwide, including

one in Ohio supported under the
federal government’s Clean Codl
Technolegy Program. Two other PFBC
demonstrations under the federal
program are planned in the United
States, and some utiiities are already
considering commercial unifs for
repowering existing generating capacity.
A number of larger PFBC units are being

planned in Japan and in Europe.

what higher than at present.

The EPRI studies come on the heels of
operating success stories from a growing
list if demonstration and commercial proj-
ects around the world—results that give
experts at EPRI and elsewhere increaszed
confidence in the likelihood that PFBL will
be commercially available before the end
of the decade. The projects include two 80-
MW units in Stockholm, Sweden—the first
commercial PFBC units—which produce
both electricity and steam fur district heat-
ing; American Electric Power Company’s
75-MW Tidd repowering demmmnstration
project in Ohio, supperted by tha U.S. De-
partment of Energy’s (DOE's} Clean Coal
Technology Program; and a 79-MW com-
mercial unit in Spain.



“PFBC technology and the market out
look for it are both very exciting. Five
commercial-scale units are now operating
around the world, and plans are being
laid for more than half a dozen others, in-
cluding three separate design studies for
350MW commercial units,” says Steven
Drenker, who manages EPRI's Fluidized-
Bed Combustion Program. “Environmen-
tal performance is better than expected,
and we're seeing companies achieve very
good availability factors as they iron out
the bugsin the early units.”

Adds EPRI's John Wheeldon, a former
British Coal engineer with a long involve
ment i fluidized-bed projects: “Until re-
cently, despite a low relative capital cost,
the cost of electricity for PFBC plants
seemed relatively high. Recent assess-
ments, however, show that this cost can
be reduced appreciably.”

Part of the turnaround, explains Wheel
don, is the result of a change in how PFBC
is evaluated in comparison with other ad-
vanced fossil fuel technologies. The new
perspective evolved from EPRI studies of
the operating performance of early PFBC
plants. “Once we knew something about
the capabilities of those plants, we could
study where and why the costs were high
and determine a set of conditions under
which PFBC can be very economical,” he
says.

“Most of EPRI's earlier comparative
studies of advanced fossil technologies
were based on the use of high-sulfur coal,”
Wheeldon continues. “But when you look
at PFBC with, say, 0.5-2%sulfur coal—
which is widely available in many parts
of the United States—as the design basis,
then you have a much lower limestone re-
quirement for 95% sulfur capture and
therefore have much less spent sorbent to
dispose of. Such factors not only tend to
bring down the capital cost of PFBC but
markedly reduce its operating cost.”

Another part of the turnaround is the
result of increasing—through the use of
supercritical operating steam conditions—
the power generated by the steam cycle.
The use of supercritical conditions is
growing in Europe and Japan, where fuel
costs are higher and a premium is placed
on generating efficiency. This interest has

resulted in improved turbine designs and
morereliable plant operation.

Straddling the repowering
and new-plant markets

Although local or special circumstances
could give IGCC the econemic advantage
over PFBC for new power plants using
coals with less than 3% sulfur, the EPRI
studies suggest that IGCC is likely to be
the better choice for highsulfur coals and
PFBC to be more economical for buming
low- to mediumesulfur coals.

The potential operating-cost advantage
of PFBC firing the increasingly popular
low-sulfur coals, coupled with the fact
that PFBC is operationally more like con-
ventional coal combustion than is IGCC,
could make PFBC the preferred choice of
many traditional coal-burning utilities.
These tactors and the potential commer
cial availability of PFBC in a range of unit
capacities could give the technology an in-
sidetrack on a share of both the repower
ing market for existing fossil fuel units
and the green-field market for future ca-
pacity.

EPR] recently analyzed the U.S. utility
repowering market in detail and con-
ducted a workshop to help utilities chart
strategies to use existing assets for maxi-
mum competitive advantage. Natural
gasfired combined-cycle plants are typi-
cally the economic choice today for new
capacity at green-field sites. However,
studies for EPRI by Energy Ventures
Analysis (EVA)
consulting firm—have identificd repow-

an Arlington, Virginia,

ering market niches for PFBC, atmospheric
fluidized-bed combustion (AFBC),
IGCC systems if natural gas prices rise rel-

and

ative to coal prices, as many experts be-
lieve will be the case in the next decade.

By repowering, which makes use of
steam cycle equipment and auxiliary and
support systems already in place it an ex-
isting site, utilities can save 20-40% of the
capital cost of new capacity. Those savings
and the improved thermal efficiencies and
environmental performance of the repow-
ering technologies, compared with con-
ventional fossil fuel boilers, are the key
conditions that can allow coal-fired tech-
nologies to hold on to some of the fossil

fuel generation market currently being
lost to natural gas.

According to EVA's Tom Hewson, most
dectsions today about repowering and
generating capacity expansion involve
plants intended for peaking or intermedi-
ate duty, not baselead service. Those de-
cisions therefore tend to favor fuel-cost-in-
tensive, low:capital-cost solutions like
gas-fired capacity over capital-cost-inten-
sive solutions like large coal-fired plants.
“With today’s relative fuel prices, it's not
surprising that we see a lot of gas-fired cia-
pacity being built,” says Hewson.

“But looking into the future, we believe
that coal prices are going to decline in reql
terms and that gas prices are going to go
up,” he adds. The fuel price differential re
quired for advanced coal generation tech
nologies, including PFBC, to offset the cap-
ital cost and operating and maintenance
cost advantages of naturalgas-fired com-
binedcycle plants has shrunk from over
$3 per million Btu to just over $2 per mil-
lion Btu. That differential is already within
the range of regional variations in some
projections of the gap between gas and
coal prices by the year 2000.

“We think that the fuel price differen-
tial—and less so the capital cost differen-
tial
fired-capacity decisions in the future,”

will be the factor driving more coal-

says Hewson. “And as the generation
market turns more to baseload in the fu-
ture, the market share for coal-based tech-
nologies, such as 1GCC and PFBC, will in
crease. The costs and performance of those
technologies are improving, reducing the
capital cost and performance advantages
of gasfired capacitv. That will increas-
ingly favor a return to ceal.”

If PFBC is to play a role in the fossil re-
powering market, says Hewson, the keys
may be the successful demonstration of
the next scale of capacity beyond the 80
MW commercial plants and the commer-
cial availability of proven designs at unit
sizes closely matching those of the units
to be repowered.

In the United States, according to EVA,
about 87,000 MW of fossil fitel steam gen-
erating capacity will be over 45 years of
age by 2000, almost ali of it in units of
150 MW or less. PFBC could play a major

EPRI JOURNAL  December 1993 17



TIDD PIONEERS PFBC IN UNITED STATES American Electric Power Company’s demonstration of PFBC for repowering at its
Ohio Power subsidiary’s Tidd plant features one of five nominal 80-Mw units arolind the world based on ABB Carbon’s initial
design. The PFBC system—which consists of a fluidized-bed boiler, ash removal cyclones, and bed reinjection vessels, all
contained in a steel vessel pressurized at about 12 atmospheres—replaced the boiler at one of Tidd’s two units while most
of the balance-of-plant equipment was retained. The pioneering Tidd demonstration unit was built by Babcock & Wilcox in a
partnership with ABB Carbon and was cofunded by Ohio Power, the U.S. Department of Energy’s Clean Coal Technology
Program, and the Ohio Coal Development Office.
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role in repowering many of those units
“From 2005 to 2010,” predicts Hewson,
“"we will see new US. coal-fired capacity
taking off, with some 20,000 MW of new
capacity.” Before then, PFBC needs to be
commercially demonstrated at the 150-
350MW scale “in order to be seriously
considered and built in significant num
bers,” he says. “So the timing and status
of large-scale projects worldwide are crit-
ical to PFBC’s future, If they are success-
ful, PFBC could capture a significant por-
tion of the new-capacity market, as well
as the nearer-term repowering market.”

Technology contenders
around the globe

As reported in the latest version of EPRI's
Techmical Assessment Guide, PFBC systems

CLEAN COAL POWER FOR STOCKHOLM Stockholm Energi’s Virtan plant uses two
80.mw PFBC units from ABB Carbon to generate electricity as well as to suppily

offer not only lower capital costs and a
lower cost of electricity than conventional steam for district heating. The PFBC boilers, which burn low-sulfur coal, replaced

coal-fired plants, but also a generating ef- oil-fired boilers and produce low enough emissions to be operated in an urban area.

ficiency that is at least 12% better. PFBC
plants are coalfired combined-cycle plants,
raising steam in a boiler to drive a steam
turbine and sending the hot combustion
gas on to drive a gas turbine. Since emis
sions control is an inherent part of the
combustion process, there is no need for
postboiler scrubbers to control sulfur di-
oxide emissions or other systems to con-
trol emissions of nitrogen oxides (0.). A
sulfur capture of 95% has recently been
demonstrated for PFBC. MO, emissions are
inherently lower than in other technolo-
gies because of the lower combustion tem-
perature, and ammonia can be injected
ahead of the cyclones inside the PFBC ves-
sel to further reduce NO,. The cyclones e x-
tract most of the ash and spent sorbent
from the hot combustion products.

ABB Carbon is the current PFBC mar-
ket leader and has licensed its bubbling-
bed technology to companies in the Unit-
ed States, Japan, Spain, and the Czech
Republic. Now ABB Carbon’s 350-MW de-
sign is being licensed in Japan for what
could be the first large-scale commercial
plant, the Karita unit of Kyushu Electric,
planned for startup in 1996. An ABB STAL
gas turbine is being built for the unit. An-
other 350-MW PFBC unit of ABB design is
being studied for Taiwan.

Over 30,000 hours of operation have

been logged by the four bubbling-bed
PFBC units in Ohio, Spain, and Sweden.
These firstgeneration units are similar in
many key respects. In each of them, for ex-
ample, the majority of the dust in the flue
gas leaving the boiler is removed by cy-
clones. And each unit’s gas turbine has
been ruggedized with special blade coat-
ings and other design features to handle
the remaining dust in the gas.

Such use of partially cleaned high-tem-
perature flue gas in a ruggedized turbine,
however, will not be acceptable for higher
efficiency advemced PFBC systems. Those
systems will depend on the availability of
hot-gas cleanup (HGCU) technology, in
which the gas is directed through large ce-
ramic filter units before it enters the gas
turbine. HGCU has been a major focus of
EPRI's R&D activity in PFBC over the years,
and achieving the effective removal of
solids from the flue gas by means of ce-
ramic elements (themselves operating at a
high temperature) has proved challeng-
ing. Although not essential for PFBC sys-
tems such as ABB Carbon’s, the success
ful implementation of HGCU technology
would allow other PFBC developers to
use conventional gas turbines, which are
available in a wider range of generating
capacities.

Because of the dependence of advanced
PFBC on reliable HGCU technology, ob-
servers are closely following develop-
ments at the world’s fifth bubbling-bed
PFBC unit—the 71-MW Wakamatsu demon-
stration by Japan’s Electric Power Devel-
opment Company (EPDC)—which began
operating in September. The unit has asan
integral component a full-scale, tube-type
ceramic filter, although it also features a
ruggedized ABB gas turbine in case the fil-
ter does not perform as expected. In ad-
dition, this is the first project to incor
porate some of ABB Carbon’s design
concepts for the 350-MW-scale unit. ABB
Carbon licensed the PFBC design and sup-
plied the gas turbine for Wakamatsu. The
boiler and pressure vessel weriz manufac-
tured by Ishikawajima-Harima Heavy In-
dustrics, a licensee of ABB's PFBC technol-
ogy in Japan.

Meanwhile, half a dozen other PFBC
projects are on the drawing board in
Japan. The industrial heavyweights Hi-
tachi and Mitsubishi Heavy Industries
{(MHI) also have developed PFBC designs
based on their own test units. MHI is set
to build an 80-MW plant for Hokkaido
Electric that is planned for 1996 startup.
Hitachi is the vendor for two proposed
250-MW units for Chugoku Electric that
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could be operating by 1999. Elsewhere in
Japan, EPIH is considering two 350-MW
units based on ABB Carban’s design fer
startup at Isogo in 2082, while Okinawa
Electric is studying a 150-250-MW unit
that could be operating by 2000. And
Chubu Electric is evaluating a 300-400-
MW unit for startup around 2001; it is

based on the Ahlstrom Pyropower circu-
lating-bed PFBC design that is one of the
commercial challengera to ABB Carbon’s
technology.

“The Japanese utilities are very at-
tracted to coal technology and regard
PFBC as the most advanced coal-burning
technology for power plants,” says EPRI's
Wheeldon. “They don’t have ready access
to an assured supply of low-cost natural
gas; what they do get is mainly high-cost,
liquefied natural gas. But they can and
will be importing a lot of low-sulfur (0.5%)
coal from Australia for the PFBL units
they’re building and planning.”

In Europe too, developments with PFBL

technology continue apace. Designs are
being prepared for the firat of two 75-8W Wakamatsu pressure vessel shipment and installation
commercial-scale units in the Czech Re-

public, and studies for 350-MW commer-

cial plants are under way in Germany and [ — =
Spain. EPRI research managers point out ' - ¥ A N HokkaldsooE“uevzt‘n&H'ls'zrggLoi:azuma.
that for Europe as well as Japan, a large 1996
price differential between coal and natural
gas goes far in explaining the more im- A . ak I
mediate cemmercial interest in PFBC than MouggOPMWeﬁ:;fs" Ao i 75 MW, ABB,
is-seen in this country. 1999 1993

The circulating-bed PFBLC system being
developed by the Finnish boiler manu- - Sgg-?ﬁ?lolusggg'ABB
facturer Ahlstrom Pyropower—an estab- 2002 '
lished name in the world of AFBC with a '
circulating-bed design—promises to match Ky'-'sshg'o ﬂsvc";cs-;arita'@ ’ 300-400 N?@f'iﬁ.ﬂﬁﬂ:'%ympowen
the 95% sulfur removal of bubbling-bed 1996 2001
PFBL while consuming less limestone sor- o
bent. This ia to be achieved through the Okinawa Electric,
use of finer sorbent particles and a sor- 150—2205(()30MW,
bent-recycling system. Lurgi-Lentjes-Bab-
vork (LLB), a new German joint venture =
formed by Lurgi, Lentjes, and Deutsche gﬁil_,ig:l;\vs:“éeg
Babcock, also has a circulating-bed PFBL :
design that it expects to supply to a Eu- o & o e W A
ropean customer in the near future. (LLB — ==
also offers a bubbling-bed PFBL design but
believes that circulating-bed PFBL is= more
commencially attractive.) T A I W A N

Pyropower has operated a circulating-
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PENETRATING MARKETS IN THE PACIFIC RIM PFBC technology is making

inroads into Asian and European power plant markets faster than into the

U.S. market as a result of two factors: differences in coal prices relative to

gas prices and the greater need for new baseload and intermediate capacity

overseas. Plans and studies for a number of projects are being made by

utilities in Japan and Taiwan, which have access to low-cost, low-sulfur

Australian coal. A nominal 80-MW
unit based on ABB Carbon’s
bubbling-bed PFBC design began
operating in September at Waka-
matsu in a project funded by
Japan's Electric Power Develop-
ment Company (EPDC), and half a
dozen other Japanese PFBC
projects are on the drawing board.
The map identifies projects by
utility and—where available=plant

name, rating, vendor, and projected

startup date.

bed pilot plant in Finland, and LLB has
operated one in Germany. Proponents of
the circulating-type PFBC believe that it
promises lower operating and capital
costs than bubbling-bed technology, as
well as simpler operation. Its reduced sor-
bent consumption, compared with the
bubbling version, is a major advantage
and is expected to increase PFBC’s com-
petitiveness in using high-sulfur coal. EPRI
has been conducting its own engineering
and economic evaluation of circulating
bed PFBC and expects to issue reports this
month.

Under the DOE Clean Coal Technology
Program, Midwest Power Company is
planning to build a 75-MW circulating-
type PFBC unit of the Pyropower design at
its Des Moines Energy Center in lowa.
Plant startup is scheduled for 1997. EPRI
is supporting this demonstration project
with a dynamic simulation, testing, and
documentation program.

Advanced technologies

for higher efficiency

In conventional PFBC plants, the overall
cycle efficiency is limited to less than 42%.
That's because the combustor’s operat-
ing temperature—which must be held to
1650°F (900°C) or less to avoid sintering
the ash and releasing alkali metals that
could foul or corrode the gas turbine—in
effect sets the gas turbine inlet tempera-
ture far below the 2350°F (1290°C) or so
featured in the most efficient heavy-frame
machines currently in use firing natural
gas or oil. Advanced gas turbines in the
future may be capable of even higher fir-
ing temperatures.

Increasing the inlet temperature of the
gas turbine, which typically provides 20-
25% of the power in a PFBC plant, could
raise the overall cycle efficiency to more
than 45%. A simple means of boosting the
flue gas temperature would be to fire a

topping fuel, such as natural gas, ahead of
the gas turbine. But 2350°F would be wel!
above the ashsoftening temperature, so
high-temperature, high-pressure filtration
systems would be essential to remove all
particulate matter before firing the natural
gas.

Truly advanced PFBC systems would
use gas from coal rather than natural gas
as the topping fuel. The coal would be py-
rolyzed in a low-oxygen environment un-
der pressure to produce both a low-Btu
fuel gas and a residual char. The fuel gas
would be passed through its own HGCU
filters before being fired in a topping com-
bustor ahead of the gas turbine; the char
would be burned in a circulatingbed
PFBC, from which the flue gas would also
be filtered and then combined with the
toppingcycle gas stream. (Or the char
could be simply fired in an atmospheric
fluidized-bed combustor.} With net heat
rates below 7600 Btu/kWh (45% effi-
ciency), carbon dioxide emissions would
be correspondingly low

Such advanced systems are in the early
stages of development by two groups:
one in Britain, led by British Coal in con-
junction with PowerGen and the Anglo-
French manufacturing consortium GEC
Alsthom; and one in this country, which
is led by Foster Wheeler, is funded by
DOE, and includes LLB and Air Products
and Chemicals.

DOE selected a proposal from the Foster
Wheeler team for cost sharing under the
fifth round of the Clean Coal Technology
Program. This effort, the Four Rivers
Energy Modernization Project, involves
building a 95MW advanced circulating-
type PFBC unit at Air Products’ Calvert
City, Kentucky, chemical manufacturing
facility. Steam from the unit, which will
feature a coalgas-fired topping combus-
tor and an HGCU system, will be used in
chemical production, and the power will
be sold to the Tennessee Valley Authority
The project is scheduled to begin com
mercial operation in December 1997.

Two utility perspectives

No review of the prospects for PFBC in
the United States would be complete with-
out the perspective of American Electric
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Power (AEP), the Columbus, Ohio, hold-
ing company for several largely coal-
based utilities that has long championed
PFBC as a clean coal technology. With the
Tidd repowering project approaching the
final quarter in a successful three-year
demonstration program, AEP is reconsid-
ering its business plans to deploy PFBC,
despite its decidedly positive outlook on
the technology.

“The more experience we gain with
Tidd, the more encouraged and enthusi-
astic we are about the technology,” says
James Markowsky, executive vice presi-
dent for engineering and construction at
AEP Service Corporation. “We believe
PFBC technology is ready now for com-
mercial demonstration at the 330-350-MW
scale. But the issue for us is the need for
capacity.” AEP initially proposed, in 1989,
to follow a success at the Tidd unit with
the repowering of a coalfired unit at its
Sporn station. The focus later shifted to
a design study for a 350-MW green-field
plant at its Mountaineer station in West
Virginia.

But significant changes in load growth
forecasts and in the projected need for
new baseload capacity on the AEP system
have eliminated the utility’s need for new
coal-fired baseload generation until 2005
or later, notes Markowsky. He says that
AEP is now evaluating options for its DOE-
supported design study of a 350-MW unit,
“including exploring whether there may
be other utilities or independent power
producers that want to participate in the
commercialization of PFBC.”

Meanwhile, the Tidd unit has recently
been running well on 3-3.5%-sulfur Ohio
coal, after resolving initial startup diffi-
culties with the coal-feeding and ash re-
moval systems. (Such difficulties have
been experienced at all the demonstration
units.) The Tidd unit also made a swift
fourmonth recovery from a failure of
the gas turbine last February that, says
Markowsky, was unrelated to PFBC oper-
ation. “We are extremely pleased with the
PFBC process at Tidd, although it took a
while to get here. We had to address some
development issues with systems and
components, like you have with any new
tecliology.”

Markowsky says that AEP is seeking
government funding to extend the Tidd
demonstration to a fourth year in order to
upgrade the plant’s sulfur removal effi-
ciency. Currently, 90% removal is achieved
at a calcium-tosulfur ratio of 1.8-2 to 1.
The goal is to achieve 95% removal at a
ratioof 1.6-1.8 to 1. “We want to examine
ways to get the best environmental per-
formance with the lowest sorbent de
mand. That means looking at additional
sorbent feed poins, other particlesize dis-
tributions, different feeding methods, and
the recycling of cyclone ash,” Markowsky
explains.

“Although there is a strong likelihood
that a larger unit will not be planned for
our system at this point, we would like to
participate in the continued development
of the technology because we want it tc
be available when we select an advanced
coal technology in the future,” adds Mar

ECONOMICS SENSITIVE TO SULFUR CONTENT PFBC operating costs and, to a
lesser extent, capital costs are sensitive to the amount of sulfur in the coal to

be burned. A higher sulfur content means higher ash and sorbent flow rates

and disposal volumes and, in turn, larger plant equipment—factors that trans-

late into an increased cost of electricity. Variations in cost with coal sulfur

content have been compared
for similarly sized PFBC and
integrated gasification-com-
bined-cycle {IGCC) power
plants operating at 80%
capacity factor. Since the
comparison is based on
differential costs, the
results are independent of

Difference in Cost of Electricity:
PFBC Minus IGCC (mills/kWh)

the price of individual coals.
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kowsky, whose involvement with PFBC at
AEI” dates back 17 years, to the very be
ginning. “To appreciate PFBC, you first
have to see a conventional coal plant with
a scrubber on it. Then you come to Tidd,
and you ask, ‘Where's the sulfur removal
device, the dewatering vessels, the solids-
handling building?’ Tidd looks just like a
power plant
added on.”
Another heavily coal-based utility that

without a chemical facility

would like to see PFBC commercially
available today and that may be a candi-
date to adopt the technology is the Soutlr
ern Company, the Atlantabased holding
company. Its engineering organization,
Southern Company Services, is currently
evaluating 80-MW and 350-MW PFBC
plants for repowering and possible co-
generation applications, according to Tom
Newton, manager of power engineering.

“We're excited about how PFBC could fit
into some of our baseload repowering
projects,” says Newton. “We are now eval-
uating the engineering economics of the
technology on a commercial basis, looking
at it as a planning option for the 1998-
2005 time frame at whatever unit scale
gives us the lowestcost electricity. We're
probably most interested in the larger
scale, but we're also looking at some co-
generation project scenarios where 80-MW
PFBC units could fit neatly. As a repower
ing option, PFBC units of that scale offer a
greater advantage of lowering the cost of
production than [GCC does.”

Newton says that, like most utilities,
Southern’s operating subsidiaries proba-
bly won't need new baseload capacity un-
til after 2005. “But if we're talking about
repowering existing baseload capacity to
reduce our cost of generation, then in our
case we’d be talking about needing some
thing earlier than 2005.” He adds, how-
ever, that for Southern or another util-
ity to proceed with a commercial PFBC
project in the 1990s, “it’s probably going
to require some cost sharing by the gov-
ernment. It's still a little early for this tech-
nology, and most utilities don’t want to
take a risk with new technology until they
see several units running well.”

Acknowledging that gas-fired com-
bined-cycle technology is in most cases



HOW PFBC'S COST OF ELECTRICITY STACKS UP Comparative analyses by EPRI's Integrated Energy Systems Division of the
cost of electricity from several fossil power generating options—both current systems and advanced systems likely to be

available in the near term—indicate PFBC's competitive position. PFBC's low capital cost and its expected low operating

cost when firing low- to medium-sulfur coals make it a strong competitor with conventional coal plants using flue gas

desulfurization {FGD), with integrated cecal gasification-combined-cycle plants, or even with natural-gas-fired combined-cycle

plants at gas prices of $3.25 per mitlion Btu or higher. The analyses are based on EPRI's average cost-of-clectricity parame-

ters for each technology and on the use of 2.1%-sulfur bituminous coal.

the lowest-cost choice for repowering in-
termediate-load capacity today, Mewton
notes that the future outlook for gas prices
plays a significant role in his company’s
perspeitive on PFBC. “We consider PFBC
technolegy, with its flexibility to burn a
variety of low-cost fuels, an important
hedge against gas prices. We're looking at
scenario= in which PFBC could generate
power even more economically than our
existing coal-fired plants that do not have
flue gas scrubbers. So in our analyses,
PEBC competes directly against the gas-
fired combined-cycle option, and we see
the two technologies a= a hedge against
each other. Personally, | think coal is the
real hedge and that gas prices will go
higher.”

Meanwhile, Southern is in the process
of creating the Power Systems Develop-
ment Facility {PSDF) at its Wilsonville, Al-
abama, R&D center, whiire P®E and EPR]
have supported coal liquefaction and
other fossil fuel process development
work for more than a decade. Testing at
PSDF will focus on PFBC-related technolo-
gies, such as HGCU systems and topping-
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cycle combustors, The new $160 million
facility, some H0% of which is being
funded by DOE, is expected to play an im-
portant supporting role in future PFBC
demonstration projects.

A market niche for PFBC

Ron Wolk, director of EPRI's Advanced
Fossil Power Systems Department, echoes
the sentiment of the Southern Compa-

ny’s Newton on the need for technelogy
hedges with respect to gas-fired genera-
tion. And he says that PFBC provides a fur-
ther technology hedge with respect to the
price and availability of low- versus high-
sulfur coal.

“A starting point is the question of just
how big the market is for advanced coal
technologies. Over the last year we've be-
gun to think there is a real market niche
for PFBC. Our studies indicate that PFBC
has lower capital costs than IGCC and &im-
ilar cycle efficiencies and MO _emissions,
but that its sulfur removal is not quite as
good. The big thing PFBC has going for it
is that it's a coal combustion technology
and is therefore more familiar to utilities

than IGCC. Although its solids discharge
stream may be too high when high-sulfur
coals are used, the amount of solids is far
iess of a problem with Jow- to medium-
sulfur coals,” Wolk explains.

“When you put all these factors to-
gether, PFBC looks like a technology that
will find a market niche for repowering
and for new capacity,” he goes on. “But no
single technology is going to get all of the
market. To me the real question is, how
big will the market be over the next 15
years? The answer really depends on nat-
ural gas—specifically, gas supply in Morth
America and what happens to gas prices
over that time.

“Among the utilities that will continue
to rely heavitly on coal-fired generation,
some will favor PFBC and others will not.
So it's good to have both intertechnology
competition and intervendor competition.
Worldwide, there is a market for more
than one advanced coal technology.” m

Background information for s aclicle was provided by
Steven Drenker, John Wheeidon, and Ron Wolk, Genera-
tien & Slorage Divisien
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etailed news reports have
made it clear that times are
tough in the former Soviet Un-
ion. Soaring inflation pushed
Russian prices up 2000% in 1992 alone;
government funds have dwindled; and
scientists with PhDs typically make less
than bus drivers.

But just because residents of what is
now the Commonwealth ef Independent
States are struggling doesn’t mean that
they have nothing to offer. In fact, where
many see a bitter stew of political, eco-
nomic, and social turmoil, EPRI—among,
other scientific organizations worldwide
—sees a cask of precious skills waiting to
be tapped. And scientists in the common-
wealth are ready to let their talents flow.

“They are willing and even eager to ne-
gotiate contractz with u=” says EPRI's
Tony Armer, director, fossil power plants,
who in 1992 visited utility industry facili-
“The driv-
ing factor is the need for Russia to attract
foreign currency to ensure the viability of

Hes in Russia and Uzbekistan.

the country and the continuation of its
R&D activities.” The intent of Armor’s
two-week mission in August 1992—a fol-
low-up to a visit he made in 1989—was to
scope out potential research projects that
could effer significant benefits to EPRI
member utilities.

Armor returned with a list of more than
two dozen areas for potential collabora-
tion with scientists from Russia and other
ex-Soviet republics. They include tests on
300-Mw superconducting generators, su-
percritical boilers featuring full variable-
pressure operation, low-slagging lignite-
fired boilers
nitrogen oxides, water-cooled gas turbine

that emit low levels of
blades, and steam turbines employing
thyristor-controlled startup techniques.
Two of the rezearch areas that were iden-
tified—hydraulic recirculation pumps and
advanced district-heating turbines—have
been selected for the initial projects, and
EPRI has drawn up contracts with acien-
tists from Russia and Lithuania to perform
the work.

Walter Piulle,
technical expert in Armor’s group who is
managing the projects, explains that they
are relatively short term efforts that will of-

the Russian-speaking
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by Leslie Lamarre

SCIEN CE

Strengthening Ties With the CIS

fer inzight into the potential for centrac-
tual working relativnships with scientists
from the Commonwealth of [ndependent
States, If they are succisstul, then other,
more extensive projects from Armor’s list
may be initiated. "These are among the
first actual contracts EPRI has had with sci-

entists from Russia and the other re-

"

publics,” nates Piulle. “Past relationships
have involved informational esxchanges
with the Soviets but never a funded con-

tract.”
Russian strengths

EPRI's interest in the scientific talents of

the former Soviet Union isn’t unique. Ruz-
sia has been known for it= strength in thit
basic sciences since leng before the com-
munist era. High-energy physics, spec-
troscopy, plasma physics, high-tempera-
ture materials, and electrochemistry are
just some of the areas in which Russian
scientists excel. Another is steam chem-
istry: two scientists from the warld-re-
nownid Moscow Power Institute devel-
oped the =cientific basis for the so-called

ray diagram, which provides the foun-

dation for steam plant cycle chemistry
around the world.

for is EPRI'S
phenomenon. Individual EPRI staff mem-

interest in Russia a recent

bers have maintained long-term work-
ing relationships with Soviet scientists, in
some cases dating back 20 years to the
time EPRI was established. Many of these
relationships have been nurtured aver the
years through such professional organiza-
tions as the International Conference on
Large High-Voitage Electric System= and
the [nternational Assaciation for the Prop-
erties of Water and Steam (1APW5).

[t i= na secret that fareign organizations
like EPRI that have initiated contracts in
the Commonwealth of Independent Staten
ane getting a good deal on =ientific talent.
But, as Armor points out, “the real carrot
is the possibility of acquiring their ad-
vanced technology—technology that has
been developed largely without Western
influence and hence is often significantly
different from that of the West.” This is the
kind of technology that Armor sought
during his visit to Russia and Uzbekistan

last year.

THE STORY IN BRIEF Tough times in the Commonweaith of Independent States {CIS})
have not diminished opportunities for international scientific collaboration. In fact, ac-
cording to EPRI researchers who have maintained {ong-term working relationships with
scientists in Russia and the other republics, interest in working with the Institute has
only increased since the treubles began. Recently EPRI entered a new phase in its rela-
tionship with scientists there, going beyond the traditional information-exchange agree-
ments to initiate funded contracts. Both types of arrangement are advantageous for EPRI
member utilities, who benefit from the stale-ot-the-art technology, world-class experi-

mental facilities, and top-notch scientific skills available in the CIS.
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Tony Armor of EPRI (foreground) inspects a 300-MW supercon-

ducting rotor in St. Petersburg.

LEARNING FROM THEM Through long-term working relationships

and frequent visits, EPRI staff members have become quite familiar

with the electric power industry in the former Soviet Union. As a

result, EPRI member utilities have benefited from the special skills

and facilities available there. EPRI is continuing its efforts to

identify technologies of potential interest to U.S. utilities, and some

of these technologies have already become the focus of joint

research projects.

A fully instrumented test turbine at the Moscow Power

Institute offers unique opportunities for in-depth analysis.

A technician at a Moscow power plant performs

a chemical analysis of turbine steam.

Russian scientists have used these advanced

probes to measure moisture in turhine steam.

Suiting up for a tour of a nuclear plant in
St. Petersburg.




Improved turbines for district heating
and hydraulic recirculation pumps—the
focus of the two initial projects resulting
from Armor’s visit—are among the key
technical advances that the Russians have
installed in operating power plants. Dis-
trict heating—in which steam from the
generating process is used to heal water
that is piped to utility customers for direct
usir and for space heating—originated in
Europe as a2 means of conserving fuel. Im-
pleminted in cogeneration plants, this
technology offers the potential to signifi-
cantly enhance overall cycle performance
and to improve (i.e, reduce) effective
plant heat rate by as much as 50%. U.S.
utilities are expressing increased interest
in district heating as a means of improv-
ing total plant utilization. The efficiency
improvement also offers an attractive op-
tion for =ignificantly lowering carbon di-
oxide emissions levels.

EPRI has initiated a nine-month contract
with Lithuanian scientists for a series of
will-dncumented tests on an advanced
district-heating turbine. The goal i= to
demonstrate the performance and uniquu
technical features of the turbine, a 150-MW
machine located at a power plant in Vil-
nius, Lithuania. “The Lithuanian plant of-
fers us a unique opportunity to conduct
—at full scale, with zero development
costs—a project of great interest to U.S.
utilities,” Piulle points out, noting that the
establishment of even a pilot-scale unit for
testing in the United States would involve
considerable expense. The project will be
completed in February.

Similarly, the project on operating, full-
scale hydraulic recirculation pumps will
involve ne development costs. The hy-
draulic pump, which utilizes the energy
potential offered by a power plant’s water
streams, was developed by engineers at
the Central Beiler and Turbine Institute in
St. Petersburg. Users in the former Soviet
Union haye found it to be reliable and ef-
ficient in all boiler operating modes, in-
cluding startup and partial-load opera-
tion. The project will explore whether the
Russian pump is a good alternative to the
electricity-driven hermetic pumps uzed in
U.S. plants, which frequently suffer from

reliability problems, particularly at partial

load. The Russian pump offers several po-
tenbial advantages, including =implified
wperation and maintenance, the capability
for variable-speed operatien, and signi-
ficantly weduced sizi and weight. This
seven-month project, initiated at the end
of September, involves the demonstration
of a hydraulic pump at a 250-MW super-
critical cogeneraticn unit at a power sta-
tion in St. Petersburg. The Russian con-
tractors will perform technical and power
usage comparisins of electricity-driven
and hydraulic pumps.

EPRI will closely menitor the progress of
both projects through an Amwerican con-
tractor, Joseph Technology Corporation.
Joseph Technology also will perform eco-
nomic evaluations in accordance with
EPRI criteria. “We want to get a good idea
of the quality of the products coming out
of these contracts before we invest in other
contracts with the Russians,” Piulle says,
referring to Armor's list. “However, we
anticipate very significant benefits for a
very medest investment.”

State-of-the-art facilities

Scientific genius is not the only useful re-
source EPRI i= tapping in the Common-
wealth of [Independent States. Some of the
republics own stati-of-the-art facilities for
power plant research. Among them is the
Moscow Power hstitute (MEID), the train-
ing ground for most of the technical ex-
perts that run the power plants of the for-
mer Soviet Union.

ME], which currently has a student body
of 12,000, haz churned out numerous top-
notch scientists. Observers note that the
economic plight of the Commonwealth of
Independent States has hit the technical
mstitutions hard, as it has other acientific
organizations supported by the govern-
ment. It is estimated that some 25-30% of
all scientists in the commanwealth have
cither lost or left their jobs.

But tough times have not yet spoiled
MEl's state-of-the-art facilities. The orga-
nization has its own power plant and a
large, fully instrumented test turbine that
run= on steam diverted frim one of the
piwer plant’s turbines. This offers a
unique opportunity for in-depth study of

the serious global priblem of corrosion
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and erosion of turbine blades. The test
turbine is configured to aliow the inser-
tion of probes between stationary and ro-
tating blades during operation so that re-
alistic steam samples can be taken. Other
instrumentation allows for the monitoring
of chemical and physical conditions before
and after each row of blades and at vari-
ous points along each blade length.

“There is nothing like this available out-
side Russia,” says Barry Dooley, manager
of boiler and cycle chemistry in EPRI's Of-
fice of Exploratory & Applied Research.
Dooley oversees a project on steam chem-
istry that employs the test turbine at MEI.
The aim is to explore the formation of
chemical species in steam that contribute
to the corrosion of turbine components. In
this effort, MEI scientists will divert steam
into the test turbine for detailed analysis.
The resulting data will be part of EPRI’s
contribution to a broad international col-
laborative study of steam turbine chem-
istry and corrosion.

Dooley also manages EPRI’s participa-
tion in the international effort, which in-
valves 23 industrial organizations from 13
countries, including Australia, Denmark,
England, and fapan. Like MEI, these orga-
nizations will gather data on steam chem-
istries. To help ensure that the data are
comparable and comprehensive, EPRI is
supplying the participating organizations
with special monitoring instrumentation it
has developed. When the project is com-
pleted—in two years—EPRI will collect
and publish the results.

So far, the international collaboration
has led to a solid overall understanding of
worldwide experience in steam chemistry
and to the identification of specific areas
that are not well understood. The proj-
ect’s objectives are to develop a computer
model for predicting salt deposition in the
turbine steam path, to create a new design
code for turbine blades, and to establish
operating guidelines for controlling steam
purity. These products, notes Dooley, will
be of direct benefit to EPRI member utili-
ties. “This is the first time that such a com-
prehensive, international perspective has
been taken on this topic,” says Dooley.
“It's not surprising that so many groups
are interested in cooperating. Steam chem-

istry is not a special phenomenon that af
fects a few facilities here and there. It af
fects everybody everywhere.”

Long-term ties

Like the projects that Piulle manages,
Dooley’s work with MEI involves a con-
tract with Russian scientists and is the
outgrowth of a long-term relationship
with Russian colleagues. Dooley has been
working on steam chemistry issues with
Russian scientists for the past decade,
largely through IAPWS. “In the communist
days, the IAPWS meetings were our only
chance to get together,” says Dooley. But
while meetings may have been restricted,
the information flowed just as freely be-
tween Russian and US. scientists in the
communist era as it does today, he says.
The past exchanges did involve some
daunting logistics, however, Visits by Rus-
sian scientists to EFRI typically spurred
frequent calls from the U.S. State Depart
ment. Some of the Soviet scientists did not
dare to venture into the homes of Ameri-
cans who extended invitations. By the
same token, these Soviets were afraid to
invite visiting US. scientists into their
own homes. “Although there was no writ-
ten regulation against these visits, 1 was
atraid that my right to travel would be re-
stricted,” says Gennadi Vasilenko, a sci-
entist from the Central Boiler and Turbine
Institute (CKTI) in St. Petersburg who is a
consultant for EPRI’s project with MEL
Former Soviet president Gorbachev’s
program of glasnost and perestroika did
much to quell these fears. By 1989, when
Armor and a consultant from joscph Tech-
nology, Ishai Oliker, traveled to the Soviet
Union, they received many invitations to
the homes of Russian scientists, including
those at CKTI. Vasilenko, a visiting scien-
tist at EPRI for two months this summer,
says that he is no longer afraid to invite
foreign guests to his home. In fact, he did
just that when Dooley was in Russia in
September 1992, taking the EPRI visitor to
his St. Petersburg flat to meet his wife and
sons. Likewise, Vasilenko visited Dooley’s
family during his stay at EPRL. Other ad-
vantages have come with the fall of com-
munism; for example, the arrival of Rus-
sian scientists at EPRI no longer prompts



The son of a Russian scientist tries out the laptop

computer of a visiting EPRI employee (1992).

BEHIND—AND BEYOND—THE IRON CURTAIN Life in the
former Soviet Union has changed considcrably over the
course of EPRl's relationships with scientists from the

various republics. Where once the KGB had a high

profile. small.scale entrepreneurs have now set up shop.

Throughout the political and economic chaos of recent

years, science has remained a key strength.

Street scene, Moscow (1990).

LT i sl -

A Moscow entrepreneur sells newspapers

Visitors tour a popular space museum in |
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calls from the U5, Gtate Department.

5till, however, many things have not
changed. For instance, a meeting between
Donley and Vasilenko at CKTI still requiires
the presence of a department direictor and
numerous associates. “Before vou know it,
"m =itting an one side of the table with 15

2]

people across from me,” Dooley =ays,

Common goals

Vasilenko’s main purpose at EPRIL this
summer was to serve as a consultant for
another project that Dooley oversees—a
study of the veolatility of zalts in turbine
steam. Funded through EPRUs D¥ffice of
Exploratory & Applied Rezearch, the proj-
ect has been under way at Oak Ridge Ma-
tional Laberatory for the past thres vears.
Recently, utilities from Australia, Canada,
[taly, South Africa, and Denmark joined as
COAPONAOTS.

CETI, where Vasilenko is employed, has

developed a theoretical methodology to

30 EPRI JOURNAL ecember 1993

esplain the volatility of salts in steam.
Duolew says the hope is that the experi-
mental approach at Oak Ridge will vield
results that are consistent with CKTI's the-
oretical results. The goal of the project is
to provide information for modifying the
existing ray diagram to mone accurately
guide steam plant operations.

Another project involving CKTI is aimed
at improving the thermodynamic perfor-
mance of steam turbines. This project is a
result of Armor‘s 1992 visits to turbine test
facilities at both CKTI and the turbine
manufacturer LMZ. Tom McCloskey, man-
ager of the project, says that researchers
will use the 40-8W test turbine at CKTI to
try out a new design for turbine fow
paths. The new design, to be developed
next yizar, has thi potential to increase tur-
bine efficiency 3-5%. McCloskey cites
CKT1's unique facility as the main reason
it was selected as the test site. “Right now
there i= no comparable facility in the
Linited States,” he says. McCloskey's proj-
ect i= another effort involving a contract
with Russian scientists—an arrangement
that would have been far more difficult to
wstablizh three years ago, he notes.

Other projects with Russia involve the
exchange of information and technology.
EPRI recently initiated such a project on
adjustable-speed drives with the All-Rus-
sian Electric Power Research Institute
{(VNHE). Bince 1981, EPRI has successfully
retrofitted adjustable-speed drives in U.S.
power plants for boiler feedpump and
forced-draft-fan applications. Advantages
of the electronic drives include energy
savings, improved process control, and re-
duced emissions. Mow, through a memo-
randum of understanding expected to be
signed by the end of the year, EMRI's
Power Electronics & Controls Program
will provide VMIE with information on
thie U5 retrofits. in return, the agreement
states, the Russians will implement an ad-
vanced adjustable-speed  drive that has
been on the market for over two years but
has never been installed in the United
States. They will collect extensive data on
the drive’s performance—data that will
give U5 utilities valuable insight into this
new technology.

EPRI researchers believe that member

utilities can benefit egually from both
types of exchanges—thirse that invelve
work under contract and those that in-
volve the exchange of information and
technology. One new idea under consid-
eration ceuld very well cembine both
typiss. The idea was proposed by Jouni
Keronen, whe is on loan to EPRI for bwo
years from Imatran Yoima (IVO Group), a
utility holding company in Finland. It
calls for the establishment of a center for
technology exchange in Finland, the only
Western country that has a common bor-
der with Russia. The purpose of the cen-
ter would be to facilitate the introduction
of EFRI technologies and services in the
former Soviet Union and in Eastern Eu-
rope. “The concept is good. The key ques-
tions are what kind of investment we
would have to make and what the pay-
backs would be,” Armor says. “We have
been working with [VO Group to see what
the opportunities might be in both Russia
and Eastern Eurspe.” Of interest, for ex-
amplis, is a large combined-cycle plant at
Lenenergo, the utility in 5t. Petersburg.
1¥0 Group is currently engineering this
plant and could provide EPRI with in-
sights into state-of-the-art Russian and
European designa. [n return, the facility
could benifit from EPRI's combustion tur-
bine technology.

For their part, scientists trom Russia and
the other republics are equally interested
in new initiatives with EPRI. As Gennadi
Vazilenko point= out, “Collaborating with
EPRI gives us an idea of where we stand,
compared with the rest of the world. Al=o,
together we can resolve problems faster
and more cheaply than either of us could
if we were rompeting with each other.”
Vasilenko cites a famous Russian physiol-
ogist whose connections to the outside
world were severed after the revolution of
1917. “l remember lgarning that he said he
winttld die as a scientist if he did not have
contact with his foreign colleagues,” Va-
silenko recalls. “Those words impressed

"

me. ]

Background information tor this articte was proviged by
Teny Armor and Walter Pwille, Generatiors & Storage Divi-
sign, and Barry Oooley, Office ot Exploratery & Applied
Research The architectural pholographs are by Barry
Doolay
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olving Problems of Power Quality

(page 6) was written by science
writer John Douglas, with background
information from members of EPRI's
Customer Systems and Electrical Sya-
tems divisions.

Wade Malcolm has been manager of
the Power Electronics & Controls Pro-
gram of the Customer Systems Division
since July 1991. Eartier he was a project
manager in the Electrical Systems Di-
vision’s Distribution Program, on loan
from Philadelphia Electric Company. At
Phitadelphia Electric, Malcolm was an

CONTRIBUTORS

engineer in the Research Divizion and
the Electric Transmission and Distribu-
tion Department. He has BS and MS
degrees in electrical engineering from
Drexel University.

Vasu Tahiliani, who heads the Cus-
tom Power Distribution Program in the
Electrical Systems Division, joined EPRI
in 1977 a= a senior project manager for
transmission substations. He became
the division’s technology transfer ad-
ministrator in 1984 and program man-
ager for technology transfer the follew-
ing year. He assumed his current po-
sition n 1991. Before coming to the in-
stitute, Tahiliani spent five years at ITE
Imperial Corporatien and five years at
McGraw-Edizon Company. He holds
two electrical engineering degrees—a
BS from the University of Baroda (India)
and an MS from West Virginia Univer-

sity. =

Brighter Future for PFBC (page

16) was= written by Taylor Moore,

Journat senior feature writer, with prin-

cipal guidance from two members of

EPRI's Generation & Storage Division
staff.

Steven Drenker has been manager
of the Fluidized-Bed Combustion Pro-
gram sincit 1991. He joined EPRI in 1978
as a project manager in the program.
Earlier Drenker was a field service en-
gineer with Babcock & Wilcox Company.
He received a BS degree in mechanical
engineering from the University of Mis-
souri and an MBA from the University
of Santa Clara.

John Wheeldon manages projects on
pressurized fluidized-bed combustion
(PFBC} technologies. He joined the In-
stitute in 1990 after three years as an
EPRI contract employee at the Tennes-
see Valley Autharity’s 160-MW atmo-
spheric fluidized-bed combustion dem-
onstration project in Kentucky. Wheel-
don previously was with British Coal
Corparation for 13 vears as a research

Technical sources for Journal feature articles

engineer in various coal technologies;
he spent part of that time at the Inter-
naticnal Energy Agency’s Grimetharpe
PFBC test facility in England. He re-
ceived BS and MS degrees in chemical
engineering from the University of
Bradford (England). =

Bonds of Science: Strengthening
Ties With the CIS (page 24) was
written by Leslie Lamarre, Jourual se-
nior feature writer, with guidance from
three EPRI staff members.

Tony Armor, director of the Faossil
Power Plants Department in the Gener-
ation & Storage Division, came to EPRI
in 1979. Before that, he was with Gen-
eral Electric for 11 years, first in the
Large Steam Turbine-Generator Divi-
sion and then in the Energy Systems
Division, where he &erved as program
manager for superconducting genera-
tors. Armor has a BS in mathematics
and an MS in mining engineering from
the University of Mottingham (Eng-
land).

Barry Dooley, manager of boiler and
cycle chemistry in the Office of Ex-
ploratory & Applied Rezearch, joined
the Institute in 1984, Previously he
spent nine years with Ontario Hydro,
ultimately serving as manager of the
Chemistry and Metallurgy Department.
Earlier he was a research officer with
the Materials Division of the Central
Electricity Research Laboratories in En-
gland for three years. Doiley has BS
and PhD degrees in engineering metal-
lurgy from the University of Liverpool
{England).

Walter Piulle, a combustion turbine
process. manager in the Generation &
Storage Division, came to EPRI in 1976,
Earlier he was a regional manager at En-
virotech Corporation, where he worked
for 18 years, and a development engi-
neer at Curtiss-Wright Corporation for
two years. He haw a B5 in electrical en-
gineering from Pratt [nstitute. =
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TECH TRANSFER NEWS

Initiatives 1o increase the effectiveness of the technology

Curbside-Charging Winners Bring EVs Closer to Realily

our companies were winners in
EPRI's recent design competition on
technologies for curbside charging, a
basic element of the infrastructure nec
essary to support the use of electric ve-
hicles (EVs). The winners were presented
awards, and their entries were exhibited,
at the Second National Conference on
Electric Vehicle Infrastructure in early De

Moerman's Bifronic Power Pedestal

NuSun's EV Autocharge

cember in Scottsdale, Arizona.

“We wanted to reward the designers of
innovative ideas that make EV charging
convenient and easy,” explains Ed Riddell,
EPRI’s transportation program manager
The contest rules required the chargers to
be safe and easy to use in any weather
“We also wanted the technology to be
commercially available as soon as possi-

ERV's EDD-7

L.___Ll_lr.,
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ble to anyone who buys an EV,” Riddell
continues. “EPRI has been a leading force
in EV research for more than a decade. The
charger competition is a natural extension
of that effort.”

The entries were judged by technical
and product-development experts trom
the utility and automotive industries. “We
were pleasantly surprised at the range of
complex problems solved by the en-
trants,” notes EPRI's Gary Purcell, man-
ager of EV systems technology. The com-
petition had three categories: “market
ready,” for charging products that are
ready for use today; “innovative,” for de-
vices using new technology; and “leading
edge,” for ideas that offer something new
but must overcome technical or develop-
ment obstacles.

EHV Corporation of Manhattan, Kansas,
and Moerman, Inc., of San Luis Obispo,
California, were winners in the market
ready category, EIMV won for its EDD-7
charger, a durable system that uses cir
cuitry with such safety features as over
current protection and ground-fault inter-
ruption. Moerman won for its Bifronic
Power Pedestal, a compact charger that
can charge up to four vehicles at a time
and does not impede sidewalk foot traffic.

Innovative Systems, Inc., of Santa Mon
ica, California, received the innovative
category award for its EV Smart Card,
which has an embedded computer chip
and can be used like a credit card at charg-
ing stations.

NuSun, Inc., of West Jefferson, North
Carolina, won in the leading-edge cate
gory for its EV Autocharge system, which
allows EV users to charge vehicles with a
remote, hands-free coupling system.

Honorable mention went to ACT Inter-
national of Saratoga, California, for its
Combometer charging concept, which re-
motely signals EV users upon completion
of vehicle charging.

m For more information, contact Gary Purcell,
(415) 855-2168.



Motor Challenge Promotes Efficient Industrial Systems

fter several years of successful
development and technology
transfer work on advanced motor
systems, EPR] has formed a partnership
with the Department of Energy (DOE) and
the users and suppliers of electric motors
and drive systems to promote energy-effi-
cient motor systems for their economic
and environmental benefits. The result—
the Motor Challenge program--targets in-
dustrial end users and adds another di-
mension to EPR{’s efforts.
“EPRI's work on advanced motors fo-
cuses on achieving higher energy efficien-
cy and enhanced productivity at lower

have been called for by the Clinton ad-
ministration.

Currently, the three principal elements
of the Motor Challenge program are ac-
tivities whereby private companies, asso-
ciations, institutions, and the public sec-
tor exchange information; demonstrations
that showcase efficient electric motor sys-
tems; and the development of the Na-
tional Electric Motor Systems Database for
exchanging data and reporting progress
on demonstrations and other activities.
Future efforts will include the recognition
of individual excellence in implementing
and managing efficient electric motor sys

costs. The government’s involvement in
the Motor Challenge program will help all
of us achieve our objectives much faster,”
says Richard Balzhiser, EPRI's president
and CEO. He notes that motors are the
largest energy load on most electric utility
systems and that they account for about
one-half of the country’s total electricity
consumption.

High-efficiency motors and related sys-
tems are expected to use 2-7% less energy,
depending on the motor type and size.
And the addition of an electronic ad-
justable-speed drive (ASD) to a motor can
slash its energy consumption by as much
as half, depending on the application.
Such lowered energy consumption could
play asignificant part in achieving the vol-
untary reductions in greenhouse gas emis-
sions from fossil fuel combustion that

tems in industrial settings.

“EPRI has established a technology
transfer program with its member utili-
ties and their customers on motor research
and has been successtul in technology de-
velopment with manufacturers. Our work
spans all customer sectors and will com-
plement the DOE effort in making the Mo-
tor Challenge program a success,” says
Wade Malcolm, power electronics and
controls program manager in EPRI's Cus
tomer Systems Division.

In 1991 EPR} established the National
Motors and Drives Steering Committee,
which provides a forum for the discussion
of development and applications activities
in advanced motor drives by private and
public R&D institutions. In 1986 the Insti-
tute opened the Power Electronics Appli-
cations Center (PEAC), which conducts

transfer process

power quality investigations and research
on ASDs. This year PEAC opened the ASD
Office to provide applications expertise
for utilities and their customers. In addi-
tion, EPRI has several advanced motor
technologies in development and has con-
ducted technology demonstrations and
assessments related to the textile, petro-
chemical, utility power plant, and munic-
ipal water management markets.

& For more information, contact Wade Mal
colm, (415) 855-1831.

First CCT Commercial Sale
Is Low-NO, Burner

he first domestic commercial sale

of clean coal technology developed

under the Department of Energy’s
CCT demonstration program involves an
advanced low-NO, burner system devel-
oped by Babcock & Wilcox with support
from EPRL B&W, DOE, and the Ohio Coal
Development Office announced that Al-
legheny Power System will use B&W’s
burners in two of the 555-MW coal-fired
boilers at the Hatfield Ferry plant in Penn-
sylvania, which is jointly owned by Alle
gheny’s operating companies and is run
by West Penn Power Company.

B&W's low-NO, cell burner (LNCB) is a
retrofit for the original B&W cell burner,
which was created to burn coal efficiently
in a compact utility boiler. The LNCB lim-
its NO, emissions by staging the sec-
ondary air with the fuel during combus-
tion; the design replaces the top of a pair
of coal nozzles in each burner cell com-
partment with an air port for staging. B&W
says that the burner has a typical retrofit
cost of approximately $5.50-$8.00/kW. To
order the LNCB, contact Jane Piepho, B&W
manager of business development, at
(216) 860-6246.

u For wore information, contact Tony Facchi
ano, (415) 8552494.
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IN THE FIELD

Demonsiration and application of EPRI technology on utility systems

EHV Cable Lab Upgraded

s EPRI's world-class extra-high-voltage (EHV) cable

laboratory approaches its quarter-century mark, it

is undergoing a multiyear upgrading for its future
roles, which will include testing superconducting transmis-
sion cable. Located on the Hudson River in Yonkers, New
York, the facility was built in 1969 by Phelps Dodge Cable
& Wire Company and was purchased for EPRI in 1984 with
funds provided by Consolidated Edison Company of New
York.

The principal test equipment
at the EHV laboratory, now
operated for EPRI by West-
inghouse Electric Corporation,
was designed specifically for the
development of high-voltage

underground transmission
cables. It consists of a 1500-kV,
3-A, 60-Hz series-resonant
transformer; a 2000kV, 20-mA
reversible-polarity dc voltage
supply; and a 4600k V.. 345k],
23-stage impulse generator

The upgrading of the impulse
generator is scheduled for comple-
tion this year. The work includes
reimpregnating, resealing, and
testing the stage capacitors. In
addition, the triggered gap
systems will be replaced with a
new pressurized system devel-
oped by Hipotronics, Inc.

During its lifetime, the
Yonkers laboratory has been
instrumental in several impor-
tant developments in under-
ground transmission cable.
Notable among these develop-

ments are PPP-insulated cable
and high-pressure fluid-filled
cables rated at 138, 230, 345, and
765 kV. Much of the work at the
laboratory has been done in
conjunction with EPRI’s outdoor
cable test facility at Waltz Mill,
Pennsylvania.

m For mavre information, contact
Phil Garcia, (914) 964-2976.
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Utilities Demonstrate Magnetic Bearings

agnetic bearings have been used in small ma-

chines for some 20 years. Now, recent advances in

magnets, materials, and control technology have
opened the door for the use of these bearings in largershaft
systems with higher bearing-load capacity. EPRI and Empire
State Electric Energy Research Corporation (ESEERCO) are
applying this new technology in utility field demonstrations
to show how magnetic bearings behave in large pumps and
fans. Active magnetic bearings use electromagnets and
electronic sensors to levitate and precisely position rotating
shafts; as a result, vibration—which increases maintenance
costs and reduces equipment availability—is virtually
eliminated.

The first utility magneticbearing system, in a 600-hp
boiler feedpump at New York State Electric & Gas Corpora-
tion’s Greenidge plant, has operated successfully since late
1990. The second system, in a 3500-hp gas recirculation fan
at the Bowline plant of Orange and Rockland Utilities
(O&R), began operation last winter. The fan’s 23,000-1b rotor
is the heaviest ever suspended by magnetic bearings
anywhere in the world. Encouraged by the performance of
these bearings, EPRl and ESEERCO are looking for other
utilities to host further demonstrations on large power plant
pumps, fans, and turbine generators.

EPRI and ESEERCO began exploring magnetic bearings
with a survey of applications in other industries. The results
indicated that the technology could offer the utility industry
significant reductions in operating costs and power require-
ments. In addition to reducing vibration and friction, the
bearings eliminate the potential for catastrophic oil fires and
bearing-oil contamination.

The system in the boiler feedpump at Greenidge convine
ingly demonstrated bearing operability and capability in a
utility environment over a two-year period. Shaft position
control was excellent—within 1 mil of design position. The
bearings maintained full control, without any contact with
backup bearings, through all transients. The Greenidge
bearing system was manufactured by Magnetic Bearings,
Inc. (MBI).

Encouraged by the positive results at Greenidge, EPRI and
ESEERCO decided to demonstrate magnetic bearings on a
significantly larger scale at the 3500-hp, 890-rpm gas
recirculation fan at O&R’s Bowline plant. Bearings for the
fan and its motor were manufactured by MBI. Since startup
last February, the bearings have performed flawlessly,
cutting fan vibration to onefiftieth of usual.

Despite the demonstrated reliability and benefits of



magnetic bearings, their high cost must be reduced before

they can be widely used in power plants. “Magnetic
bearings can cost twice as much as oillubricated bearings;
however, most of that cost is for the engineering required
for each application,” explains Tom McCloskey, manager of
turbomachinery projects in EPRI’s Generation & Storage
Division.

EPRI1 will use the results of the demonstrations to develop
standardized procurement specifications that will signifi-
cantly lower the cost of magnetic bearings; operation and
maintenance specifications will also be developed. These
should be available in 1995. Meanwhile, utility interest
reportedly is high, and a users group of utilities, equipment
suppliers, and magneticbearing suppliers is being formed.

m For more information, contact Tan McCloskey, (415) 8552655.

Keeping Frozen Foods Cold
With Non-CFC Refrigerants

aced by international agreements for the accelerated

phaseout of chlorofluorocarbons (CFCs), manufactur-

ers and users of all types of vaporcompression
cooling and refrigeration systems are scrambling to replace
CFCs with chiorine-free, ozone-friendly aiternatives. Chemi
cal producers have recently introduced several new refriger
ants that are expected to become the favored substitutes in
many key applications. Some equipment, such as air
conditioners for new automobiles, has already been re-
designed to accept new refrigerants. But finding non-CFC
substitutes for most refrigeration and air conditioning
equipment is trickier, leading in some cases to the explo-
ration of untried refrigerant blends with unknown perfor-
mance.

EPRI is working with refrigerant producers, equipment
manufacturers, the Environmental Protection Agency (EPA),
and end-user industries on a broad front to identify and
evaluate candidate compounds as CFC substitutes. Several
projects are focused on refrigeration systems for food and
other frozen products. For example, EPR1 has cosponsored
the installation of an advanced mediunrtemperature
refrigeration system using the hydrofluorocarbori (HFC)
134a at a Hannaford Brothers supermarket in Glen Falls,
New York. And field tests of two new refrigerant blends for
low-temperature (frozen-food) retrigeration recently began
at a Safeway store in Menlo Park, California, where EPRI
had previously demonstrated new energyefficient refrigera-
tion systems.

The refrigeration systems that chill frozen cases along two
aisles at the Menlo Park Safeway were retrofit last suminer
with about 270 pounds of either Allied-Signal’s binary
blend AZ-50 or DuPont’s ternary blend SUVA HP-62. These
refrigerants were recently approved for public testing as
substitutes for R-502, a hydrochlorofluorocarbon that is
widely used in low-temperature refrigeration systems.
Although R-502 is being phased out, until recently there
were no substitutes for it.

In connection with the field tests, the equipment’s
internal mineral-oil lubricant was replaced with a new
ester-based oil that is compatible with the refrigerant
blends. It was found that a minimum of three oil changes
three to four days apart were required to fully exchange the
lubricants. Research managers say that the refrigerant
blends appear to be performing well with no noticeable
impact on overall energy efficiency. Continuing efforts are
focused on possible improvements in energy efficiency
through the optimization of control setpoints. When the
work is completed in mid-1994, users of commercial low
temperature refrigeration systems will have access to full
technical documentation describing how to carry out such a
retrofit with minimum expense and downtime and how to
reoptimize systems for efficient operation. The results will
also help in the design of new refrigeration systems.

EPRI's previous work demonstrating advanced refrigera-
tion systems at the Menlo Park Safeway was recognized in
a 1992 Renew America Award by the National Environmen-
tal Awards Council. This year, for its cosponsorship of the
field demonstration at the Hannaford Brothers supermarket,
EPRI was recognized in a Stratospheric Ozone Protection
Award by the EPA.

m For more information, contact Mitkesit Khattar, (415) 8552699.
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New
Contracts

Project

Customer Systems

Commercializanson ef Ihe Nonimirusive
Appliance-Load-Mondonng Systern
(RP2566-30)

Knewledge-Based Energy Management
System for Waler Disinbution Pumping
Caontrol (RP2662-38)

implemerntation of Industrial Meat Pump
Technoiogy Using Law-Temperature
Fifiuent at a Waslewatiir Treatmen)
Plant (RP2662-45)

Aavancid Commercial Unitaty Air
Source Heat Pump Development
tRP2891-12)

Commercial Lighling Retrafil Bata
Cobaction and Analysis (RP2980-44)

Bevelopment of Large Indusinal Micro-
wave and Racio-Frequency Systems lor
Pracess industries (RP3245-18}

Design ang Manufaciure of Protetype EV
Charging Station for Parking/Cemmarcial
Faciives Pnase 1 {RP3303-13)

Design and Manufacture ot Prolotype EV
Charging Statien lar Parking/Commercial
Facilines Phasi 1 {RP3304.16)

Inegraed Vaue-Baseo Planning
Cusiomer Service Imprevement
{RP3310-7)

Use ot Qrzone to Renovate Dye-Bawmi
VWater (RP3323-4)

toad Controt for Transmissian and
Owsinmution Benefits {RP3337-9)

Photovolae Oecision Mistel
{RP3337-12)

Airpart Elecinficanen Study (RP3536-1)

Devealspment of Enhancuxt Thermal
Storage System (RP3681-1)

Tnermal Storage Sysiems Davelopmert
and Demonstration (RP3H20-2)

Electrical Systems

TOMCATY 2000 Substalion Demonsiralion
{RP1497.6)

Improved Dynamic Equivalencing
(RP2447:2)

Sleady-Siate Voltage Monitenng and
Control (RP2473-70)

Power Cucul Breaker Diagnostics
(RP2747-10)

Fower Gnd Mainienance Scheauling
Under Increased Asset Utilization
(AF2944.9)

Study of System Operating Impacis of
FACTS Technoiogies (RP3022-29)

Charactenzation ang Delection of Loy
Currant Fauits on Low-Voitage Systems
(RP3127-11)

Pertormance Enhancements tar the Long-
Term Stability Program and the Extended
Transient-Midierm Stawility Program
(RP3144-3)

Funaingy
Duration

$749.080
30 monims

5181300
12 months

$672 400
22 months

$900.000
27 menths

$101.800
17 months

$67,000
9 months

$100 000
8 months

$100 00C
& months

$99500
& monms

$57,000
19 monihs
$65,000
19 months
S377 €00
18 months

$400.000
12 manths

#8514,400
27 months

$431,000
24 morihs

$50,000
& months

520 600
24 months

$50.000
10 months

$288.200
8 monms

$312 480
13 months

$124 000
11 monihs

$50.000
9 monihs

$197.700
16 months

Contractor/EPAt
Project Manager

Teleg Instrumenes/
L Carmuchaet

Texas Engineenng
Expenment Stalon/
M Jores

Cily of Topeha/
M Jones

Lenngs tnogustres/
W. Krit

Fleming Group/
A Giftman

Thermo Ensrgy Corp {
A Amarnaih

Sundberg-Ferar
G Purced

Walter Dorwin Teague
Assocates/G Purcell

Putnam Hayes & Baruewy
T Hennebergsr

Seuthern Comparny
Services/A Amdarnath

Analys:s & Cantrel of
Enetgy Systiems/G Heffiner

Energy ano Envitenmanta
Ecenomics/G Heitnes

Energy Research Group/
G Purcell

Flonda Pover Cotm/
J Kesselrng

Northern Stalos Pewer
Co (R Wendiana

Consoldaled Edison
Co of New YorkiH Mehia

General Electrnc Co /
P Hirsch

Massachusells instituli of
Techinology/O Maratulutam

UB Foundalion Servicasi
J Poner

Austratian Arttficial
Inteligence tnstihute/
A Voudam

Nevi York Power Aulhonty/
A Voydan

Texas Engingenng
Expermant Stahon/
T Kendrew

Bahebe Memartat
Institute!P Hirseh

Proyect

Laser-Induced Lightning Research
Oischarge of Lightrunig With Utirashort
Pulses (RPI556-2)

Heurly Leail Forecasting Using
Neural Nelworks (RP3573-d4}

Distribuuon Autormation Deronstratiot
(MP3§74-1)

Orsiribuetion Automatinn/Dernang-Sioe
Management Demonsiration (RP3I74-E)

Geomagnetc Disturbance investhgalicn
(RP367#-1)

Advanced Pawer Transformer
TVA Prolotype (RP3697-1)

Low-Cos!-Radis Prajecl (RP3759 1)

Nuctear Magnetc Besonance Earth
Prome for Subsuriace Imaging of Buned
Cable and Pipe Feasibility Study
{RP7910-25)

Bevelnpmant of Rock StecznngHead 101
Small-Iiametsr Horzontal Boring Ton!
{RP7H10-26)

Demonstraion ol Agvanced Underground
Canstruction Technolagy for Installing
Transrission Cabte (RP7822-1)

Environment

influence of Glemal Clinials Change on
e Disiribution ang Populabon Dynamics
of Setecled fWidife Speces (RP3316-3)

Caroon-Cycie Mods) Linkage Project
(RP3.416:1)

Mecharisms of Mercury ang Mercunc
Chionde Absorption (RP3470-2)

Oemensication af Selectwve Noncalalylic
Reduction on a Cyclone Boder (RP3619-1)

Puimonary Bisordess and Asbeslos
Euposure Management (RPI627-2)

Evaluanng 1he Impact of Mini Imyection
of FGO Sludges (RP%110-1)

Placememt of Fixated Scrubber Sidge
Fluid in Mings (RP9018-2)

Development ol a Uiinywide Was!e
Accounting System (RPS011: 1)

Evaluauon of a wet Electrosiatic
Precipiater tar Fine Particutals Cositrol
(RP9012-1)

Extraction and Treatrment of Groundwater
From the Toms River Manufactured Gas
Plari Site (RPS015-1)

Thermal Remearatien of Patraleum-
Contaminated Soils (RP2D15-7)

PISCES Fiald Chemical Emissions
Monitaring al Niagara Mohawk s Oswego
Unil & (RP3D16-19)

Mogsling for Basin Closure Study
(RPO$20-1)

Assessment of Chamical Treatment of an
Active Coal Starage Pie 10 Convol Acid
Leachale (RPSO21-1)

Coal Pile Site Field investigation
{RP3021.3}

Funding
Duration

$150.000
23 months

3151100
14 months

$1 794 900
31 montns
$483,200
30 months
$775,200
25 months

$624 508
7 months

$951.700
18 months

$1%0.200
19 manths

$100 200
12 monihs

$388.300
4 months

§104 700
18 months

31.594 000
59 moning
145100
30 months

Slia2 noe
15 months

$i1.800
44 months

$558,200
24 months

$297.400
15 menths

$430,000
43 monins

52,398 100
32 menths

$550,000
17 months

$810,800
8 months

$500.080
11 rmonins

$93 500
11 monins

$274 500
18 monihs

$143 100
10 manths

ContraclorEPRI
Proyect Matiager

Urniversity of New Mewico/
R Bemsten

Southern Methoaist
Unwersity/D Maralukuiarm

QOglethorpe Power Corp /
8 Blair

Umion Eleciric Co /8 Biar

Blecinc Researcn &
Management/J Porter

ABH Power TRD Cs {
S. Lindgren

Southeen Catilorma Edison
Co /v Tahibiar

Electrascan/T Kendrew

Underground Resaart:hy
T Kendrew

Underground Research/
T Rodenbaugh

Yale Universily/
L Prtetha

Max Planck Inslint fur
kietearelogie/l Pitetka

University of Tesas
Austin/3 Owens

Auantic Etecine Co ¢
J4 Sralings

Danigt H Rolh Associales/
L Goigstain

GAI Consuitants/
D Goiden

Conversion Systems/
D Golden

Precar Carp /M Mclearn

Marthern States Powur
Co/R Altman

Ebasco Envitonmantall
{ Muwrarka

Puget Sound Power &
Light Ca /t Murarka
Camol/8 Toole-ONeut

Tetra Techv) Muramg

Atantic Environmental
Sernces/! Murarka

Tetra Techif Murarka
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Project
Exploratory & Applied Research

Computational Aigenthms for tha Mullirale
Simulation ol Electric Power System
Dynamics (RP8()14-3}

Neural Networks With Internal Siructure
n the Analysis of Complex Systems
{RP8017-4)

Removal ol Nitrogen From Coal by
Thermal Oxidalien (RPB022-5)

Sulfur Forms Analysiz of Coals mnd
Trealed Coals (RPB022-6)

Removal ol Trace Elements From Coal by
Means of a Multiple-Property Processing
Circuit (RP8022-7)

Genenc Arctiieciure for Muliple-Agent
Procass Control (RP8030-3)

Expenmental Development ot Power
Reactot Intefligent Control (RPBO30-4)

Intetigent Coniral of Power Plants
{RP8030-5)

Inlerprating Hippecampal Funcuon ang
Developing Astificial Neural Networks for
Prediction in Spatal Conlral (RP8030-8)

Generic Framework fer Flexible-Agent-
Based (ntelligent Contro! (RP3030-9)

Imeltigent Feadback Systems (RP8030- 10}

Effects of Relractory Metats on Scating
of Fe-NI-Cr Alloys 10 Mixed Dxidanis
{RPB041-1)

Advanced Ni-Al Shape-Memary Alloys
(RP8043-2)

Hartrionie Ingtabilities 1n Power Syslems
{RP80S0-4)

Generation & Storage

Fabirication of Aoy 28 Waterwalls for
Syngas Coalets {RP2048-12)

AC Batlery Module intensive Monitonng
(RP2123-24)

Zewra Mussel Control Device
DOevelopment (RP2504-15)

Oevelopment at Advanced Weather
Technologies toe Eleciiic Uity
Applications (RP2917-44)

Fossil Power Plant Pertormance
Impravement (RP3151-14)

Tratring Sirnulator Model for Power Plant
Emissions Control (RF3152-22)
Siamens Conlral Logie Translalor
Development (RP3152-24}

Magnetc Bearngs Procurement and
Operating Guidelines (RP3319-3)
Header Feedwaler Heater Relrofit ang
Evalualion {RP3652-2)

Evalualion of ihe Impacis of Powder
River Basin Coal Blends an Plant
Pettormance and Emissiens (RP3667-1)

Modular Inclined Fish Screen Evaluation
at Green Island Hydro Project (RP3672-1)

Furnding
Duration

$187.500
56 months

§98,100
15 months

£148.800
12 months

$96,400
9 months

$138,900
8 months

$100,000
36 monlths

$100,000
28 tnonths
£100.000
36 monihs

$100,000
33 months

$100.000
31 monihs

$100,000
36 months

$360,400
20 months

$224.700
24 months

$242,100
29 months

$90,600
12 months

$120,100
10 months

$76,400
9 monlhs

$450,000
33 months

$229,000
11 months

$300,000
& months

$58,600
11 monihs

$425,300
43 months

$409.700
37 months

34,000,000
36 monlhs

$1,384,000
13 monlhs

Contracior/EPRY
Project Manager

University of Misseuri,
RallafA Wildberger

Northwestern Univarsity/
A Wildherger

Babcock & Wilcox Co /
C Kulik

ViRoLac Industries/
C Kuttk

Virginia Polytechine
{nstiluie and State
University!C  Kulik

Norin Carolina Stale
Unwversityld Naser

Pennsylvania State
University/G Lin

Pennsylvania State
University/G Pliastarer

Univarsity of Virginia/
A Widberger

University of Texas/
A Witaberger

Massachuseus Inslitute of
Technology/J Naser

Lockheed Missiles &
Space Co./W. Bakker

Uruversity of lllinas/
J Strnger

University of Wisconsin,
Madisan/A Edris

NV KEMA/W. Bakker

Omnion Power Engi-
neering Corp/S Eckroad

GilbertfCommonwealin/
J Tsou

Nalional Severe Sierms
Laboratory/ Mornis

Organizational Learning
Center/G. Pllastarer

Power Salely Infernationalf
R. Fray

Trax Corm./R. Fray
Technology Insighis/
T McCloskey

Encor-Amencald Bartz

PSI Enargy/A Menta

Stone & Websler Engs-
nearng Corp./C Stllivan

Project

Praowvoltaic Oistributed Generation
Project (RP3766-1}

Solar Energy Balance-of-System
Project {RP3766-2)

Inegrated Energy Systems

Stochastic Programming: Decomposition,
Importance Sampling, and Paralel
Processors (RP2767-7)

Bayesian Belief Network Solver
(RP3581-4)

Ecosystem Valualion Praject, Phase 1
{RP3676-1)

Operating and Mainlenance Cost
Manapement (RP3678-1)

Nuclear Power

Demonstration of PWR Conlrol Rod
Guide Card Inspection Capability
(RP3428-1}

Role of Graln Orientation on Carbide
Moarphalogy, IGSCC Defarmation
Mechamsms, and Grain Boundary
Degpretion {(RP3468-2)

Opetalion ang Maintenance Cost
Evaluations for Risk-Based Pronkzations
(RP3477-4)

Development of Macrocycle Purhicabon
System {RP3500-21)

Walding Repair Technology lor Steam
Generalor Tubing (RP3580-22)

Feasimilly of Adaptation and Transler of
NASA’s Advanced Scheduling Technology
ta the Nuclear Utility Indusiry Exploralery
Evaluatien (RP3500-23)

Digilat Safety and Control System
Raplacement Aclivibes (RP3549-4)

French Steam Generalor Batabiase
{RP3580-3)

Prevetitive Maintenance Progratm
(RP35%0-1)

Storage and Disposal at Low-Level
Radwactive Waste (RP3801-5)

Demonstration of Inspection Capability for
Alloy 600 Closure Head Pengtralions
(RP4223-4)

Characlenzalion of NDE-Iradialed
Malerials {(RP5365-7)

Steam Generator Tube Examinalion
(RPSA413-9)

Inhibitor Apglicalion Guidelines
(RPS510-3)

Steam Generator Tube Fahgue Analysis
(RPS540-1)

Technical Support ior Tube Support
Plale/Tube Plugging Criteria Limits
(RPS550-3)

Development of Standardized Dala

Funding/
Duration

$2.000.000
48 months

$1,000.000
18 manths

$75,000
12 months

$100,000
11 months

$70,000
3 months

$180.000
12 months

3241,200
12 monihs

$161,500
18 monihs

$612,300
36 menihs

$50.000
8 months

$198,500
10 months

$96.,300
10 months

$98,500
17 months

$56.600
29 months

$597,100
48 months

$595.700
16 months.

$499 900
24 months

$202.300
22 monlhs

$298.200
7 months.

$87,500
& months

$387.100
I3 months

$57.300
12 months

§70,000

Management Reporting Formats 6 Support 3 months

ol Steam Generator Alternative Reparr
Criteria (RPS550-8)

ContracioryEPRY
Project Manager

Southern Calitornia Edison
Co./E DeMeo

Sauthern Calforrea Edison
Co/E. DeMeo

Stanford University/
J Btoom

SHI Internalional/R Swidiy
Decision Focus(T. Wison

Strategic Decisions Group/
L. Rubin

B8aW Fuei Co/0. Ozer

Rutgers University/
L. Nelson

ScienlechiF. Rahn

IBC Agvanced
Technologies/P Pame

J, A Jones Applied
Research Co /W. Chilas

kaman Sciences Corp /
R Oehtberg

Entor Corp./J Naser

Chanhassen Associates/
P Paine

Quadrex Energy Setvices
Com./D Worledge

Public Sernce Electne &
Gas Coa./C. Homibrook

J.A Jones Applied
Research Co /J Lance

Materials Engineenng
Assqciates/M, Lapides

Wastnghouse Elacine
Corp /A. Mcitree

OCominion Engineering/
P Pame

Fosier Wheeler Develop-
ment Corp /G Srikarnitian

Westinghouse Eleciric
Corp/C Williams

Steve Brown/D. Ste:vnger
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New
Technical
Reports

Requesis for copies of reports should be directed
ta the EPRI Distribution Center, 287 Ceggins Drive,
P.O. Box 23289, Pleasant Hill, California 94523,
(510) 934-4212, There is no charge for reports re-
quested by EPRI member ufiliies. Reports will be
provided (o others in the United Stales for the price
listed or, in some cases, under the terms of a ki-
cersea agreement Those autside tha United States
shauld contact the Distribution Center for price
intormatian.

CUSTOMER SYSTEMS

User's Guide: HOTCALC 2.0 Commercial
Water Heating Performance Simulation Tool
CM-100211 (R1) Final Report (RP3169-1); $295
Contractor D W. Abrams, PE., 8 Associates
EPRI Project Manager: K. Johnson

Engineering Methods for Estimating the
Impacts of Demand-Side Management
Programs, Vol. 2: Fundamental Equations for
Residential and Commercial End Uses
TR-100384 Final Report (RP3269-3); Vol 2, 8200
Contractors: Architectural Energy Corp.:
RCG/Hagter, Bailly, inc

EPRI Project Manager: P, | lummef

Development of a Microwave Clothes

Dryer: Interlm Report !

TR-102114 Interirm Report (RP2034-39); $200
Contractors Therma Energy Corp.: JG Microwave
EPRI Project Manager: J. Kesselring

Guide to Energy-Efficient Office Equipment
TR-102545 Final Report (RP2890-20): $200
Contractor; American Council for an Energy-
Efficient Economy

EPRI Project Manager: M, Blatt

Air Conditioning Systems tor Electric Vehicles
TR-102657 Flnal Report (RP2861-3}); $200
Contractor; Arthur D, Little, Ing

E£PRI Projact Managers: G Purcell, B, Banerjee

Pulp and Paper Mill Etfluent Treatment Using
Advanced Oxidation Processes

TR-102667 Final Report (RP3328-1); $200
Cantractor: Black & Veatch

EPRI Project Manager: A, Amarnath

Electric Commercial Cocking Appliance
Deveiopment Needs

TR-102743 Final Report (RP2890-21}; $200
Contractor: Tecogen

EPRI Proigct Manager: W. Kril

The Transportation Program: Transportation
Infrastructure Research Plan, 1993-1997
TR-102770 Final Report (RP3272-2); $200
Contractor: Hart, McMurphy & Parks

EPRI Project Manager: G. Purcel
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Guideboak of Envirenmental Solutions
for Small Businesses

TH-102643 Final Report {RP2830-13); $20C
Contractor: Resource Dynamics Corp

EPRI Project Manager: W. Kril

ELECTRICAL SYSTEMS

Production Methods for Amorphous

Alloy for Transiormer Cores

TR-101878 Final Report (RP1290- 1); $5000
Conlractar Alled Corp

EPRI Project Managers: E. Norton B. Damsky

Amorphous Metal for Transformers
TR-102264 Final Report (RP1280-3); $5000
Contractor Allied-Signa! Corp

EPRI Project Manager: 8. Damsky

Transmission Limitation Program,

Version 1.0, Vols. 1-4

TR-102416 Final Report (RPZ746-2); Yol. T, $5000;
Vols, 2-4, license required

Contractor- Ontarie Hydro

EPRI Project Manager P Hirscn

Praceedings: Dynamic Security Assessment
and Voltage Stability (Two Coordinated
Workshops), Vols. 1 and 2

TR-102444 Proceedings (RP2473-60); Vols. 1 and
2, $200 each volume

Contractor: Decision Systems International

EPRI Projsct Managers' G. Cauley, 0. Maratukulam

Proceedings: Static Electritication

in Power Transformers

TR-"02480 Final Report (RP1499-98); $200
EPRI Project Manager: S. Lindgren

Solar Magnetic Disturbances/Geomagnetically
Induced Current and Protective Relaying
TR-102621 Final Report (RP3211-4); $5000
Contraclor: Electric Research and Management,
Inc.

EPAI Preject Managets: M, wWithelm, F. Phillips

interfaclal Bond Strength of Paper-
Palypropylene-Paper Laminates

TR-102777 Intenm Report (RP7880-12) $5000
Contractor. University of Akeon

EPFI Projact Manager: B 8errstein

ENVIRONMENT

Field Pan Studies on Treatment of
Manutactured-Gas Plant (MGP) Soiils Using
Commercially Grown Fungus

TR-102185 Final Reporl (RP2279-12); $200
Contractors; Atlantic Environmenial Services, Ing
META Environmental, Inc.

EPRI Project Manager: |. Murarka

Condenser Microbiofouling Control Handhook
TR-102507 Final Report (RP250Q-16); $200
Contractar: Faurth Floor Databases, Inc

EPR| Project Manzgers: W. Michalett, M. Milizr

On-line Corrosicn Monitoring 2t the
High-Sulfur Test Center

TR-102538 Final Maport {(RP1871-14); $200
Contraclor: CAPCIS MARCH, Lid

EPRI Project Manager B8 Syratt

Fly Ash Exposure in Coal-Fired Power Plants
TR-102576 Final Repori (RF2222-2); $200
Caontractor Radian Carp

EPRI Project Managers: W, Weyzen, R. Wyzga

Limestone Selection Methodology for Wet

Flue Gas Desulfurization Systems

TR-102660 Final Report {RP1877-1), license required
Contractor; Radian Corp.

EPRI Project Manager: D, Owens

Retrofit NO_ Controls for Coal-Fired Utility
Boilers: Technology Assessment Guide tor
Meating Requiremants of the 1990 Clean Air
Act Amendments

TR-102906 Finat Report (RF2816-7); license raquired
EPRI Project Manager' D Eskinazi

EXPLORATORY & APPLIED RESEARCH

Feasibility of On-line Monitoring of Stress
Corrosion Cracking in Rotating Componentis
TR-102537 Final Report (RP8002-35); $200
Contracior: CAPCIS MARCH, Ltd

EPRI Praject Marnager B, Syrett

Measuring Precrack (niliation Fatigue State
in Reactor Pressure Vessel Steels
TR-102761 lopical Report {RP2426-19); $200
Contracior: IHl Rasearch institute

EPRI Project Manager' M, Lapides

Ocxidation Phenomena in Water Treeing
TH-10276Q Final Reoort {RP8000-3}, $200
Coniractor: institut ge Recherchs d'HMydro-Quétec
EPRI Project Manager: 8. Bernstein

GENERATION & STORAGE

Shell Coal Gasification Project: Final Report
on Eighteen Diverse Feeds

TR-100687 Final Report (RP2695-1), $200
Contractor Shell Developmient Co

EPRI Project Manager; N, Stewart

Prohable Maximum Precipitation Study for
Wisconsin and Michigan, Vols. 1 and 2
TR-1015854 Final Report {(RP2917-29) Vals. 1 and
2, $200 each volume

Contractor: North American Weather Consuitants
EPRI Project Manager: D. Maorris

Gas Turbine Overhaul Plan for General
Electric MS5001 Simple-Cycle Power Plants
{(GTOP-5), Vols. 1 and 2

TR-101687 Fina! Report (RP2831-2); Vols, 1 and 2
kcense required

Contractor Operational Services, inc.

EPRI Project Managers: & Frischmuth, J. Stoyer

Praliminary Guideiines for Fossll Plant
Simulator Training Programs

TR-101854 Final Raport (RP3384); $200
Cantractor: American Systems Enginsering Corp
EPRI Project Manager R. Fray

Proceedings: Combustion Turbine Associates
Group (CTAG) Techaical Exchange Meeting,
February 1993

TR 101877 Procesdings (RPCTAG-78}); $200
Conlractors: EPRI Combustion Turbine Cenler
Scofield Communications

EPRI Project Manager: R Friscamuth



Proceedings: Third International Zebra
Mussel Conference, 1993

TR-102077 Proceedings (RP2504-13); $200
Contractor Stone & Webster Environmenta)
Technology & Seivices

EPRI Progct Manager: .. Tsou

Field Experience With Photovoltaic
Systems: Ten-Year Assessment

TR-102138 Final Report (RP1607-8); $200
Contractor: Souttiwest Technology Development
Institute

EPRI Pioject Managgrs: J. Berniig F. Goodman

Landfill Characteristics of Ctrculating-
Fiuldtzed-Bed Combustion Ash
TR-102154 Final Seport {RP2683-10): $200
Contractor; Radian Corp.

EPRI Project Manager: T. Boyd

Investigation of International Experience
With Pulverized Coal Fires and Explosions
TR-102392Final Report (RP1266-46); $200
Contractor: Brigham Young University

EPRI Project Managers: D. Brosse, B. Dooley

Proceedings: 1993 EPR! Workshop on
Power Plant Cable Condition Monitoring
TR-102399 Proceedngs (RP2895), $200
EPRI! Project Manegers: J Steln, J Carey,

B. Bemstein

Gas Turbine and Combined-Cycle
Capacity Enhancement

TR-1024 12 Interim Report (RP3401-1); $1000
Conteactor Fern Engineering Inc.

EPRI Project Manager+ H. Schrelber

Investigation of Advanced Gas

Turbine Cycles

TR-102441 Final Report (RP2620-8); $200
Contractor: Energy Storaige & Power Consultants
EPRI Project Manager: A. Cohn

Development of a Rotor-Mounted
Scanner for Hydrogenerators

TR-102516 Final Report (RP259 1-5); $200
Contractor’ STI Optronigs, Inc.

EPRI Proiect Managers- J Edmands, J. Stein

Workshop Proceedings: State-of-the-Art
Review of Microbubble Froth Flotation
TR-102632 Proceedings (RP2704-1); $200
Contractor: CQ Inc.

EPRI Projeci Manager: €. Kulk

Advanced Phystcal Fine-Coal Cleaning:
Spherical Agglomeration

TR-102633 Final Report (RP2704-1} $200
Contractor: Bechtel Natonal Inc

EPRI Project Managers: C Kullii, H. Lebowitz

Advanced Physical Fine-Coal Cleaning:
Mictobubble Froth Flotation

TR-102634 Final Report(RP27045); $200
Contractor! Bechtet Natlonal, Inc.

EPRI Project Managers: C Kulk, C. Harrison.
J. Hervol, H. Lebowitz

Eftect of Tube Material on Steam Condensation
TR-102675 Final Report (RP1683-25); $200
Contractors Rochester Institute of Technology;
Jerry Taborek Consulting Services

EPRY{ ProjzctManager: J, Tsou

Proceedings: Low-Rank Coal Upgrade
Technology Workshop

TR-102700 Proceedings (RP 1895-36); 5200
Contractor CQ} inc.

EPRI Preect Manager B. Weber

Coal Log Fuel Handling and Treatment
at Power Plants

TR:102701 Final Report (RP189534); $200
Contractor; UniverSily of Missouri

EPR1 Project Manager: B. Weber

Turbine Efficiency Improvement
Investigation

TR:102729 Final Report (RP2818-7): $200
Contractor: Stress Technoogy, Inc

EPRI Project Manager: R. Leyse

Clean Coal by Agglomeration: Part 1, Agflo-
therm Process for Low-Rank Coals; Part 2,
Aglofloat Process for Bituminous Coals
TR+1027 42 Final Report (RP2655 12). $200
Contracter Mill Creek Co.

EPRI Project Manager: C. Kullk

Proceedings: Conference on Asbestos Contro!
and Replacement for Electric Utilities
TR-102753 Proceedings (RP3246); $200

EPRI Project Manager: R. Tilley

Generator Retaining Ring Moisture

Protection Guide

TR-102949 Final Report (RP2719); $200
Contractor. EP8I Nondeslructve Evaluation Center
EPRI Project Manager: J Stein

INTEGRATED ENERGY SYSTEMS

Overview ol the EPRI CONTRACTMIX Model
for Natural Gas Applications

TR-102898 Final Report (RP235920); $200
Contractor Decision Focts, InG

EPRI Project Manager- R. Goldberg

Overview of the EPRI CONTRACTMIX Model
for Coal, Uranium, and Fuel Oil Applications
TR-102899 Final Report (RP2359-20); $200
Contractor: Decision Focus, Inc,

EPRI Project Manager: R. Goldberg

The Analyst’s Guide to Fuel Contracling
With the EPRI CONTRACTMIX Model
TR-102900 Final Report (RP2352-20); $200
Contractor Declslon Focus, Inc

EPRI Project Managet: R. Goloberg

NUCLEAR POWER

Evaluation of Discrepancies in Assembty
Cross-Section Generator Codes, Vol. 4:
Doppler Evaluation

NP:6147 Final Report (RP2803-2). Vol 4. $200
Contractor- Utllily ResourCe Associates

EPRI Project Manager R, Breen

Seismic Ruggedness of Relays. Vol. 2,
Addendum 1

NP-7147-SL Final Report (RP2925-2), Vol. 2,
licensereauired

Contractor ANCO Engineers, Inc,

EPRI Poject Aanager: ® Kassawara

Procedure tor Evaluating Nuclear Power Piant
Retay Seismic Functlonality, Vol. 2, Addendum
NP-7148.SL. Final Reporl (RP2925-8); Vol. 2,
hcense requirec

Contracior MPR Associates. NG,

EPRI Project Manager: R Kassawara

VTESTER Analysts Manual

TR-100465 Final Report {RP2375-5, -15); $200
Convactors. Weslinghouse Electric Corp.;
Decision Focus, Inc.

EPRI Project Manager: R, Carter

Electric Utility Service Water System Reliability
Improvement: A Compendium of Presentations
TR-101541 Appication Report (RP3232-1,
RP4242-1); $200

EPRI Project Manager N. Hirota

EPRI Motor-Operated-Valve Performance
Prediction Program: Stem/Stem-Nut
Lubrication Test Repoit

TR-102135 Topica) Report (RP34334, -10, -26),
$20.000

Contractors: Bolt & Associates; Liberty Technooges
EPR! Project Manager L. Dorfman

Evaiuation of the Safety Benefits and Costs
of Proposed Revisions to In-service Testing
Requirements tor Pumps and Valves
TR-102240 Final Report (RP3186-13, -14); $200
Contractors: Sequoia Consulting Group, Inc.;
Rowley Consuitams

EPRI Project Manaiger: W. Houston

Calvert Cliffs Nuclear Power Plant Life-Cycle
Management/License Renewal Program:
Integrated Plant Assessment

TR-102267 Final Report (RP2643.35), $20C
Contractors: Baitimore Gas & Electric Co.; Grove
Engineering. Inc.

EPRI Project Manager- M Lapldes

CHIRON, a Fuel Faiture Prediction Code:
Revised User’s Manual forVersion 2.1
TR-102287 Computer Code Manual (RP22296).
{lcense reaulred

Contractor: S, Levy, Inc.

EPRI Projact Manager O. Ozer

Geotechnical Synthesistor the Lotung
Large-Scale Seismic Experiment
TR-102362 Final Repoit (RP2225-23); $200
Contactor CH2M Hill

EPRI Project Manager: Y. Tang

Evaluation of Snubber Functional Test Methods
TR-102363FinalReport (RP3182-1); Tier 1. $200,
Tler 2. $600

Cortractor Lake Engineering Co

£PRI Project Manager- Y Tang

Reactor Coolant System Heat-up/Cooidown
Curve Calculator: P-T Limit Curve Calculator,
Version 2.0

TR=102552 Final Ropert (RP1757-72); 8200
Contractor: Structural Integrity Associates. Inc
EPRI Project Manager: R. Carter

STARRS-EPRIGEMS.02 Code: An Expert
Analytical Toolfor Assessing PWR Steam
Generator Tube Rupture Events—Vols. 1-3

TR- 102623 Finat Report (RP2453-4); Vols. 1-3.
license required

Contractor: Science Applications Intemational Corp,
EPRI Project Manager: S. Kalra
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Refueling Outage Data Collection and Analysis
TR-102624 Final Repert (RP3333-8); $200
Cantractor: Tenera, LP

EPRI Project Manager: B Chu

Destruction of Organics in Steam Cycle
Water Samples

TR-102826 Finat Report (RP3500-1), $200
Centractor GEBCO Engineering, Inc
EPRI Project Manager: B, Cubicciott

Proceedings: Utility Workshop on the Lile
Cycle Management/License Renewal Program
at Calvert Cliffs Nuclear Power Plant
TR-102627 Proceedings (RP2643-35). $200
Contractor: Grove Engineering, inc.

EPRI Preject Mariager M Lapides

GAPPIPE 2.0: Computer Software for Analysis
of Piping Systems With Seismic Limit Stops or
Large Support Gaps—User's Manual

TR-102651 Final Report (RP2349-1); licanss required
Contractor: Robart L. Cloud & Associales, Inc
EPRI Project Manager: Y. Tang

Residual Stresses in Stainless-Steel-Clad
Pressure Vessel Steel

TR-102692 Final Report (RPC102-8), $1000
Contractor. AECL Research

EPRI Project Manager, B Pathania

Application ofthe Cylindrically Guided
Wave Technique (CGWT) for Bolt and Pump
Shatt Inspection

TR-102703 Final Report (RP2178-6), $500
Contractor: Southwest Research [nstitute

EPRI Project Manager: S Liu

Proceedings: 1991 Symposium on Chemistry
in High-Temperature Aqueous Solutions
TR-102706 Proceedings (RPS407-43): $200
Contractor: Brigham Yeung University

EPRI Project Manager: P Mtllett

Horizontal Above-Rack Pool Storage
TR-102732 Final Report (RP2062-16), $208
Contraclor: U.S. Tod & Die, Inc.

EPRI Preject Manager R. Lamber

Design and Operation of the Westinghouse
MC-10 Spent-Fuel Storage Cask

TR- 102735 Interim Report (RP2406-4); $208
Contractor: Virgima Power

EPRI Project Manager: R Lambert

Chromium Coatings to Reduce Recontamina-
tion: Preparation and Characterization of
Chromium-Coated Residual Heat Removal
System Piping

TR-102746 Intenm Report (RP2758-2), 5200
Contraclor: Radiolagical 8 Chemical Technology, inc
EPRI Project Manager H Ocken

Common-Cause Data Anatysis Tool (CCDAT)
User's Manual

TR-102747 Fmal Report (RP3200-20). $S00
Conlraclors: FRH, Inc., Unwversity of Maryland
EPRI Project Manager: B. Chu

Environmentally Assisted Fatigue Crack
Initiation in Low-Alloy Steels: A Review of
the Literature and the ASME Code Design
Requirements

TR- 102765 Fmal Report {(RPC102-10), $1000
Contractor: GE Nuclear Energy

EPRI Projecl Manager: R. Pathania
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Prediction of Electrochemical Potentials

in BWR Primary Systems, Vol, 1: Evaluation
of Water Chemistry and ECP Measurements
Under Hydrogen Water Chemistry
TR-102766 Final Report (RPC101-20); Vel 1,
$1000

Contractor- GE Nuclear Energy

EPRI Project Manager: R Pathania

NAUAHYGROS 1.0: A Code for Calculating
the Behavior of Aerosols in Nuclear Plant
Containments Following a Severe Acciden!

TR-102775 Final Report {RF1333-90); $200
Contractors: Rudolph Sher Associates, Technical
Research Cenire of Finland

EFRI Project Managers. A Machiels, F Bahn

The Role of Trace Impurities in Classitication
of In-Core Reactor Components

TR-102800 Final Report (RP2813-32). $208
Canltractor; Battelle, Pacific Northwest
Laboratories

EPRI Project Manager: R. Lambar!

A Methodalogy for Determining an EDG's
Capakbility to Start its Emergency Loads
TR-102814 Final Report (RP4114-7); $200
Centractors. Rochester Gas & Eleciric Corp
Roettger Engineering

EPRI Project Manager' H Wyckolf

Natural Circutation Experiments for

PWR High-Pressure Accidents

TR-102815 Final Repert (RP2177-5), $50.000
Contractor Westinghouse Electric Corp
EPRI Project Managers B Sehgal, M Merilo

Thermal Hydraulic and Fission Product
Release Behavior During Core/Concrete
Interactions

TR-102816 Final Repert (RF1933-3), $260
Contractor. Massachuyselts [nstilute of
Technology

EFRI Project Manager B Sehgal

A Comparison of Zircaloy Oxide Thicknesses
on Millstone-3 and North Anna-1 PWR Fuel
Cladding

TR-102826 Final Report (RP2493-5), $208
Contractor: Nuclear Electric PLC

EPRI Project Manager: S, Yagnik

Evaluation of Limits on BWR Pressure
Vessel Hydrotest Temperature and PWR
Low-Temperature Overpressurization
Protection System

TR-102850 Final Report (RP1757-67 :92)
$200

Contracler Sartrex Corp.

EPRI Froiect Manager R. Carter

A Review ot the Design Basisof the K
Fracture Toughness Curve

TR-102852 Final Report (RP2975-5}). $208
Contractor: Westinghouse Eleciric Corp
EPRI Project Manager- B Carter

Advanced Amine Application Guidelines
(Revision 0)

TR-102952 Final Report {(RP2977), $200
Contractor GEBCO Engineerng, Inc

EPRI Project Manager: P Millett

New
Computer
Software

The Electric Power Software Cerier (EPSC) pro-
vides a single disiribution center for computer pro-
grams developed by EPRl The programs are dis-
inbuted under license {0 users. EPRI member ull-
ities, n payngy ther membership fees. prepay all
royaities. Nonmember organizations licensing EPRI
computer programs are required to pay royal-
lies. For more information about EPSC and licens-
ng arrangements, EPRI member utilites should
contact the Electric Power Software Cenler. Power
Computing Co, 1930 Hi Line Drive, Dallas, Texas
75207, (214) 655-8883. Other organizations should
contact EPRI's Manager of Licensing. PO. Box
10412, Palo Alto, Califormia 84303 {415) 855-2866.

APLUS™: Analysis of Plant Utility Systems
Versien 2.0 (PC-DOS)

Deveicper: Tensa Services, Inc

EPRI Prorect Manager Ammi Amarnalh

CEM RW™: Continuous Emissions Monitoring
Reporting Workstation

Version 1.1 (PC-DOS}

Developer Electric Software Products, Inc

EFR! Project Manager: Chuck Dene

COGENMASTER: Evaluation of Cogeneration
Projects

Version 1 11 {PC-DOS)

Developer: Synergic Resources Corp.

EPRI Praject Manager: Michael Evans

COOLAID: Thermal Energy Storage/Demand-
Side Ptanning/Load and Market Research
Version 3 1 {PC-DQS)

Developer. Regional Economic Research

EFRI Project Manager Ren Wendiand

DYNAMICS

Version 2.0 {RS6000-A{X)
Developer Decision Focus, Inc
EFPRI Preject Manager James Fortune

EMTP Workstation: Electromagnetic Transients
Program

Version 2 1 {HP-UNIX)

Develsper Electrotek Concepts, Hic.,

EPRI Project Manager: Rambabu Adapa

INFORM: Industrial End-Use Forecasting Model

Versien 1 2 {PC-DOS)
Developer. Regionat Economic Mesearch
EPRI Project Manager. Paul Meagher

PTLOAD™: Power Transformer Load Planning
Version 4.0 (PC-DOS)

Developer: Power Computing Co.

EPRI Project Manager: Gil Addis

TRELSS: Transmission Reliability Evaluation
for Large-Scale Systems

Version 1.2 {(RSB000-AIX}

Developer: Southern Company Services

EPRI Preject Manager: Ali Vojdani



gPR_I Events

JANUARY 1994

18-20

Fossil Plant Inspections

San Antonio, Texas

Contact: Lori Adams, (415) 855-8763

31-February 4

Fireside Performance of Coal-Fired Boilers
Irving, Texas

Contact: Ursla Rosenblum, {(215) 758-4020

FEBRUARY

7-8

Workshop on Rate Design in the 1990s
Tampa, Florida

Contact: Pam Turner, (415) 855-2010

9-11

Innovative Electricity Pricing Conference
Tampa, Florida

Contact: Pam Turner, (415) 855-2010

9-11

Outage Risk Assessment and
Management (O RAMLWorkshop
Orlando, Florida .

Contact: Jeff Mitman, (415) 855-2564

15-16

Customer Value Deployment

Dallas, Texas

Contact: Lynn Stone, (214) 556-6529

MARCH

1-2

Needs-Driven Program Design

Dallas, Texas

Contact: Lynin Stone, (214) 556-6529

3-4

Clean Air Response: Achieving
Compliance in an Evolving Market
Baltimore, Maryland

Contact; Jeremy Platt, (415) 855-2628

3-4
Continuous Emissions Monitoring
Quality Assurance

Dallas, Texas
Contact: Lynn Stone, (214) 556-6529
14-16

EMF Science and Communication Seminar
Santa Clara, California
Contact: Amelia Birney, (612) 623-4600

15-16

Distributed Utility Workshop

Baltimore, Maryland

Contact: Susan Marsland, (415) 855-2946

16-17

Asbestos Control and Replacement

San Diego, California

Contact: Linda Nelson, (415} 855-2127

22-23

dth Annual NMAC Coanference and
Technical Workshop

Charlotte, North Carolina

Contact: Jayne Adkisson, (704) 547-6141

23-25

Fossil Plant Cycling

New Orleans, Louisiana

Contact: Lori Adams, (415) 855-8763

23-25

Weld and Repair Technology for

Fossil Power Plants

Williamsburg, Virginia

Contact: Susan Bisetti, (415) 855-7919

29-31

Nondestructive Evaluation of Fossil Plants
Dallas, Texas

Contact: Lynn Stone, (214) 556-6529

APRIL

5-6

Global Warming: A Call for International
Coordination

San Francisco, California

Contact; Calleen Hyams, (415) 855-2143

5-7

Direct Demand-Side Management Marketing
Dallas, Texas

Contact: Lynn Stone, (214) 556-6529

26-29

Transformer Performance Monitoring

and Diagnostics

Eddystone, Pennsylvania

Contact: John Niemkiewicz, (215) 595-887

MAY

3-5

Heat Rate Improvement

Baltimore, Maryland

Contact: Susan Bisetti, (415) 855-7919

10-13

Decision Quality/Decision Analysis

Seminar and Workshop

Newport, Rhode Island

Contact: Susan Marsland, (415) 855-2946

11-13

NO, Controls for Utility Boilers
Scottsdale, Arizona

Contact: Pam Turner, (415) 855-2010

16-20

Applications of Static Compensators and
Other FACTS Power Flow Controllers
Madison, Wisconsin

Contact: Bill Long, (608) 262-2061

17-19

Fluidized-Bed Combustion for

Power Generation

Atlanta, Georgia

Contact: Linda Nelson, (415) 855-2127

17-19

6th Predictive Maintenance Conference
Philadelphia, Pennsylvania

Centact: Lori Adams, (415) 855-8763

19-20

improving Building Systems in

Hot and Humid Climates

Arlington, Texas

Contact: Susan Swanson, (409) 862-2291

JUNE

1-2

Customer Value Deployment

Dallas, Texas

Contact: Lynn Stone, (214) 556-6529

6-8

ISA POWID/EPRI Controls and
Instrumentation Conference

Orlando, Florida

Contact: Lori Adams, (415) 855-8763

29-July 1

Service Water Systems Reliability Improvernent
St. Louis, Missouri

Contact: Susan Otto, (704) 547-6072

JULY

10-14

Mercury as a Global Pollutant
Whistler, British Columbia

Contact: Pam Turner, (415) 855-2010

12-13

Needs-Driven Program Design

Dallas, Texas

Contact: Lynn Stone, (214) 556-6529

24-26

International Conference on Low-Level Waste
Norfolk, Virginia

Contact: Linda Nelsor, (415) 855-2127

26-29

ASME/EPRI Radwaste Workshop
Norfolk, Virginia

Contact: Linda Nelson, (415) 855-2127

AUGUST

1-2

Rate Design in the 1990s

Boston, Massachusetts

Contact: Phyllis Firebaugh, (214) 556-9545

2-4

Direct Demand-Side Management Marketing
Dalias, Texas

Contact: Lynn Stone, (214) 556-6529

17-19

Eftects of Coal Quality on Power Plants
Charleston, South Carolina

Contact: Susan Bisetti, (415) 855-7919

30-September 1

Cooling Towers and Advanced Cooling
Systems

St. Petersburg, Florida

Contact: Lori Adams, (415) 855-8763

SEPTEMBER

7-9

4th Conference on Cycle Chemistry in
Fossil Plants

Atlanta, Georgia

Contact: Linda Nelson, (415) 855-2127

20-22

International Conference on Advanced
Turbines

Portland, Oregon

Contact: Susan Bisetti, (415) 855-7919
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Index to

1993 EPRI Journal

Active power line conditioner Dec2, 6

Adjustable-speed drives, for plastic-injection-
molding machines J/A 32

Aeroderivative combustion turbines O/N 24

Air humidification, in advanced power plant
cycles O/N 43

Air toxics, and risk assessment
Allen, Danny A/M38

Alloys, shape-memory Jun 5
Alpert, Seymour O/N 33
Amorphous metal transformers  J/F 40
Appliances. and EMF  A/M 18; JIA 6

Armor, Tony Dec 31

Autoclaved ceflular concrete process J/A33

A/M 34

Bacteria. for new biotech products J/A 4
Balzhiser, Richard J/F 1, 22, 45
Bateman, John Jun 44

Batteries, for electric vehicles
advanced lead-acid Jun 46
charging technologies for Jun 6: Dec 32

Bearings, magnetic Dec34

Beyea. Jan J/A 14, 31

Biofouling, of power plant water systems
Sep 22

Biological sequestration, of atmospheric
carbon A/M 44; O/N 16. Dec 4

Bioremediation, and waste cleanup Mar 34;
AIM 2

BLADE software A/M5
Bloom, Jeremy A/M 38
Boiler Maintenance Workstation J/F 38

Boiling water reactors. See Nuclear power
plants.

Bozzone, Rober. J/A 24

Bromley. D. Allan  J/F 47

Brown, Ashley J/F 49

Business management techniques Jun 18

Cable, underground
extra-highvoltage, laboratory for
fault sensorfor O/N35
leak detection for A/M37
longer-life instlation for Sep 34

Canney, Walter J/F 50

Carbon dioxide, biological sequestration of

A/M 44; O/N 16: Dec 4

Carle, Rémy J/F45

CASHING power plantcycle O/N43

CASH power plantcycle QO/N 43

CAT Workstation. See Clean Air Technology

Workstation,

Dec 34

CEED. See Center for Electric End-Use Data.

Center for Electric End-Use Data J/A 34

Center for Materials Production, and R&D on
electric steelmaking O/N 6

Centrifuge, for dam crack predictions Jun 4

Ceramic filaments, for incandescent lamps
Sep 4

CFCs. See Chlorofluorocarbons.
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Chang, Ramsay J/A 31
Chaos theory, and corrosion control
Chapel, Stephen A/M 38

Chemical production. using electrochemical
cells OIN4

Chlorofluorocarbons, substitutes for
Claeys, Richard Jun 44

Clarke, Richard J/F 44

Clean Air Technology Workstation O/N 2
Coal gasification

and combined cycles J/F 34
and cydes with air humidification O/N 43

Coal-grinding mill, two-stage Dec 5
Cohn, Arthur  O/N 33
COHPAC. See Compact Hybrid Particulate
Collector
Combustion turbines, advances in  O/N 24
Commercial buildings, monitoring of electrical
equipment in  O/N 36
Commonwealth of Independent States,
scientific collaboration with Dec 24
Communications networks Jun 34
Compact fluorescent lamps Mar 22
Compact Hybrid Particutate Collector J/A 18
Composites, for transmission and distribution
equipment Jun 47
Compressediair energy storage

first commercial plant for J/F 36

and cycles with air humidification QO/N 43
Conductive polymers A/M3
Conflict resolution, and environmental issues
JIA 14

Continuous emissions monitoring A/M 42;
O/N 37
Control rooms

human factors guidelines for

lighting for Sep 14
Cooperatives. rural electric, R&Dby Jun22
Corrosion control.  See afso Corrosion-
resistant materials,

and chaos theory J/A 36

by photonhibiton Sep 4

in PWR steam generators Mar 38
Corrosion-resistant materials

for flue gas desulfurization systems A/M 39

for transmission and distribution equipment

Jun 47

Culler, Floyd JF 18,44
Custom Power technology Dec 6

J/IA 36

Dec 35

JIA 45

DAIS. SeeDatabase Access Integration
Services.
Dam stability Jun 4
Database Access Integration Services
Jun 34
Data communications, integrated Jun 34
Demand-side management
1992 survey of utility programs on O/N 38
planning software for O/N 3
thermal energy storage for A/M 36
Desk Book software, on residentia! end-use
technologies Jun 2

Deterministic chaos, and corrosion control
JIA36

Developing countries, electrification in  Sep 28
Diamond coatings, for wear resistance J/A 4
Distributed generation A/M 6

Dohner, Clark O/N 33

Dooley, Barry Dec 31

Downs, Mike Mar 48

Drenker, Steven Dec 31

DSM. See Demand-side management
DSManager 2.0 software  O/N 3
Dunlap,John A/M 38: J/A 31

Eckhart, Gene O/N33
Ecotones. monitoring of Jun 4
Edwards. Bob Sep 33
Electrical Systems Workstations Mar 32
Electric and magnetic fields
and EMDEX Lite J/A 2
EPRI research program on  J/F 37
management of J/A 6
surveyofin U.S. homes A/M 18
Electric steelmaking, new technologies for
OIN 6
Electric vehicles
advanced lead-acid batteries for
battery-charging technologies for
Dec 32
EPRI development efforts on  J/F 38
Electrification, global, symposiumon Jun 18,
45, J/IA 14;Sep28
Electrochemistry. and on-site chemical
production O/N 4
Electronic bulletin boards, on EPRINET
Mar 28
Electroosmosis, for reducing tiflage energy
Sep 5
Electrotechnologies
for biotech industry J/A 4
for groundwatercleanup A/M34
for steelmaking O/N 6
for water and wastewater treatment
Ellis,John J/F 49; Jun 44
EMDEX monitoring instruments J/A2. 6
EMF. SeeElectric and magnetic fields.
Emissions monitoring, continuous A/M 42
Emissions trading simulators Sep 2
EMWorkstation J/A 6
End-use data, sources of J/A34
End-use equipment, commercial, system for
monitoring  O/N 36
End-use technologies. residential, reference on
Jun 2
Energyefficient lighting Mar 22
Environmental issues. and conflict resolution
JIA14
EPRI
Advisory Council Jun 45
Board of Directors Jun 44
history of J/F 4
major achievements of J/F 34
new corporate officers for Jun 44

Jun 46
Jun 6;

Mar 4



EPRI (cont.)
perspectives on future of J/F 41
symposium on global electrification  Jun 18,
45; J/A 14; Sep 28
twentieth anniversary of Jun 45
EPRINET, electronic bulletin boards on
Mar 28
EqQuipment gualification, manual on for nuclear
power plants  Jun 2
ESWorkstations Mar 32
Evans, Michael Mar 48
EVs. SeeElectric vehicles

Extra-high-vottage cable laboratory, upgrading
of Dec 34

FACTS. SesFlexible ac transmission
systems.
Fast Fault Finder, for underground cabte
O/IN 35
Faults, locating on underground cable O/N 35
Feature articles
Advanced Combustion Turbines Set for
Takeoft O/N 24
Beyond the Politics ot Blame J/A 14
Bonds of Science: Strengthening Ties With
the CiIS Dec 24
A Brighter Future for PFBC Dec 16
Charging Up tor Electric Vehicles Jun 6
COHPingWith Particulates J/A 18
Digging Into Poltution Prevention Sep &
Etectrification for Devetoping Countsies
Sep 28
Electrotechnnlngies for Water Treatment
Mar4
EMF in American Homes A/M 18
EPRI at 20; A Day in the Liie J/IF 27
EPRI's Greatest Achievements J/F 34
The Fisst Two Becades J/F 4
Framework for Utility Data Highways
Jdun 34
Human Performance in the Spotlight
Sep 14
Imagesin Infrared Mar 14
Managing Magnetic Figlds J/A 6
New Technologes for Electric Steelmaking
O/N6
Perspectives on the Future J/F 41
A Rich +arvest From Hatophytes QO/N 16
Robert Bozzone: Alloy of Metallurgy and
Management J/A 24
Rura! Co-ops Big on R&D Jun 22
Shedding Light on the Compact Fluorescent
Mar22
Solving Problems of Power Quality Dec 6
Videoconferencing: Face to Face at a
Distance A/M 26
The Vision of Distributed Generation A/M6
Winning in the 1990s Jun 18
Zebra Mussels: The Assault Continues
Sep22
FGD. See Flue gas desulfunzation
FGDPRISM sofiware J/F 33 A/M 4
Fire prevention, for nuclear plants J/A3
Fish protection, at hydroelectricdams A/M 36
FIVE methodology, for fire prevention J/A3
Flexible ac transmission systems J/F38
Flue gas desulfurization
corrosion-resistant materals for
and FGDPRISM J/F 39, A/M 4
sludge, usesfor Jun 46
Fluidizedbed combustion technology
pressurized Dec 16
utility-scale demonstrations of J/F 35

AiM 39

Fly ash, uses for Jun 46; J/A 33
Fri. Robert J/F 46
Fryer, commercial A/M S

Fuel cells, molten carbonate. demonstration of
Sep35
Fuzzy logic, and utility applications Sep 34

Gas-fired turbines, advances in O/N 24
GENCAT electronic catalog J/A 2
Generation, distributed A/M 6

Generation & Storage Software Support Center
JIA 34

Generic Implementation Procedure. for seismic
evaluation A/M 47

Genetic inducers, and bioremediation A/M 2
GIP. See Genenc tmplementation Procedure,
Global carbon cycle, model of O/N 47

Global competition Jun 18

Global electrification, symposiumon Jun 18,
45, J/IA 14 Sep 28

GLOCO model O/N 47

Greenhouse gases, reducing by biological
processes A/M 44, O/N 16; Dec 4

Grounding
and EMF A/M 18: JIA6
tool for monitoring O/N 3

Groundwater cleanup
bioremediation for Mar 34
electrotechnologies for A/M 34
at manufactured gas plant site  J/A 38

Mafele. Wolf  JF 47
Halophytes, usesfor O/N 18
Hard-rock mining, fasers for
Hardy, Randall J/F 48

HAT power piantcycle O/N 43

Heat exchanger tubes, vibrationot J/AS
Heatimaging systems, for diagnostic
maintenance Mar 14

Heat pumps. See alsoHeat pump water
heaters.

hydronic Mar 30

HydroTech 2000 J/F 37

Powermiser J/A2

Heat pump water heaters. commerciai,
monitoring of Sep 36

High-concentration photovoltaics JF 40

High-Voltage Transmission Research Center
A/M 18: JIA 6

Human factors guidelines, for control room
design J/A 45

Human performance, and lightng Sep 14
Hydroelectric dams, and fish protection A/M 36
Hydronic heat pump systems Mar 30

O/ 4

IGCASH power plant cycle  O/N 43
Information systems, integrated Jun 34

Infrared technology, for continuous emissions
monitoring O/N 37

Infrared thermography, for diagnostic
maintenance Mar 14

Integrated gasification-combined-cycte
technology. Cool Water demonstration of
JIF34

Jeffress, Robert Mar 1; ONN 33
Jennings, A. Drue Jun 44

Jones, Myron Mar 48

Kesselring. John Mar48
Khatib, Hisham Sep 28, 33
Kohl, Ron AM 38

Laser technology, and hard-sock mining
O/N 4

Leadacid batteries, advanced, for electric
vehicles Jun 46

Leak detection, for underground cable
A/M37

Life-cycle cost analysis Sep 6

Light, and corrosion control Sep 4

Light bulbs, ceramic filaments tor Sep 4
LightCAD software, for fighting design  Jun 3

Lighting. See also Light butbs; LightCAD:
LightPAD.
and nonimaging optics Dec 5
residential, compact fluorescent lamps for
Mar 22
and worker performance Sep 14

LightPAD software, for tighting audits Jun 2
Lin-STAT thermostats Sep 3

Load management. See Demand-side
managemen,

Low-dose radiation, hormetic efiects of Q/N5

Low-tevel waste, guidelines for interim storage
of Mar 28

Low-NO, burner Dec 33

Magretic bearings Dec 34
Magretic Field Research Facllity J/A &

Magnetic fields. See Electric and magnetic
fields

Maintenance, diagnostic, and infrared
thermography Mar 14

Malcolm, Wade Jun43;Dec 31
Mann, Marina A/M 38; Jun 44

Manutactured gas plant site, monitoring and
cleanup of Mar 34 J/A38

Mcl.earn, Mary Sep 33
Melatonin, and exposure to light
Merlin software Jun 4

Miter. Michael Sep 33

Mining, hard-rock, tasersfor O/N 4

Modutar generation technologies A/M 6
Molten carbonate fuel cells, demonstration of
Sep 35

Monitoring & Diagnostic Center
MOS-controlled thyristor Dec 3
Motors, advanced Dec 33
MuttiWave monitoring system AM 18, J/A 6
Municipal solid waste, as utility fuel Mar 29

Municipal water and wastewater treatment
Mara

MYGRT software J/A 38

Sep 14

J/F 35

NCW Manager software J/A 3
NDE. See Nondestructive evaluation.

Negotiated conflict resolution, and
environmental issues J/A 14

Nitrogen oxides. control technologies for
J/F39: Dec 33

Noncombustion wastes, management of
JA 3 Sep 6
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Nondestructive evaluation, and infrared
thermography Mar 14
Nondestructive Evaluation Center J/F 37
Nonimaging optics Dec 5
Norris, Donald J/FS0
NO,. SeeNitrogen oxides.
Nuclear power ptants
equipment qualification for Jun 2
and fire prevention J/A 3
and lowlevel-waste storage Mar 28
and maintenance of solenoid-operated
valves J/A 42
and nondestructive evaluation J/F 37
pipe-cracking remedies for J/F 39
radiation reduction in  J/F 35
and safety analysis J/F 34
and seismic qualification A/M 47
water chemistry guidelines for Mar 38

Nuclear Safety Analysis Center J/F 34
Nye, Erle J/F 51

OrBrien, John Mar 48
Optics, nonimaging Dec 5

Parker, Gail Jun 44
Particuiate controf technologies J/A 18
PCBs. See Polychlorinated biphenyls.

PFBC. See Pressurized fluidized-bed
combustion.

Photoinhibition, for corrosion control Sep 4
Photovoltaics

high-concentration J/F 40

and remote waterpumping systems

Sep 37

Pipe cracking, BWR, remedies for J/F 39
Pitelka, Louis O/N 33
Piulle, Walter Dec 31
Pollution prevention Sep 6
Polychtorinated biphenyls

and bioremediation Mar 34

detection device for Jun 3

EPRI research programon J/F 40

Polymers
conductive A/M 3
longer-life, for cable insulation Sep 34

Power line conditioner, active Dec 2, 6
Powermiser heat pump J/A 2

Power piant cycles, with air humidification
O/N 43

Power quality
solving problems of Dec 6
and superconducting magnetic energy
storage A/M 35

Power Quality Test Facility Dec 6
PowerServe information service J/A 34

Power system restoration, expert system for
O/N 34

Pressurized fluidizedbed combustion
Dec 16

Pressurized water reactors See Nuclear
power plants.

Purcell, Gary Jun 43

Quagga mussels Sep 22
Quick TANKS sofiware Sep 3

Radiation, hormetic effects of O/N 5
Radiation reduction technologies J$/F 35
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Rastler, Dan A/M 38

R&D 100 Awards Dec 2

Recycling and reuse, for waste management
Sep 6

Refrigerants, chiorine-free Dec 35
Renewable energy, speaker’s kitfor A/M 4
Residential EMF survey A/M 18

Residentiat enduse technologies, reference on
Jun 2

Residential lighting, and compact fluorescent
lamps Mar 22

Risk assessment, of nickel, arsenic, and
chromium emissions A/M 34

ROAM software J/A 38

Rowe, John J/F 42

Rudman. Richard J/F 51

Rural electric cooperatives, R&D by Jun22
Russia, scientific collaboration with Dec 24

Sand reclamation process, for metal foundries
Dec 3

Sandsaver 2001 Dec 3

Sawhill, John J/F 43

Schneider, Thomas Sep 33

Seismic qualification, of nuclear power plant
equipment A/M 47

Sequential optimization, Ultramax methodology
for O/N 40

Shape-memory alloys Jun 5
Simulators, for emissions trading Sep 2

Siudge, flue gas desutfurization, uses for
Jur 46

Smart Ground Multimeter O/N 3

Soil cleanup
bioremediation for Mar 34
at manufactured gas plant site  J/A 38
and thermai desorption Sep 36

Solar resources, instruments for assessing
JIA32

Solenoid-operated valves, maintenance of
JIA 42

Solid wastes, environmental research on
J/IF36
Soundwaveinspection, for tubing O/N 34
Source reduction, for waste management
Sep 6
Stability analysis, for concrete dams  Jun 4
Stahlkopf, Kart A/M 38;J/A 31
STAR monitoring device A/M 18;J/A6
Starr, Chauncey J/fF 10, 43
Steam generators. corrosion control for
Mar 38
Steam turbines, international collaboration on
Dec 24
Steelmaking, electric. new technologies for
O/N 6
Storage tanks. underground, management of
Sep 3
Storage technologies, speaker's kitfor AM 4
Sulfur dioxide

emissions allowances trading Sep 2

and fiue gas desufurization J/F 39; AIM 4,

39; Jun 46

Superconducting magnetic energy storage,
and power quality A/M 35
SureSine power tine conditioner Dec 2

Tahiliani, Vasu Jun 43; Dec 31

Technology transter. improved programs for
J/IA 35

Terrasight spill detector Jun 3

Thermal desorption, for soil cleanup Sep 36

Thermal energy storage, design guide for
A/M36

Thermostats, iine voltage Sep 3
Thyristor, MOS-controlled Dec 3
Tillage energy, reducing through
electroosmosis Sep 5

Transformers, amorphous metal J/F 40

Transmission and distribution equipment,
composites for Jun 47

Transmission cable, underground. See
Cable, underground.

Tsou, John Sep 33
Tube inspection, sound waves for O/N 34
Tube vibration, andfluidfiow J/AS

Turbine bfade !ife management, model for
A/MS

Turbines
combustion, advancesin O/N 24
steam, International coltaboration on
Dec24

Uca. see Utllity Communications
Architecture

Ultramax methodology. for sequential
optimization O/N 40

Underground cable. See Cable underground.
Underground storage tanks. management of
Sep 3

Utility Communications Architecture Jun 34

Utility industry, perspectives on future of
JIF 41

Utility planning. and technology transfer J/A
35

Variablespeed wind turbine  J/F 36, Dec 2
Videoconferencing A/M 26

Waste reduction. utility programs for Sep 6

Waste storage, for nuclear power plants
Mar 28

Waste-to-energy projects, screening guide for
Mar29

Water and wastewater treatment, electro-
technologies for Mar 4

Water chemistry guidelines, PWR Mar 38
Water heaters, heat pump, commercial
Sep 36

Water management, power ptant A/M 5
WATERMAN software A/M 5
Water-pumping systems, photovottaics for
Sep 37

Welch, Jack Jun 18, 43

Wheeldon, John Dec 31

White, Robert J/F 46

Wind turbine, variable-speed J/F 36. Dec 2
Worker performance, and lighting Sep 14

Yeager. Kurt J/F 48

Zebra mussels  Sep 22; O/N 2
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