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PRODUCTS

Emission Factors
Handbook

Distribufed Resources: A Market Assessment

As the business environment of electric utilities becomes more
competitive, distributed resources are emerging as a poten-
tially important supplement to the traditional central-station
power plant. Ranging from generation technologies like
combustion engines and photovoltaic systems to nongenera-
tion resources like demand-side management programs and
real-time pricing, distributed resources are modular supply
options that can capture location-specific benefits, improve
the overall economic efficiency of the supply system, and
enhance customer service. In order to plan for the integration
of distributed resources into the electricity supply system,
utilities need credible information on whether these resources
are likely to provide competitive alternatives and, if so, how
they might affect other utility products. Such information has
been gathered into this report (TR106055) to help utilities
incorporate distributed resources into their strategic business
planning and position themselves competitively for future
energy markets.

For more information, contact Connie Smyser, (415) 855-2396.

To order. call the EPRI Distribution Center, (510) 934-4212.
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EPRI-sponsored deliverables now available to ulilities and their customeis

Emission Factors Handbook

In order to meet new permit requirements under Title V of the
1990 Clean Air Act Amendments, electric utilities with fossii-
fuel-fired power plants must estimate emissions of hazardous
air pollutants from these plants. The extensive sampling
procedures required for such estimates are both time-consum-
ing and costly for individual utilities to undertake. That's why
EPRI developed the Emission Factors Handbook (TR-105611). The
emission factors presented in this guide are intended to assist
utility personnel in estimating emissions of trace substances
ranging from chlorine to mercury. The factors are based on
actual field measurements conducted by EPRI and the Depart

mentof Energy at51 representative U.S. power plants.
For more information, contact Paul Chu, (415) 855-2812.
To order, call the EPR1 Distribution Center, (510) 934-4212.




On-Line Corrosion Probe

Corrosion problems cost the electricity generation industry
billions of dollars annually in maintenance expenses and
power lost during forced outages. For thls reason, closely
monitoring corrosion in fossil fuel and nuclear power plants
is critical. Traditional monitoring techniques, which involve
retrieving numerous water samples and testing them in a
laboratory, are time-consuming and indicate only average
corrosion product levels over long sampling intervals. In
contrast, the advanced, on-line Corrosion Product Monitoring
System, developed by EPRIin collaboration with Babcock &
Wilcox and commercialized by DETEX Inc, allows continuous
measurement of both particulate and dissolved corrosion
products. Sample waler flows through a specially designed
cell containing a filter that captures corrosion products. X-ray
fluorescence spectroscopy is used to measure the deposited
material as it accumulates. Analysis of the material is immedi-
ate and continuous.

WGter Chemistry Software

Determining the optimal water chemistry for preventing
corrosion problems in PWR plants is a complex and plant
specific task. To help utilities design water chemistry pro-
grams that are tailormade for their plants, EPR1 developed
chemWORKS™. A software package made up of six interactive
codes, chemWORKS allows utility personnel to perform the
technical and economic evaluations necessary for diagnosing
and optimizing WK water chemistry. {Additional codes now
under development address chemistry problems in BWR

plants.) Each of the six PWR codes can be used independently:

For more information, contact
Peter Miilett, (415) 855-8510.
To order, call DETEX, (330) 438-0231.

s PWR Secondary Chemistry Simulator Allows in-depth
modeling of the water chemistry of PWR secondary systems,
including turbine extraction lines, feedwater heaters, drain
tanks, and flash tanks.

® MULTEQ-REDOX Determines the pH of the concentrated,
hightemperature aqueous solutions that form in the crevices
of PWR steam generators.

s CrevSim Predicts crevice chemistry on a near-real-time
basis.

m Hideout Return Spreadsheet Quickly calculates the level
of impurities that return to the water during power reduc-
tions. (Its output can be used to improve the accuracy of
CrevSim’s predictions.)

8 AminMod Offers a simplified secondary-system simula-
tion that focuses strictly on the use of volatile species, such as
amines and organic acids. A built-in spreadsheet calculates the
cost of this corrosion control method.

s PWR Plant and Chemistry Database Lists industry
contacts with experience in chemistry issues and presents
detailed design and operating characteristics of their plants.
Users can search the list by name, by issue, or by features of a
plant’s chemistry program.

For more informetion, contact Peter Millett, (415) 855-8510.

To order, call GEBCO Engimeering Inc., (707) 8235237,
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AT THE INSTITUTE

News and information highlighting EPRI staff and operations

New President, Executive Appointments Announced

{ its April meeting, EPRi’s Board of Directors imani
mously elected Kurl Yeager as president and chiet
executive officer, succeeding Richard Balzhiser,
who is retiring after eight years as EFRI's tup executive. Yeager
previously served as executive vice president and chief
operating officer.

After joining EPRI in 1974, Yeager held a series of R&D man-
agementl positions before being named senior vice president
of technical uperations, responsible for the integrated manage
ment of all EPRI technical programs, in 1990. In 1994, he was
named senior vice president for strategic developmentand, in

YEAGER

RUDMAN BERRY

1995, executive vice president and chief operating officer
Before joining [PRI, Yeager was director of encrgy Ré&D plan-
ning for the Environmental Protection Agency’s Office of
Research, and still earlier he was associate head of the Envi-
ronmental Systems Department at the MITRE Corporalion.
Yeager earned a BS in chemistry at Kenyon College and com
pleted postgraduate studies in chemistry and physics at Ohio
State Unijversity and the University of California at Davis. He
is also a distinguished graduate of the Air Force Nuclear
Research Offlewrs’ Program and a fellow of the American
Society of Mechanical Engineers.

Richard Rudman was appointed EFRF's chief operating
officer by the Board at its August meeting. Rudman previ-
ously was EPRI’s senior vice president for corporate services,
In recommending the new appointment, Yeager said that
Rudman’s COOQ role “will be a key asset in contidently
building EPRI for the future My focus will be on developing
technical and business strategies, achieving our corporate
performance goals, and building EPRI's stakeholder telation-
ships. I will rely on Ric to implement EPRI's business plan,
to provide tactical leadership, and to increase member
satisfaction with EPRI results. I believe our complementary
capabilities in these new roles will ensure the greatest

4  EPRIJOURNAL  July/August 1986

benefit to EPRI and its stakeholders.”

Rudman joined EI'IJ in 1973 as an assistant to the president
after workingfor [BM. At EPRI. he became director of the
Policy Plaiming Division and, in 1981, was named director of
the Information Services Group. Rudman served as vice pres i
dent for industry relations and information services from 1983
to 1986. He rejoined EFRI in 1989 after two years as president
and CEO of Aster Publishing and was named a senior vice
president in 1990. Rudman earned BS and MS degrees in
engineering at the University of California at Los Angeles.

The appointment of William Berry as chief financial officer,
responsible for the Institute’s finan
cial, fiscal, and contracting policies
and programs, was annowced in
April by Yeager. Berry's “experience
both as chief administrative officer at
Raychem and in CEO and COO
positions with entrepreneurial
ventures is just the right combination
to ensuire that EPR has leading-edge

business systems as we offer mem

KUMIN

bers more choices in accessing the
technologies they need to prosper in a changing industry,”
said Yeager

Before joining EPI), Berry was CFQ at Compression Labs in
San Jose, California, and CEO of Optical Shields in Menlo
Park, California. Before that, he worked for 21 years in a
variety of positions at Raychem in Menlo Park, ultimately as
chief administrative officer Berry earned a BS in industrial
engineering and an VIBA at Stanford University.

lane Kumin, EPRI's general counsel, has been appointed to
the additional post of corporate secretary. In this position,
Kumnin is responsible for supporting corporate governance
activities, including activities of the Board of Directors and i
committees. She succeeds Alex Fremling, who has retired
from EPRI.

Betore coming to the Institute in 1989, Kumin served as
general counsel and corporate secretary at Thermal Power
Company; earlier she was regulatory counsel for energy and
environmental matlers al Natomas Company. From 1978 to
1980, she was a member of the policy staff for the president ot
the Califomia Public Utilities Commission. Kumin holds BA
and MPA degrees from Harvard University and a JD degree
from the Boalt Hall School of Law at the University of Califor-
nia at Berkeley.



Membership Offering Provides Flexible Options for Changing Business Needs

PR!’s 1997 membership offering, now in the hands of

current and prospective members, significantly extends

the Progressive Flexibility program introduced in 1995
—providing even grealer flexibilily in program choice and
more options tor participation in the Institute’s networked,
collaborative R&D enterprise. While the 1996 membership
offering athacted a record level of participation from U.S. and
international utilities. the goal for 1997 is to achieve an even
higher level of participation.

About 80 research targets form the foundation of the 1997
offering, representing a portfolio of synergistic projects aligned
with EPKI's five business grottps: Customer Systems, Environ-
ment, Generation, N uclear Power, and Power Delivery. in
addition, six joint targets are being introduced to give member
companies the benefi't of inlegrated solutions to complex
issues that cross business group boundaries. In 1997, members
may conlinue to support the entire EPRI R&D program or may
select any number of targets to shape an R&D commitment
that is closely aligned with their business strategies.

The 1997 offering provides several additional options for
participation in the EPRI program. Both large and small collab-
orative groups are possible. Members may fuind sponsored re
search consistent with EPRI's overall research plan insupport
of their own specifie strategic goals. Tailored collaberation,
which allows members to direct supplemental funds matched
by EPRI dollars loward specific projects, wil be offered again,
Members also will receive additional rights to intellectual prop-
erty, which inawase with the level of supplemental funding

EPRI member relations executives and stafl are available
to answer questions and provide companies with the infor-
mation they need to make the best possible funding decisions.
A special toll-free telephone information service—=800-313-
EPRI (3774)—will be staffed by EPRI personnel through
August. Also, questions about the offering can be faxed to
800-314-EPR! for an answer within 24 hours. An eleclronic
spreadsheet will be available on EFRI's public Internet home
page {(www epricom) to help companies calculate possible

{undingscenarios.

Powering Progress Through Electronic Communication on the Internet

embers of EPRI’s existing on-line comununity

EPRINET—are beginning the transition to a new

electronic environment that incorporates the
exisling news and information content in a multimedia,
Internet-based World Wide Web site offer-
ing even greater functionality, services, and
resources. This new electronic information
source, called EPRIweb, is designed to al-
low thousands of users to engage in diret,
interactive collaboralion with EPRI staff
and other members of the electricity R&D
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community. EPRIweb will replace EPRINET
by the end of the year as the key electronic
gateway through which member utilities
can access EI’RI information and services.
Approximately 20 member utilities
participated in a series of bela tests of EPRI-
web that began early this year. Improvements and additional
features resulting from their feedback arc incorporated in the
production release. Accessible o1ly through an EPRI-issued 1D
and password, EPRIwebjoins the Institute’s public hiternet

home page (www.epri.com).

Current users of EPRINET began receiving new CLPRIweb IDs
and passwords in May. EPRIweb provides nearly all the
information available through the text-only, mainframe-based
EPRINET system, along with additional capabilities under
developmenl, such as on-line software
downloading. EPRIweb, built on the

Netscape Community web server software
running on a Sun SPARC 2{) platform,
provides sectire actess to the Institute’s
research information by allowing users to
access inforimatien only fer the EFRI
business units they currently fund. Next
year, EPRIweb access will be based on the
largets in the 1997 membership olfering.

1n September, Soutliern Company
Services, a subsidiary of one of the mem-
bers that beta-tested EPRIweb, will host the
1996 EPRIweb Conference in Atlanta, Georgia. The conference
will focus on the product’s rolloul and implementation
strategy, user experiences, and future development directions.
For move rzformation, contact Margoret Gragg, EPRIweb marketing
nudpager, (415) 835-2040,
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s a scientific phenomenon, super-
conductivity has been recognized

for 85 years, but its potential for

electric power applications that

could have a majer technolegical and social
impact has broadly captured the interest of
electric utilities enly in about the past 10
years Worldwide scientific and media ex-
citement was ignited in 1986 when two
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physicists at an 18M research laboratory in
Switzerland, working with small samples
of an obscurc class of rarccarth-containing
ceramic oxides of copper, reported signs of
resistance-free conduction of electric cur-
rent at the unprecedented high absolute
temperature of 35 Kelvin. Before that, the
search for highertemperature supercon-
ducting materials had gone slowly: the

known transition temperature to a super
conducting state had taken 75 years to in
crease from the 4 K boiling point of liquid
helium (the transition temperature of the
tirst metals in which the phenomenon was
observed) to around 23 K.

Within a year of the 35 K achievement,
other scicntists reported superconductivity
at a transition temperature of 91 Kina sim




Superconductivity

THE STORY IN BRIEF
discovered, a new class of materials that conduct electricity

Within only a decade of being

with virtually no resistance losses are inside working proto-

types of some of the key elements of a superconductmg by Taylor Moore

power grid. Several prototype devices are
being tested or are nearing testing on util-
ity systems. Electric wires that become su-
perconducting when cooled to the afford-
able operating-temperature realm of liquid
nitrogen—as well as coils,

magnets, con-

ductors, and machines and power compo-
nents made with these wires—appear a sure
bet to enter commercial markets for utility
equipment over the next few years. Whether
such high-temperature superconductors cap-
ture a significant share of these markets will
depend on whether they can deliver a stra-
tegic competitive advantage while offering reliability and
costs comparable to those of conventional copper or alu-

minum conductors.

ilar ceramic copper oxide thatcontained y#+  ducting at transition temperatures as high

trium and barium. Suddenly, practical util- as 135 K have been verified, and aver 100

ity applications of superconductivity ap-
peared to be within reach, because devices
made of materials having that transition
temperature could operate with cooling by
cheap, unexotic liquid nitrogen, which boils
at77 K.

Today materials that become supercon-

compounds are considered high-tempera-
ture superconductors (HTSs). Successes by
scientists around the world during the past
decade have led to the commercial devel-
opment of HTS wires (in kilometer lengths)
and devices having, at liquid nitrogen tem-
perature, as much as 100 times the current

carrying capacity of ardinary conductors.
Such wires are already being employed to
fabricate prototype conductors for use in
superconducting underground transmis
sion cables and in device prototypes for
ather applications.

But for key electric power applications
like motors, generators, and magnetic en-
ergy storage systems, superconductors

EPRI JOURNAL  July/August 1996 7



must be able to maintain their super per-
formance while saturated by very strong,
self-generated magnetic fields. The princi-
pal HTS material that has been successfully
fabricated into flexible wire for use in R&D
and in prototype devices—a bismuth stron-
tium calcium copper oxide (B C0) com-
pound—Iloses its superconductivity in the
presence of moderate magnetic fields at
77 K, although it performa quitie well when
cooled to 20-30 K. Recently, the origi-
nal 91 K matierial, one of the earliest HTS=
known, has bern shown to perform very
well in high fields at liquid nitrogen tem-
perature. Thi= has led to renewed hipe for
the material—yttrium barium copper os-
idee (¥BLO)—whose inherently poor grain
alignment had previously made it undesir-
able as practical wire material.

Research on next-generation, high-fisld
YBOEH M5 wine technologies struck pay
dirt last wear when scientists at the L5, De-
partmint of Energy’s Los Alamos National
Laboratory sibtained more than T million
amperes of current per square centimeter
of superconductor cross section (A/cm?)
at 77 K in short lengths of flexible tape.
To make the tape, a low-energy ion beam
was used to texture a substrate for a I-
micrometer-thick film of YBCL1

The ¥BCO tape retained a critical curnint
density of up to 100,000 A/cm? (one-tenth
of its zero-field current dinsity) at 77 K un-
der parallel magnetic fields az high as 8 tes-
las—siveral timit the fields typically gener-
ated in murdical magnetic resonance imag-
ing {MRI} machines that use liquid-helium-
cooled low-temperature superconductors
(L¥52). The current density of the YBLO tape
in a high magnetic field is comparable to
the highest density obtained today in zero
magnetic ficld at 77 K with the more rrad-
ily manufacturable, commarcial HTS win,
fabricated by powder-in-tube processing
and merhanical forming of & BSCCQ com-
piund. And experts say that, in principle,
YBOH conductors could be eapablis of cur-
rent densities as high as 5-7 million A/emy’.

Soon  after the achievement at Los
Alamos, which built on pioneering work in
Japan five years ago, EPRI—already sup-
porting work at Stanford University and
Lawrenci Berkeley Mational Laboratory—
extendid its program ta include the Los

8 EPRIJOURNAL  July/August 1996

Alamus team. Within a vear of that team’s
report, researchers at Oak Ridge fMational
Laboratory said that they had successfully
developed a fabrication method for textur-
ing wire substrate to achieve a high degree
of YBLLI grain alignment and, in turn, high
current density. They have since reported
obtaining up to 700,000 A/cm?with this ap-
proach—a rolling and pressing method.
Althaugh success in transferring the ex-
cellent performance properties of the YBC()
tape from the labaratory to useful lengths
of wire priduced in a commercial manu-
facturing environment is by no means as-
sured (sve sidebar), the Los Alamos and
Qak Ridge achivements with YBLO con-
ductors have invigorated the HTS R&D
community, rekindling the excitement that
originated with BSIC( wire technology.
Meanwhile, the handful of companies in
the United States and abroad that are com-
mercially producing multifilament BSCCO
wire continue to increase critical current
dendity, which is nearing 50,000 A/cm? at
77 K. 5uch a level is adequate for practical
application because the fill factor (the frac-
tion of superconductor to metal) in such
wires is significantly higher than in the
thin-film processes uzed to make YBCO
conductors. The performance properties of

long lengths of BSCCO wire are now cony-
parable to those obtained with =hort, re-

search-grade wires, experts say.

Watershed breakthrough

“It is worth considiring the past decade’s
progress in HTS in light of the experiince
with low-temperature supercanductivity,”
says Paul Grant, an executive scientist on
EPRI's Strategic R&D staff and a former 1BM
research scientist. “The basic practical LTS
wire material used today in some largg-
scale applivations, such as MRI magnets, is
niobium-titanium [NbTi}. It took almost 25
years from its discovery to fully under-
stand and optimize that material.”

Lirant believes that two factors were crit-
fcal in the rapid progress achieved with the
ceramic H1TS materials—imaterials that are
intrinsically more difficult to work with
than LT%s, which are more like metals.
“Unlike the case with low-temperature su-
perconductors, the discovery of high-tem-
peraturg supsircinductors was one of those
rare scientific breakthroughs that excited
people across a witde spectrum of science,”
says Grant. “Physicists were suddenly
thrust into the limelight, but it rapidly ex-
tended to enginesring, materials science,

and mueh in between. The development of
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LINEAR CLIMB IN HTS WIRE CURRENT DENSITY Manufacturers continue to raise

the curren! density at liquid nitrogen temperature (and zero magnetic field) in long

lengths of commercial multifilament HTS wire based on BSCCO compounds. The

progress has been essentially linear during the past five to six years. Data are from

American Superconductor Corporation,



GETTING WOUND UP ABOUT HTS POWER CABLES An effort
involving cable manufacturer Pirelli, American Superconduc-
tor, EPRI, and DOE’s Superconductivity Partnership Initiative

is ahead of schedule in developing a prototype HTS trans-
mission cable. Earlier this year, Pirelli modified an industrial
cable-winding machine at its South Carolina factory and
assembled a 50-meter flexible stranded conductor from
several kilometers of multifilament BSCCO wire produced by
American Superconductor. The prototype assembly was
tested in liquid nitrogen and exceeded the design target with
a critical current density of 1800 A dc at 1 pViem2.

Steel Pipe/ Coating

PPP Dielectnc .

SS Tube

Super Insulation
HTSC on Flexible Tube

LN,

HTS power cable

Cable-winding machine

LTS materials was more evolutionary and
incremental.

“Equally important in the case of HTS
materials was the availability, beginning
in thit 1970s, of really marvelous analytical
instruments like the transmission electron
microscops and techniques like Rutherford
backscattering,” continues Grant. “The
new inatruments allowed scientists to prer
into materials at the atomic scali and to
learn the role that each atom plays. That, in
turn, led to the development of new pro-
cessing techniques, first used for semicon-
ductors but now being successfully applied
in the equally challenging materials area

Prototype stranded conductor

HTS cable testing in liquid nitrogen

of HTSa.” Lirant helped to organize the
10th Anniversary HTS Workshop on Phys-
ics, Materials, and Applications—held in
Houston last March—at which many of the
world’s top researchers reported their lat-
st results

The critical role of wire

Chip-sized HTS thin films and electronic
devices such a= signal filters and ultragen-
sitive magnetic detectors are already at the
threshold of commercial use. But virtually
every significant electric power application
envisioned for HTS technoelogy depends
crucially on the development of high-pur-

formance muitifilament wire. Such wire
and atranded conductors fabricated from it
must form the coils for motors, the rotor
windings for generators, and the conduc-
tors for power cables and superconducting
magnetic energy storage rings.

Acrording to Grant, EPR! played an im-
portant role in catalyzing thi early com-
miercialization of HTS wire based on BSCCO
compounds. The Institute supporterd mate-
rials ressrarch at the University of Wiscon-
sin’s Applied Superconductivity Lenter
that hi ]pl'd to identify a lead-stabilized
BSCL O compound known as Bi-2223 as one
of the most promising candidates. This

EPRIJOURNAL  July/August 1996 9



compound is now the material of choice for
wires and tapes produced by the two lead-
ing U.S. cempanies pursuing commercial
HTS development: American Superconduc-
tor Corporation (ASC) and Intermagnetics
General Corparation,

Manufacturers continue to improve the
performance ef commercial BSCCO wire,
which already meets or exceeds the require-
ments for some power applications, such
as conductors fer transmissien cables. “The
key issue in BSCCO is to identify those fac-
tors that control the connectivity of the
polycrystalline filaments of the wires,” says
David Larbalesticr, professor of materials
science and engineering and also physics
at the Applied Superconductivity Center.
"Continued progress in the crilical current
densities of the wires has come from care-
ful study of their current-limiting mecha-
nisms,” he notes, in particilar citing efferts
by the Wire Development Group, an asso-
ciation of R&D groups at ASC, Argonne
National Laboratory, Los Alamos, the Na-
tional Institute of Standards and Technel-
ogy, Oak Ridge, and the University of Wis-
consin,

Seemingly inherent limits on the ahil-
ity of the two-dimensional, polycrystalline
structure of BSCCO to pin magnetic flux ad-
equately at high temperatures may mean
that it will remain a less-than-ideal HTS
wire material for high (>1 tesla) magnetic
tield applications at liquid nitrogen tem-
perature. Work at Wisconsin and elsewhere
has identified many of the critical relation-
ships that limit BSCCO's performance in
high magnetic fields at 77 K—relatienships
between poor flux pinning, low-angle
grain alignment, cracks and phase impuri-
ties, and the uneven distribulion of super-
current flowing in the material.

Yet as Alex Malozemeff, ASC’s chief tech-
nical efficer, says, “The progress that has
been made in the last five years in multifil-
ament BSCCO wire is essentially linear, and
there appears to be much potential for fur-
ther progress. The current densities now
being obtained are well within the range of
commercial interest. This is, in fact, the
wire technology being used in all the appli-
cation prototypes that are coming together.
We are convinced that it will succeed as a
first-generation commercial HTS wire.”
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CRITICAL CURRENT DENSITY IN MAGNETIC FIELDS Commercially available
BSCCO-based multifilament wire rapidly Ioses superconductivity in moderate mag.

netic fields at the teamperature of liquid nitrogen {77 K); it maintains good current

density in high fields only when cooled to 20 K or lower. Coated conductaors of

micrometar-thick YBCO films on a textured substrate, made by scientists at Los

Alamos National Laboratory (LANL) using a process called ion-beam-assisted depo-
sitiom, have shown high current densities in strong magnetic fields at 77 K, albeit in
short wire samples in a laboratory. A strategic alliance between EPRI and American

Superconductor Corporation {ASC) is pursuing the development of YBCO conductors

by means of the ion-beam process and other approaches.

Malozemeff notes that when coeled to
20-30 K, BSCCO wire actually exhibits
greater critical current density in high mag-
netic fields than do commercial LTS materi-
als like NbTi at liquid helium temperature
(4 K). While the use of mechanical cryo-
ceoling limits the potential HTS economic
advantage to some extent, EPRI's Grant be-
lieves there could he a near-term market
for BSCCO-based high-field magnets oper-
ating at low temperatures. Still, experts
agree that HTS wire and coils that mainlain
high current densities in high magnetic
fields at 77 K would open a much broader
range of application possibilities.

For now at leaat, the current density and
other performance characteristics of com-
mercial BSCCO wire are good enough to
keep several application development ef-
forts busy building prototypes, testing
them, and refining their designs. These
programs provide ongoing feedback to
wire manufacturers on hew to further im-

prove performance properties, Such efforts
provide a glimpse of how [TS materials
promise to transform today’s electric pow-
er grid and to shape the way electricity is
managed and used in the future.
Generally, in every potential pawer ap-
plication of HTS materials, their much
higher current densities and reduced resis-
tive losses will lead to components and
systems that are smaller and lighter as well
as more powerful and efficient. A super-
conducting power system will be able to
meet growing demand fer electricity with
fewer power plants and transmission lines
than would otherwise be needed.
Virtually all the U.S. development pro-
grams for power applications are sup-
ported under BOE's Superconductivity
Partnership Initiative (SP1), a major gov-
ernment-industry collaborative effort. The
participants include several of the naticnal
laboratories, various university-based re-
search centers, EPRI, the American HTS




wire manufacturers, and other technology
companies. Several branches of the defense
establishment are also pursuing HTS appli-
cations, such as motors, generators, and en-
ergy storage.

Underground transmission cables

HTS power cables promise to at least dou-
ble the capacity of existing underground
conduits for a given diameter and voltage.

Thus they could provide an important
retrofit upgrade option for satisfying de-
mand growth in dense urban areas, and for
the longer term, they could make under-
ground transmission a more economical al-
ternative to new overhead lines in nonur-
ban areas. (With today’s copper power ca-
bles, typically two underground circuits
are required to equal the capacity of one
overhead line at transmission voltages.)

Underground Iransmission is perhaps
the major HTS application of most-immedi-
ate interest to the utility industry, as well as
one of the areas showing the most-rapid
progress. Although overhead power trans-
mission is much more prevalent, there are
currently some 3500 circuit-miles of under-
ground transmission in the United States.
And this represents only a fraction of the
worldwide market.
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The development of a prototype HTS
transmission cable is proceeding ahead of
schedule in a partnership involving the
cable manufacturer Pirelli, ASC, EPRi, and
DOE’s SP1. Last March, Pirelli announced
that it had successfully assembled a 50-
meter flexible stranded conductor from
several kilometers of ASC’s multifilament
BSCCO wire, using an industrial cable-
winding machine at its South Carolina
factory. The prototype conductor assembly
exceeded the design target with a critical
current density of 1800 A dc at 1 uV/em?in
liquid nitrogen.

According to Don Von Dollen, manager
for underground transmission in EPR!s
Power Delivery Group, Pirelli’s 50-meter
prototype conductor signals the beginning
of the industrial phase of HTS cable manu-
facturing. “They can now makeany length
of conductor they want,” he notes. Engi-
neers expect that lengths of HTS cable are
likely to be connected by joints to form an
underground transmission circuit. Refrig
erators and coolant pumps would be lo-
cated at the ends of the system and per
haps at intermediate joints, depending on
length.

Mujibar Rahman, Pirelli’s vice president
and chief R&D engineer, says that the com-
pany expects to beal a 1998 target for com-
pleting and testing a 30-meter ac prototype
HTS cable system that will include joints
and terminations. The cable will consist of
a hollow stranded:-conductor assembly—
through which liquid nitrogen will circu-
late—surrounded by cryogenic and elec-
trical insulation. Three cables {for three-
phase transmission) will be contained in
an &-inch steel pipe, along with related
terminal connections. The performance tar
get for the complete cable prototype is
to carry 2000 A ac when energized at 115
kV. An earlier 1-meter prototype achieved
4200A dc.

“Pirelli is committed to leading the mar-
ket in power transmission cables, and HTS
cable technology is an important element
of our strategic business plan,” says Giu-
seppe Morchio, chief executive of the Mi-
lan, ltal y-based company’s Pirelli Cables
group. Pirelli and ASC say that they expect
to test commercial HTS power cables in
1998-1999 and to begin marketing them to
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electric utilities by 2000. Pirelli and EPRI
have already begun independent studies
with individual utilities to assess the oper
ation and impact of HTS circuits in trans-
mission systems.

Other ventures are pursuing HTS power
cables for different types of retrofits and for
new applications. Inan effort with BOE, Oak
Ridge, and Intermagnetics General, South-
wire has developed and tested a 1-meter
prototype at 2000 A ac. Last year Britain’s
BICC Cables, its Italian subsidiary (CEAT
CAVI1), and Ansaldo Ricerche said that they
had tested a 1-meter dc prototype. It was
made with BSCCO wires from Intermagnet
icsand carried 11,000 A at20 K.

In Japan, Tokyo Electric Power Company
(TEPCO) is heading two collaborations with
major Japanese electrical equipment and
HTS technology companies to develop com
pact HTS transmission cables with capacity
ratings of 500 MW to 1 GW. Such cables
could be used lo replace and uprate exist-
ing underground lines serving Tokyo with-
out the need for larger tunnels. The collab-
orations, with Sumitomo Electric Indus-
tries and Furukawa Electric, have produced
and tested 50-meter cable prototypes.

TEPCO and Sumitomo recently tested a
50-meter prototype power cable fabricated
from BSCCO wires that carried 2900 A dc
and 2200 Arms at 77 K. Earlier, TEPCO and
Furukawa conducted a 15-minute continu-
ous load test at 2000 A and 69 kV to assess
a S-meter single-phase HTS cable equipped
with termination connections.

Transformers

The equipment used to step up or step
down the utility circuit voltage from one
level to another, either at the high levels of
long-distanee transmission or at the lower
levels employed for local distribution, is
also of interest for HTS application. Super-
conducting materials would reduce resis-
tance losses (although not intrinsic ac
related losses), and they have other fea-
tures that add to their appeal.

Because transformers are used at such a
wide range of voltage and capacity ratings,
markets for them vary throughout the
world. large, high-voltage transformers
with reduced losses and improved effi-
ciency have long been a focus of R&D in

this country, but the domestic market for
them s stagnant. Lower-voltage prototypes
are a logical common starting point for the
development of either distribution or high
voltage HTS transformers. One feature of
HTS transformers that may drive interestin
them is that the liquid nitrogen coolant is
environmentally superior to other alterna-
tives.

In 1994, ASC began shipping BSCCO wire
to Switzerland, where the global electrical
and engineering conglomerate ABB Asea
Brown Boveri is a partner in a venture
that is building a 630-kVA three-phase
HTS transformer Other partners are SIG
{Geneva’s electric utility), a Swiss utility
research consortium, and Electricité de
France. Plans call far testing the prototype,
which will operate with liquid nitrogen
cooling, late this year on the Geneva power
grid in order to assess its operating benefits
and reliability. Commercially viable HTS
transformers are expected to have ratings
of several tens to 100 MVA.

In Japan, Sumitomo—in collaboration
with Fuji Electric and Kyushu University—
has developed and tested a 550-kVA trans-
former prototype that uses BSCCO condue
tor and operates at 77 K.

In the United States, Intermagnetics
Genera and Wisconsin-based Waukesha
Electric Systems are collaborating with
Rochester Gas and Electric Corporation
and Oak Ridge National Laboratory to
build a demonstration transformer using
BSCCO conductor The unit would operate
as a test bed at 20-50 K with cryocooling.
The team has produced two 138-kV, 30
MVA three-phase reference designs that it
believes will be cost-competitive with con-
ventional transformers while weighing
half as much and having smaller foot-
prints. The companies expect to begin test-
ing a 1-MVA single-phase demonstration
unit in January.

Power system control
and protection

Superconducting fault current limiters
could afford utility equipment (e.g., break-
ers, fuses, switches) greater protection
against large momentary power spikes
caused by short circuits or lightning. More-
over, such devices could provide utilities a
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SUPERCONDUCTING MOTORS ARE GETTING BIGGER Reliance Electric {a subsid-
iary of Rockwell Corporation) and American Superconductor demonstrated a 200-hp

HTS motor earlier this year as part of DOE’s Superconductivity Partnership Initia-
tive. Centerior Energy, EPRI, Sandia National Laboratory, and Rockwell Automa-
tion's Gainesville, Florida, motor plant were represented on the development team.
Only three years ago, Reliance built and demonstrated a 5-hp HTS motor with EPRI
support. The new 200-hp motor, built with BSCCO-wire-based rotor coils from Ameri-
can Superconductor, was operated at 1800 rpm at 27 K. Rockwell’s goal is to com-
mercialize large industrial HTS motors; next it plans to demonstrate a 1000-hp
motor and, by the year 2000, a 5000-hp precommercial prototype.

— e W—— —

HTS FAULT CURRENT LIMITER TESTED AT SCE Southern California Edison and
EPRI are collaborating with Lockheed Martin to develop and test a 15-kV three-
phase HTS fault current limiter. Such devices could help protect utility substation
equipment from short circuits and lightning as well as improve power flow manage-
ment. Last year SCE successfully tested a 2.4-kV, 2.2-kA single-phase fault current
limiter from Lockheed Martin at one of its substations.

way to interconnect parts of distribution
systems more tightly and to manage power
flows morc cffectively with less redun
dancy of protective equipment and substa-
tion capacity Such extra capacity is now
maintained in order to limit the maximum
potential fault current on any particular
circuit.

Working under the DOE-led 5P, South-
em California Edison Company (SCE) and
EPRI are collaborating with Lockheed Mar-
tin in a two-year effort to develop and test
a 15-kV three-phase HTS fault current lim-
iter The effort includes Intermagnetics
General and Los Alamos National Labora-
tory, Last year SCE tested a 2.4-kV, 2.2-kA
single-phase fault current limiter made by
Lockheed Martin At the heart of the device
was a coil wound from BSCCO wires sup-
plied by ASC. In an energized equipment
test facility at SCE’s Center substation in
Downey, the prototype met or exceeded all
design targets.

Lockheed Martin is interesled in com
mercializing HTS fault current limiters for
the utility market. According to a survey
of HTS applications R&L earlier this year
in Physics Today, other teams of electrical
equipment manufacturers and electric util-
ities around the world—including GEC
Alsthom and Electricité de France, Toshi-
ba and TEPCO, and Siemens and Hydro
Québec—are also developing such devices.

Motors and generators

Rotating electrical equipment depends on
rotor windings or solenoid coils that can
generate strong magnetic fields as part of
normal opcration. Such fields can be
achieved with BSCCOwire-based rotor
coils operated at 20-40 K, and such coils
are expected to provide cost-effective com-
mercial motor performance. If YBCO-
coated conductor tape is successfully de
veloped, it could offer the further benefit of
permitting operating temperatures around
77 K. In the meantime, although commer
cial BSCCO-based HTS wire shows relatively
poor performance at 77 K in high magnetic
fields, its properties are sufficient to enable
significant progress in the engineering de-
velopment and scale-up of prototypes for
both HTS motors and generators.

Electric motors are used extensively by
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SUPERCONDUCTING RACETRACK FOR AN HTS GENERATOR A team of specialists
at General Electric’s R&D Center in Schenectady, New York, designed, built, and

successfully tested this prototype HTS generator racetrack coil earlier this year.

The coil was made from some 2400 meters of BSCCO tape manufactured by Inter-

magnetics General Corporation. Suspended in a vacuum and cooled with helium gas,

the coil was tested at temperatures ranging from 16 to 77 K. It achieved steady-
state currents of 34 A at 25 K and 30 A at 20 K. The coil was produced as part of the

first phase of a government-industry program targeting the development of high-

efficiency, low-cost HTS generators for electric utilities.

utilites and others. They are ubiquitous,
consuming more than 55% of all the elec-
tricity generated in the United States. And
large motors (>1000 hp) account for more
than half of that consumption. ASC believes
that H'S motors will provide such com-
pelling benefits and operating advantages
that they could eventually dominate the
global market for large motors, which now
exceeds $1 billion a vear HTS motors are
expected 1o be half the weight and half to
onethird the size of conventional metors,
to be much quieter; and to offer lower op-
erating costs.

Earlier this vear, under the SP1, Rockwell
Corporation’s Reliance Electric subsidiary
and ASC demonstrated a 200-hp HTS mo-
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tor. Its power output was increased by 60%
over the original design goal, in part on the
basis of knowledge gained in demonstrat-
ing a 5-hp motor with EPRI support just
three years ago. The 200-hp motor, built
with BSCCO-wire-based rotor coils devel-
oped and made by ASC, was operated at
1800 rpm at 27 K. Centerior Energy Corpo-
ration, EPRI, Sandia National Laboratory,
and Rockwell Automation’s Gainesville,
Florida, motor plant participated on the de-
velopment tcam.

The next goal of the continuing joint de-
velopment effort is to demonstrate larger
units, first a 1000-hp motor and then, by
the year 2000, a 5000-hp precommercial
pretotype. Rockwell says that it plans to

commercialize large industrial HTS motors
in four to five years. Meanwhile, U.S. Navy
research engineers have developed and
tested both 175 and HTS motors, including
a testbed unit equipped with a BSCCQO coil
from ASC.

As a result of the progress demonstrated
with the 200-hp Reliance motor, Kurt Yea
ger, EPRI president and chief executive offi
cer, was quoted in the Reliance announce-
ment in March as saying that he expects to
see 5000:hp HTS motors in use by utilities
by the start of the next decade and even
larger superconducting motors soon there
after “The payoff will be lower electricity
bills for utilities and industry,” said Yeager.
“For example, a conventional 10,000-hp
motor that uses copper wire coils is about
half the size of a bus. An HIS motor of the
same power will have half the voluune and
weight and willsave about $100,000 a year
in electricity costs. EPRI is proud to have
been the catalyst in the developments that
led to this milestone.”

Generators: déja vu

Utility interest in a superconducting gener-
ator actually predates the discovery of HTS
materials a decade ago. By 1986, EPRI,
equipment vendors, and federal energy re
search organizations were winding down a
series of collaborative efforts to develop an
LTS generator. Commercial designs for 300-
MVA units were envisioned in a project that
included Westinghouse, EPRI, the Ten-
nessee Valley Authority, and the Massa-
chusetts Institute of Technology. Separately,
in the early 1980s, General Electric devel-
oped and successfully load-tested a 20-
MVA prototype (built with five rotor coils
of NbTi wire) with liquid helium cooling.
But an LIS generator was never commer-
cialized because its overall economics did
not appear favorable for development as a
competitive product.

Now, however, the availability of high-
current HTS wires and coils could change
the techinoeconomic prospects. GE has been
quietly working under the SPI to develop
and test an HTS colil for use in a generator
rotor After acquiring more than 2 kilome-
ters of BSCCO flat-tape wire from Intermag-
netics General, GE laminated the tape with
copper for greater strength and wrapped it



with paper insulation. The: researchers then
wound the tape in a layered, continuous
racetrack coil designed to produce abaut
35,000 ampere-turns of magnetomativi:
force and to be capable of operating in a
1.5-MVA generator. GE tested the insulated
coil first at liquid nitrogen tempirature, at
which it carried 5-10 A. But suspended in a
vacuum and cooled with helium gas to 20
K, thit coil carried about 34 A at stisady state
and was briefly ramped as high as 60 /.

Kenneth Herd, a mechanical engineer in
the GE R&P Center’s applied superconduc-
tivity pragram, says that the rescarchers
are working with DOE and GE's Power Sys-
tems grilup to pursue rotating teats of thi
coil. In these tests, the coil would b
meunted in a rotor with an armature and
stator assembly to verify operation at 3600
rpm as a prototype 1.5-MVA generator. GE
ses “distinct cost advantages of being able
to opierate at 20 K instead of liquid helium
temperature,” notes Herd, a= well as “other
profound advantage= of desigh” that could
lead to a new paradigm for superonduct-
ing generators, “For the first timi, we can
see the potential not only for higher effi-
ciency and perhaps lower weight but also
for lower capital costs.”

The U5, Air Force is also developing
a high-density, lightweight HTS generator
—for use on aircraft—in a program cen-
tered at Wright-Patterson Air Force Base's
Wright Laboratury. ASC bas been deliver-
ing BE10 wire coils to the laboratory since
1942 for use in a I-MVA prototype.

In Japan, seviral large elictric equip-
ment manufacturers are participating in a
major superconducting generatior project,
Called Super M, the effort is organized
by the country’s Ministry aif Internaticinal
Trade and Industry. The LT% generator will
have WBTi coils and operate at liquid he-
lium temperature. The project reportedly
has nearly complited a 70-MVA prototype
at Kanzai Eléctric Power's {3saka station
and plans to begin testing of the machine
this year. Commercial HTS generators are
expected to have ratings of 200 MVA or
more.

Maglevs and more

High-field HTS magnets cauld open up an
entirely new realm of applications both

within and beyond the utility industry,
with potentiall¥ even broader sacial im-
pacts than those already glimpsed for the
near future.

In Japan, railway research engineers are
considering whiethir to make a major new
push to develop magnetic levitation (mag-
lev) trains—prototypes of which with LT4
magnets have been successfully tested—or
to focus instead on develaping a new gen-
eration of the country’s 30-year-old bullit
train technology. Observers expect that
high-fizld HTS magnets wauld bie used in
place of LTS magnets if maglev is targeted
fipr major developmeent.

At thi Texas Center for Superconductiv-
ity at the University of Floustiin, HTS r-
searchers have made magnetic bearings
with mell-testured single-crystal YBCO.
Such bearings could be vsed tiv neduce the
loss of rotatinnal force in large flywheels
that, in turn, could be u=ed both to store
energy and to absorb power fluctuations
in utility and customer applications. The
bearings are expected to be simpler and
less costly than the so-called active mag-
netic bearings used today in sivme rotating
machines. Japan's Chubu Flectric Pasver
and Dowa Mining reportedly are also
warking on developing and reducing the
cost of producing single-crystal YBCO
chipa for magnetic bearings. {ither research
groups in lapan havet produced magnetic-
flux-trapping YBCO disks that can levitate
by several inches large permanient magnets
with pesple standing on them.

Related applications of high-field HTS
materials include large- and medium-
capacity supemeanducting magneticenergy
storage (SMES) systems. SMES designs
based on the use of large-diameter, liquid-
hilium-cooled BETi LTS conductor coils
have been developed under government
R&D programs in this country. Such de-
signs could be adaptied to use HTS condue-
tors at 20-40 K. Meanwhile, microcapacity
SMES units—some with helium-cooled LTS
voil and others with HTS roilscooled with
liquid nitrogen—are alrrady being com-
mercialized by a number of firms for pro-
tecting senzitive industrial and commercial
loads from momentary power glitches or
interruptions. Commercial devitlopers in-
clude Superconductivity, Inc., and ASC.

Toward a superconducting futurg

It is ironic, although perhaps of little signif-
icanie for the prospects for practical appli-
cations, that “we=ztill don’t know the mech-
anism of superconductivity at high tiem-
peraturis,” says Grant. “High-temperature
superconductors are believed to involve
paired itlectrons, as do their low-tempera-
ture counterparts, but we don’t really know
what holds the electrons together in the HTS
materiaks. This i= why, ¢ven 10 years after
the discovery of these high-temperature
materials, superconductivity i= still at the
leading edge of condensed-matter physics.”

The many ongoing and approaching HTS
prototypa developmunts are solid evidence
of the rapid priigress from discovery to
demonstration that has been mads in only
a disrade’s time., It appears ever more likely
that superconducting machines and power
cables will be operating en utility systéms
by early nest century. These prototypes
will provide the technical data and operat-
ing exprrience that will determine whether
thie still-mysterious but marvelous scien-
tific curiosity uf high-temperature super-
vimductivity can indeed be the basis for
utility power syatems of the future. "
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THE STORY IN BRIEF

quaculture, or fish farming, is on the

brink of becoming big business in

the United States, and electric utilities
across the country are gearing up to get involved.
Not only does fish farming mean increased electric-
ity sales and economic development within utility
service territories, it could also bring more jobs into
the country and help struggling farmers stay in
business. The potential for extra income through
the sale of power plant waste heat and the leasing
of utility land is adding to the lure. The aquaculture
industry has some problems to overcome, however,
including inefficient fish production systems. In
hopes of setting a technology standard to revolu-
tionize large-scale fish production, EPRI is spon-

soring the demonstration of a computer-controlled

PHOTOGRAPH BY NATALIE FOBES

aquaculture module that employs a number of so-

'. phisticated electrotechnologies.
LR —
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FAISH ILLUSTRATIONE BY NORMAN KEKK)

t's winter on the wind-whipped plains

of North Dakota, and temperatures

well below zero are packing emer-

gency rooms with frostbite victims. But
thousands of warm-water fish are thriving
in the central part of the state. In fact, hun-
dreds of these African fish, called tilapia,
are harvested for eating every day. Wel-
come to Golden Fisheries, one of thiscoun
try’s successful fish-farming operations.
Located near a coal-fired power plant
some 80 miles northwest of Bismarck, the
fish farm uses the power plant’s waste heat
to keep its tilapia toasty year-round. The
resulting yield supplies processors in New
York and Chicago, helping to meet—even
in the off-season—this country’s voracious
appetite for seafood.

“It's a neat concept,” says Jim Selby, busi
ness development coordinator for Basin
Electric Power Cooperative, owner of the
900-MW coal plant. “Rather than blowing
this heat up into the air and wasting it, we
can channel it over to the fish farm, where
it is put to productive use.” Warm wa-

STRIPED BASS
(Morone suxatilis)

ter is piped through about half a mile of
conduit and arrives at the fishery at about
100°F—warm enough to please the fish
and heat the air inside the 2-acre dome
structure where they are raised. Although
the fishery has a supplemental heat source
for emergencies, heat from the water usu-
allv suffices—even in the arctic cold of the
winter months. The fishery has operated at
the site for four years, employs about 13
people, and consumes 4.1 million kWh of
electricity annually—about as much as a
small town.

Electricity sales and economic develop-
ment are just two of theincentives that have
gotten power companies such as Basin
Electric involved in aquaculture over the
years. Utilities like the steady load of such
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Rather than
blowing this heat
up into the air
and wasting it,
we can channel
it over to the
fish farm, where
it is put to
productive use.

Jim Selby, Basin Electric
Power Cooperative

round-theclock operations. And opportu-
nities for eamming extra income through the
sale of waste heat and the leasing of land
make aquaculture even more attractive to
utilities. “This isn’t something that pertains
only to rural electric cooperatives,” notes
Joe Ruch, senior engineer for Consumers
Power, an investor-owned utility that
pipes warme
water dis-

; charge

R k‘__ — / from the
condenser

of one of its coal-

fired plants in western
Michigan to a neighbor called

Bay Port Aquaculture. This fish
farm raises yellow perch—a species native
to the area that thrives in 70°F water—and
sells them to local processors. The com-
pany leases a 10-acre parcel from the utility
and has operated at the site for six years.
During that time, it has grown steadily
to its current annual production capacity
of 100,000 pounds. “Electrical load is a
prime interest from our perspective,” says
Ruch. “There’s an excellent market for yel
low perch in this area, and there’s a poten-
tial for this business to expand into pro-
cessing, which would mean new refrigera-
tion plants.”

Not all utilityrelated aquaculture en-
deavors have been so successful. In fact,
a number of well-publicized failures have
somewhat soiled the industry’s reputation.

But with the aquaculture industry on the
brink of what many experts say will be a
significant boom, the electric utility indus-
try is showing renewed interest in these
operations. According to EPRI's Aquaciit
ture Scoping Study (CR105302), published
in May 1995, aquaculture is the fastest
growing sector of U.S. agriculture. The
study reports that world fisheries are now
at or above sustainable yields and that
globalaquaculture must increase sevenfold
in the next 33 years in order to keep up
with the demand from a growing popula-
tion. The industry is particularly ripe for
development in this country, where health
consciousness and other factors have in
creased the consumption of seafood. At
this time, production from U.S. fish farms
accounts for only 3% of the global aquacul-
ture harvest. Meanwhile, the United States
is the world’s second-largest importer of
seafood products. These imports total
nearly $9 billion annually, making seafood
our third-largest import, behind oil and a u-
tomobiles.

The scoping study, undertaken because
of the great potential for utility involve-
ment in the rapidly growing aquacul-
ture industry, highlights opportunities for
utilities to nurture this beneficial customer
base. The study was a recent project of
EPRI's Agricultural Technology Alliance,
established two years ago to support var-
ious types of farming in the United States.
“Utilities often don’t recognize the signif
icance of their agricultural customer base;
in many cases it's hidden, since a number
of these farms are on a residential rate,”
says Myron Jones, who manages EPRI's
agriculture research. At the same time, U.S.
farmers face serious challenges that threat-
en to move food production into Mexico
and other countries. “Aquaculture,” notes
Jones, “is something that struggling farm
ers could do as a sideline, using barus,
land, and other equipment they already
own " Theonly catch isthe need for a large
water supply. However, advanced water
recirculation technology does away with
this need, allowing aquaculture to be corr
ducted just about anywhere. Says Jones,
“You could have a production facility in an
urban warehouse just as well as in a remote
rural location.”



New directions

Traditional aquaculture, which employs
¢ither natural settings like ponds or artifi-
cial viessels like raceways, requiriss access
to a significant water source bicause typi-
cally the water flows through the system
only once before it is discharged. In con-
trast, ricirculating aquaculture systems lit-

erally recirculate the water used =o that
daily water discharge is minimal. Accord-
ing to Jonne Berning, a fish farmer and an
aquaculturg consultant for EPRI, a recircu-
lating system with an annual capacity of
100,000 pounds of fish uses only 1000 gal-
lons of water daily—about thre timis the
typical household use of a family of five

CAREFUL CONTROL Computer monitoring enables optimal fish growth in advanced

recirculating systems like the one that EPRI and other cosponsors plan to demon-

strate. Used water, pumped continuously from the tanks where the fish are grown,

passes through a screen filter, which catches such debris as fish waste and food

particles. Water temperature, chemical bal

ance, and oxygen level are all adjusted

before the water flows back to the growing tanks. A regulated lighting system

provides the appropriate illumination. On a

daily basis, only 5-10% of the water in

recirculating systems needs to be replaced with makeup water.
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A nonrecirculating system with the sam
capacity usis about 25 times thi= amount of
water. The minimal water discharge from
recirculating sy=tems not only offers flesi-
bility in facility siting but also makes it eas-
ter tin obtain the necessary environmental
permits for operation.

Unlike traditional aguaculture opera-
tions, which are often opin to the air, recir-
culating syatems are enclosed, offiering op-
timal control over the biological environ-
ment, sis chances of invasion by a dicadly
virus or of exposuna to toxic substances like
mercury are slim. In fact, careful monitor-
ing by computer wnables fish farmers to
track exaitly what their fish eat, =o the ulti-
mate product is not only healthy but bet-
ter tasting. For instance, catfish raised in
ponds can wind up tasting muddy if cer-
tain algae build up in the water. With a re-
circulating sy'stem, farmers can easily mon-
itor and control algae buildup to avoid this
problem.

But the most obvious advantage of recir-
culating systems is that they are far more
efficient at fish production. Constructed
either with a raceway or in a circular tank
confliguration, recirculating =ystems employ
automatic feeders and air blowers to pro-
vide as much fond and air as required for
the number of fish in the system. Waste-
laden water flows through biological filters
that clean it. While a nonrecirculating sys-
tem typically praduces 3000 pounds of cat-
fizh per acre, a recirculating =ystem yielda
100,000 pounds per acre.

Through a current project initiated by
ther Agricultural Technology Alliangis, EPRI
19

EPRI JOURNAL July/Augusl 1996

SCHEMATIC BY ANTHONY LUKBAN



CHANMEL CATFISH
(Ictalurus puncratus)

has is=ued a request for proposals to build
a necirculating aquaculture module capa-
bl of producing 100,000 pounds of fish
annually—the minimum capacity believed
to be conomically viable for aquaculture.
Plans are for the demonstration to run for
one year, during which conditions will be
optimized. The experience will be docu-
mented in a series of how-to manuals cov-
ering the details of building and operating
such a facility, including the costs involved
and the return on investment that can be
expuicted. Specifications for optimal grow-
ing conditions, such as water temperature
and feed rate, will be included for varieus
kinds of fish.

“The goal is to produce a cookie-cutter
module that will work in any part of the
country—regardless of whether you want
a 100,000-pound-per-year facility or a mil-
lion-pound-per-year facility,” says Bern-
ing. Although the demonstration module
will be used to grow tilapia, the plan is to
make it a system that can be used for other
types of fish a= well. Say= Berning, “Our
aim is to get the system down to a science
<0 that whether you want to grow tilapia
in Florida or hybrid striped bas= in Morth
Caralina, you should be able to use the
same system with minimal modifications.”

[f surcessful, the demonstration could
set a standard for aquaculture system
design that would make it possible to
mas=-produce fish for
the market, much as
chicken is produced
today. At thi= time, no
such standard exists.
As Berning explains,
“There are so many

20 EPRIJOURNAL  July/August 1996

FISH DOME This 2-acre, air-supported dome structure
in North Dakota houses tanks and raceways for growing
a hearty warm-water fish called tilapia. Golden Fish-
eries, which owns and operates the facility, gets its
supply of warm water from a coal plant across the road.
The plant is owned by Basin Electric Power Cooperative.

consultants out there hawking
customized systems, and almost
every one of them has a different way
to put these systems together. The
systems are not cheap, but it's
not uncommon for them to fail because
they don't properly account for certain bio-
logical parameters, like oxygen.”

After the yearlong demonstration, the

The goal is
to produce «a
cookie-cutier
module that will
work in any part
of the countiry—
regardless of
whether you want
a 100,000-pound-
per-year facility
or a million-
pound-per-year
facility.

Jonne Berning, fish farmer and
aquaculture consultant

facility could be used for training people
in the aquaculture busines= who would
like to operate such systems of their own.
And utilities could serve as an information
resource for customers who might be inter-
ested in establishing their own systems.
EPRI expects to select a contractor and a
host site for the demonstration by the end
of this year. The project could cost up to
$500,000, of which EPRI has committed
$80,000. (The capital cost of a commaercial
system would be considerably less, aver-
aging about $200,000 for a facility with a
100,000-pound annual capacity.) EPRI is
seeking cofunding from aquaculture busi-
nesses and electric utilities. If the funding
is sufficient, a second demonstration proj-
ect could be initiated.

Recirculating aquaculture systems em-
ploy a multitude of electrotechnologies,
including pumps for circulating the water
continuously, air compressars or oxygen
generators, and artificial lighting. On aver-
age, a well-designed system of this type
uses about 5000 kWh of electricity per
month. This does not include energy used
for heating, since in most cases this nised
is served by natural gas or propane. “While
a single facility might not sound like much,
by the time you put 10 or 20 of these into
one utility’s service territory, the kilowatt-
hours start adding up,” says Berning. Ad-
ditionally, there are a number of advanced
electrotechnologies—for example, ozona-
tion for water disinfec-
tion, computer-related
controls, and energy-
efficient lighting—that
could be employed to
enhance such systems.
Some of these technol-
ogies will be used in
the tilapia demonstra-
tion module.




Utility efforts

A number of utilities that already
recognize the benefits af aquacul-
turit have embarkisd on their own
research projects. Mew York Stats
Flectric & Gas Corporation is spon-
soring the development and con-
struction of a small-scale aquacul-
ture system that will enable this sci-
ence to be taught at ume of the
state’s two-year technical colluges.
Plans are fisr the ayatem to be ready
for use this fall. "Aquaculture is an
expanding enterprise that may pro-
vide new opportunities for some of
our small dairy farmers that are be-
ing squeezed out of business by
competition from bigger compa-
says Richard Peterson of MYSEG's

I

nies,
agricultural energy services group, “These
farmers have resources on their property,
such as buildings, that could bir converted
for closed-swstem aquaculture.”

The Tennessee Vallew Authority, which
has conducted 15 years of research on ti-
lapia production, i= currently working on
a project to evaluate the feasibility of us-
ing mineral- and nutrient-laden waste-
water from an aquaculture facility o grow
a variety of crops, from vegetables to high-
value ornamental crops like azaleas and
other flowers, According to Liss Behrends,
a manager with TVA"s Environmental Re-
search Center, the crops could be grown
either in a wetland environment outdoors
or in a hydroponics greenhouse for vear-
round production. The advantage of hy-
droponics i= that it enables a more rapid
growth rate, partly bicause plants can ab-
sorb nutrients faster from water than they
ran from soil. As the plants gather their
nourishment, they also act as filters, clear-
ing the waste from the water. (See the side-
bar for more details on hydroponics sys-
tems.) The primary interest for TWH, as for
MYSEG, is economic developmint. “If wi
can dienonstrate the feasibility of the in-
disor farms, there are a lot of areas in the
Southeast wherne such operations could be
sited,” says Behrends.

[nterest in economic development has
also spurred Carolina Power & Light Com-
pant into action. For the past three years,
CPl&L has collaborated with Morth Carolina

Yizhd

Land area

Water use

large water resources. In additiem
to supporting the project finan-
cially, CP&L has served as an advi-
sor on the electrotechnologiis #m-

Electricity use

ployid and has worked to ensune
the energy efficiency of the sys-

Maturation period

THE RECIRCULATING ADVANTAGE Although recircu-
Jating agquaculture systems use more electricity than
traditional fish-farming operations, they offer a number
of advantages, such as dramatically higher yields. The
relatively small water supply and land area required for
recirculating systems mean that they can be located just
about anywhere. And because the systems are enclosed,

they offer protection from pollution and disease.

State University to demonstrate the fea-
sibility of growing fish in an aquaculture
swatem housed in a metal-sided barn typi-
cal of those found in the region. This effort
dates baik to 1990 and was initiated by the
university with funding from the energy
division of the state’s Department of Com-
merce. According, to Tom Lozrordo, an asso-
ciate priofessor with the university, the
school’s cooperative extension system had
received many inquiries from local farm-
ers and entrepreneurs who were
loiking for information on using
barns far growing fish, Alex
Hobbs, a principal en-
giheer in CP&L's re-
search section, rays
he had recoived similar
calls over the yirars. “We
havira good infrastructure of feed mills,
processing plants, and farms in our arifa
to support this kind of industry, so we
thought a local demonstration was a good
way to see how it might work,” he =ays.
Housed in a barn on the campus of
Morth Carolina State University in Raleigh,
the demiinstration system produced 24,500
pounds of tilapia in 1993, reflecting a sur-
vival rate of 44%. Since then, researchirs
have retrafitted the swstem with recirculat-
ing technology that they believe will show
even better results. Tests of the new system
aree under way. Hobbs notes that this tech-
nology is of particular interest to hi= ulility
because it vnabliss aquaculture tis be prac-
ticed in parts af the state that do not have

tem,

Opportunities abound

While research continues to en-
hance aquaculture production,
there are plenty of commercial
establishments already up and
running, providing ample oppor-
tunity for utility benefits. Take,
for example, the casa of Jackson
LCounty Rural Electric Member-
ship Lorporation in Indiana. A
shrimp company approached the co-op last
fall about establishing an extensive shrimp-
growing operation on farmland within the
co-op’s service territory. The company, Pen-
bur Farms, has since purchased 50 acres of
this property (currently a cornfield) and has
the option to buy another 30. Plans are to
construct up to 11 buildings in which the
shrimp will be grown. Pumps to circulate
the water, artificial lighting for optimal

PENMYFISH TILAPIA

( T. hornorum/ 1. mossambica hybrid)

shrimp growth, air conditioning, and ultra-
violet light for water disinfection are just
some of thee operation’s electrivity nreds.
The total potiential electrical load is 7 MW, or
more than 5% of the co-op’s existing eliectri-
cal load, say= Brian Wolka, member services
dinector for the co-op. This assumes that
the facility will use propane for heating,
The use of utility land and waste heat
offers oppartunities fior more-direct utility
involvement and for environmental bene-
fits. Such is the case with projects involwing
Basin Electric Powwer Cooperative and Con-
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Vegetables Too Can Thrive Indoors

ust as fish farming can be conducted indoors under con
trolled conditions for more-bountiful yields, so can plant
farming. Plant production through controlled-environ-
mentagriculture (CEA) involves levels of precision, control, and
productivity that go well beyond the capabilities of traditional
greenhouse farming. With funding from several sponsors—in-
cluding EPRI, New York State Electric & Gas, New York State
Energy Research and Development Authority, and Empire
State Electric Energy Research Corporation—researchers at
Cornell University aim to refine CEA plant production and
jump-start an indoor farming industry in the United States.
At this time, a small number of greenhouses are used for

growing vegetables in this country, According to Louis Al-
bright, a professor of agricultural and biological engineering at

Cornell, these facilities are often oper-
ated by small producers with little of
the marketing experience necessary
to find consistent buyers for their
produce. As a result, the bulk of the
warm-weather vegetables bought by
consumers during the winter months
are imported from elsewhere in the
United States or from other countries. Keeping such production
in the United States through the use of CEA facilities would not
only keep jobs in this country but also enhance the quality of
out-of-season produce, says Albright.

For electric utilities, CEA facilities mean increased electricity
use through artificial lighting, air circulation, computers, and
other loads. Better still, the round-theclock nature of these
facilities makes it feasible for at least 70% of the load to be
off-peak and to be interruptible for short periods. “The use of
successful CEA facilities would essentially convert the liquid
fuel costs currently incurred in transporting vegetables into
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electricity costs to grow the vegetables locally,” Albright says.

The Cornell researchers have already successfully tested a
laboratory-scale model of a CEA hydroponics system for grow-
ing lettuce. Hydroponics systems, in which plants are grownin
a nutrient solution rather than in soil, are already widely used
for growing lettuce. However, the precise environmental con
trol enabled by such CEA technologies as artificial lighting and
air circulation is not available through conventional hydropon-
ics systems. With the help of their sponsors, the Cornell re-
searchers plan to establish a fullscale CEA hydroponics demon-
stration module for growing a variety of marketable plants,
from vegetables like tomatoes to highvalue crops like herbs.
According to Albright, the researchers will start out with Bibb
lettuce—one of the easiest vegetables to grow. The goal for the
8000-square-foot facility is to churn out 1000 heads of let
tuce daily. Research results have determined the ideal tem-
peratures and levels of nutrients and dissolved oxygen for
producing such a yield.

The lettuce will be started fromseed in a “growth room,”
with the help of artificial lighting. On the eleventh day, the
seedlings will be transferred to Styrofoam rafts floating in
four ponds, each measuring 100 feet by 20 feet. The rafts al-
low the plants’ roots to extend into the hydroponics solu-
tion so that they can draw nutrients from the liquid. Ac
cording to Albright, the lettuce will be ready for harvesting
on the thirty-fifth day. Careful control of environmental
conditions enables this rapid growth rate in any season.
With moretraditional hydroponics
methods, in contrast, Bibb lettuce
can take up to 80 days to mature
during the winter months. As with
recirculating aquaculture systems,
CEA vegetable farming offers the
advantage of protection from dis
eases and other stresses in the nat
ural environment.

Plans are for the CEA facility,
which will be established in up-
state New York, to be operational
this fall. As with the EPR}sponsored aquaculture demonstration
facility, the CEA demonstration will run for one year. After that,
the facility will be used for training growers who want to run
their own CEA operations as franchises. Under the direction of
an agriculture cooperative, the facility will serve as a model for
the franchises. The cooperative will handle the marketing such
franchises would require and will provide them with supplies,
leaving the nuts and bolts of the production operations to the
growers themselves. The cooperative will also be responsible
for keeping the growers abreast of computer programs and
other new technologies to enhance production.



sumers Power, in which
the use of utility land and
waste heat has led lo a Agq

ulture |

GOOD NEIGHBORS Power plants and fish are a
great mix in western Michigan, where Bay Port

land from Consumers Power

symbiotic relationship be-
twern power plants and
fish farms. I lowever, some
utilities caution that allow-
ing aquaculture wstablish-
ments and other business-
es to use utility land can be diffi-
cult. For example, utility regulators
in many states have not allowed in-
vestor-owned utilities to enter into
the long-term leases of 10-20 years
that would be required for an aqua-
culture business. The rationale is that
the utility must be able to recover its
land on short notice (anywhere be-
tween 30 and 180 days) in the event
that there is a need to expand a facil-
ity or extend transmission lines. For
an aquaculture business that may
have made a $3 million capital in-
vestment on the site, that isn't much
time. Besides, banks typically won't loan
money to finance aquaculture facilities un-
der such conditions.

More aquaculture
in the United
States means not
only more
electricity sales
for utilities but
more jobs for the
economy and
fewer tish imports.

Myron Jones. EPRI

The good news is that deregulation of
the electric utility industry is changing this
scenario—at least for some utilities. In-
creasing competition is encouraging utili-
ties to maximize their assets, including
underutilized land. And public utility com-
missioners are relaxing their grip. Accord-
tng to Andy Harpster, a land management
expert with Southern [alifornia Edison

and Bay Port's outdoor raceways, where netting

helps ward off local seagulls.

and uses warm-water discharge from one of the
utility’s coal plants to raise yellow perch. Shown

here are the coal plant (as seen from the fishery}

(SCE), utility regulators in Califiirnia have
indicated that they will allow utilities to
issue long-term leases on idle land a= long
a= the proposed use makes good business
sense. Proof of the business value of the use
must be well documented. 1 think the com-
missioners reilize that utilities need to take
advantage of every opporlunity they have
to generate revenues,” Harpster says. “Util-
ities need to hold down the bottom line to
offer the cheapest kilowatthour
thitv can produce.”
=CE i now in-
volved in a4 major
effort to evaluate all
its land and water re-
souress for potential use in aqua-
culture, among other businesses. The buf-
fer land around generating stations is a
prime candidate. “The idea is to surround a
power station with an apron of industries
that are somehow dependent on the plant,”
says John Palmer, a research project man-
ager in environmental atfairs at SCE. “That
way, you're making the hest use of the
available resources.” He noles that the
available leasable land could total a few
hundred acres at a single power station.
“We're very excited about it, quite frankly,”
says Harpster. “We think it’ll be good for

Edison, good for our

ratepayers, and good
for our shareholders
too.”

Deregulation is al-
50 encouraging other
avenues of utility in-
volvement in aqua-
culture, ranging trom
investment in  and
part ownership of
fish farms to the di-
rect operation of such
facilities. As Berning notes, a company
seeking new areas for diversification cauld
even turn an existing fish-restocking pro-
gram into a moneymaker by selling sur-
plus fish. Says Jones of EPRI, “We’re hoping,
that real-werld demonstrationa like the on
we are planning will help streamline the in-
dustry =o that aquaculture can live up toits
full potential in this country. More aqua-
culture in the United States means not only

RAINBOW TROUT
(Salmo gairdneri)

more electricily sales for utilities but

maore jobs for the economy and fewer fish
imporls. This is an area where utilities can
have a great impact.” ]

Background information fr this anicle was orovidad by My
ron Janes of the Customer Systems Group
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¢, almost everyone has no-

ts at home or the oiffice

they ditmmed for a mo-

B THE STORY IN BRIEF 3
% - Maintaining a stable ent when feepot or an air condi-
g flow of electricity is tioner in the next room was turned on.

b critical for secure power Maybe they flickered during a violent
. grid operation and storm when, presumably, a power line
customer satisfaction.
As utilities increase
utilization of their trans-
mission and distribution
asseds, serious new
stability problems are
cropping up, problems
that can have long-
distance impacts not The huge and the restless
predicted by conven-
tional stability analysis
tools. Recently, in ex-
ploratory mathematical
research at lowa State
University, EPRI-spon-
sored scientists devel-

somewhere blew down. Or possibly it
was on a calm evening, for no obvious
reason. Whatever the circumstances,
the flickering was an indication of
power flow fluctuations brought on by
changing clectrical conditions some-
where, possibly far away, on the power
grid.

Electrical changes almost anyplace can
affect the lights at home or the eifice
because most things electrical, from
televisions to transformers, are inter-
connected by wires and cables. These
wites exist in huge, continent-spanning
systems composed of regional and util-

oped a breakthrough ity-centered power grids. Each con-
method for enhancing stituent grid is itself large; that ef
stability analysis to a typical North American utility in-
address the new prob- cludes dozens of generators, hundreds
lems. The application of of thousands of miles of cables and
this method, which is wires (including several high-capacity
based on a 100-year-old tie-line links to neighboring grids), tens
mathematical concept of thousands of automalic control de-
known as normal forms, vices, and many millions of outlets.
promises to increase Plugged into these oullets (and thus
power system efficiency part of the grid along with the genera-
by improving utilities’ tors, wires, and controllers) are motors,
ability to predict and air conditioners, toasters, air compre=-
control grid behavior. sors, hair dryers, arc furnaces, bat-

by Paul Haase

tery chargers, blenders, computers,
freezers, sump pumps—all manner of
industrial, commercial, and residential
end-use equipment. The activity of
these devices affects, and is affected by,
the behavior of the whole assembly.

“For a power grid, each event—a
light switched en er o line sherted eut,
for instance—changes the overall elec-
trical and physical characteristics of the
entire =ystem,” says Dejan Sobajic, a
manager for grid operations and plan-
ning in EPRI's Power Delivery Group.
“With lights and motors and end-use
devices going on and off all the time,
the electrical state of a grid fluctuates
constantly. Utilities work hard to mini-
mize flickering and prevenl worse
problems.”

Identifying and controlling the elec-
trical fluctuations that could precipitate
cutages or ether stability problems con-
stitute a stiff challenge. As might be
expected, nearly all fluctuations are
insignificant: they result only in mi-
nute, lecal pewer flow disturbances that
quickly die eut. Some fluctuations are
maere substantial: they cause large dis-
turbances that must be dampened by
automatic controls and compensators
to prevent power surges or olher prob-
lems. And a very few are potentially
catastrophic. Under worst-case combi-
nations of conditions, electrical changes
can induce highly unstable power tluc-
tuations that feed on themselves, over-
whelm local cenirollers, and cascade
unpredictably across the grid. Wild ne-
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verberations of current or
voltage can result, leading

‘ to failure of critical cempo-
nents and outages.
For secure grid op-

eration, the electri-

cal conditions associ-
ated with catastrophic
cases must be avoided.
Unlortunately, not only
is it difficult to know ex-
actly where and how
much electricity exists

within a large grid, but

the physical laws gov-
erning the behavior of
electricity are also complex.
No goed conceptual maodel exists. A com-
men scheme likens the flow of electricity in
a power system to that of water in a system
of pipes, with current analogeus to velume
(how much electricity there is) and voltage
like pressure (the force “pushing” the elec-
tricity around). Thus generators are like

Generator | ganacator 2

- e Genarator3
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pumps, switches are like valves, and end-
use equipment is like water-driven ma-
chinery. But this basic medel fails to ad-
dress critical aspects of power flow, such a=
alternating and mulitiphase current, power
electronics switching, and the inability to
store electricity. What’s mere, even the
smallest power systems are much more
complex and interconnected than any sys-
tem of pipes. Pewer engineers thus turn to
complicated mathematics that abstractly
describe what's geing on.

The mathematical models used by utility
engineers lo understand the slate and flow
of electricity in a power grid go right to the
source: the rotational behavior of the gen-
erators that supply the grid with power.
These models consist of coupled nonlinear
differential and algebraic equatiens. There
is one equation for each generator within
a grid; it describes the spinning motion of
that machine’s rotor and captures its inter-
actions with controls and the network.

The rotation of generators characterizes
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TO NEIGHBORING UTILITY

INTERCONNECTION AND STABILITY Modern electric power systems involve millions of
components and complex interconnoctions. A downed line in city B could, in theory, affect
lights in any other city or town on the grid—and in most cases via multiple pathways. Utilities
characterize electrical stability for these complicated systems by the rotational behavior of the
generators powering the grid. Ordinarily generators spin synchronously, with phase differences
that depend on local conditions. lnstability is indicated when a generator begins spinning faster
or slower than the others, shifting its phase [as shown for generator 4).
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TQ NEIGHBORING UTILITY

power levels and pewer flew dynamics be-
cause the electrical state of a power grid and
the spinning of its generators are linked—it
is of course the generator rofation that pro-
vides electricity te the grid in the first place.
The linkage goes both ways: the electrical
state of a network determines its ability to
absorb additional power and thus controls,
through varying electremagnetic drag on
the generators, how much of the spinning
energy in the generators is converted to elec-
tricity and how much remains as rotation
(see sidebar on page 27).

When a faull causes a shert circuit or
when something on the power system is
turned on or off, the electrical state of the
system changes and the speed at which the
generators spin increases or zlows. Ordi-
narily, all the generaters supplying pewer
to a system spin synchronously (in North
America, at 60 cycles per second or some
multiple eof this rate). However, because
of the differing electrical characteristics
threughout a pewer netwerk, generators
at different locations may spin
seme degree out of phase with
each other—that is, the “top” of
the roter for one generator may
be up when that of another

&

machine is down or at three
e'clock. The amount of phase
difference between two genera-
tors is called the phase angle or
angular shift, and it is by mea-
suring the changing relative
phase angles of all generators
follewing a disturbance that the
as=ociated power flow fluctua-
tions in a system can be re-
vealed.

Modeling for
control and safety

“The way in which generator
phase angles vary can be lik-
ened to the behavior ef an as-
sembly of weights connected
by springs,” says Sobajic. “Jostle
one weight and soon they all
wiggle. The overall pattern of
oscillation depends on the mag-
nitude and lecatien of the ini-
tial disturbance, the mass of the
individual weights, and the ar-

HEHEMATIC BY ANTHONY UKBAN
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rangement and strengths of the Voltage
springs linking them.” Drawing
on this concept, utility engineers
obtain power flow information
from minute changes in the rota-
tional speed of all the generators
connected to a grid. Disturbances

that require compensation can be

identified, as well as ways of con-

I’V Curve

called Taylor series expansion, is
conservative, and controllers de-
signed and sited on the basis of
such an analysis provide qualita-
tively correct regulation of distur-
bances. For optimal performance,
however, they must be finestuned
in the field.

To avoid problematic and po-

trolling them; power flows and f',
combinations of failures that could
lead to system instability can be
determined. Highly sophisticated
computers and mathematical tech-
niques are used for these tasks,
and analysis procedures ditfer.

To identify dampable distur-
bances and design automatic con-
trols, global knowledge about grid
behavior is needed:; relations hid
den within the behavior of the
whole assembly are key. These re-

of the curves are necessary. At traditional, conservative

loads (P,), linear approximation is accurate over a wide

lations are revealed through analy-
sis of a simplified, linear, model of
generator dynamics. (Mathematical tech-
niques do not exist at present for behav-
ioral analysis of the fully detailed, nonlin
ear, model.) First, individual generator equa-

LINEAR APPROXIMATION Of A CURVE

LINEAR LIMITATIONS Generator and power system
relations are fundamentally nonlinear: equations that
capture these relations appear as curves when graphed.
However, the complex computations necessary for power
system analysis cannot be performed on curves by using

existing mathematics, and straight.line approximations

range of behavior; at today’s often higher loads (P,), it

provides a narrow, incomplete representation.

tions are approximated linearly and solved
simultaneously; then they are combined
into a whole-grid model and analyzed. The
linearization, which is based on a technique

Py FPower tentially catastrophic power flows,
what's important is exact knowl-
edge of safe operating limits and
critical contingencies. This infor-
mation is obtained by simultane-
ously solving the generator equa
tions for a grid. Additional whole
model analysis is not necessary,
and the full, nonlinear, expressions
can be used. Although the calcu-
lations rely on difficult numerical
methods, experience with grid
behavior enables knowledgeable
engineers to focus effort on a
small number of representative
and worstcase scenarios. Nevertheless, the
process is slow, and a two-stage contin
gency planning approach is used. Teams of
power system planners determine poten-

As the Generators Turn

enerators work on the principle that electricity is created

G in a wire placed in a moving magnetic field. In these de-
vices, massive magnets are spun within tightly wound coils of
wire; the mechanical energy of a generator’s revolving magnet
is transformed into electric energy—electricity—in the wire.
This electricity is drawn off by the demands of equipment con-
nected to the wire elsewhere. Also, electricity has a magnetic
field of its own, and the field of the electricity created in the
generator coils interacts with the magnetic field of the genera-
tor magnet, resulting in a magnetic drag on the rotating magnet
that varies with the conversion of mechanical to electric energy
Because the demand of a power system varies with the con
ditions throughout that system, the amount of electricity drawn
off from the generator fluctuates, and so does the magnetic
drag at the generator. For example, if more electricity is sup-
plied to a grid (or part of a grid) than is needed, a charge builds
up at the generator and the drag weakens; the rotor speeds up.
If demand increases, the drag strengthens and the rotor slows.
Ordinarily, moment-to-moment rotor fluctuations are small
—utilities balance electricity supply and demand over the long
term and employ automatic control devices to compensate in
the short term. In exceptional cases, however, some of which

arerelated to power system nonlinearity; electrical disturbances
can strongly affect a single generator. For the extreme example
of a generator completely cut off from the grid by a main bus
failure, rotor speed increases very rapidly because all the avail-
able energy accumulates as rotation. The machine must be shut
down within a fraction

of asecond to avoid cata-
strophic failure.

But it is the small fluc-
tuations of rotation that
are key to assessing the
stability of a power sys-
tem. The dynamic elec-
trical changes caused by

shifting grid configura-
tions overlap and inter
fere, like ripples made by rain falling ona pond. They reach dif-
ferent generators at different times and affect them differently.
By analyzing the varying behavior of the generators simultane-
ously, the electrical state of the entire grid can be determined.
As might be expected, however, the necessary computations
are exceptionally complex.
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tially dangerous configurations af power
flow and disturbances via continuous off-
line computation; control room operators
use the configuration information, in con-
junction with reliability criteria, to deter-
mine safe aperating limits and make on-
line grid adjustments to avoid undesirable
contingencies.

“Thi=e generator-model methods are
utilized by all Morth American utilities,”
rays Bobajic. “They were developed to han-
dle stability issues arising with rapid
growth after the Second World War and
have ensured excellent grid =ecurity for
decades. As a result, all commercial soft-
ware for designing controllers is based on
anatysis of linearized grid mudels, and off-
line contingency planning is used wvery-
where to ditermine #afi: opicrating limits.”

With technological change and utility
deregulation, power systems are evolving
to become more flexibie and efficient. At
thir same timis, they are becoming more
striseied (sce sidebar on page 30). In recent

T years, novel types of instabilities have
been experienced, including long-dis-
- tanie interactions between grid con-

"its-
- {1’/

trols and genera-
tors. Control di-
vites that gen-

erate small

electrical sig-
nals designed to
dampen local
disturbances
have pro-
duced unex-
pected inter-
ferences with the
smooth, synchronous
spinning of generators
hundridds of miles away. In a
number of caszes, au-
tomatic controller re-
EpOn&ses in one area
have risulted in se-
vere disturbances in
other, geographical-
Iy distant, regions.
For example, equip-
Yrizona
has interacted with
generators in Brit-
ish Columbia, and

ment in
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TAYLOR SERIES The utitity industry approximates generator relations by using the

linear terms of Taylor series expansions, which are polynomial-like sums. The first

term of a Taylor series is constant, the second is linear, the third is second-order

nonlinear, and so on; each term approximates the original equation around a given

point, with higher-order terms as corrections. The more terms included, the betier

the approximation.

fluctuations in Colorado have caused seri-
ous disturbanci= in the San Francisco Bay
Area

A similar new stability problem is inter-
area separation. For a power grid, sepa-
ration occurs when one or more genera-
tors in a system lose synchronization with
the rest. This generator or group of genera-
tors speeds up or slows down indepen-
dently of the rest of the system, creating an
electrically separate island of power and
toad—a small grid of its own. Separation of
one or a few local generators following the
largest electrical disturbances, such as
those caused by catastrophic component
failures or natural disasters, is nothing new.
This situation is known as plant-mode sep-
aration, and utilities have devised control
practices that minimize risk and impact on
the bazi= of past experience. (Conventional
stability analysi= methods do not reveal
disturbances for which separation might
occur or indicate which generators might
be affected.)

By contrast, interarea separation involves
loss of synchronization for large numbers
of generators, some or all of which can be

far from the initial disturbance. This creates
man¥ small island= out of one large grid.
Somi# islands will have too much power
and others not enough, leading to extreme
power flow instabilities and brownouts
or blackouts affecting large areas. Several
cases of interarea separation have occurred
in North America over the past decade.
LIne of the most severe took place during
restoration of power in Los Angeles fol-
lowing the 1992 Morthridge earthquake;
utilities throughout the western United
States werne affected.

Straight lines and curves

At lowa State University, EPRI-funded
mathematicians and engineers led by Drs.
Aziz Fouad and Vijay Vittal suspected
that the new instabilitiss were due to the
increasing stress on modern powser sys-
teme. They reazoned that greater strisss in-
creases thee importance of nonlinear factors
in powsr flow dynamics, thereby introduc-
ing larger unpredictability in the funda-
mental relation= that affect power grids.
“The generator equations that govern the
behavior of power systems an inherently



nonlinear,” says Fouad. “As load on power
systems increases, it is only natural to see
more and more erratic, nonlinear behavior.
What's more surprising to me is that we've
been able to maintain good grid stability
with linear simplification and limited case-
by-case contingency analysis for as long as
we have.”

These approaches have been successful
in the past because fur linear systems—and
for near-linear ones, such as lightly loaded
power networks—behavior is described by
more or less straight lines; it is regular. A
small perturbation produces a small re-
sponse, and a larger change producis a
larger response. Analysis is straightfor-
ward (complicaled only by the size and in-
terconnectedness of the systemy), appraxi-
mation is reliable, and many powerful,
well-known mathematical analysis tech-
niquiss are available,

If nonlinearity in a system increases,
however, matters become more com-
plex. The behavior of the system be-
comes described by curved and r-
curved lines; it is much less predicl-
able, One small perturbation might
produce a small response, whereas an-
other, slightly different, small change
might produce a viry large response.

In a stressed—nonlinear—power net-

work, with numerous long-distance y

interconnections, all kinds of new, ir-
regular behaviors become possible.
Conventional scenario-based contin-
gency analysis would not fully reveal
safe operating limits because tom
many unpredictably related rases
would have to be computed. And ex-
isting linear procedures for dezigning
controllers would not account for the
new behaviors at all because by neces-
sity they neglect all nonlinear factors. (Very
few mathematical techniques acciimmao-
date even simple nenlinear calculations.)
Toexplers nonlinearity in stressed power
systems, advanced means are needed for
handling the generator models that de-
scribe the behavior of power grids. Fouad,
Viltal, and their colleagues took on# of
two general approaches. They decided to
develop more-realistic, but still linear,
characterizations for generator equatifins.
Nonlinear factors would be addressed by

the improved approxima-

tions, which, being linear, 0 T L

could b anatyzed via pow- & . L

erful conventional means. o ' Rk y

(The alternative apprivach L _"“..:. Ry g R

—the development of new STk 3 0t " any  point.
mathematical techniques en- t e ;‘1;} “.n ” For example,
abling explicit analysis of non- W -..:;:i"“":ﬁ'.‘. WA an equation
linear generator equations &4 L AR S0t n appearing as

—is being explored in other
EPRI research.) Researchers ap-
proached the challenge by ap-
plying the method of normal forms to
the nonlinear generator equations. Normal
forms, developed by the French mathe-
matician Poincaré, is an approximation
technique for converting nonlinear equa-
tions to linear forms around any point.
With normal forms, the conversion of
a nonlinear equation is accomplished by
changing the basis of representation around

NORMAL

FORMS METHOD

*unp fl” c"Under

NORMAL FORMS TRANSFORMATION
The method of normal forms converts
nonlinear relations into linear ones by
changing the basis of representation,
For example, a curve on the surface of
a cylinder can be changed into a
straight line by warping its axes in such
a way as to “unroll” the cylinder. Linear
analysis can be conducted on the
straight line and the results recovered
by reversing the transformation. This
process enables, for the first time,
stability analysis based on nonlinear

generator relations.

g - a curve on
conventional linear axes
can be made into a straight line if the axes
are changed to curves, In the process, the
nonlinear equation is divided into two
components: the part that can be made lin-
war on the new, curved axes and the resid-
ual part that can’l. If necessary for more-
accurate representation, the normal forms
process can be nepeated on the nonlinear
residual, creating a second set of axes and
a new residual; it can then be repeatid
on that residual, and so on. Because
wverything but the final residual ap-
pears as a straight line, any kind of
linear analysis can be performed on
the normal forms approximation (in-
dividually for each set of axes). Re-
sults are recovered by inverting the
conversion process at each step, thus
changing the answer back to conven-
tional straight-line axes.

For analysis of power system be-
havior, the normal forms method en-
ables enhanced, nonlinear approxima-
tions of generator equations to be ex-
pressiid in linear form. Consequently,
the nonlinear factors included in these
equations can be accessed by using
conventional linear analysis tools.

A rounder understanding

To date, Fouad, Vittal, and their colleagues
have used the normal forms method to
explore the behavior of small but repre-
sentative power grids—the IEEE 11- and
50-generator systems—with simple non-
linear approximations (second-order Tay-
lor series terms) for the generator equa-
tions. This work has demonstrated that
interarea instability is indeed associated
with nonlinear interaction among gen-
erators and conlrols, even across long,
geographic distances. Initial studies have
shown that nonlinear interactions can sub-
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stantially change
the behavior of
a power system,
producing  inter-
area separation as

well as other new
electrical instabilities.
For separation, analysis
of the simple nonliniar nor-
mal forms representation of a power sys-
tem can, for the first time, reveal which
generators will separate and can provide
information on the separation mechani=m.

As an initial step toward eaploiting the
powerful new capabilities made possible
by normal forms techniques, researchers
have developed systematic procedures to
study the behavior of power systems and
pinpoint factors critical to instabilities stem-
ming from nonlinearity and stress. Analy-
sis to date indicates that the most impor-
tant factar contributing to the new instabil-
ities is heavier system loading. [t suggests
further that second-order Taylor seriis
terms address interanea instability and that
third-order terms relate to long-distance
control interactions.

The resetarchers havie also developed an
indiex that, for the first time, rapidly pre-
dicts the interarea stability or instability of
a system for any fault or disturbance. By
enabling diverse nonlinear behaviors to be
explored fully, this index holds promise for
enhancing the security and reliability of
stressed power systems. Additinnally, the
computations are simple enough that
analysis can be accomplished by control
room operators with ordinary worksta-
tions, rather than requiring contingency
planners with powerful computers and
specialty software.

[n light of these promising findings, EPRI
plans to integrate the nirmal forms meth-
od into existing analyzis software, such as
the popular Power System Analysis Pack-
age, or PSAPAC, “This software will pro-
vide enhanced tools for analyzing system
dynamic behavior, including iong-distance
nonlinear interactions,” says EPRI’s Sobajic.
“The new index, for example, could pro-
vide a kind of ‘green light/red light” indi-
cator that power system operators will be
able to use to assess short-term grid secu-
rity in near-real time,”

Stress in Power Systems

c ompetitive and environmental pressures, as well as technological advances, are
encouraging utilities to operate their power systems differently than in the past.

Power wheeling is on the rise, and higher loads are being transmitted across longer dis-
tances, Mew power electronics controls and switches, suich as EPRI's FACTS (Flexible AC
Transmission System) devices, are being installed on grids to boost performance and ef-
ficiency. Throughout the electricity industry, conservatism has given way to cost re-
duction and maximum utilization of asset.

While these changes enhance efficiency, they also increase striss on power grids. To
handle higher loads and more power transfers, fransmission and distribution systems
are being operated nearer and nearer their limits. Utilities have little practical experi-
ence with power grid stability for such conditions, and because the systems are so
complex, comprehensive mathematical analysis is as yet unavailable. The analysis that
has been done indicatis the possibility of chaos in stressed power aystems, the most
unstable behavior poszible. Furthermore, power electronics devices are known to add
significant new power flow harmonics for all modes of grid opeiration, potentially af-
fecting stability at any level of load.

“Maintaining power flow stability in competitive markets ha= utilities caught bi-
tween the proverbial rock and hard place,” says EPRI’s Martin Wildberger, manager for
mathematics and information science, Strategic R&D. “Efforts to enhance grid effi-
ciency increase stress and the need fer careful control, while deregulation and the di-
wision of large, integrated utilities into separate generation, transmission, and distri-
bution companies reduce the ability of any one organization to manage global power
flow. Utilities now need more understanding of their #ystems than ever.”
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Additional research continues at Iewa
State University. Simple nonlinear approx-
imations of generator equations will be
further analyzed to explore the effects of
high loadings and power electronics non-
linearities on power grids. Mormal forms
will also be applied to more-complex non-
linear approximations of generator equa-
tionz, And the=e advanced methods will be
used to analyze dynamic behavior and sep-
aration for an actual power system, that of
Manitoba Hydro.

”QOur system canbe highly stressed,” =ays
Doug Chapman, manager of the Manitoba
Hydro System Performance Divizion. "Our
major generators, located on the Melson
River, which flows into Hudson Bay, are
linked to our customer base in Manitoba by
two 900-kilometer-long  high-voltage dc
transmission lines. Loss of this critical de¢
backbone could create severe problems for
our system, with system breakup a possi-
bility. Mormal forms analysis may help us
identify key system separation bound-
aries—and possibly help us design operat-
ing procedures, protective measures, or au-
tomatic controllers that could ensure the
creation of viable, stable islands in the
event of a breakup.”

According to Sobajic, the normal forms
efforts and the other mathematical research
sponsored by EPRI can improve the secu-
rity and efficiency of power systems by de-
veloping a deeper understanding of their
complex behavior. “The new knawledge
afforded by the normal forms methad will
enable EPRI to create guidelines for design-
ing improved controls that will help stabi-
lize power systems by damping out dan-
gerous oacillations, as well as guidelines
for situating these devices on the power
system to optimize their effectiveness,”
says Sobajic. “Eventually, improved under-
standing should enable on-line control of
instability preblems like generator =para-
tiesn and, ultimately, active avoidance of in-
stabilities altogether.” Lights may never
flicker again. -

Background information fer this article was provided by De-
jan Sobajic of the Powar Delwery Group and Martin Wild-
merger of Strategic RAD
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Power Applications for Supercon-
ductivity (page 6) was written by
Taylor Moore, journal senior feature
writer, with principal assistance from
two EPRI rescarch managers.

Paul Grant, esecutive scientist, Strati-
gic R&D, manages programs in super-
conductivity and wide-band-gap semi-
conductors. Before joining EPRI in 1993,
Grant worked at IBM Corporation for 40
years, much of that time as a scientist at
the Almaden Research Center in San
Jaze, California. He earned a BS degree
in electrical engineering at Clarkson
University and AM and PhD degrees in
applied physics at Harvard University.

Donald Von Bollen, target manager
for underground transmission in the
Power Delivery Group, joined EPRI in
1991. Before that, he worked three years
for Pacific Gas and Electric Company as
an engineer in the R&D and technical
services programs. Von Dollen earned a
BS in physics from California State Uni-
versity, Sacramento. =

F ish Market Lures Utilities (page 16)
was written by Leslie Lamarre, Jour-
nal senior feature writer, with assistance
from Myron Jones, manager for envi-
ronment and energy management in the
Customer ayatems Group. Before joining,
EPRI in 1990, Jones was vice president of
a subsidiary of Pacific Gas and Electric,
where he was responsible for natural gas
sales and corporate planning. He has
also worked for Bechtel, Shell Develop-
ment Corporation, United Technologies,
and Rust Engineering, Jones holds an kS
in chemical engineering from the Uni-

versity of Maine. =

Technical sources for Journal feature articles

reakthrough in Stability Assess-

ment (page 24) was written by =ii-
ence writer Paul Flaase with the assis-
tance of two members of EPRI’s tichnical
staff.

Dejan Sobajic, manager of power
systems control in the Power Delivery
Group, came to EPRI in 1993 after five
Vears as engineering manager at Al
Ware, Inc., where his responsibilities in-
cluded coordination of software design
and development, strategic planning,
and market evaluation. During that
time, he al=o conducted research at Case
Western Reserve University on intelli-
gent systems and their use for power
system operation and control. Sobajic re-
ceived bachelor's and master’s degrees
in electrical engineering from the Uni-
versity of Belgrade, Yugoslavia, and a
PhD in system= engineering from Case
Western Reserve.

Martin Wildberger of the Strategic
R&D staff manages exploratory research
in applied mathematics and information
science. Additionally, he provides Insti-
tute-wide support in mathematical mod-
eling and computer simulation. Before
joining EPRI in 1992, Wildberger was
chief computer scientist at General Phys-
ics Corporation for 11 years. Earlier he
served for over 20 years as an officer in
the U.S. Navy, specializing in acrospace
engineering. He has also held teaching
and research positipns at Howard Uni-
versity and the University of Maryland.
Wildberger received a Bs degree from
Fordham University, an M= from the
U.S. Waval Postgraduate School, and a
PhD from the Catholic University of
America. «
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Flectric Viehicles

School Bus Gets Geared
Up in Alabama

Some students in Hoover, Alabama, will be
returning to classes Lhi= fall in an electric
school bus—one of the first to be placed

into operation in a U.5. school district. Thi
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vehicle arrived in Hoover, a suburb of
Birmingham, in July and is currently being
outfitted with data acquisilion equipment
that will monitor its performance. During
the remainder of the summer, operators
will bix trained tas drivee thie bus

With assistance frism EPRI and Alabama
Powsir Lompany, the Hoover School Dis-
trict purchas=ed the bu= for operation in its
prrmanent fleet, which otherwise con-
sists of diesel-powered buszes. De-
tailed data on the vehicle’s perfor-
mance will be gathered over a
two-year period.

The full-size bus, built by
Blue Bird Corparation of Ma-
con, Lseorgia, can carry 72 pas-
sengers and can travel about
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R0 miles between charges. (Schiol buses in
the district travel about 40 mili= a day, on
average.) The vehicle will be regularly
charged overnight at the school district’s
maintenance yard, which has been spu-
cially wired for this purpose. /s Ed Riddell,
EPKI's manager for the project, points out,
school buses make an excellent application
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for electric veehicle technology, since thiry
traviel relatively short distances at modest
speeds. Also, unlike other types of buses,
school buses do not have air conditioning,
which consumes a significant amount of
battery piswirr. And schiol busss maki fri-
quent stops, during which that battiry s
not used. In contrast, diesel buse= continue
to burn energy—and to petlute—swhili- they
> idle.
Information on the vethicle’s perfor-
mance—including its electricity
consumption, mileage range,
speied, and aceeleration—will
be publishied in an EPRI re-
port.
m For niore information, contact
Ed Riddell, (415) 855-2984.

New research ventures of importance to the industry

""LP&l

Energy Efficiency

New Controller Will Reduce
the Cost of Compressed Air

U.5. manufacturers rely on compressed air
to power a variety of applications at their
industrial plants, from moving materials
to running hand tools. At many of these

plants, compressed air is the =ingli

L largest user of electric energy, repre-

! senting as much as 25% of the entire
electricity bill.

Seeking to maintain a compatitive
edge, many industrial manufactur-
ers art exploring ways io improve
the efficiency of their compressed-
air #ystems. The multiple compriss
gor= employed at industrial plants
are tvpically controlled by a plant
operator, who et them to provide
a certain amount of air pressurit at
a given time. In many cases, these
settings, called operating points, are
manually adjusted several times dur-
ing each shift on the basis of the op-
wrator’s personal kniwledge of the
plant’s compressed-air requirements,

“utomated control of compressed-
air =ystems can significantly in-
crease their efficiency. In a project that got
under way this summer at Gould’s Pumps
—a manufacturer in Sencca Falls, Mew
York—EPRI i= funding the demonatration
of a sophisticated controller that i= en-
pectid to result in a 5-10% reduction in the
amount of electricity consumed at the plant
for producing compressed air. Mechanical
and operational improvements being un-
dertaken as part of this project will ofter
additional savingz.

Automated control of compressed-air
systems is not a new concept. [n fact, some
industrial plants have employed such con-
trallers for decades. Aside from detirmin-
ing the best operating points for multiple
air compressors in a given plant, automated

controllers adjust those settings periodi-



cally, according to the de-
mand for air in the plant.
The controller being demon-
strated in the EPRI project
will include some advanced
capabilities not available in
other controllers. One of
these capabilities is en-
hanced control for loads
that come on-line simulta-
neously. (Traditional meth-
ods for handling simulta-
neous loads involve boost-
ing pressure to avoid sud-
den pressure drops. How-
ever, such pressure boosts typically over-
compensate, resulting in wasted energy.)
Controller installation and the mechani-
cal modifications lo the tompressed-air sys-
temn at the Gould's plant are expected to be
completed this fall. The system will then ba
monitored for one year. During that time,
computier analyses will be conducted to
verify and refine the controller’s di=ign.
Project cosponsors include New York State
Electric & Gas Corporation, the New York
State Energy Research and Development
Authority, and the Empire State Electric
Energy Research Corporation.
m For more information, contact Larry Car-
niichael, {415) 855-7982,

Chilted Aerction

Green Weapon in War
Against Grain Pests

Fighting off insects is a running battle
for the grain industry in the United States,
the world’s largest grain producer and ex-
porter. Here, billions of bushels of grain are
typically stored for as long as three years
before being processed and consumed.
Making the task even more challenging,
the federal government has banned, as
of 2001, the use of the popular pesticide
methyl bromide—one of only two fumi-
gants currently permitted for grain.

One option that has emerged as an at-
tractive alternative to pesticide use is the

cooling of grain inside storage bins. Since
insect life cycles are directly related to tem-
perature, reducing temperatures in these
bins to below 55°F can control infestation
by such common pests as the grain weevil
and the flying moth.

Traditionally, grain handlers have ceoled
their stockpiles with fans that draw air
from outdoors. But this technique is effec-
tive only during the winter, when outdoor
temperatures are low enough to accom-
plish the task. Now, chilled-aeration tech-
nolegy is available to U.S. grain handlers,
offering year-round, pesticide-free protec-
tion for stored grain.

Although chilled-aeration technology has
been employed in Europe for some time, it
has only recently been adapted for use in
the US. grain industry. Researchers at Pur-
due University have improved the effi-
ciency of the European design and devel-
oped a commercial-scale system that is now
being demonstrated with funding from
EPRI and other sponsors. A refrigeration-
based air conditioning system, this chilled-
aeration unit controls humidity as well as
temperature inside grain storage structures
like concrete silos and warehouses. The
humidity control function prevents mold
growth and can enhance grain quality.

With funding from
EPR1, Western Resources,
and Cinergy, the Purdue
researchers have under-
taken a series of three
demonstrations of their
chilled-aeration system.
These eight-week dem-
onstrations, which are
scheduled for three sum-
mer seasons, will indi-
cate how well the system
holds up under hot and
humid conditions. Dur-
ing the demonstrations,
the researchers are closely monitoring
grain quality and pest infestation as well
as electricity use and system output to
determine how the chiller compares with
traditional aeration methods. The resulting
data will be used to condust a camprehen-
sive analysis of the system's economic via-
bility.

The first demonstration, conducted last
summer at a commercial grain-handling
facility in Kokomo, Indiana, indicates that
the technology is economically competi-
tive with fumigation: it costs about 1¢ per
bushel, compared with 1-2¢ per bushel for
fumigation. This summer, the system is be-
ing tested at a barley-malting facility in
Kansas. An entirely different sctting will
be selected for next year’s demonstration.

Aside from determining the economic
viability of chilled aeration, the demonstra-
tions will help intreduce the technology
to U.S. grain processors and food manu-
facturers. “The postharvest industry, from
the farm gate through the manufacturing
and processing of fuod and feeds, is an im-
portant customer of the electric utility in-
dustry,” says Myron Jones, EPRI's manager
for the project. “If these customers adopt
chilled-aeration technology, the resulting
electricity sales could be significant.”

m For morc information, contact Myron fones,
(415) 855-2993.

EPRIJOURNAL  July/August 1996 33



IN THE FIELD

Demonsiration and applicatfion of EPRI technology on ulility systems

PSE&G Demonstrates SNCR Technology for NO, Control at Mercer Station

tilities now have another option for controlling emis-

sions of nitrogen oxides (NOy} from wet-bottom

boilers, thanks to the recent pioneering demonstration
of selective noncatalytic reduction (SNCR} technology at unit 2
of Public Service Electric and Gas Company’s coal-fired

Mercer station. The demonstration was cosponsored by
PSE&G and EPRI.

The project confirmed the feasibility of using SNCR in both
of Mercer’s 321-MW units. Compared with using higher-cost
selective catalytic reduction (SCR) technology in one of the
boilers, this approach will allow PSE&G to save a projected
$128 million over the next 15 years. The Mercer demonstration
results will also benef it other utilities with wall- and turbo-
fired boilers (boilers having a total generating capacity of
about 6900 MW }and cyclone-fired boiler units (23,000 Mw),
for which SNCR is now a viable NO, control option.

In 1993, PSE&G was faced with identifying NO, compliance
plans for all its fossil power plants, as were other utilities in
the Northeast’s Ozone Transport Region. SCR was viewed as a
lessthanoptimal compliance option because of its high cost,
its space requirements, and the need to maintain low ammo-
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nia slip and pressure drop. On the other hand, the alternative
technology—SNCR—had not been demonstrated for wet-
bottom boilers at utility scale, and there was uncertainty
about its emissions reduction potential, possible operating
problems, and overall cost-effectiveness.

The cosponsored demon-
stration of Nalco Fuel Tech’s
NO,OUT SNCR system with
urea injection at Mercer
confirmed that a 38% NO,
reduction can be achieved
over the entire load range
with low ammonia slip (less
than 5 ppm) and no adverse

i\; impacts on unit operation.
s Ejt‘ The results indicate that
ﬁ“‘“‘&“i ' SNCR may be adequate to
},‘ | & bring some boilers into
A IR compliance with the 1990
= ] 2 Clean Air Act Amendments.
' " For boilers requiring
I ' .. greater NO, reduction, using
> - SNCR with other control
> ™ options and with system

averaging may be possible
approaches. PSE&GC demon-
strated in subsequent testing
at Mercer that SNCR can be
combined with In-DuctSCRtechnology and air heater
SCR (in a hybrid SNCR/SCR system) to achieve a 90% NO,
reduction—a level equivalent to that achievable with conven-
tional SCR

According to James Panacek, site manager at the Mercer
station, “SNCR technology has made the Mercer units an
integral part of PSE&G’s NO, compliance plans for our imme-
diate needs and into the next century.” Adds Eric Svenson,
PSE&G’s manager of corporate issues, “This project clearly
demonstrates that SNCR is a low-cost and effective technology
for reducing NO, emissions and is, in fact, comparable to low-
NO, burner technology on other boiler types.” A technical
report on the Mercer demonstration {TR-105071) and two
assessmenls of SNCR technology (TR-103885 and TR-102414)
are available to members from the EPRL Distribution Center.
m For more information, contact pff Stallings, (415) 8552427



I.evetaging End-Use Data Provides Fast, quickly fine-tune office-segment product development. In
Lower-Cost Alternative to Metering addition, the utility plans to use the data-leveraging method
ology to develop end-use load profiles and assess utility
eliable information on commercial customer energy products and services for meeting its objective of strategic
use is essential for many utility applications, including conservation and sales. Moreover, BC Hydro expects that
demand-side management planning and evaluation, because of EPRI's involvement, the new methodology will
market planning, product development, and rate design. Until have the credibility needed to persuade other utilities that
recently, however, there was no proven way to obtain such sharing end-use load data can be mutually beneficial.
data other than through costly customer metering. Now “Through a more specific understanding of customer end-
utilities can leverage load research information from other use loads, BC Hydro can better match its products and ser-
utilities to generate reliable end-use data applicable to their vices to the needs of the market,” notes Rich Gillman, man:
own systems. ager of EPRI's CEED. “EPRU is eager to build on the results of
Working in tailored collaboration with the Center for this collaborative effort with BC Hydro to support other
Electric End-Use Data (CEED), which s part of EPRI’s Retail utilities. Ultimately, such research may result in a data bank
Market Tools & Services Business Unit, British Columbia of regionally representative buildingand technology load
Hydro recently developed a metlodology tliat allows it to shapes.” For example, other EPR]I dataleveraging projects,
transfer end-use metered data from another utilityto aug recently completed with the Salt River Project and Entergy,
ment its own small end-use metered sample. This methodol- have already broadened Lhe experience base. A technical
ogy., which uses modeling-derived adaptations, produces end- report (TR-105841) on the BC Hydro project is available to
use data at less expensc and in less time than conventional members from the EPRI Distribution Center.
end-use metering, and the data have higher measures of w For more information, contact Rich Gilitnan at CEED, (503) 274-
statistical precision than data developed by using prototype 4139.

building models. In addition,
the new methodology can
address whatif analyses,

provide weather adjustments,

|

and support data transferabil -

|1.
dens

ity between areas and over
time.

I

l

|
|

_3

The data-leveraging
methodology allowed BC
Hydro to take advantage of
existing load research infor

|

| |

mation and to obtain end-use
load data for its commercial
office segmentin about a
year s less time than conven-
tional metering strategics
would have taken. The
Canadian utility estimates
that obtaining the same level
of data by conventional
means would have cost over
$1 million.

The resulting data will
allow BC Hydro to more
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RESEARCH UPDATE

Magnetic Field Management

Handhooks for Reducing Transmission Line Fields

by Richard Lordan, Environment Group

E PRI is delivering tools, concepts, and
guidelines to give utilities options for
reducing the magnetic fietds associated
with overhead transmissien lines ranging
between 115 and 500 kV. As part of this
effort, the Institute has puilished three en-
gineering handbooks under the title Mag-
netic Field Management for Overhead
Transmission Lines. The first handbeek
(TR-103328), subtitled A Primer, #rings to-
gether in a convenient form much of the
material on transmission line magnetic
fields developed over the past decade sy
the technical staff of EPRI's Pewer Delivery
Center at Lenox, Massachusetts (formerly
the High-Voltage Transmission Research
Center). The primer provides an overview
of magnetic field fundamentals and char-
acterizes fields from overhead transmis-
sion lines, covering such topics as spatial
uniformity, temporal stability, harmonic con-
tent, and field orientation in space. One
section describes measurement and cal-
culation methods and provides examples
iHustrating their use,

In addition to commonly used measures
of magnetic field exposure (e.g., average
and maximum field intensity), the primer
discusses other potentially immortant field
exposure characteristics, including cumu-
lative exposure, the frequency of field ex-
cursions, and the number of transient or
intermittent field events per unit of time.

The handbook compares transmission
lines with other field sources—such as res-
idential grounding Systems, house wiring,
appliances, and distribution lines—high-
lighting difterences in spatial uniformity,
time variability, and harmonic content of
fields. The magnetic field from a transmis-
sion line generally decays in inverse pro-
portion to the square of the distance to the
line. Consequently, the field caused by an
overhead transmission line is likely to differ
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by no more than 30% from one point to an-
other in a residence near a transmission
line. Within the same residence, in con-
trast, the fields caused by currents in the
grounding system may vary by more than
100 to 1 and fields from electrical appli-
ances by more than 10,0001t 1.

Transmission line magnetic fields vary
much less ever time than fields frem ether
sources, simply because transmission line
loads are by design much maore stable
than the electrical loads of other sources,
such as electrical appliances, house wir-
ing, and power distributien lines. In addi-
tion, transmission line magnetic fields are
characterized by a relatively pure 60-Hz
sinusoidal wave shape, with little harmenic
content. Magnetic fields from appliances,
fluorescent lighting, distributien lines, and
erounding systems of houses have signiti-
cant harmonic content.

The primer discusses, in some edetail,
three broad classes of options for manag-
ing exposure to magnetic fields from trans-

mission lines: changing activity patterns,
shielging, and designing lines te produce
lower magnetic fields (Figure 1),

Low-field designs

The second handbook in the series (TR-
104413) is subtitled Potential Options for
L ow-Field Designs. On the basis of an eval-
uaiion of several new design concepts in
light of existing maintenance and con-
struction practices, the handbook recom-
mends several options for reducing trans-
mission line magnetic fields. Tutorial mate-
rial explains how transmissien line design
determines magnetic field levels, and the
typical levels associated with various line
designs are presented. The handbook alse
presents a methed-performance matrix
that utility engineers can use 10 evaluate
line configuration performance for lines
belween 115 and 580 kV. For each fietd
reductien technique, the matrix covers a
variety of parameters, including electricat
and mechanical characieristics, construc-

ABSTRACT rublic concern about electric and magnetic fields, a concern

fueled by scientific controversy and uncertainty over the nature and magnitude of

possible health effects. has begun to increase the costs and deiay the construc-

tion of new power lines and substations. Both the scientific uncertainty and the

public concern are likely to persist for some time. in response, utilities have asked

EPRI, long recognized as a leader in power delivery system design, to turn its en-

gineering resources 1o the development of tools and options for managing mag-

netic fields from power delivery faciiities. A series of three engineering handbooks

on magnetic field management for overhead transmission lines is the most recent

product of this effort. The handbooks cover basic principies, low-field designs, and

tield canceliation with shielding loops.



tion and maintenance criteria, costs. con-
figuration. and aesthetics. Three options
for field reduction are examined in detail:
compaction, splitting of phases. and trans
position.

Compaction Invoives reducing the dis-
lances between phases on a transmission
line. General compaction reduces dis
tances between the conductors {and lhe
ground wire, if possible) at the towers—
and consequently all along the span. This
opiion requires tower reconstruction work
and makes live-fine maintenance more dif
ficult. Another option, In-span compaction,
reduces the distances between conduc
tors in the span without changing the line
geometry at the tower: thus clearances for
maintenance work on insulators and hard-
ware are not affected. For some existing
lines, it may be possitle to implement cem-
paction simply by adding in-span spacers.
However, in-span compaction is not as ef
fective as general compaction in reducing
magnetic fields, and the in-span spacers
produce additional locations on the line
where mechanical fatigue can take place.

Phase splitting of a three-phase line In-
volves dividing the current on each phase
between two or more conductors. From a
distance, the magnetic field of these like-
phased conduciors is similar to that of a
singte conducior positioned at ther geo
metric midpoint. Ifthe likephased conduc-
tors of all three phases are positioned so
that they share a common midpoint. the
magnetic field produced by the transmis-
sion line behaves, from a distance, as
though its source were a single conductor
carrying little or no current. In addition to
a substantial field reduction, split-phase
lines offer the advantage of additional
power-carrying capacity. These benefits
must be weighed agamst additional struc-
tural support requirements and the costs
of additional conductors, insulators, and
hardware.

in the field reduction technique called
transposition, the relative position of the
parallel phase conductors is changed in a
hetical pattern along the span. Because
different short segments of the line pro-
duce fields at different angles in space, the
total magnetic fied {which is the sum of the
diiferent componenis of each segment) is

less ior transposed lines than
for parallel lines. In addition to
this hefix effect, transpaosition
reduces the phase spacing in
the middle of the span, acniev-
ing a further reduction of mag-
netic iieids through compac-
tion while maintaining stan-
dard clearances at the tower
Transposition has several dis-
advartages, however. Install-
ing transposed conductors is
extremely difiicult and iimre-
consuming. Also, it lypically is
necessary to use in-span in-
sulators to maintain midspan
clearances between phases,
and these increase costs and
subjectthe conductors to me-
chanical fatigue. In addition,
insulators must be redesigned
to accommodate midspan
compression loads.

The handbook discusses te
use of computer programs, in-
cluding EPRIs TiLworkstation
and EMFWorkstation, to esti-
male line performance. It also
identifies a number of potential
technical problems and re-
search needs.

Canceliation loops

Sometimes neither restricting human activ-
ity near a transmission line ner modifying
the line's design is an altractive option for
reducing magnetic fied exposure. Espe-
cially when the field reduction is targeted
at a few spans of line, the preferred option
may be to use cancellation 10ops. Currents
circulating in these loops create a mag-
retic field that has the same direction in
space (out opposite phase) as the field
from the phase conductoars, The cancella
tion loop field partially cancels the phase
conductor field. The third handbook in the
series (TR-105571), sublitled Fretd Reduc
tion Usine Cancellation Loops, explains the
principles of cancellation loop operation
and provides the utifity engineer with tools
to design and construct such systems
Cancellation loops can be placed either
around a work area (subject shielding), in
which case the am is to reduce the field

Figure 1 ALEPRI's Power Delivery Center, researchers have
used test lines to evaluate lowmagnetic-field designs for over
head transmission ines. Results from this and other EPRI EMF
work have been integrated in a series of comprehensive field
management handbooks for utility engineers.

inside the loop, or around a source (source
shielding), in which case the aim is to re-
duce the field outside the leop. The hand-
book discusses bath types of systems. It
also discusses both active and passive
cancellation loop systems. For transmis-
sion line applications, passive systems (in
which currents are induced) have received
more attention because they do not require
the independent power supply and the
loop current control of active systems.

The handbook covers all relevant as-
pects of cancellation loop design, includ-
ing power supply options and capacitor
reguirements, safety and grounding, cost
evaluation of designs. maintenance re-
quirements, and sensitivity of the mag-
netic fleld to changes in cancellation loop
parameters,

To help utilities tailor a canceflation loop
system to a particular transmission line
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configuration and field reduction goal, the
handiwook presents a series of design
curves and numerous examples illustrating
their use, Various systems are covered,
Some use a single twe-wire canceliation
loop set: others use a single three-wire set;
and still others use 2 two-wire sets. Also
discussed are mesh systems, The design
curves provided cover typical transmis-
sion line configurations, such as flat, delta.
vertical, double-circuit superbundle, and
doubte-circuit low-reactance lines,

The handbook distills considerable prac-
tical experience, including the lessens
learned from the design and instaliation of
anumber of cancellation systems tor build-
ings and areas near transmission lines.

The geometry and Oesign parameters of
a cancellation loep system depend on
whether the loop is to be optimized to re-
duce the field at a single location er over a
large area, and on whether the maximum
field or the average field inthe areaisto be
minimized. Reducing the field everywhere
around the transmission line, termed dis-
tant field reduction, typically produces a
magnetic field prefite similar in shape to the
original magnetic field but with reduced
amplitude. Distant field reduction requires
a design quite different from that required
to reduce the fietd in the immediate prox-
imity of the power line, In the latter case,
the design engineer may target both sides
or enly one side of the line.

Customizing
solutions

These handbooks provide solid informa-
tion cn common magnetic field manage-
ment applications, but utilities often con-
front unigue circumstances in which previ-
ous engineering experience with field
management solutions can be invaluable.
In such cases, cempanies are urged to
consider EPRI's tailored collaboration pro-
gram. The pregram leverages funding to
make the development of a cuslom solu-
tion very cost-effective forthe participating
commanies, while EPRI and the industry
benefit from a broader knewledee base
and wider applicability of research fing-
ings,

Technical
Requests for copies of reperts sheuld be directed
to the EPRI Distnbution Center, 207 Coggins Drive,
PO Box 23205 Pleasant Hill, Calitornia 94523
{510) 934-4212. EPRI members thal fung the busi-
ness unit isswing a report can receive the report
free of charge (or, in the Case ef bulk orders, for a
nominal price).Others should contact the Disiribu-
tion Center for further infermation.

Two-page summaries of the regports announced
here are available. tree of charge by fax. Ta re-
ceive a summary, call EPRI's Fax on Demand
service [800-233-4655) trom a louch-lone phone

and follow the recorded instructions, using the fax
identification number given in the report listing.

CUSTOMER SYSTEMS

The Meodel Electric Restaurant, Vol. 3:
Analysis and Design

CU-8702-V3 Final Report {(WO2890-4)
Centractor. Architectural Energy Corp
Business Unit: Cornmercial Technolagies &
Services

EPRI Project Manager K. Johnson

Fax 1D: 256122

Guide to Energy-Etficient Office Equipment,
Revision 1

TR-102545-R1 Final Report (RP2890-20}
Contracier: Amencan Council tor an Energy-
Efficient Economy

Business Unit: Commercial Technologies &
Services

EPRI Project Managers: M. Blait, J. Kesselring
Fax ID: 25505
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Chilled-Water Cooling Coils far Coo) Storage:
Experimental Studies and Mathematical
Modeling

TR-102330 Final Recart (RP2732-11)
Contractor: Ray W, Herrick Laberatoriss, Purdue
University

Business Unit: Cammercial Technelogies &
Services

EPRI Preject Managers: M. Knattar

R Wendlarg

Fax 1D: 19512

Freeze Concentration of Dairy Products,
Phase 2

TR-103204 Final Meport (RP2782)

Conlractor: Dairy Research Foundation
Business Unit: Industrial & Agriculiural Technalo-
gies & Services

EPR1 Project Manager A Amarnath

Fax D 25787

Cooal Storage Total Building Construction
Cost Benefits: An Owner's and Architect's
Guide

TR-104521 Final Report (RP3280-16)
Contraclor: Dorgan Associates, Inc,
Business Unit: Commercial Technelogies &
Services

EPRI Project Managers M. Khattar,

R. Wendiand

Fax |1D; 22237

CLASSIFY-Profites, Vol. 4: Designing Energy
Services for Commercial and Industrial
Customers

TR-184567-V4 Final Report (RP4001-3)
Cortractor: National Analysts, Inc

Business Unit. Retall Market Toois & Services
EPAI Project Manager- T Henneberger

Fax ID: 26212

Laboralory Testing of Clothes Washers
TR-105098 Final Report (RP3872-1)

Contractor: Arthur D, Little. Inc.

Business Unit; Residential Technelogies & Services
EPRI Project Managers: R. Giflman, J Kesselring
Fax ID, 23738

Designing New Utility Programs and Services:
Case Studies on the Use of Conjeint Analysis
TR-105778 Final Report (RP3618-1}

Contractor Research Tnangle Institute

Business Unit: Retail Market Tools & Servicas
EPRI Project Manager: P. Meagher

Fax ID; 24741

Leveraging Limited Data Resources:
Developing Commercial End-Use information
{BC Hydro Case Study)

TR-105841 Final Report (W03819-18)
Contractor: ALW Analytics, Inc.

Business Unit: Metail Market Tools & Services
EPRI Project Manager: R, Gillman

Fax | 24837

Performance Measurement: New Visions for
a Competitive Electric Utility Environment
TR-105844 Final Report (W03269-33)
Contractor’ Barakat & Chammerlin Inc
Business Unit: Relail Market Toals & Services
EPRI Project Manager: R Gillman

Fax ID: 24843

Performance Impacts: Evaluation Methods for
the Nonresidential Sector

TR-105845 Final Report (W0O3269)
Contractor: XENERGY, Inc

Business Unit: Retail Market Teols & Services
EPRI Preject Manager: R, Gillman

Fax ID: 24845

Personnel Protection Systems for Electric
Vehicle Charging Circuits

TR-105938 Final Report (W0O4857-2)
Conlractor Underwriters Laberaleries, Inc
Business Unit: Electiic Transportation

EPRI Project Managers: G Purcell, L. Sandell
Fax ID 25786

Electric Chiller Handbook

TR-105951 Final Repert (RP4880-4)
Contractor: Energy International, Inc
Business Unit: Commercial Technologies &
Services

EPRI Project Manager. W. Krill

Fax ID 25596



Analysis for a Fast Food Restaurant:
Comparison of Three Fuel Choices
TR-105990 Final Report {(W03544-1)
Contractor. Architeciural Energy Corp
Business Umt: Commercial Technologies &
Services

EPRI Project Manager: K, Johnson

Fax 1D: 25097

Foodservice Equipment Applications Handbook

TR-105931 Final Report (RP3544-1)
Contractor: Architeclural Energy Corp.
Business Unit: Commercial Technologies &
Services

EPR! Project Manager; K, Johnson

Fax (D: 25039

Heat Transfer Characteristics of Alternate
Refrigerants, Vol. 1: Summary

TR-1060Q16-V1 Final Report {RP3412-6424)
Contractor: ENERGEN Consuilling, Inc

Business Unit- Residential Technolegies & Services
EPRI Project Manager: S Kondepudi

Fax IB: 25148

Heat Transfer Characteristics of Alternate
Refrigerants, Vol. 2: Condenser Inside Tube
TR-106016-V2 Final Repori (RP3412-51)
Contractor Unwversity of lllinors, Urbana-
Champaign

Business Umit: Resident:al Technologes & Services
EPRI Project Manager S, Kondepudi

Fax ID: 25149

Field Test Prototype Battery Packs at Selected
Utilities: Southern California Edison Company
TR-106819 Final Reporl (RP4882)

Contractor Soulhern Calilormia Edison Co
Businass Unit: Electric Transportalion

EPRI Project Manager R. Swaroop

Fax 1D: 25156

Best Practices in Strategic Market Management:
Cases From the Front Lines of Competition
TR-106043 Final Report (W04853-1)

Contractor Macro Internalional inc.,

Businass Unit: Ratail Market Tools & Services

EPRI Project Manager: T. Henneberger

Fax ID: 25195

Persistence Research of DSM Impacts:
Methods, Applications, and Selected Findings

TR-106193 Final Report {RP3269-30)
Contractors; Oak Ridge National Laboratory
Synergic Resources Corp

Business Unit; Retall Market Tools & Services
EPRI Project Manager. P Meagher

Fax |D: 25450

Environmental Benefits of Electrification and
End-Use Efficiency

TR-106196 Final Report (RP3121-12)

Contractor. Regional Ecornomic Research, Inc
Business Unit; Retail Market Tools & Services
EPRI Project Manager P Sioshansi

Fax ID- 25456

Proceedings: 1996 EPRI Conference on Innova-
tive Approaches to Electricity Pricing—Manag-
ing the Transition to Market-Based Pricing
TR-106232 Proceedings (RP2343)

Business Unils; Relail Marset Tools & Services®
Power Markets & Resource Managemernt

EFPRI Project Managers, P Sicshans), C Smyser
Fax ID: 25514

Market Opportunities in Electric Residential
Cooking

TR-106236 Final Report (RP3417-7)

Contractor: QDi Swrategies Inc.

Business Units, Residental Technologies &
Services: Retail Market Tools & Services

EPR1 Project Managers' W Krlll, T Henneberger
Fax ID: 25525

Proceedings: Object-Oriented and Distributed
Computing Technologies Workshops

TR-106350 Proceedings (RP48395- 1, RP4888-1)
Business Unit: Information Systems & Telecommu-
nications

EPRI Project Manager; D. Cain

Fax ID: 25745

ENVIRONMENT

Effects of Flue Gas Desulfurization System
Additives on Solid By-Products

TR-102367 Final Report (RP2485-3}

Contraclor Ragian Corp

Business Units: Environmental & Health Sciences:
Environmental Conlrol

EPRI Project Managers: J Goodrich-Mahoney

R Moser

Fax 1D: 7495

Environmental Effects of Suppiemental Wood
Preservative Treatments of Electric Utility Poles
TR-103239 Final Report (RP3270-1)

Contractor: Environmental Management Servicas
Business Unil: Envirenimental & Health Sciences
EPRI Project Manager: J Goodrich-Mahoney

Fax ID: 20089

Testing EMF for Potential Carcinogenic
Activity: A Critical Review of Animal Models
TR-105880 Final Report (RP2965-22)
Contractors; ICF Kalser Engineers, Inc.

Joyce McCann

Business Unit: Enwronmental & Health Sciences
EPR! Project Manager: C_ Rafterty

Fax ID. 24911

Characterization and Monitoring Betfore and
After Source Removal at a Former
Manufactured Gas Plant Disposal Site
TR-105921 Final Report (WO2879-12, -38)
Contractors: META Environmental Inc. Atlantic
Environmentat Services, nc,

Business Unit: Environmental & Health Sciences
EPRI Project Managers: ). Murarka, A @umnn
Fax 1D 24977

Handbook for the Assessment and
Management of Magnetic Fields Caused by
Distribution Lines

TR-108003 Final Repert (RP3959-7)

Contractor Enertech Consultants

Business Unil: Environmental & Health Sciences
EPRI Project Manager' R. Lordan

Fan ID- 25120

An Individual-Based Instream Flow Model

for Coexisting Populations of Brown and
Rainbow Trout

TR-106258 Interm Report {RP2932-2 RPI046-2
RPI111-1)

Contractor: Lockheed Matlin Energy Systems. Inc
Business Unit; Environmental & Health Sciences
EPRI Project Manager J. Mattice

Fax ID: 25562

GENERATION

Effects of Flue Gas Desulfurization System
Additives on Solid By-Products

TR-102367 (see listing under Environment)

Coal Quality Expert Coal Characterization
Studies, Vol. 2: Croweburg and Wyodak Seam
Coals

TR-183041-V2 Final Report (RP 1400-25)
Contractor: CQ Inc.

Business Unil; Fossil Power Plants

EPRI Project Manager: D O'Connor

Far ID; 25818

Circumferential Cracking on the Waterwalls
of Supercritical Boilers, Vols. 1 and 2

TR-104442-V1, TR-104442-V2 Final Report
(RP1890-8)

Contraclor; Battelle Columbus Laboralories
Business Unit* Fossit Power Plants

EPRI Project Manager B Dooley

Fax ID' 22130

Standard Equipment Coding for Reporting
Gas Turbine Reliability

TR-104758-R1 Final Report (RP2952-5)
Conlractor: Strategic Power Syslems, Inc
Business Unit: Gas & New Coal Generation
EPRI Project Manager: R. Frischmuth

Fax ID: 25834

Characterizing the Trace Element Content
of Utility Coals

TR-104868 (see listing under Strategic R&D)

Technical Assessment of Advanced
Aeroderivative Gas Turbine Power Plants

TR-104957 Final Repor! (RP2387)
Caontractor: Sargent & Lundy

Business Unit. Gas & New Coal Generation
EPRI Project Manager, A. Cohn

Fax ID: 23476

SCH Design and Operational
Recommendations: R&D Lessons Learned
TR-105103 Intenm Report (RF3004)
Contractor; Radian Corp

Business Unit. Environmental Control

EPR! Project Manager. K Zammil

Fax ID; 25677

A Guide to Coal Handling
TR-105110 Final Report (RP1400-20)
Contractor: CQ Inc.

Business Unit: Fossil Power Plants
EPR) Project Manager: D O'Connor
Fas ID 23757

Coal Quality Field Test at Watson Unit 4

of Mississippi Power Company

TR-108137 Final Report {(RP1400-25)
Contractor: Electric Power Technologies. Inc
Business Unit: Fossil Pewer Plants

EPRI Project Managers: D. O'Connor A Menta
Fax D 23801

Field Test of Manufactured Gas Plant
Remediation Technologies: Thermal Desorption
TR-105145 Final Report (RP3072-4)

Contractor: Remediation Technologles, inc
Business Unit: Environmental Canlrel

EPRI Prject Marnager: G, Maybach

Fax 1D: 23820

EPR)I JOURNAL  July/August 1996 39



Field Test of Manufactured Gas Plant
Remediation Technologies: Material
Removal and Handling

TR-105146 Final Reporl (RP3072-4)
Contraclor. Remedtation Technologies, In¢
Business Unit Environmental Control

EPR! Project Manager G Maybach

Fax D 23819

Zebra Mussel Control Using Periodic
Chlorine Dioxide Treatments

TR-105202 Final Report (RP3894)

Contraclor. Stone & Webster Engir.eenng Corp.
Business Unit' Fossil Power Plants

EPRI Project Manager. J. Tsou

Fax ID: 23925

Steam Treatment of Zebra Mussels
TR-105203 Final Report (RP3894-4)
Contraclor: Stone & Webster Engineenng Corp
Bustness Unit FossllPower Planis

EPRI Project Manager: J. Tsou

Fax D 23927

Remediation Technologies for Groundwater
at Manufactured Gas Plant Sites

TR105225 Final Repor (RP3642 1)

Conlractor. Groundwaler Technology. Inc.
Business Unlt: Envionmental Control

EPR{ Project Manager: G. Maybach

Fas 1D’ 23960

Apptlicalion of Adjustable-Speed Machines
in Conventional and Pumped-Storage Hydro
Projects

TR-105542 Finat Reporl (RP3577-1)
Contractor Harza Consulling Engineers and
Scienlists

Business Unit: Fossil Power Piants

EPRI Project Manager, J. Stein

Fax 1D 24411

Improved Conventional Testing of Power
Plant Cables

TR:105581 Final Repori (RP2895-3)
Conlractors, Ontario Hydro Technologles, AVO
Intefrnational

Business Unil: Fossil Power Plants

EPRI Project Manager.J Stein

Fax ID: 24466

Using Sulfur From Liquid Redox Processes
as an Oxidation Inhibitor in Wet FGD Systems
TR-105610 F.nal Repor: (RPS826-2)

Contractor: Radian Corp

Business Unit Environmental Conlrol

EPRI Project Manager R. Rhudy

Fax 1D 24513

BESIE: A First-Stage Evaluator for Biomass
Energy Systems

AP-105788 Finat Report {RP4062-2)

Contraclor: Uruversily ot Minnesota, Department d

Appiled Economics

Business Unit Renewables & Hydro
EPRI Project Manager, J. Turnbull
Fax ID. 25635

Flue Gas Mercury Measurements Methods
Evaluation

TR-105851 Final Reporl (RP3471)

Contraclor Radian Corp.

Business Unit. Environmental Control

EPRI Proect Manager B. Noll

Fax |D: 24860
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Environmental Peiformance Measurement: A
Framework for the Utility tndustry

TR-106078 Final Report (RP3006-10, RP9030-2)
Contractor: Dectsion Focus Inc,

Business Unil; Envronmental Contro!

EPRI Project Manager M, MclLearn

Fax ID 25257

Next-Generation Geothermal Power Plants
TR106223 Final Report (RP3657-1)
Contraclors: C E, Hol Co., H. K McCluer
Business Unit: Renewables & Hydro

EPRI Project Manager' E Hughes

Fax ID: 26020

Handbook for Display Development

TR-106314 Final Report (RP3499-1)
Contractors: Centenor Energy Corp . Entor Comp
Business Unit. Fossil Power Plants

EPRI Project Managers R, Pllaslerer M Perakis
Fax ID: 25672

Plant Information Nelwork Specification
TR-106315 Final Report (RP3499.1)
Contractors Centerior Energy Corp., Entor Corp
Bustness Unit: Fossil Power Plants

EPRI Projeci Managers R Ptlasterer, M. Perakis
Fax ID #8674

NUCLEAR POWER

Radwaste Desk Reference, Vol. 4: Mixed Waste

NP-7386-V4 Final Reporl (W@3800-6)

Conrractors Roy F Weston. Inc , Duke Engineenng

& Services. Inc., Right Angle Industries
Business Unit: Nuclear Power

EPRI Project Manager C Homibrook
Fax 1D: 24996

Verification and Validation Guidelines for High-

Integrity Systems, Vols. 1 (Main Report) and 2
(Appendices)

TR-1033916 -VI TR:103916V 2 Final Report
(RP3352-1)

Contractor- SoHaR Inc

Business Unil: Nuclear Power

EPRI Project Managers: 4 Naser S Bhall

Fax ID- 21207

License Renewal Industry Reports Summary

TR-104305 Final Report {(RP264333)
Contraclor: Applied Science and Technology
Business Unit: Nuclear Power

EPRI Project Manager: J Carey

Fax|D: 21924

Development of Process Control Capability
Through the Browns Ferry Integrated
Computer System Using Reactor Water
Cleanup System as an Example

TR-104378 Final Repor! (RP3351-2)

Contractor Science Applicalions Internatronal Corp.

Business Unit Nuclear Power
EPRI Project Manager; J Naser
Fax |D: 22032

Hydrogen Water Chemistry Effects on BWR
Radiation Buildup, Vols. 2-5
TR-104605-V2-VS Final Repor: (RP3313-1, -2, -4)
Contractors. AEA Technology. General Eleclnc
Nuclear Energy; NWT Corp.; CENIEC XX
Business Unit: Nuclear Power

EPR! Protect Manager H. Ocken

Fax ID: 24494

Strategic Initiatives for Nuclear Asset
Management: A Case Study

TR-104735 Final Repor! (RP3343-15)

Conltraclors: Baltimore Gas and Electric Co. Janus
ManagementAssociates, Inc.

Business Unit: Nuclear Power

EPR! Project Managet: J. Carey

Fax ID: 23073

PWR Molar Ratio Control Application
Guidelines, Vol. 2: Secondary Chemistry
Contro}

TR-104811V 2 Final Repor (RPS5206 }
Conltractor NWT Corp.

Business Unit: Nuclear Power

EPRI Project Manager P. Millett

Fax ID- 25398

PWR Molar Ratio Control Application
Guidelines, Vol. 4: Methods of Determining
Effectiveness of MRC

TR-104811:V4 Final Report {(RPS520-11}
Contractor; Dominion Engineering. Inc
Business Unit. Nuclear Power

EPRI Project Manager: P Millet!

Fax ID 25601

Guidelines to Implement the License Renewal
Technical Requirements of 10CFRS54 for
Integrated Plant Assessments and Time:
Limited Aging Anaiyses

TR-105090 Final Reporl (RP3075-14, - 15}
Contractors: MDC-Qgden Envronmental and
Energy Services Co. Inc. Gilbert/Commonweallh.
Inc,

Business Unit: Nuclear Power

EPRI Project Manager J, Carey

FaxID 23728

PWR Primary Water Chemistry Guidelines,
Revision 3

TR-105714 Final Report {RP2493)

ES-108714 Executive Summary

Business Unit Nuclear Power

EPRL Project Manager- C Wood

Fax ID 24654

An Analysis of Loss of Decay Heat

Removal Trends (1989-1994); Outage Risk
Assessment and Management (ORAM)
Technology

TR-105802 Final Reporl {(RP3836-2 RP3333-10)
Contractor- Sately Managemerni Services, Inc
Business Unil. Nuclear Power

EPRI Project Manager' ¥ Kalra

Fax|D 24781

Zero Plastics and the Radiologically
Protected Area Low-Level-Waste Lockout
Program

TR-105834 Fnal Report (W02414)
Conlractor: Right Angle Industres

Business Unit Nuciear Power

EPRI Project Manager. C. Homnibrook

Fax ID 24827

Guidelines for Preparing Risk-Based
Technical Specifications Change Request
Submittals

TR-105867 Final Report (RP3477-2)

Conlractors: PLG. Inc , Yankee Atomic Electnc Co
Bustness Unit: Nuclear Power

EPRI Project Manager: £ Rahn

Fax|D 24888



Risk-Based In-Service Testing Pilot Project

TR-105869 Final Report (RP3713-3)
Contractor Wesley Corp

Business Unit Nuclear Power

EPRI Proect Manager F Rahn

Fax D 24894

Risk-Based In-Service Testing Program for

Comanche Peak Steam Electric Station
TR-105870 Fmnal Report (RP3713-2)

Contracior Science Applications International

Corp

Business Unit Nuclear Power
EPRI Project Manager F Rahn
Fax ID 24895

Assessment of a Low-Level-Waste Outside

Storage Pad Design Method
TR-105891 Final Report (W0O3801-1)
Contractor CERTEC XXI

Business Unit Nuclear Power

EPRI Project Manager C Hormiorook
Fax 1D 24930

SpentResin Disposition: Available
Alternatives and Selection Analysis
TR-105901 Final Report (W02414)
Contractor CENTEC XXI|

Business Unit Nuclear Power

EPRI Proect Manager C Hornibrook
Fax ID 24944

Vitrification of Low-Level Radioactive
Waste

TR-105912 Final Rgport (WO3500 29)
Contractor VECTRA Technologies, Inc
Business Unit Nuclear Power

EPRI Proect Manager C Wood

Fax ID 24962

PWR Steam Generator Sleeving
Assessment Document

TR-105960 Final Report (WO35806)
Conitractors Steam Generator Sleeving
Review Committee, Energy Management
Services, Inc

Business Unit Nuciear Power

EPRI Project Manager A Mcliree

Fax ID 25054

Development of an On-Line Corrosion
Product Analyzer

TR-10£973 Fina: Report (RP3388-9)
Contractor GE Nuclear Energy
Business Unit Nucleal Power

EPRI Project Manager P Milleti

FaxID 25073

High-Temperature pH Measurements
Using Novel pH Electrodes
TR-105974 Fina Report (RPS407-27
KPS5224)

Contractor Pennsylvania State Universily
Business Unit Nuclear Power

EPRI Project Manager P Milett

FaxID 25072

Proceedings: 1995 EPRI Circumferential
Cracking Workshop

TR-105983 Proceedings (RPS510-9)
Contractor Dominion Engneering, Inc
Business Unit Nuclear Power

EPRI Proect Manager A Mcliree

Fax ID 25085

Template for the Submission of Revised
Risk-Based Technical Specifications
TR-105987 Final Report (WO3477-11)

Contractor ABB Combustion Engineerng Nuclear
Operaltens

Business Unit Nuclear Power

EPRI Project Manager F Rahn

FaxID 25090

Results and Analyses of lrradiation/ Anneal
Experiments Conducted on Yankee Rowe
Reactor Pressure Vessel Surrogate Materials
{Yankee Atomic Electric Company Test Reactor
Program)

TR-106001 Final Report (WO4075-1)

Cortractor Yankee Atomic Electric Co

Busmness Unit Nuclear Power

EPRI Project Manager R Carter

FaxID 25115

Post-Irradiation Evaluation of BWR Fuel From
Hatch-1 Reactor

TR-108036 Final Report (WO3564-1)

Contractor GE Nuclear Energy

Business Unit Nuclear Power

EPRI Project Manager S Yagnk

Fax ID 25196

Characterization of PWR Steam Generator
Deposits

TR-106048 Final Report (RPS523 1)
Contractor Dominion Engineering, Inc
Business Unit Nuclear Power

EPRt Project Manager R Thomas

Fax ID 25408

A Review of the Economic Potential of
Plutonium in Spent Nuclear Fuel
TR-106072 Final Report (RP4200)
Business Unit Nuclear Power

EPRI Project Manager E Rodwell

Fax|D 26093

Proceedings: Vitrification of Low-Leve}
Waste—The Process and Potential
TR-106079 Proceedings (RP2414-75)
Contraclor CENTEC XX

Business Unit Nuctear Power

EPRI Project Manager C Hormbrook

Fax ID 25259

Shoreham Decommissioning: Project
Summary and Lessons Leatned
TR-106148 Final Report (RP317 1-3)
Contractor Long Island Power Authonty
Business Unit Nuclear Power

EPRI Proiect Manager C Hornibrook
Fax ID 25383

Losses of Off-Site Power at U.S. Nuclear
Power Plants—Through 1995

TR-186306 Final Repoit (WO41 14)
Business Unit Nuclear Power

EPRI Projacl Mapager A Singh

Fax ID 25661

POWER DELIVERY

West Coast Utility Transmission Benefits of
Superconducting Magnetic Energy Storage

TR-104803 Final Report (RP2572-13)

Contractor Battelle Nort»west

Business Unit Substations, System Operalions &
Storage

EPRI Prolect Manager S Eckroad

Fax ID 23t88

Investing Resources to Create Value: The
Portfolio Approach to Capital and O&M
Budgeting

TR-104917 Final Report (WO3678)
Contractor Strategic Decisions Group
Business Unit Power Markets & Resource
Management

EPRI Project Manager R Goldberg

Fax ID 26021

Modeling of Singie-Phase Induction Motor
Loads in Power System Studies

TR-105341 Final Report (W02447 6)

Conlractor: Clarkson University

Business Unil Substations, System Operations &
Storage

EPRI Prolecl Manager P Hirsch

Fax |0 24134

Thermal Models for Real-Time Monitoring
of Transmission Circuits

TR-105421 Firal Report (RP3022:7 )

Centraetors Power Technologes. Inc . Georga
Powel Research Center, Georga Institute oi
Technology. Underground Systems, Inc
Business Unit Substatons System Operalions &
Storage

EPRI Project Manager A Edns

Fax ID 24251

Engineering Handbook for Dispersed
Energy Systems on Utility Distribution
Systems

TR-=105589 Final Report (RP4524:1)
Contractor Etectrotek Concepts, Inc
Business Unit Distrisution

EPRI Prolect Manager D Aichardson
Fax |D 24477

Study of PWM AC-AC Converters for
Custom Power

{R-105601 Final Report (RP3389-17)
Contractor Moriana Slate Urwersity
Business Urit Distnbusion

EPRI ProjectManager A Sundaram
Fax ID 24490

Guidelines for the Design and Installation of
Transmission and Distribution Cables Using
Guided Drilling Systems

TR-105850 Final Report (RP79251)

Contractors Sargeri & Lundy Jason Consuitants
Internatierial, Inc . Power Delivery Consultants, Inc
Business Unit Transmission

EPRI Prolecl Manager T Rodenbaugh

Fax 1D 24858

EPRI Spill Qutline Monitor for PCB and

Qther Spiils

TR-105866 Final Report (RP2028.20)

Conlractor Baltelle

Business Unit Substations, System Operations &
Storage

EPRI Project Manager J Melcher

Fax ID 24886

Standard Test Cases for Dynamic Security
Assessment

TR-105885 Final Report (RP3103-2, 3)
Contractors ABB Systems ControlCo. Inc,
Siemens Energy & Automation Inc

Business Umit Subsialions, System Operations &
Storage

EPRI ProlectManager P Hirsch

Fax ID 24920
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Analytical Methods for OSA Contingency
Selection and Ranking: User's Manual for
DIRECT, Version 4.0

TR-105886 Final Report (RP3103-3)

Contractor: Siermens Energy & Automation Inc.
Empres Power Systemns Controt Division
Business Unit: Substations, System Operations &
Storage

EPRI Preject Manager: P Hirsch

Fax 10, 24922

Improved Dynamic Equivalencing Software
TR-105919 Final Repor! (RP2447-2)

Contraclor: GE Eiectrical Distribution and
Contral

Business Unit: Substations, System Operations &
Storage

EPRI Preject Manaeer' P Hirsch

Fax ID:; 24973

Utility Software Qperation on Parallel
Computers

TR-105920 Final Meport (RP3103-6)

Contractor University of Maryiand

Business Unit: Substations, System Operations &
Storage

EPRI Project Manager: P Hirsch

Fax ID: 24975

Strategic Market Assessment of Distributed
Resources

TR-10&055 Final Repat (RP3733)

Conlracters: Applied Decision Analysis, nc.:
Bratile/IRI; Distributed Utility Associates; Econix
Business Unit; Power Markets & Resource
Management

EPRI Project Manager: C. Smyser

Fas 1D 25216

Impact of FACTS on System Operation and
Energy Management Systems

TR-106870 Final Report (RP3832-5)

Contraclor: ECC. (nc.

Business Unit; Substations, Systerm Operations &
Storage

EPRI Project Manager A. Vopdani

Fax ID: 25243

Outage Cost Estimation Guidebook
TR-1068082 Final Reporl (RP2878-4)

Contractor: Freerman Sullivan & Co.

Business Unit: Substations, Systern Operations &
Storage

EPRI Project Manager; A. Vodani

Fax 1D: 25268

Pricing Competitive Electricity Services:
Principles and Segmentation Techniques
TR-106215 Final Repart (RP7802-3)
Contracters: Christensen Associates: Applied
Decision Analysis, Inc.

Business Unit; Power Markets & Resource
Management

EPRI Project Manager: C. Smyser

Fax ID: 25488

From Regulation to Competition: Managing
the Corporate Portfotio for Maximum Value
Creation

TR-106216 Finat Report (WQO3678)

Contraclor; Strategic Decisions Greup
Business Unit: Power Markets & Resource
Management

EPRI Project Manager: R Goldberg

Faw |0 25490
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Proceedings: 1996 EPRI Caonference on
Innovative Approaches to Efectricity
Pricing—Managing the Transition to Market-
Based Pricing

TR-186232 (see listing under Customar Systems)

Distributed Wility Penetration Study

TR-106285 Final Repert (RP3733-3)

Contractor: Energy and Environmental Economics
Business Unit: Power Markets & Resource
Managament

EPRI Project Managers: J. Bloom, S. Chapel

Fax ID: 25578

STRATEGIC R&D

Characterizing the Trace Element Content
of Utility Coals

TR-104868 Final Report (RP3440-3)
Contractor: Energy Ventures Analysis, Inc
RBusiness Units: Stralegic R&D; Enviconmental
Caonitrol

EPRI Project Managers: J, Platt, B, Toole-O'Neil
Fax ID; 23310

Use ofa High-Pressure Roll Mill Hybrid
System for Fine Coal Grinding

TR-105384 Final Report (RP8013-12)
Caniractor, University of California, Berkeley,
Deparimant of Material Science and Mineral
Engineering

Business Unil: Stralegic R&D

EPRI Project Managers; D, O'Cornor, S, Alpert
Fax ID, 24200

Development of Neural Network Controllers
for Power industry Applications,

Vols. 1and 2

TR-105533-V1, TR-105533-V2 Final Report
{RP8010-13)

Ceniractor: Siantord University

Business Uni: Strategic R&D

EPRI Project Manager: J Maulbatsch

Fax 1D 25676

Nonintrusive Appliance Load

Monitoring With Finite-State Appliance
Maodels

TR-105583 Final Report {RP8000-32}
Contractor Colurntnia Universtty, Department of
Elecirical Engineering

Business Unil: Strategic R&D

EFRI Preject Manager: L. Carmichael

Fax I10: 24470

High-Temperature Stability of Novel
Polyimides

TR-105793 Final Repart (RP&#07-13)
Contractor Massachusetts Institute of
Technology

Business Unil; Strategic R&D

EPRI Project Manager: B. Bernstein
Fax ID: 24764

Genetic Algorithm Testbed for Expert
System Testing

TM-106004 Final Report (RP8015-5)
Conlractor DHR Technologies, Inc.
Business Unt: Strategic R&D

EPRI Project Manager: M. Wildberger
Fax ID; 25124

New
Computer
Software

Qrders ior EPRI-developed software should be di-
rected to the Electric Power Software Center, 11025
North Torrey Pines Road, La Jella, Califernia 92037;
(B00) 763-3772. EPRI members can receive, free of
charge, software developed by the husiness units
1o which they subscribe, Others should contact
EPRIs Licensing Office at (415) 855-2974.

INFORM: Industrial End-Use Forecasting Model

Versien 1.3 (PC-DOS)

Contractor, Regienal Economic Research, Inc.
Business Unit: Retall Market Tools & Services
EPRI Froject Manager. Paul Meagher

LPDW™: Lightning Protection Design
Workstation

Version 3.0 (PC-D@S)

Contractor: Distriauted Energy System
Business Unit; Distribution

EPRI Project Manager: Ralph Bernstein

PCTRANS

Version 1.1 {PC-DQOS)

Conlractor: HydroGeclogic Inc.

Busmness Unit: Environmental & Health Sciences
EPRI Project Manager: Dave Mcintosh

Profit Manager

Version 3.08 (Windows 3.1)

Centractor: EPS Solutiens

Business Unit; Retail Market Tools & Services
EPRI Project Manager: Perry Sioshansi

ProForma

Version 3.0 {(Windows)

Coniractor; Science Applications International
Com.

Business Unit: Retail Market Tools & Services
EPRI Project Manager: Perry Sioshans

RateManager

Version 3.0 (PC-DOS)

Contractor: EPS Solutions

Business Unit; Retail Market Tools & Services
EPRI Project Manager: Perry Sioshans!

RCM (Reliability-Centered Maintenance)
Technical Reference for Substations

Version 1.0 (Windows)

Contractor: Haliburtorn NUS Corp.

Business Unils Substations, Syslem Operations &
Storage; Transmission; Distribution

EPRI Project Manager: Predrag Vujavic

RCM Workstation for Substations

Version 1.0 {Windows)

Contractor: Halliburton NUS Corp.

Business Units: Substations, System QOperatiens &
Storage; Transmission; Distribution

EPRI Project Manager: Predrag Vujovic

RISKMIN

Version 7.32 (PC-DOSMWinsiows; RS6000-AIX)
Contractor: Stone & Wemster

Business Urit: Substations, System QOperations &
Sterage

EPRI Project Manager: Ram Adapa



EPRI Events

SEPTEMBER

3-4

Nuclear Plant Performance Impravement
Asheville, North Carolina

Centact: Susan Otto, (704) 547-6072

4-6

P2EP (Plant Performance Enhancement
Program) Annual Meeting

Asheville, North Carolina

Contact: Susan Otto, (704) 547-6072

10-11

Application of Motors and Drives
Pittsburgh, Pennsylvania

Contact: Carrie Koeturius, (510) 525-1205

1013

1996 EPRIweb Conference
Atlanta, Georgia

Contact: Michele Samoulides,
(415) 855-2127

11--13

Main Feedwater Pump Workshop

St. Petersburg, Florida

Contact: Linda Suddreth, (704) 547-6141

11-13

Turbine Generator Troubleshooting
Short Course

Eddystone, Pennsylvania
Contact: John Niemkiewicz,
(800) 745-9982

1113

Underground Transmission Lines:
Technical Review

Baitimore, Maryland

Contact: Kathleen Lyons, (415} 855-2656

12

Application of Motors and Drives
Columbus, Chio

Contact: Carrie Koeturius, (510) 525-1205

1213

3d Annual Symposium on Electric Power
for Compression

Houston, Texas

Contact; Dick Schmeal, (713) 963-9307

15-22

Transmission and Distribution
Conference and Expo

Los Angeles, California

Contact: Andrea Duerr, (415) 855-2640

17-20

Steam Turbine Perpformance Monitoring
Eddystone, Pennsylvania

Contact: Jeanne Harris, (880) 745-3982

19-20

Lightning Protection Design Workstation
Workshop and Seminar

Raleigh, North Carolina

Contact: Ralph Bernstein, (415) 855-2023

19-20

Remediation of Contaminated Sites
Chicago, lllincis

Contact: Ishwar Murarka, (415) 855-2150

19-20

Wood Pole Workshop

i_os Angeles, California

Contact: Bruce Bernstein, {202) 293-7511

22-25

7th International Symposium on Interaction
Between Sediments and Water

Baveno, Italy

Contact: Bob Brocksen, (415) 855-7961

24

Efficiency Improvements in Process
Systems Using Adjustable-Speed

Drives

Cleveland, Ohio

Contact: Carrie Koeturius, (510) 525-1205

24-25

Motor Rewind Seminar
Atlanta, Georgia

Contact: Denise Wesalainen,
(415) B55-2259

24-25

Operational Reactor Safety Engineering
and Review Group

San Antonio, Texas

Contact; Susan Bisetti, (415) 855-7919

24-26

Machinery Balancing
Eddystone, Pennsylvania
Contact: John Niemkiewicz,
(800) 745-9982

24-27

Transformer Performance, Moniloring,
and Diagnostics

Long Beach, Califernia

Contact; John Niemkiewicz,

(800} 745-9982

25-27

International Workshop on Main
Coolant Pumps

Pittsburgh, Pennsylvania

Contact: Susan Otto, (704) 547-6072

26

Efficiency Improvements in Process
Systems Using Adjustable-Speed

Drives

Plaintield, Indiana

Contact; Carrie Koeturius, (510) 525-1205

30-October 1

Power Quality Marketing Workshop
Knoxville, Tennessee

Contact: Karen Fersten, (423) 974-8288

30-October 2

IRP-Manager Software Training
Minneapolis, Minnesota

Contact: Nancy Bubb, (612) 473-1303

OCTOBER

1

Application of Motors and Drives

St. Louis, Missouri

Contact; Carrie Koeturius, (510) 525-1205

1-2

DSManager Software Training
Minneapolis, Minnesota

Contact: Nancy Bubb, (612) 473-1303

1-2

Profit Manager Software Training
Minneapolis, Minnesota

Contact: Nancy Bubb, (612) 473-1303

1-2

REEPS Software Training

San Diego, California

Contact; Paige Schaefer, (800) 398-0081

1-3

Risk Management for Competitive Markets
Baltimore, Maryland

Contact: Susan Marsland, (415) 855-2946

1-4

1996 Gasification Technologies
Conference

San Francisco, California
Contact: Michele Samoulicles,
(415) 855-2127

2

RateManager Software Training
Minneapolis, Minnesota

Contact: Nancy Bubb, (612) 473-1303

2-4

Magnetic Field Management Seminar
Lenox, Massachusetts

Contact: Leeka Kheffets, (415) 855-8976

3-4

Application of Motors and BDrives

Omabha, Nebraska

Contact: Carrie Koeturius, (510) 525-1205

3-4

COMMEND Software Training

San Diego, California

Contact: Paige Schaefer, (800) 398-0081

3-4
Decision Analysis for Environmental

Risk Management

Palo Alto, California

Contact; Roert Goldstein, (415) 855-2593

3-4

Users Group Meeting: DSManager,
IRP-Manager, ProfitManager, RateManager
Minneapolis, Minneseta

Contact: Nancy Bubb, (612) 473-1303

7-8

INFORM Software Training

San Diege, California

Contact: Paige Schaefey, (800) 398-0081
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7-10

Hydrogenerator Maintenance
Seattle, Washingten
Contact: Denise Wesalainen,
{415) 855-2259

8

Efficiency Improvements in Process
Systems Using Adjustable-Speed

Drives

Detroit, Michigan

Contact: Carrie Koeturius, (510) 525-1205

9

Life-Cycle Cost Management System
Software Training Workshop

Mountain View, California

Contact: Mary MclLearn, (415) 855-2487

9

PISCES Database Forum

Irving, Texas

Contact: Lynn Stone, (214) 556-6529

9-10

Advanced Market-Based Products for
Electricity Pricing

Atlanta, Georgia

Contact: Connie Smyser, (415) 855-2396

9-10

Interconnected Operations Services
Workshop

San Diego, California

Contact: Denise Wesalainen,
{415) 855-2259

9-11

Center for Metals Fabrication
Electrotechnology Seminar

Dallas, Texas

Contact: Eileen Mauro, (614) 421-3440

10

Efficiency Improvements in Process
Systems Using Adjustable-Speed

Drives

Tulsa, Oklahoma

Contact: Carrie Koeturius, (510) 525-1205

10-11

PISCES Maodel Training

Irving, Texas

Contact: Lynn Stane, (214) 556-6529

14-16

Managing Fossil Generating Assets in
the Marketplace

Washington, D.C.

Contact: Lori Adams, (415) 855-8763

14-16

Power Quality Interest Group Meeting
Cleveland, Ohio

Contact; Karen Forsten, (423) 974-8288

15-16

Using EPRI Land and Water Models

Dallas, Texas

Contact: Ishwar Murarka, (415) 855-2150

July/August 1996

16-18

Tutorial: Preserving Equipment Qualification
Charlotte, North Carolina

Contact: Susan Otto, (704) 547-6072

17-18

EPRI Partnership for Industrial
Competitiveness (EPIC)

Newport Beach, Califernia
Caontact: Bill Smith, (415) 855-2415

17-18

HELM Software Training

Dallas, Texas

Contact: Paige Schaefer, (800) 398-0081

17-18

Strategic Asset Management for a
Competitive Utility Environment

San Diego, California

Contact: Susan Marsland, (415) 855-2846

21-24

Decision Analysis for Utility Planning
and Management

San Diego, California

Contact: Charlie Clark, (415) 855-2994

23-25

Achieving Success in Evolving
Electricity Markets
Indianapolis, Indiana
Contact: Michele Samoulides,
{415) 855-2127

23-25

Fuel Supply Seminar

Denver, Colorado

Contact: Susan Bisetti, {(415) 855-7919

23-25

Healthcare Initiative Conference

New York, New Yerk

Contact: Anne Kovalski, (718) 920-0849

24-25

HOTCALC Software Training

Irving, Texas

Contact: Lynn Stone, (214) 556-6529

NOVEMBER

3-6

Insulated Conductors

St. Petersburg, Florida

Contact: Jon Ferguson, (817) 234-8216

6-8

Distributed Resources, 1996
Vancouver, Canada

Contact: Lori Adams, (415) 855-8763

12

Application of Motors and Drives

Seattle, Washington

Contact: Carrie Keeturius, (510) 525-1205

12

Efficiency Improvements in Process
Systems Using Adjustable-Speed Drives
San Diego, California

Contact: Carrie Koeturius, (510) 525-1205

12-13

Maintenance-Free Load Tap Changing:
Phase 1

Tampa, Florida

Contact: Susan Bisetti, (415) 855-7919

1214

Valve Packing: Application, Configuration,
Engineering, and Program Development
Eddystone, Pennsylvania

Contact: John Niemkiewicz,

(800) 745-9982

1315

Lubrication Oil Analysis

Long Beach, California

Contact: Jeanne Harris, (800) 745-3982

14

Efficiency Improvements in Process
Systems Using Adjustable-Speed Drives
Portland, Oregon

Contact: Carrie Koeturius, (510) 525-1205

1415

Application of Motors and Drives

Los Angeles, California

Contact; Carrie Kosturius, (510) 525-1205

14-15

Electromagnetic Interference
Qualification of Digital Equipment
Charlotte, North Carolina

Contact: Susan Otto, (704) 547-6072

1415

1996 Heat Pump Allies Conference
Annapolis, Marytand

Contact: Michele Samoulides,
(415) 855-2127

17-21

Research on Biological Effects of

Electric and Magnetic Fields

San Antonio, Texas

Contact: Charles Rafferty, (415) 855-8908

18-20

Maintaining the Integrity of Water-Cooled
Generator Stator Winding

Tampa, Florida

Contact: Denise Wesalainen,

(415) 855-2259

20-22
Water-Heating Electrotechnologies
and WATSIM Software Training

Irving, Texas
Contact: Lynn Stone, (214) 556-6529

DECEMBER

2-3

Power Elecironics Applications Center
Marketing Workshop

Knoxville, Tennessee

Contact: Karen Forsten, {423) 974-8288

24

Power Quality Technical Training
Knoxville, Tennessee

Contact: Karen Forsten, (423) 974-8288
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