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COVER: Electrical lests ol a prototy pe high-temperature super-
conducting cable in Milan, haly, pave the way for 1be warld's
first HTS cable field demonsiration on 4 power distribution
systcm i1 downtown Denoit. (Photo courtesy Pirelli Cables
and Svsiers)

Correction

The feature entitled "Charting Power System
Security,” which appeared in the Joumals Sep-
tember/October 1998 issue, included mention of
the Voltage Security Assessment (VSA) soltware
tool. The article should also have mentioned that
VSA is owned by BC Hydroand is beingdevel-
oped by its subsidiary Powertech 1.abs Inc.
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Editorial

Timing Is Everything

tming is everything. This okl maxim is heard

repeatedly al social and busingss occasions

alike—in dinner party palaver on such topics as
love. politics, sports, and the stock market. as well as
in hoardroom deliberations. But the phrase can also
apply to science and technology, especially Lo their prac-
tical application, with one important difference. With
regardl Lo 1echnology and it use, the assertion becomes
a question: "Iz the toe right yet?®

In our industry, the workhoerse commodity is wire,
wire based on good old aluminum and copper metal—
nol usually considered a high-tech arena. We some-
times [orget that wire benefited (rom one of the firsl
[ruits of that early high 1echnology called elecirification:
the 1546 invention of the Hall-Heroul process. As a
restll, aluminum, until then consitered a precions
metal. became cheap and plentiful and revolutionized
ransmission line wire. Twenty-five vears lawr. in 1911 —
a relatively brief period in that slower-moving age—an
evenl occurred 1hat promised an even greater leap (or-
ward. This was the discovery of superconductivity, the
atmost magical ability ol many metals to conduct elec-
tricity without resistive loss at sufliciently fow tem-
peratures. Almost immediately, dreamers envisioned
the ransport of massive amounts of clectric power
over long distances via superconducting transmission
lines and cables.

But the dream harbored a technical nightmare—
actually wwo. First, the low temperatures required L
operate the early superconduciors (e.g., mercury and
lead) were really low: jusi a few degrees above absolule
zero, and could be atiained only by immensely com-
plex refrigeration systems for liguelying helium, then
an extremely rare gas. Second, these carly materials
could carry only a few milliamperes of curreni—hardly
the stull of transmission lines—and lost their ability to
superconduct in moderate magnetic fields, barely a few
multiples of the carth’=s The tlime was definitely not
right vet.

(L was not until midcentury 1hat the discovery of a
new class of superconducting materials, the niobium
alloys, made possible wires that could carry currents of
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hundreds of amperes in magnetic (ields many thousand
times stronger than the earth’s. Subsequently, several
elforts were undertaken 1o develop superconducting
cables. These succeeded technicilly, but the high cost
and complexity of the requizite helitun eefrigeration
posed a significant barrier te utlity acceptance. Timing-
wize il was close, but no cigar.

[t is an axiom of superconductivity science that ad-
vances are governed by the empirical =earch for new
materials; in other words, guided luck is a key ingredi-
ent. Twelve vears ago, such a search struck pay dirt
with the discovery of materials that become supercon-
ducting at temperatures well over 100 K above absolule
zero. For these materials, liquid nitrogen—cheap and
both vzer and environmentally [riendly—could replace
helium as the refrigerant. [t was time to 1ry again.

This issue’s cover [eature describes the upconting
demimstration of superconducting cables a a Detroil
Edison substation—the industrys figst hield test of this
new technaology and the tremendous promise it holds
for the future. Indeed, the EPRI Electricity Technalogy
Roadmap points Lo the continued development of
superconducting power applications a= key to the ro-
bust, reliable T&D sysiem required lor the competitive
power markets of the next century:

Will the Deuit Edison demonstration succeed?
I'm confident it will, hoth technically and opera-
tionally. However. as noted ®FL «ports commentator
Jahn Madden likes Lo point out, il we really could pre-
dict the outcome of a contest. we wouldn't have to
blow 1he siarting whistle. For us, the stadium wilt be
the backvard of 1the Frisbie substation. and the players
will be not anly scientises but—Ior the first time—
utility enginerrs, supervisors, operators, and line
workers as well. Perhaps the right time has a1 last
arrived. Let the game begin.

zd

Paul Grant
science Fellow
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Bundling Report

iven the dramatic changes occurring
G in the electric power industry due to
deregulation and retail competition, power
companie= have a crucial need to develop
offerings that will retain customers and pro-
mote future growth. This report, Bundling of
Products and Services in the Energy Services
Industry (TR-108985), describes how the
bundling approach can help in meeting this
nced. It provides an overall framework for
bundling as a key corporate strategy, dis-
cusses a variety of issues rhat should he
considered in connection with a bundling
effort, and presents examples from various
industries.
m For more informatien, contact Ahmad
Faruqui, afaruqui@epri.com, (650} 853-2096,
To ordder; call the EPRI Distribution Center;
(925) 934-4212.
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Deliverables now available to EPRI members and customers

Power Quality Diagnostic System

ower quality disturbances cost clec-
P tricity users signilicant losses in
productivity each year. Driven by
increasing competition, electric o A
utilities are responding to cus-

Power (Quality
Simularion Modu!

Version 1.0

temers' PQ concerns with

new conlracls and services,
olien working cooperatively
with them 1o find economical
answers Lo their problems. The
process can he rigarous, time-
consuming, and complex. That's N

why EPRI developed the Power Qual-

ity Diagnostic System—a complete set of

Lools 10 help engineers and technicians deal with PQ problems. It consiats of
[our CD-ROM medules: a module that enables engineers to quickly identify PQ
events; a module that facilitates the analysis of large quantities of PQ measure-
ment data; a module that performs computer-based simulations to help solve
Lypical PQ problems; and an economic assessment module that conducts cost-
henefit analyses lor various PQ improvement technologies.

m For moie information, contact Sid Bhatt, sbhatt@epri.com, (650) 855-8751.

To order, call the Electric Power Software Center; (800) 763-3772.

SmartLoop 2000

PRI1 and GC Controls of Greene,

New Yorl, have teamed up to
introduce a low-cost digital con-
troller that maximizes the perfor-
mance and efficiency of water-loop
heat pump (WLHP) systems. Known
as mmartLoop 2000, this reliable
microprocessor-based system is
capable of controlling all aspects
of WLHP system operation, includ-
ing cooling tower and boiler staging,
variable- and two-speed tower [an
operation, loop pump lead and lag

control, variable-speed loop pumping, and heat pump siaging for setback
recovery. An inexpensive addition to a W1 HP system, SmariLoop 2000
provides substantial savings in energy use. Also, because it requires mini-
mal control wiring, it is easily retrofitted to existing WLHP systems.

» For more information, contact Mukesh Khattar, mkhattar@epri.com,

(650) 855-2699. To order, call GL. Controls, (607) 656-4117.



Flywheel Market Analysis

rocess industries now routinely rely on electronic control and
P monitoring systems, and the trend is 1oward the increasing use of
such systems. As a resull, these indusatries are becoming more vulnera-
ble to power quality disturbances on electricity distribution =ystems.
Flywheel power systems offer an ideal solution, since they can store
and deliver energy o an industrial load as needed. Flywheels have been
used to =lore energy =ince ancient times, but modern composite fibers
make it possible (0 greatly increase rotational speeds and
stored energy. This report, Flywheel Power Systems:
Market Analysis (TR-109911), evaluates the indus-
trial market for flywheel power syastems and iden-

—— )

tifies barriers to the technology’s acceptance. It
dizcuszses commercialization timing, offer= sugges-
tion= for entering the markel, and presents speci-
fications for selected flywheel products.

m For more information, contact Ben Bancrjee,
bbancrje@epri.com, (650) 855-7925. To order, call

the EPRI Distribution Center, (925) 934-4212. ——

Gas Turbine Overhauls

complete overhaul of a combined-cycle
A power plant can take as long as 10-12 weeks.
Proper planning for such an owtage is critical in
avoiding delays, cost overruns, and other compli-
cationa. EPRI% GTOP (Gas Turbine Overhaul
Plan) Combined ©ycle soltware is an integrated
maintenance managenient 10el specifically de-
signed 1o help optimize the planning and manage-
ment of major overhauls of combined-cycle
plants. Used in conjunction with the Microsoft
Project acheduling program, GTOP Combined
Cycle provides s1ate-ol-the-art techniques for
reseurce planning, project status assesament,
and cost-to-date and cost-to-completion
calculations. [ts databae can eatily be
customized to meet specific plant or
maintenance event requirements.
» For more information, contuct john
Schcibel, jscheibe@epri.com, (650) 855-
2850. To order; call the Electric Power Soft-
ware Center, (800) 763-3772.
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Power Electronics
Milestone Reached

he world's lirst gallium nitride (Ga™)

MQSFET—metal-oxide semiconduc-
tor lield effect transistor—has been fabri-
cated in high-power electronics R&D work
sponsored by EPRI and the LI5. Defense
Deparument’s Advanced Research Projects
Ageney (DARPA). This achievement is a
significant step toward the development of
ultrahigh-power inverters for unprece-
dented switching speed and control capa-
bilities in high-voltage ac and dc power
circuits.

Silican-based MOSFETs are key compo-
nenis in today’ fastest inverters. Switches
based on wide-bandgap semiconductors
like Ga™ promise w handle higher power
levels and operating temperatures, result-
ing m wider applicability and better
performance.

A consartium led by the University of
Florida produced the Gal MOSFET, an
carly milesione in the three-year, £14 mil-

B! |

A new process can produce gallium nitride wafers with

well-defined sidewalls (right).

lion EPRI-DARPA program to accelerate
the development ol high-power devices
and circuits for electric power and de-
[ense applications. The consortium, one
of six groups lunded under 1he program,
has alzo developed a process (or produc-
ing Gak walers with the smoeth, well-
definecl sidewall required for device
fabrication.

m For fuirther information, contuct Jeriy
Melcher, jimelcher@cpri.com, (650) 855-
2299
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Discove[X

Basic science and innovative engineering at the cutting edge

New Firm for
Membrane Technology

A startup company locused on the
commercial development and appli-

cation of an innovative liguid membrane
purification technology has been formed
by EPRI, 5RI International, Spectriom Lab-
oratories, and Edison Technology 5olu-
tions. Called Tacilidax, the new technol-
ogy could greatly reduce the economic
and environmenial costs ol separaling gases
and liquids and of removing contami-
nants from mixtures. [t could be used for
processing industrial gases, waste, and
wastewaler and [or separating compo-
nents in the chemical, food processing,
agricultural, pharmaceutical, and biotech-
nology industries.

The new company, Facilichem, has
been awarded a (wo-year, $2 million
grant [rom a Mational lnatitute of Stan-
dards and Technology program that
supports leading-edge technologies with
economic and commercial promise.

Beveloped at SRI International,
the FaciliMax process fealures a
proprielary membrane conligura-
tien that holds the selective liquid
membrane stable 1o eflectively
separale the components in the
feed stream. This highly selective
separating agent allows only puri-
fied material (e pass through.

Historically, a key drawhack of
liquid membrane separation has
been the short lifetime and insufficient
endurance of the membranes fer com-
mercial-scale indusirial use. To make
the process economically [easible. the
FaciliMax syslem provides unique access
to the liquid membrane compartment,
enabling constant replenishiment of the
separaling agent.

Says Abhoyjit Bhown, who invented the
technology while at 5R! and who now
heads Facilichem, “Despite 30 years ol re-
zsearch, the structure for liquid membrane

systems has not been sulficiently stable for
widespread industrial use.” The new com-
pany’s goals, he goes on, are to investigate
methads of stabilizing these membranes,
then to make them thinner and more elfi-
cient, and finally 10 commercialize ancl
market the technology for a broad range
of industrial applications.

Ammi Amarnath, EPRIs manager for
process industries, calls FaciliMax “a very
clever. togical extension of the hollow [i-
ber technology used in renal dialysis an
waler desalination.” Through Facilichem,
he says, EPRI is involved in an effort that
will greatly enhance the ellicient, value-
added electrification of the industries that
apply the new technology. while benefiting
the community in several ways. FaciliMax
could provide the first economical method
of recovering heavy metals from waste-
water and could significantly reduce pro-
ce=aing coats in hydrocarhan separations.

{Iver the next two vears, Facilichem
will lurther develop, build, scale up, and
demonstraie the FaciliMas system and
seck parinerzhips with companies inter-
cated in specific commercial applications.
u Foi firther information, contact Ammi Amar-
nath, aamarngi@cpri.com, (630) 855-2548.

Pulsed Laser Could
Speed Communications

1 ultralast pulsed laser developed in
A an EPRI lightning diverston project
=hows significant promise for making fiber-
optic communications lightning fast—
three urders of magnitude [aster than with
current lechnology. EPRI i= pursuing work
on the wchnical challenges involved—
work that, il succsssful, could enable wide
commercialization of l[emtosecond (107 12)
laser pulse technology for daa communi-
cation speeds approaching 10 THz.

The concept of using femtosecond

laser pulses with time multiplexing to in-
crease communication apeeds emerged in



research on using an ultrafast laser w
trigger lighwning discharges and divert
them from utility structures. Researchers
recognizid that the concept had greai
potential for communications applica-
tioms in the power indusiry ([or distribu-
tion awomation, grid operation. and
contrel center communications) and in
such other markets as data transler, the
Internet, television, and facsimile.

Satellice and other advanced communi-
cations applications currently use wave-
length multiplexing (o increase transmis-
sjion rates: (0 or 20 signals are broadcast
simulancously al neighboring wave-
lengths. This approach has two draw-
backs; each channels hrisadcast apeed i
determined by the electronics. and the
number ol channels is limited by the
handwidih of the emiting or amplifving
laser medium,

The drawbacks can be overcome by
time mulliplexing in an optical system.
Liltrashore laser pulses that code “words”
a=a pariicular time sequence of 1%} femto-
second pulses within 5 or 10 picoseconds
(107 ") can be =ent through the air with-
out signilicant broadening. With a difler-
ent word emitied every 10 picoseconds, a
communications system working at a rate
ol 10 THz i5 achievable. Fven higher rates
may be possible il wavelengith multiplex-
ing can be added o time muliiplexing.
Time muliiplexing with pulses on the
arder ol 50 picoseconds mav alzo be
applicable to optical fibers.

1t 5 already pozsible to generate laser
pulses az shon as 10 lemioseconds, In or-
der 1o realize the potential of femtosecond
pulsed lazer communications, technology
must be developed w compress a nano-
second signal into a siring of femtosecond
pulses, 10 process K o 100 channels in
parallel, and 10 decompress a atring of
femiosecind pulses back into nanosec-
ond pulses
u For further information, contact Ralph Bem-
stein, rbernste@cpricom, (650) 855-2023.

sk Fuatio (exposed/control)

Mortality All All
Lymphoreticular Lymphomas

Lymphotiastic Lymphocytic
Lymphoma

Combined
Lymphomas

Histiocytic

Lymphoma® Sarcoma

*The wider confidence inlerval is due to the refatively low incidence of this disease type in the study.

Mouse Study Finds
No EMF-Leukemia Link

recently completed study of the
A elfects ol magnetic fields on the inci-
dente of teukemia in nearly 2800 labora-
tory mice [ound no significant effects of
such exposure. The atudy was the largest
life-span animal swudy ever sponsaored hy
EPRI and one of the largest rdent studies
ever eonducted. Because of its size and
rigor, it gave rescarchers an excellent
opportuily 1o evatuate the effects of
chronic EMF exposure.,

hlice were separated into eight trear-
ment groups for the 30-month study. Be-
ginning at lour weeks of age, mice in four
of the groups were exposed (10 60-11z,
circwdarly polarized 1.4-uT (14-G) mag-
netic fields; mice in the other four groups
were exposed only to the ambient average
magnetic field of abowt 0.1 T (1 miy). Fer
each magnetic field exposure condition,
mice were eaposed 10 four levels of ioniz-
ing radiation: 0, 350, 473, and 600 R.

AL death, 1issues of all mice were micris-
scopically evaluated for {ymphoid cell neo-
plasms, and several types of leukemias
were found. Mo significant effects of mag-
netic field exposure were found on the
incidence of leukemia al the end of the

study or on the rate of development of
leukemia duning the in-lile portion. Be-
cause the loeatment groups were so large.
the inveatigators were also able 1o evaluale
the magnitude of risk of particular types
ol lymphomas. The calculated risk ratio
(the risk Tor exposed animals compared
with that far control animals) for cach
Lype was approximately 1, indicaling no
effects from magnetic field exposure,

At all siages ol the study, rigorous meth-
ods were used, including blind measure-
ments and evaluations. conformance to
the EPA= Giood Laboratory Praclices, and
internal and external peer reviews.

Overall, the study found no evidence
that magnetic feld exposure cither canses
or promales the development of leukemia
in mice. This was true for each leukemia
type, as well as lor all types combined.
The investigalors concluded that “the re-
=ults do not support any elfea of magnetic
field exposure on human risk of develop-
ing leukemia/lymphema.” Although
definitive conclusions about human leuke-
mia cannol be drawn from this research,
the high-quality =iudy i= another piece of
evidence in the continning examination
of the effecis of magnetic fields.

m For further information, contact Charles
Rafferty, crafferi@epri.com, (650) 855-8908.
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. early-market utility applications—super-
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e

THE STORY IN BRIEF

y the end of this decade, the
promise of superconductivity will

begin to be realized in a full-scale

& ‘utility application on a power system—

a dream held by scientists and engineers
'fﬁgﬁfh‘uch of the century and renewed by
the 1986 discovery of high-temperature
superconductors. Because they operate
with near-zero resistance, supercon-
ductors applied in power cables, trans-
formers, motors, and other equipment
promise greatly reducg.d energy losses
and thus substantial gains in efficiency
across the gamut of electricity delivery

and ut ation. One of the highest-value

- ’co‘i-;duchng underground power cable—
_f lqfha-rs a strategic benefit to utilities as

‘a key element for repowering existing

delivery infrastructure.

by Taylor Moore




N THE HEART @®F THE RENOWNED

industrial city of Detroit, pari ol an

aging elecuicity delivery infrastruc-

ture is scheduled 10 be retrofitted

with what could be one ol the most

important technologies of the twenty-
first century. The installation and energiz-
ing ol the worlds first high-temperature
superconducting (HTS) power cablesin a
utility network, set for the year 2000 at
Detroit Edison’s Frisbie substation. will be
a pioneering demonstration ol a likely
early-market utility application ol super-
conductivity. And lor Deiroit Edison. the
principal operating subsidiary ol DTE
Energy, the project will test a strategy [or
upgrading its downtown underground dis-
tribution system.

Three 400-loot (120-m) UTS cables,
cooled to below 77 K (—196°C) by ligquid
nitroget circulating in their cores, will
each carry 2400 A ac at 24 kV—three
limes Lhe current carried by a conven-
tional copper cable. 1nstalled in existing
4-inch-diameter (10-em) ducts, the HTS
cables together will replace nine conven-
tional cables. The reduction in conductor
mass will be dramatic: over 18,000 pounds
(8200 kg) of copper will be replaced by
less than 250 pounds (110 kg) of HTS con-
ductor==helically wound, silver-sheatled
wire 1ape made [rom a ceramic copper o x-
ide compound (BSCCO) containing bis-
muth, strontium, calcium, and a small
amount of lead.

The (lexihle HTS cables will be installed
by personnel [rom Detroit Edison and
Pirelli Cables and Systems. Originating at
the lower-voliage terminals ol a 120-kV/
24-kV uanslormer in the subslation yard,
the cables will run in the underground
through 90-degree
bends 1o the three-story substation build-
ing, where they will connect with switch-

ductwork several

igear on the top floor. The installation will
Eprovide a realistic learning experience [or
§ crews that may eventually perforn similar
- jobsthroughout the city’s downtown area,
where Detroit Edison has about 1000 miles
8 (1600 km) of underground cables that are
= possible candidates [or replacement.
5 Catalyzed by major [undlng [rom EPRI
and the U.S. Depariment of Enetgy under
Yits Superconductivity Partnership Innia-
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Detroit is experiencing a downtown revital-
ization, with major building projects under
way or on the drawing board. Significant
growth and shifts in the demand for electric-
ity are anticipated over the next decade.

tive with privateindustry, the $5.5 million
Detroit HTS cable project will culminate
ncarly a decade of collaborative scicnce
and technology R&D led by Pirelli, the
world's largest manufacturer ol power
cables; American Superconductor Corpo-
ration (ASC), a leading producer of HTS
wirc and technologies {or power applica-
tions; and EPRI. In addition, the project is
expecled 1o receive a critical technological
contribution from the cryogenicexperls ol
Lotepro Corporation, a subsidiary ol the
industrial gas technology company Linde.
*Its gratilying to see the results of R&D
that EPRI began in 1989 fnally come to
[ruition in a utility-scale demonstration on
a power system,” says Ralph Samm, the
manager lor underground distribution
who initiated EPRI's early work on devel-
oping HTS power cables for utilities.
D®E and CPRI previeusly cosponsored
the development of a 50-ineter [lexible
HTS conductor assembly manufactured by
Pirelli with wire made by ASC. In tests con-
ducted in 1996, the conductor assembly
carried 3300 A at 1 uV/em de and 77 K—
a world record that still stands. Then, us
ing the same conductor, Pirelli developed
a SO-meter cable prototype {or operaiion
al 115 kV. This prototype, including termi-
nal connections and a splice, was success-
[ully tested last lall at the company’s higlt
vohage laboratory in Milan, taly Energized

aL 69 kV, it carried 3300 A dc at 74 K and
has since demonstrated an ability to cany
2000 A ac.

l.ast October, in announcing DOE's col
laborative R&D award ol $2.4 million to
the Detroit cable demonstration, Energy
Secretary Bill Richardson said the project
would open "the gateway 1o the clectricity
superhighway ol the {uture. The contract
builds on the department’s significant in-
vesument in developing HTS technology
over the last decade and paves the way 1o
commercialization o[a technology that will
transform the power delivery systems of
the world.” Richardson said the project
“will help the United States build and in-
crease its compelitive position in the
emerging world market for HTS electric
power applications.”

Superconducting cable technology has
promise as a costeflective means of at least
tripling the current-carrying capacity ol
existing underground distribution or trans-
mission circuits, and its availability in the
next decade could lortuitously coincide
with the emergence of competitive retail
electricity markets that are likely to place
greater power trans(er demands on regional
and urban networks. “High-capacity HTS
cables will accelerate the growth and in
creasc the value of an open and competi
tive marketplace [or electricity;" said Greg
Yurek, ASC's president and chiel executive
officer, at the time o[ the DOE announce-
ment. Yurek also emphasized the impor
tance ol the Detroit project in “the com
mencement of the growth ol a significant
commercial market for HTS products.”



idded Walter Alessandrini, chief exer-
utive officer of Pirelli Cable= and Systems=
North America, “The Detroit Edison cable
project is the firat of several we expect 10

undertake in the nexi few years as the
markel for high-capacity HTS cables starts
to grow.”

Key for urban infrastructure
renewal

Detroit Eclison believes that high-current
HTS cables rated at subtransmission and
distribution voltage levels could be a tech-
nolegy solution [or meeting the growing
demand for electricity in Detroit’s urban
core while avoiding the wholesale replace-
ment of underground facilities and the
resulting distuptions at streel level. “The
cables will be insialled in downtown De-
troit to support the revitalization of this
olderurban area in a nonintrusive, ensiron-
mentally lriendly way,” =ays Robert Buck-
ler, president and chief operating efficer of
DTE Energy Distribution.

Buckler notes that major dowmown
building and renovation projects under
way or planned for the near future—in-
cluding casinos, office and shopping com-
plexes, a new baseball park, and a new
foathall stadium—will bring significant
load growth and load shifts for the utility’s
downtown distribution system over the
next decade.

“Having the capabilily 1o triple the cur-
rent-carrying capacity of existing conduits
will allow us to avoid digging up and dis-
rupting the infrastructure,” he says. “Soon
after the turn of the century, the city’s revi-

€OmON

Lalization will have progressed to Lthe point
that we will need more power in the down-
town area, and superconducting under-
ground cables could have a very significant
impact in bringing this extra power in.”
Like Detroit, most other large U.S. cities
are experiencing building booms and ex-
pect double-digit—in several cases, even
triple-digit—population growth over the
next dozen years, according Lo survey in-
formation reported at a recent conlerence
sponsored by the Fannie Mae Foundation
and the Brookings Institution. Such growth
will undoubtedly increase the demand for
electricity. But as John Howe, ASCs vice
president [or electricity industry alfairs,
notes, “The siting of new (ransmission
lines has hecome progressively more diffi-
cultand is virtually impossible in many ar-
ea= with high real estate values. And with
downtown underground distribution, ol-

ten there is simply no more room in the
ground [or new cable conduits.”

Three 400-foat (120-m} flexible HTS cables will
be connected to a spare transformer (fore-
ground, top photo) in the yard of Detroit Edi-
son's Frisbie substation, then will turn under-
ground and snake through several 90-degree
bends to connect with switchgear inside the
substation. After conventional 24-kV copper
cables have been removed from nine ducts in
a substation duct bank (right), the 24-kV HTS
cables will be installed in three of the ducts.
Because these three cables can carry the same
amount of current as the nine copper ones they
will replace, six cable ducts will be freed up for
possible use in meeting future load growth.

Bill Carter, Detroit Edison’s director of
transimission and subtransmission plan-
ning, says the traditional approach would
be to install new 120-kV pipe-1ype or solid-
dielectric cables to increase power capac-
ity in the downtown service area, “But
that’s pretty expensive,” he notes. "l we
can use existing ductwork and 1ake advan-
tage of the much greater current-carrying
capacity of superconducting 24-kV cables,
we may be able to avoid installing new
120-kV cables, eliminate the two transfor-
mation steps—{rom 24 kV to 120 kV and
back down—and simply transmit power
into downtown at 24 kV."

Energy losses that result from resistance
in conventional conductors are reduced at
higher voltage levels of power transmis-
sion and distribution. Bult this traditional
solution for delivering more power re-
quires new transformers and other substa-
tion equipment. In contrast, superconduc-
lors are nearly resistance [ree and can
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operale at high current levels with much
lower losses. Thus the need for vollage
transformation steps is reduced.

High-current HTS cables could help re-
lieve transmission hottlenecks in existing
corridors by eliminating the capacity limit
posed by conventional underground ca-
bles (which can carry only about half as
much current as overhead lines of the
same voltage). Although more expensive
than overhead lines, underground HTS
cables could also serve as new circuits in
existing overhead transmission rights-ol-
way where there is insufficient space [or
an additional overhead line,

EPRI and Pirelli originally envisioned
138-kV-class, pipe-type underground trans-
mission cables as the most likely early-
market entry for HTS cables. Indeed,
many utilities still view high-voliage un-
derground transmission as the most prom-
ising future application for HTS cables.
But a more immediate need [or which
superconducting technology could pro-
vide a solution emerged in discussions
with some ulilities aboul hosting an HTS
cable demonstration on a power system.

“Although EPRI and Pirelli had previ-
ously focused on transmission applica-
tions, [rom our joint sindies we learned
that several uiilities were in-
terested in high-current HTS
cables as 2 means ol doing
things on their distribution
networks that they had been
unable to do belore,” says
Don Von Dollen, EPRIS man-
ager for underground trans-
mission. “One of the uiilities
tdentified an applicalion in
which 13-kV HTS cables. car-
rying the same amount of
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power as conventional 69-kV

Critical Curreni Densily [eafcrrr at 77 K

cables, could eliminate a voli-
age transformation step in
bringing power into its high-

tions together to enhance system reliabil-
ity. Space constraints in the substations
precluded using conventional 69-kV ca-
bles, and there was not adequate space in
existing duct banks to install multiple 13-
kV circuits, But 13-k'% HTS cables could
be installed in the banks (o carry the addi-
tional current.”

Given this utility feedback, it came as
no great surprise when Detroit Edison’s
Carter described system wvperation chal-
lenges that called for high-current, 24-kV
cables, *In some ways, our demonstration
will be even more of a challenge lor Pirelli
than the 138-kV-class cable they have al-
ready designed, because now they have 1o
fit a single-phase conductor into a 4-inch
duct,” says Carter. “For us, the greatest
economic appeal is in maximizing the use
ol our existing infrastructure. The result
will be reduced cozts that ultimately will
be reflected in lower rates for customers.

If we can increase the distribution capacity
downtown for less money largely by using
existing assets, it will allow us to grow our
system to meet customers’ needs and bet-
ter control our costs.”

Realistic test environment

EPRI's Von Dollen says the Detroit Edison
substation offers an almost ideal utility en-
vironment for demonstrating HTS power
cable, including its installation, testing,
routine operation, and maintenance. The
three cables will be connected 10 a spare
transformer that, when switched into the
utility network, will expose them to surges
and transients typical of a utility distribu-
tion system.

The substation’s 60-year-old under-
ground concrete duct banks are the same
as those throughout the city. Replacing
nine conventional cables with three HTS
cables will leave six conduits available
for possible future use. A manhole at the
midpoint of the 400-foor (120-m) cable
run will have just enough room [or in-
stalling a splice on one of the three HTS
cables—an invaluable demonstration ex-
ercise, since many splices will be neces-
sary in longer, permanent installations. (n
the substation yard, there is room near
Lthe transformer at one end of
the HTS cable run to install a
liquid nitrogen refrigeration
system, Lo be built by Lotepro
Corporation.

Mext year, under the super-
wision of Pirelli personnel. ca-
hle crews will install the HTS
cables, and engineering per-
sonnel will develop operating
and maintenance procedures
that not only will he used

i A

for a two-year series of lests
Lo determine cable reliahility
and O&M costs but also will
serve as initial procedures for

i

density-load downlown area.
That, in wrn, could eliminate

1990

some expensive substations
and allow for more-compact
substation designs.”
Continues Von Dollen, “An-
other ulility needed to tie sev-
eral of its downtown substa-
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American Superconductor continues to increase the critical current den-
sity of multifilament HTS wire manufactured with the ceramic copper
oxide compound Bi-2223. Shown here are the values achieved in short
lengths of the superconductor material, with a high of 70,500 A/cm?
being reported last year. This steady progress has led to kilometer-
length HTS wire tape that can carry 130 A; three such tapes now carry
as much current as a 400-A conventional copper cable (photo).

1998 other utilities to follow. "This
demonstration project is as
real-world as it gets,” says
DTE Energy’s Buckler. “[1 will
encompass most of what we
expecl to encounter in the
future if we decide to pursue

a major HTS retrofit stralegy.



Our people are excited at the prospect of
learning how to do their work using the
new. cuttingcdge superconducting tech-
nology.”

Adds Carter, "We will be one of the first
utilities 1o get O&M experience with lig-
uid nitrogen-cooled, HTS power technol-
ogy==something we believe will be of sig-
nilicant value as HTS cables and other
power products, such as [ault current lim-
iters and translormers, enter the commer
cial market. We've involved our O&M
personnel [rom the outset in discussions
with Pirelli and the project’s other partners
1o address any salety concerns and proce-
dures that must be worked out beflore the
HTS cables arc placed in service.”

Notes Paul Grant, an TS expert and
science [cllow in EPRIs Strategic Science
and Technology group, “The most valu-
able, tangible results from the Detroit
demonstration, in my opinion. will be the
operating rules and insights that Detroit
Edison will develop [or using HTS cable
technology On the basis of prototype test
results to date, ! am conlidem that the
technology itsell not only will work but
will be a slam dunk—with the possible
exceptions of pulling the cable through
the conduit bends and splicing a join
in the space previously used [or conven-
tional cables.”

Cryogenic relrigeration technology bascd
on cheap, environmentally benign liquid
nitrogen is used in a wide variety of indus
trial and research applications. However,
the utility industry's experience with the
coolant has been limited primarily 1o its
use {or temporarily [reezing dielectric oil
in a cable to facilitate repair or splicing
and as a spray lor cleaning conductor in-
sulators.

For the Detroit Edison HTS cable dem-
onstration. Lotepro will engineer the re-
[tigeration system (0 mect Pirelli specifi-
cations. The system will involve “well-
proven and -tested components, although
their arrangement in a system will be a
first of a kind,” says Hans Kistenmacher,
president of Lotepro. In one likely config-
uration, he says, pressurized liquid nitro-
gen would be circulated in a loop and
would be cooled at the refrigeration unit
via heat exchange with pressurized he-

lium. The helium would then be expanded
in a high-speed worbine enclosed in a cryo-
genic coldbox belore being returned 10 a
compressor. The expansion turbine would
run on [rictionless gas bearings [or highest
reliability:

A guiding objective [or a cable relrigera-

tion system design is that it be economi-

American Superconductor’s
HTS tape is fabricated into a
stranded conductor assembly
by Pirelli Cables and Systems,
using modified conventional-
cable equipment.The machine
on the right then wraps the
conductar assembly with ther-
mal insulation made of metal-
lized polyester film.

cally optimal [rom the first
unit’s initial operation. "We
want a system that will be
practical for commercial op-
eration, and so we are Lrying
to achieve the optimal eco-
nomic limit relative to the
state of the art lor copper cable in this ap-
plication.” says Kistenmacher

Dielectric: warm or cold

Pirelli, which has idcntilied superconduct
ing power cables and hiberoplic commu-
nications as strategic technologies [or its
(uture business, is developing two basic
HTS cable designs in separate elforts.

The design planned [or the Detroit Edi-
son project, an extension ol previous work
sponsored by EPRI and DOE, [eatures a
warm dielectric. In this design, hollow
core conductors contain pressurized lig-
uid nitrogen, but the dielectric that elec-
trically insulates the conductors operates
at external ambient temperature and thus
can be made from such conventional ma-
terials as fluidimpregnated paper, paper

polypropylene-paper laminate, extruded
ethylene-propylene rubber, and cross-linked
polyethylene. The {lexible cables can be
installed in a steel pipe and surrounded by
pressurized dielectric lluid or gas or, as is
the case in Detroit, encased with extruded
solid dielectric.

Also, under a 1997 agreement with Elec-
tricité de France (EdF), Pirelli is devetop-
ing a 50-meter prototype ol coaxial under-
ground HTS cable in which the dielectric
operates at cryogenic temperatures. In this
design, one conductor is inside another;
the two are separated by the dielectric,

with liquid nitrogen circulating through

the insulated pipe that contains the cable
assembly The neutral outside conductor
creates a superconducting shield that re-
pels the magnetic Geld lrom the primary
conductor, meaning that electrical losses
are even lower than with a warm-dielectric
cable. Pirelli and EdF plan o test the cryo-
genic HTS cable prototype by late 2000.
{In the United States, DOE is supporting a
coaxial cable prototype development cflort
[eaturing HTS wire [rom [ntermagnetics
General. This elfort is being led by Ar-
gonne and Oak Ridge National Laborato-
ries and includes Southwire Corporation.)

Pirelli envisions offering the warm-
dielectric design [or applications of up to
several hundred megavolt-amperes and the
cryogenic-dielectric design [or applications
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ol 225 kV and up and current levels as
high as 1 GVA (1000 MW ol power). Can-
didate applications for both types ol design
exist in many utility markets. said Steve
Norman, Pirelli’s manager (or the Detroit
Edison demonstration, in an interview last
November “EdF has a particular applica-
tion for dense, high-power urban penetra-
tion, so we are talking about a system at
225 kV carrying 1 GVA per circuit or, alter-
natively, one at 90 kV that probably would
carty about 600 MVA.” Norman added
that, as a result of its 1998 acquisition ol
Siemens’ power cable business. Pirelli is

ol the pudding We're going to put the ca-
ble in the field and demonstrate 1o users
that it can be applied in their environ-
ment. Once we have installed the cabte
and then maintained the performance of
the superconductors—which is no trivial
issue—the emphasis will be on operation.
A keyissue undoubtedly will be the relrig-
eration plant and its reliability.”

Goal is to meet or heat copper

Pirelli anticipates several field trials of HTS
power cables with utility users, beginning
with Detroit Edison, before the technology

Thermal insulation
|

Solid dielectric

Support
tube

Liquid nitrogen
coolant

Tetlon spacer

Inner corrugated tube

Skid wire

QOuter
shield

HTS tapes

Outer corrugated tube

The 24-kV, 2400-A warm-dielectric HTS cables that Pirelli is planning to use in the Detroit Edi-
son demonstration are based on an earlier design for a 115-kV solid dielectric cable. Liquid
nitrogen circulates through the hollow core of the HTS conductor assembly, and multilayer
thermal insulation surrounds the conductor. The solid dielectric for the demonstration will be
either extruded ethylene-propylene rubber or Pirelli tree-retardant cross-linked polyethylene.

also developing a coaxial cold-dielectric
HTS cable prototype in Berlin, Germany,
(or eventual demonstration there.
Interviewed just alter the [irst electrical
tests of the warm-dielectric HTS cable pro-
totype were conducted in Milan. Norman
said that success in the laboratory had
shilted the focus to proving HTS cable
technology in a utility network. “We've
done about all that we can in the labora-
tory Now Detroil is going to be the prool
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enters commercial markets (perhaps as
soon as 2003). The early prototypes and
demonstrations are not expected to have
installed costs competitive with those ol
conventional cables, which have benelited
from a century ol manufacturing know-
how. But owing 10 expectations that ASC's
HTS wire will continue 1o improve in per-
formance and that the demonstrations will
give a clearer picture ol total HTS cable
costs, researchers are optimistic that in

commercial installations the cables will
have a costperformance ratio equal to that
ol conventional cables.

“We must compare the total owning
cost of the new superconducting cable—
including losses as well as O&M costs [or
the refrigeration system and [or the cable
system overall—with that ol conventional
cable,” says EPRI’s Don Von Dollen. “The
bottom line is that the cost of HTS cable
has to be better than that of conventional
cable.”

The cost ol superconducting wire dom-
inates the cost ol HTS power cables. Ac-
cording 10 EPRI's Paul Grani, there has
been a general beliel in the HTS commu-
nity that Lo be cost-competitive in power
applications, the basic manulacturing cost
ol HTS wire for operation at 77 K can be
no more than $10 per kiloampere-meter
(kA-m). Today's HTS wire, based on the
BSCCO compound Bi-2223, coslts several
times that amount.

In a recent paper submiited [or publica-
tion in a prolessional journal, Grant and
colleague Thomas Sheahen ol Science Ap-
plications international Corporation sug-
gest that the costperlormance target of
$10/kA-m “may be extremely dillicult 10
realistically achieve [or silversheathed
BSCCO produced by the oxide-powder
in-tube [OPIT| technique.” ASC, mean-
while, asserts that with full exploitation of
large-scale production economies, includ-
ing automation. the cost-performance tar-
get is attainable with current HTS wire
technology

*We suspect—in fact, we are con-
vinced—there is no single cost-perlor-
mance markel-entry value whose reali-
zation would constitute a declaration of
victory,” say Grant and Sheahen. As an
example, they conclude that in the case of
high-current HTS power cables lor retrofit
installation, the potential value ol urban
real cstate formerly occupied by interme-
diate-voliage step-down substations could
justily a costperformance ratio 100 times
greater than $10/kA-m.

In a separale, parallel part ol the EPRI-
DOE cabie demonstration project, Pirelli
will make and test a 1-meter multistrand
conductor featuring ASC wire that dillers
from BSCCO-OPIT wire both in HTS ma-



Pirelli successfully tested a 50-meter proto-
type HTS cable last November at its high-
voltage laboratory in Milan, italy. Designed
for operation at 115 kV, the prototype sys-
tem included terminal connections, a splice,
and a pilot liquid nitrogen refrigeration unit.
Energized at 69 kV, the cable carried 3300 A
dc at 74 K and later 2000 A ac,

terial and in fabrication method. The work
will build on a large private ellort under
taken by ASC and EPR! to commercialize
this so-called second-generation HTS wire,
made by growing thick (>1-pum) biaxial
Alms ol an ytrium barium copper oxide
(YBCO) compound on llexible metallic
lape. (The original HTS material, this
compound was discovered by researchers
in 1986 to be superconducting at liquid
nitrogen temperature.) The ASCLPRI el
[ort benelited substantially [rom work at
DOE's Oak Ridge and Los Alamos Na-
lional Laboratories that demonstrated pos-
sible approaches to produciug coated
YBCO conductor

According 1o Alex Malozemoll, ASC's
vice president [or technology, recent col-
laborative work by his company and the
Massachusetts Institute ol Technology—
work sponsored under the alliance with

EPRI—achieved low-cost deposition of

YBCO films on single-crystal lanthanum
aluminate. Films over 1 pm thick with a
current density greater than 1 MA/cm? were
produced. ASC has gone on 10 produce
flms 2 pm thick (carrying 1 MA/cm?) and
0.8 um thick (carrying 2.2 MA/cm?).
“These resulls are important because
they open up a new approach to achieving
a truly low-cost manulacturing process

[or YBCO-coated conductor,” Malozemoft

and his colleagues reported at last year's
Applied Superconductivity Conlerence.
“Initial estimates indicate that a1 least a
[actor ol two can be gained in costperfor
mance vis-a-vis BSCC®-@®PIT. . ..YBCO-
coated conductor technology lies [urther
out in the development cycle but has the
potential to open up a signilicant lurther
increment in cost- or price-per[ormance
over BSCCO-OPIT, enabling a broader
market for HTS wire in power and other
applications.”

The ASC scientists said that the difler-
ent capabilities and characteristics of YBCO

Duct

Pirelli has developed a basic termination design for
HTS cables that channels the flow of high- and low-
pressure liquid nitrogen (LN) and minimizes heat gen
eration at the transition to conventional conductors.

and BSCCO are likely to ensure an active
marketfor both technologies in the {future.

Demonstrating the fruits of R&D

Phenomenal success in advancing the per-
lormance ol hightemperature supercon
ductors—discovered by 1BM rescarch
physicists only 13 years ago—continues 10
spark media headlines and public interest.

Uigh-pressure LN

Porcelain

HTS cable

Yet definitive engineering conclu-

| Current lead
sions as 10 whether these complex
@ Coronashield  and cven mysterious materials will,
Ciatar in lact, [undamentally reshape the
Nitrogen vapor technology of electricity delivery in
Low-pressure LN e next century eritically depend

on the results of [ull-scale demon-
strations in key applications=-in-
cluding power cables, transformers,
and motors—over the next [ew
years. EPRI is continuing a long
lerin commitment Lo commercializ
ing HTS technologies that olfer the
greatest, most immediate benefits
Lo electric utilities.

“EPRI [vcused early on a reurofit
strategy [or HTS cables—replacing
copper cablesin urban settings with
high-capacity HTS cables, much as
fhber-optic cables have been replac
ing copper communications ca-
bles,” says EPRIs president and
chiel executive ollicer, Kurt Yeager
“Detroit Edison’s leadership in
opening up the urban market will provide
a valuable experience base [or all CPRI
memberts, thereby helping to accelerate
the acceptance of this new technology” m

Bachiground! i formation for this article was provided
by Pad Grant {pgrant@epiv.com), Strategic Science
and Technology. and Don Von Dollen (dvondoll@
cpricom) and Ralph Samm (rsamm@epri.com), En-
crgy Development ond Utilization Division.
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Fast Charging'

Quick battery charging is critical to increasing the use of electric lift trucks
demonstrations have shown that fast-charging technologies not only offer speed
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mid billowing ctouds of
white gvpsum dust, the
clamor of giant convey-

ors ejecting 70-pound (30-kg)

sheets of wallboard, and the roar
of propane-powered lift truck
engines, a clean, quiet electric lift
truck might seem someswhat out

of place—like 2 ballet dancer at a

boxers’ gym. But an electric fork-

lift has recently held its own in
such an environmeut at a Na-
tional Gypsum plant in Baltimore.

“There’s basically no difference
in performance,” reports plant
manager Dave Cureton, compar-
ing the electric {orklift with its
noisy counterparts. “The guys
have been grousing a bit about
the fact that it’s different to drive
than the internal combustion en-
gine trucks they're used to, But it
does the work.”

And thats no small fear. Vehi-
cles like the plant’s are the heavy-
weights of lift trucks, responsi-
ble for hauling stacks of up to
160 sheets of wallboard for dis-
tances equivalent to the length of
a football field. Each one of these
loads weighs anywhere from 8000
to 11,000 pounds (3600 to 5000
kg). And the trucks repeat these
Lrips continually threughout the
werkday. First they deliver wall-
board from the production line to
the warehouse, where they swck

LI Iriees

and other electric vehicles in industrial and commercial applications. EPRI
but also reduce space and maintenance requirements. by Leslie Lamarre




it in piles as high as 15 [eet (4.6 m). Then
they move the product from the ware-
house 10 dozens of flatbed trailer trucks
waiting to deliver it 1o distributors and job
siles in scven states in the mid-Allantic
region. As Cureton concedes, “hs a pretty
rigorous workout.”

Manufactured by Clark Material Han-
dling, 1the 12,000-pound-capacity (5400-
kg) vehicle at Malional Gypsum’s Balti-
more plant is the latest in a
series ol electric lilt (rucks
EPRI has deployed over the
past three years 1o demon-
slrate the 1echnology's capa-
hilitics. Ituerestingly enough.,
theugh, muscle power is not
the point of 1hese demonstra-
tons. (Indeed, eviin higger
electric lilt tucks have been
operating reliably in a variety
of rugged industrial envivon-
mentz, such ag metal {abrica-

tion plants, for more than hall a century.)
Rather, EPRI launched the projects to show

the leasibility of using last-charging tech-
nology with electric lifu trucks. The ability
to charge these vehicles quickly—reduc-
ing the usual 8-hour charging time to half
an hour or less—is critical 10 increasing
their use in industrial applications

Charged up

imong the many so-called nonroad elec-
tric vehicles—vehicles not intended for
highway driving, including goll caris,
sweepers, and scrubbers—lorklifts repre-
sent the largest single electrical Toad fer
L5 electric wtilities. As of 1996, well over
50% of all il trucks in use in this country
were electric. (In western Europe, the fig-
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ure is even higher—70%.) Contributing to
the appeal of this technology are its lack of
emissions, quiet performance, and—<com-
pared with internal cembustion engine al-
ternatives—reduced maintenance require-
ments and lower life-cycle costs.

The largest single barrier to increasing
the technology’= market share in the United
States is its bautery-charging requiremenis.

A conventional 8-heur charging regime

new opportunities for electric vehicles.

generally means that Lift truck users
must purchase spare batteries 10
maintain the trucks’ productivity.
“The typical practice at companies that
have electric lift trucks is to have three
batieries per vehicle: one in use, one be-
ing charged, and one cooling down,” says
Gary Purcell, who until his recent retire-
ment managed EMRIs nonroad eleciric ve-
hicle (EV) work. At $2400 cach, the spare
batleries significanily raise the capital cost
of the electric option, and the changing
frocess increases its labuir requirements.
Adding to the expense is the very large
amount of space—often (housands ol
square fect—needed 10 accommodate the
battery-charging and -changing opera-
tions, At the auto plant where EPRI's firs
fast-charging demonstration was held, the
battery-charging area was equivalent 10 a
quarter of a lootball field. “It was =uch a

Electric lift trucks have enjoyed long and widespread
use (the Elwell-Parker model, left, dates from 1927),
but further market growth is being limited by the
slowness of battery charging. A large-capacity Clark
electric lift truck like that shown above was used in
one of several EPRI demonstrations of fast battery-
charging systems—a technology that could open up

big operation thal they employed one per-
son on cach shift just Lo exchange batter-
ies,” says Purcell.

Fast charging, which can easily be ac-
complished during warkers' hreaks, lunch
hours, and shilt changes, eliminates the
need [or spare batteries. Mot only does this
amount Lo signiicant up-{ront savings, but
it also greatly reduces the space require-
ment of the electric option. And rather than
having (o remove the bauery
from a vehicle lor charging,
users simply plug the vehi-
cle into the charger, which
means that less labor is de-
voted to the charging process.

The conventional charging
practices for lead-acid batter-
ies can lead to the release of
hydrogen, or gassing, which
also means water loss. This
re=ulta in the need not onty
for ventilation to remove the
gasex [rom the room I also
for battery watering, Both
battery and charger opera-

tors and manulacturers arc
interested in determining the
impacis ol 1ast charging on
batteries. The results from
EPRIE lift truck field demon-
strations have been mixed,
but it appears that, in some
cases, fast charging may reduce overall
fleet watering and ventilation require-
ments—which in turn could have implica-
tions for both batery maintenance and
charger siting. EPRI has Jaunched several
studies o examine this issue in depth. tis
working with charger and battery manu-
facturers 10 analyze the baiteries used in
the lield demonstrations lor effects of fast
charging.

Finally, theres evidence that [ast charg-
ing may significantly increase batery lile.
In a study conducted by Cominco Lid. and
aponsored by the Advanced Lead-Acid
Baltery Lonsortium and the Ontario Min-
istry ol Transportation’s Strategic Vehicle
Technology Office, [ast charging increased
the cycle life of the lead-acid batteries
tested by 320%—I(rom 250 conventional-
charge cycles 10 1050 rapid-charge cycles.
That study ended in 1997. Bow, EPRI and




Southern California Edisan are collaborat-
ing on another study of the efllects of fas
charging an battery life. In this project,
SCE% Elecirie Wehicle Terhnical Center is
performing life-cvcle analyses of lilt truck
batteries.

Fast-charging technology isnt cxacily
new. It's just taken a while to cawch on.
Purcell remgmbers when fMorvik Traction
Inc. al Ontario, a leader in the technology,
firet introduced EPRI 10 the concept in the
late 19805, “Our response was, we're not
sure we helieve you,” Purcell recalls. A
couple of years later, he came across a
Japanese aulomaker’s brochure that adver-
tised the capability 1o “emergency charge”
on-road EWs, “For me, that was the wrn-
ing point,” he says. “l hegan 1o think
about Morvik and what they had old us.”

Purcell worked to establish relationships
between various automakers and charging
compaities 1o encourage their pursuit of
the technology independently of EPRI
ind in 1994, planning began for EPRI-
[unded demonstrations of the fast charg-
ing of lift trucks

“Lhar feeling was that if the demon-
strations could prove the feasibility of
last-charging technology lor clecirie lih
trucks,” says Purcell, “they would help
eliminaie the only significant barrier to the
wider wse ol these 1rucks in the Linited
Alates." AL the same time, successlul dem-
onstrations could open the
door for the fast charging of
ather nonroad E¥s (for ex-
ample, sweepers, scrubbers,
and airport haggage carriers
and shullle buscs), as well

ak on-road vehicles.

In practice
The project al Bational Gyp-
sim i the fourth in the se-
rics of EPRI-sponsorcd fast-
charging demonstrations in-
volving lift trucks. All of the
others leatured trucks with
smaller capacities—in the
range of 3000-700i! pousnds
(2300-3200 kg).

The first demonstration
took place at a Ford Motor
Company plant in Wixom,

Michigan, over a six-month period in 1996.
The results of this project. which are re-
ported in EPRI TR-108255, showed that
a fasi-charged electric lift truck could he
used continually in a high-demand, wo-
shift industrial environment. In fact, the
need for spare baitery packs and [or bat-
tery changing was eliminaled. Another
beneflit was that the batlery-watering re-
guirements were significantly reduced by
last charging. Ford has since expressed
great interest in the technoligy, calling its
advantages “100 numerous to list on a sin-
gle page,” Purcell says.

For the second [asi-charging demon-
stration, EPRI selected a Honda manu-
{acturing plant in East Liberty, Olio. This
[acility covera 14 million aquare [eel
{130,000 m?), employs 2700 peaple, and
produces about 240,000 cars per year, in-
cluding the Civic sedan and the Acura
coupe. Already an all-eleciric lilt truck op-
cration, the plant has a fleet of 40 such
trucks for moving awto hidy parts around
on iis assembiy lines. As was the vase al
the Ford plant, the Honda facility operated
two long shilts per dav during the six-
month demonstration, which concluded
in January 1998.

The plan a the Honda plant was w [ast-
charge one electric Lift truck per shift, us-
ing the workers’ hall-hour lunch break

and two 10-minute spack breaks, as well

as Lthe time between shifts. During the dem-
enstration, however, the workers discov-
ered that alier driving the vehicle 10 the
charging area, plugging it in, and going
1o the break room, they barely had time
lor a breather belore having 1o return 1o
pick up the vehicle; therefore. the wo 10-
minute charging se=sion= were eliuminated.
The result was a 10tal charging time of
about 73 minute= per shift, compared with
the 8 hours plus coeldown time required
lor conventtonal charging,

“They were very impressed with the
technology,” says Don Caridas of Ameri-
can Electric Power, which worked with
EPRI in oversceing the project. He points
out that the plant curnently devotes a sig-
nificant amount ol space 1o battery stor-
age and charging—an arca that would be
greatly reduced with fast charging. Honda
is now discussing with Momvik the possi-
bility of converting 1o [ast charging at this
facility

EPRIF% third lasi-charging demonstration,
which concluded fast Seplember, involved
an especially grueling, three-shih, seven-
day-a-week environment: the Buflalo Rock
Companv’ botiling plamt in Birmingham,
Alabama. The fast-charged tift uuck used
in this demonstration—one ol eight clec-
tric lilt trucks working ihe 190.00K0-square-
foot (18.000-m?) planti—hauled stacks of
bottled Pepsi, Dr. Pepper, 7-1/p. and other
heverages [rom the pro-
duction lines to the trucks
that deliver them to distri-
butivbn centers across the
Southeast.

According (o Purcell, the
plant’s Jilt trucks are op-
eraled an average of 6l%
of the time, whereas the
more typical average for
industrial applications is
33%. “The use of the lilt
truck was extremely high,
ciimpared with other oper-
ations we've dealt with,”
agrees Bob Belienger, who
managed the demonstra-
tion on behal{ of Alabama

As indicated in the lift truck demonstrations, these fast-charging systems from
AeroVironment (left) and Norvik Traction can dramatically reduce the time
required for battery charging, enabling it to be performed during workers’
breaks and shift changes.

Power and alse participat-
ed in the other EPRI dem-
onstrations. “This pwu an
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Because conventional technology requires batteries to be removed from lift trucks for lengthy
charging, users typically must buy multiple spare batteries to avoid vehicle downtime and
must devote considerable labor and space to the charging, changing, and storage operations.
Quick, in-vehicle charging can free up both worker time and plant space.

extra burden on the truck’ batteries and
gave us a good test.

The fast charger used in this project, a
50-kW unit developed by Aero¥ironment
of Monrovia, Califernia, charged the bat-
teries in about 1 hour, compared with the
7 hours typically required for convention-
ally charging the lift trucks at the plant. “]
think the people at Buffalo Rock were a
bit skeptical going in,” recalls Bellenger,
“but the sense l've gotlen i that this might
be something they're interested in as the

chargers come down in price.”

The caenversion question
The most recent EPRI demonstration, at
the Mational Gypsum plant in Baltimore,
ran [rom September of last year through
this January. The participating utility was
Baltimore Gas and Electric, whose effor
was managed by Larry Mattivi.
According to plant manager Dave Cure-
ton, 40 minutes during each of two 8-
hour shifts per dav was all it took [or
workers o fast-charge the 12,000-pound-
capacity (5400-kg) lilt truck. (It was alse
plugged in 10 charge overnight, he notes.)
The truck’s strong performance has led to

some serious consideration of converting
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the reat of the [leet at this site 10 electriia

We've been ralking about this for a long
time,” says Lureton, relerring to the possi-
bility of using electric technology. “We do
use some small eleciric= in some of our ac-
cessory plants, but we've never tried an
electric lift truck here because we didnt
know there was one with this kind of load
capacity.”

Cureton likes the fact that electric lift
trucks require less maintenance than the
23 propane-powered lorklifis operated at
the site. “Electric forklifts would have
higher up-front costs than regular, engine-
powiered vehicles, but maintenance costs
would be lower,” he points out. Indeed,
in a study by Florida Power Corporation
that was cited in a Movember 1997 PRI
report ( TR-109189), it was found that elec-
tric lilt trucks have a total life-cycle cost
35% loveer than that of their internal com-
bustion engine equivalents.

The Baltimore [acility is one of about
25 production plants owned by Mational
Gypsum, the second leading supplicr of
wallboard in the country. Company offi-
cials are awailing the final results of ihe
study before making any firm commit-

ments on the possibility of converting.

—

Many companies mulling over the con-
version decision are holding out [or 1he
critical piece of missing information en
fast charging: its economic leasibility. As
Jimmy Wolfe, vice president of manufac-
turing and operatiens al Bullalo Rock,
puts it, “1t all boils down to economics. If
it saves me mongy, I'm all [or it. But if it
doesn'L save money, then we don't have
any use for it.” Admiuedly, alihough fast
charging has many advantages, its also
very expensive at this time. A conven-
tional charger might cost abowt %4000,
while a fast charger currenily costs about
%40,000. Thats primarily because fasi
chacgers are higher powered—typically
larger than 50 kW, compared with less
than 10 kW for conventional chargers.

This year, in a project invelving Ford,
“orvik, and Edison Source (a subsidiary
of Edison International), EPRI plans to
explore a technology advance that could
overcome the cest hurdle—an advanced
[ast charger centrolier capable of charging
more than a dozen wehicles simuitane-
ously. The new fast-charger will be tested

in a Wavne, Michigan, plant that produces

Ford Escorts. The project is expecied to
last through the end of the year, and Ford

This Clark lift truck and AeroVironment
charging unit were used in a bottling plant
thathas an especialtly grueling operating
schedule of three shifts a day, seven days a
week. With the 50-kW unit, battery-charging
time was reduced from the typical 7 hours to
about 1 hour,




is eagerly awailing its outcome. Depend-
ing on the technology’s economic feasibil-
ity, the company could possibly convert 10
fast-charged electric forklifts at i1s 110
manufacturing plants worldwide.

Clean and quiet
Any promising results from this study
would be very timely, given recent regula-
tory action. On October 22 of last year, the
California Air Resources Board (CARB),
which often sets the pace in air quality
regulation for the rest of the country,
pasied its [first restrictions on emissions
from a category of engines (over 25 horse-
power) that includes those found in fork-
lifts. Set to begin in 2001 for engines larger
than 1 liter, the regulations limit the
amount of hydrocarbons, nitrogen oxides,
and carbon monoxide that vehicles with
these engines can release. Manufacturers
will have to meet the emissions require-
ments for 25% of such vehicles sold in
2001, 50% in 2002, 75% in 2003, and
100% in 2004. Engines 1 liter or smaller
will be restricted starting in 2002.

Spark-ignited engines would probably
not meet these regulations, says a ipokes-
person for CARB’s ofl-road controls sec-
tion. He notes that manufacturers will
have to modify their engines to meet the
new limits—a move that is likely to in-
crease the cost of the vehicles. Moreover,
much like the smog-control pellution
standard for automobiles, the standard
will have to be met not just at the time a
vehicle is produced but rather over its use-
ful life. The Environmental Protection
Agency is expected Lo propose similar reg-
ulations (affecting forklifts) for implemen-
tation in 2004. According to the CARB
spokesperson, the board worked closely
with the EPA to develop a program that
could be applied natienally.

These new regulations could boost the
markel feor electric lift trucks, as have vari-
ous regulations and standards in the past.
And thats good news fer electric power
companies. [ndeed, by 2005, the annual
charging value of nonroad EVs could total
$673 million.

EPRI members can realize some of that
value with the help of EPRIs NREVA
(Mon-Road Electric Vehicle Applications)

Life-Cycle Costs Model. Power compa-
nies can use this model to calculate an-
nual life-cycle costs for 11 types ol non-
road EVs, including lift wrucks, and to
generate cost comparisons for electric and
internal combustion engine vehicles. Ac-
cording to Gloria Krein, who recently took
over the management of EPRI's nonroad
EV work, the model can be very useful
to utility sales and marketing staff mem-
bers who want tangible cost benefits to
discuss with their customers. Other po-
tential users include facility or fleet man-
agers responsible for vehicle purchasing
decisions and utility planners responsible
for developing wmarketing strategies for
electrotechnologies.

While EPRI believes that fast-charging
technology holds the key 1o a far broader
market potential for electric lift trucks,
other advances are also being pursued that
could make the technology more atirac-

tive. These include work on advanced bat-
teries and brushless ac motors, which will
olter improved performance over the ex-
isting dc technology and are also expected
to be cheaper to manufacture.

“All of this work is important,” says Pur-
cell. “But we believe fast charging holds
the greatest potential for increasing the
electric lift truck market share.” Moreover,
he notes, if fast charging proves itself in
the lift truck market, it could very well
help jump-start the market for on-road
EVs—overcoming the issue of limited
mileage range hetween charges. In Pur-
cells werds, “f we can ultimately fast-
charge a vehicle in 15 minutes, it willgoa
long way toward resolving the range issue
for on-road EVs.” u

Background information for this article was provided
by Gary Purcell and Gloria Krein {ghrein@epri.com),
Energy Delivery and Utilization Division.
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WELDING

THE STORY IN BRIEF As power plants age, welds are the most common locations for

RESEARCH

failures in pipes and pressure vessels. While plant managers can deal with small problems

HEATS UP

during scheduled maintenance, big problems can cause long, expensive outages. EPRI has
BY DAWN LEVY

developed advanced weld repair technologies to extend the life of aging components by

decades, as well as state-of-the-art repair guidelines to aid technology transfer. EPRI staff

both in the Materials Performance program and at the Repair and Replacement Applications

Center in Charlotte, North Carolina, have been instrumental in finding solutions to weld-

related problems that plague older plants. These EPRI innovations have saved the indus-

try billions of dollars—proving that an ounce of prevention really is worth a pound of cure.
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eld (ailures are unavoidable
and are a common cause ol
downtime in [ossil and nuclear

power plants. Even in the best-
run facilities, splits happen. Day
in and day out, metal parts are
exposed to cycles of extreme temperatures
and pressures, radiation, corrosion, and
other factors that take their toll in the
(orm of cracks, splits, ruptures, embrit
dement, and pitting. And as the U.S.
power industry nurses its aging [acili-
ties—ncarly half of its fossil plants are
over 25 years old, and more than hall
of its nuclear plants are over 15 years
old—welding is going 10 become an
even hotter topic.

Better welds can extend the liletime
of older components by decades and
can save the industry billions of dol
lars. “A good weld extends plant lile,
enhances salety and reliability, and
cuts down on operaton and mainte
nance costs,” says EPRI's Vis Viswan-
athan, technical [ellow and senior
manager (or materials application tech-
nology. These benelits are especially
important in nuclear plants, where a
day of lorced outage costs $300.000 to ;
$750,000. z

In 1oday’s competitive business en-
vironment, in which it may be cheaper =
to maintain an old plant than build a
new one, welding is a crucialaspect of
plant management. It represents 10%
of new construction costs and 20% of
maintenance costs. In some cases, it
may provide the only economically vi-
able approach [or avoiding a perma
nent plant shutdown. EPRI has long
recognized the importance of welding
o plant management and has developed
resources the industry can use 1o make the
most of its weld repairs. The major resource
is the EPRI Repair and Replacement Ap-
plications Center (RRAC) in Charloue,
North Carolina (see sidebar, p. 28).

Through 1998, EPR! has spent $30 mil-
lion to develop better welding technolo-
gies, according 1o RRAC manager Shane
Findlan. The return on that invesument
would make any Wall Street analyst sali-
vate: the industry has documented more
than $2 billion in savings from the use of
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improved welding techniques. In one proj-
ect, nine utilities applied EPRI-developed
technology at 12 plants o improve pipe
replacements, [or total savings ol $361 mil-
lion. EPRI helped Niagara Mohawk Power
Corporation speed piping repairs, which
saved the utility $14 million. Carolina
Power & Lightsaved $20 million by using
EPRI technology 10 replace two reactor re-

New techniques like the temperbead process make pos
sible the on-site repair of thick-section components that
once had to be transported to off-site welding shops,
where postweld heat treatment could be used to relieve
residual stresses. Tennessee Valley Authority engineers
have already saved about $10 million by using the tem-
perbead technique for on-site turbine casing repairs.

circulation pipes. And the biggest winner,
Commonwealth Edison, saved $434 mil-
lion when EPRI verilied the ellectiveness
ol a siress remedy lor nuclear power plant

piping.

The birth of consensus guidelines

EPRI can help utilities find solutions to
thorny technical dilemmas through re-
sources like the RRAC, but it has also done
a great deal 10 help utilities help them-
selves. A major success in this area has
been the development of repair guidelines.

Before 1996, few guidelines existed 1o
identily the best weld repair technologies
or to determine how long repairs were
likely 10 extend a particular component’s
life. Original equipment manulacturers
have little incentive to develop new repair
technologies, and those that have done so
guard their knowledge closely 1o maintain
a competitive edge over other manufactur-
ers and repair vendors and 1o recoup
their technology development invest-
ment. Power companies, in contrast,
are strongly motivated o repair
rather than replace damaged equip-
ment, both 10 minimize the length of
(orced outages and Lo extend compo-
nent life. EPRIs efforts have already
resulted in a sevenwvolume report
(TR-103592) that presents guidelines
(or the weld repair of high-tempera-
ture and -pressure parts. Produced by
Viswanathan and his colleagues, this
report also documents worldwide in-
dusuy practices.

When EPRI began compiling ex-
tensive guidelines 1o walk utilities
through the repair process, it first
surveyed the industry about its ma-
jor concerns. The questions utilities
wanted answers lor included the lol-
lowing: What are my options il 1 ind
damage in a part? What caused the
damage, and how do 1 avoid a recur-
rence? What's the best weld repair
technique to use? How do 1 test the
repair, inspect i, and service it in the
(uwure? What are the limitations of
the repair? How do | select a repair
vendor? Is the repaired part covered
under warranty? What considerations
must | address when planning an out-
age? “We're still going back to those ques-
tions to make sure were staying on the
right track with our answers,” says David
Gandy, the RRAC’s manager {or materials
and (ossil applications. The intent of the
EPRI guidelines is not to provide utilities
with the knowledge or 1ools lor perlorm-
ing their own in-house repairs. Rather, it
is to give them the precise information
they need to make better decisions about
their own equipment.

Pownsizing and other [actors are mak-
ing guidelines even more important, says



Findlan. Perhaps a master welder has
spent years performing repairs with grea
skill and precision. When that person
leaves—whether as a result of proniotion
to another position, retirement, or down-
sizing—the welding expertise leaves 100
Linfortunately, new welders are not enter-
ing the profession. “A shornage of skilled
labor is a major problem,” says Findlan.
The fear is that the loss of such expertise
could contribule 1o the slow decay of indi-
vidlual plants or could compromise salety,

shouldn't every power plant have an ex-
pert welder capable of bandting emergen-
cies, justas a hospital emergency raam has
a surgeon on call? Perhaps, but in an age
of cost cutting, il makes zense for utilites
10 at ezt have access 1o a centralized pool
of indusiry experts. The RRAL provides a
solution to this dilemma. Further. EPRI
has helped develap wild wechnologies tha
do not require highty skilled welders. And
finally, the new guidelires can help wiili-
tics address problems as the number of in-
house experts shrinks.

The guidelines descrihe atate-of-the-ar
weld techniques for extending the lite of
components, savs Yiswanathan, But by how
much? Will the repaired part be as
good as new, lasting another )
vears, or will it last only 57 Knaw-
ing the answer is important when
deciding whether 10 replace the
part and how often 1o inapect it.
One thing EPRI engineers have
done is to examine damaged com-
ponents o dedwre what caused
their failure. By studying weld [ail-
ure expericnces, they can characier-
ize how gertain 1ypes of repairs are
likely 1o perform in the long run.

Typically, when the industry has
used outdated repair methods in-

Tim to Rupture |Fousands of houra|

stead of current practices, welds
hawe failed in short order. Ofien.
cracks have been found in the same
places just a year later. Sometimes

perform surgery but don't get it all, the dis-
case is not cured.” Other limes, the root
causes af failure, such as external siresses,
have not heen climinated. Viswanaihan
describes a formula for success: “If vou
climinate (he roint cause of the problem
and the extraneous ow-ol-design stresses
and if you completely excavate the origi-
nal damage and perform the right repairs,
then you can get lang lile.”

But nothing lasis forever. “ter all, you're
ngsl repairing new components,” says Vis-
wanathan. “You inay be repairing compo-
nénts that have heen out there for 40 years
and have generally aged. They've got creep
damiage. Microstructure changes have ec-
curred. Eventually, you have 1o address the
issue of repairability; you have to realize
there’s a point at which components are no
longer repairahle.” Determining when that
purint has been reached is a big part of run-
repair-replace decision making.

Advances at the melting edge

In the past, if a part was repairable, it was
likely 10 be fixed hy weld methods tha
used concentrated heac—iypically [roman
arc created by an elecirode—10 melt and

fuse surfaces a their point of contact. Re-
cently, however, new welding technologies
have yielded exciting resulis, Welds be-
wween dissimilar metals have improved. 1ts
now possible 10 weld parts on-site rather
than send them out lor repair. Underwaler
welding i= easicr than ever. [asers can re-
pair damaged parts that once were consid-
ered hopeless. These and many other ad-
vances have paved the way for changes in
the codes governing welds and for massive
cost savings. And EPRI has spearheaded
many of these improvements.
Temperbead repair Consider 1he inno-
vation that has made the higgest impact on
the incustry: temperbead repair. Tradition-
ally, the codes that govern repairs—the
Mational Board Inspection Code and the
American Society of Mechanical Engineers
(ASMIE) Boiler and Pressure Vessel Code
—have mandated postweld heat treatment
(PWHT). This treatment sufiens, or tem-
pers, the hardened material after a weld is
performed and so relieves residual siresses.
[t also ailows 1he diffusion of hydrogen,
which is introduced into the metal during
welding and can casse cracking. But PWHT
i5 time-consuming and expensive, espe-
cially when the components in-

700 — volved are large or when many
treatments are necessary. In nuclear
600 — plants, it can take up v 12 hours
for a component to reach the de-
500 — sired temperature, 1 to 3 hours 10
- perform the treatment, and another
400 8 t0 12 hours lor cooling. 5ome-
. times PWHT may not even be pos-
sible becawse of the size ar configu-
e : ration of the {lawed part. EPRI has
| spent a great deal of effort investi-

200 — gating alternatives to PWHT.
‘ccording to Gandy, temperhead
100 — welding performs the same func-
tion as conventional arc welding
0! with PWHT, and its resuhs are
Base Aged PWHT Aged TB equal or superior. In this process,

Metal Weld Repair Weld Repair

welding beads are deposited in pre-

the repaired part has heen operat-
ing outside its vriginal design con-
ditions. “And sometimes vwelders
have perforined repairs without re-
moving prior damage properly,”
“Wiswanathan explaina. “[ts like
: somebody having cancer. 1[ vou

The remaining-life testing of a header with 35 years of high-
temperature service has shown that temperbead {TB) repair
matches or exceeds the capabilities of conventional weld
repair with postweld heat treatment (PWHT). Repairs of the
header’'s aged welds were made, and accelerated creep tests
were performed to determine the time to failure. Repairs were
effective with both methods, but the TB technique added
nearly 30 more service years than PWHT.

cizely controlled patterns, and each
successive bead provides heat tem-
pering for the layer directly below
it. The technique can be applied—
withoul PWHT—1o low-alloy steels
0 generale apecific mechanical
properties. [1is an especially valu-
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able technique for thein siturepair of large
components, including pressure vessels
and turbine casings, which have tradition-
ally needed tobe removed lor repair offsite.

In addition to EPRIL, many other organi-
zations have sponsored temperbead re-
search over the past decade: the Pressure
Vessel Research Council, the University ol
Tennessee, the Edison Welding Institute,
Chicago Bridge and lron, Toshiba, and
such utilities as Pacific Gas and Electric,
Ontario Hydro, and the [ormer Central
Electricity Generating Board of England.
During 1995 and 1996, EPRI and many
utilities cosponsored work to develop tem-
perbead welding guidelines. They found
that the temperbead technique could pro-
duce welds that were tougher than con-
ventional welds and could extend compo-
nent lile by at least 20 years. The temper-
bead repair guidelines-—as well as a review
ol industry experience. the results ol ex-
perimental studies on piping and casing
steels. and a worldwide literature review
arc included in the seven-volume report
mentioned earlier

Temperbead repairs save money They
saved Baltimore Gas and Electric $9 mil-
lion and Yankee Atomic Electric $18 mil-
lion. For the years 1996-2002, the Ten-
nessee Vallcy Authority will save an
estimated $18 million by perlorming cas-

ing repairs without PWHT. according to

John Brooks, TVA project manager in the

Technology Advancements Division. TVA's
investment in this elfort, including R&D,
training, and implementation, is estimated
10 be $1.2 million—a benefit-1o-cost ratio
of 15, which TVA considers impressive.
“Without the teamwork and close coordi-
nation between TVA and the EPRI research-
ers, this could not have been achieved,”
says Brooks. Since the problem ol cracked
casings is industrywide, the total savings
resulting {rom this temperbead repair ap-
plication alone are expected to reach hun-
dreds ol millions of dollars.

In 1995, the National Board Inspection
Code incorporated a dramatic change that
opened the door for the widespread use ol
temperbead repair: carbon steels and low-
alloy steels can now be repaired without
PWHT as long as the repair produces
toughness properties comparable to those
of the base metal. And beginning in 1999,
ASME allows exemptions {rom PWHT in
the case of certain piping with small diam-
cters, thin walls, and low carbon content.
Certain base materials are also now ex-
empl [tom PWHT repair requirements.

Laser welding EPRI has also advanced
the field of laser welding. In an industry
survey, 9 out of 16 vendors would preler
lo use laser welding over conventional

This automated flux-cored arc welding system developed by EPRI and Magnatech allows for
superior repair of heavywalled steam pipes. Depositing material three times faster than con-
ventional methods, it combines an orbital tracking mechanism for welding in odd positions
{including upsidedown welding} and a power supply with real-time, “fuzzy logic” voltage and
current control for improved arc stability.
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welding for repairing combustion turbine
blades. The reason is precision. “With nor-
mal welding, heating and cooling occur
over a large area,” explains Viswanathan.
“Laser welding is more like a surgical re
pair. aflecting a localized, narrow weld
width.” Lasers also permit greater {lexibil-
ity in alloy compositions, allowing weld-
ers 1o concoct complex mixtures ol metal
powders appropriate [or specilic applica-
tions. And since workers have the option
of defocusing the beam, lasers provide a
means ol in situ heat treatment: alter a
highly [ocused beam melts the metal and
the weld repair 1s performed, a delocused
beam, whose energy is spread out over a
larger area, can be used to heat-treat the
surlace.

Laser welding is a noncontact, line-of
sight process. Compared with conventional
methods, automated laser welding is faster
and requires less linishing and machining,.
In preliminary trials, laser welding has
been successlully applied in the repair of
Inco 738 alloy combustion turbine blading
1o produce high-strength welds.

Underwater welding Underwater weld-
ing has been used in securing offshore oil
rigs to the ocean [loor In the nuclear power
industry, it has recently been employed in
repairing boiling water reactors. “Although
it's difficult lor repair workers 1o go into a
reactor because of radioactivity and access
limitations,” says Findlan, “it's done under
certain circumstances.” And it is saler [or
workers to perlorm such work underwa-
ter, he explains, “because water itsell of-
[ers great protection from the radiation.” I
the vess¢l is drained, repair workers need
extra shielding.

To avoid the problems associated with
repair workers having to enter reactors,
much underwater welding is automated.
The RRAC has developed an automated
underwater technology that has been ap-
plied by such utilities as Southern Nuclear
and Pennsylvania Power & Light. It is
mainly used to make repairs inside the
lower two-thirds of a reactor pressure ves-
sel, which is inaccessible and radioactive,
and 1o repair [uel storage pools. This auto-
mated underwater method is based on
(luxcored arc welding (FCAW), which
uses a continuously [ed wire made ol metal



with flux and various alloying elements.
(EPRI has also developed an underwater
stick elecirede divers can use [or manual
applications.)

s water depth increases, welding arcs
become lezs stable. *What mav work well
when you're 20 feet [6 m] down may re-
quire changes in amperage and voltage
when you're 50 1w 90 feet [15-27 m]
down,” Findlan says. Cwrently, the auto-
mated FCAW 1echnology allows welding
at depths down 10 50 feet. For Lesting
welds at greater depths, the RRAL has a
hyperbaric chamber that can s<imulate the
presaures encountered down 1o 80 feet (24
m). The facility also [eatures a 4-foot-deep
(1.2-m) wank used to evaluate welding pa-
rameters and a 21-fool-deep (6.4-m) dive
tank for training welders. EPRI research
has resulied in better arc stability and
splacter-free welding and has minimized
the =kill levels required o perform repairs.

EPRI also has created alloys with im-
proved wel-weld characteristics. Alloy 625,
for instance, is a mixture of chromium,
nickel, and molybdenum that i= resistani
(i slress corrosion cracking, crevice corro-
sion, and pitting. Mew nickel-alloy and
slainless steel materials have rontribuled
to high-quality welds, performing up to
code at depths of 50 eet. EPRI has also
developed and tested halogen-free filler
materials, which are imporiant because
they minimize corrosion and the contami-
nation of reactor water.

EPRI holds many patents for its under-
water welding (echnologies, which are
currently licensed 1o General Electric,
Framatome Technologies, Siemens, and
IHL, among other linns

Automated orbital FCAW system In
1995, the power industry began looking
for a way e improve the deposition rales
of materials used 10 weld heavy-walled
=teain pipes found in both fossil and nu-
clear plants. Since conventional FCAW
was ill-suited to weld pipes orbilally, EPRI
and &agnatech partnered 10 develop a so-

lution—an automated FUAW syvatem that
combines an orbilal tracking mechanism
for welding in odd positions (say, upside-
down welding) and a power supply with
real-lime, “fuzzy logic” voliage and cur-
rent control [or improved arc stability. The

Continuous weld —=

Laserbeam
and wire feed

Rotating head ——

A state-of-the-art
laser welding tech-
nique can perma-
nently repair
cracked steam gen-
erator tubes that
ordinarily would be
sleeved or plugged.
This device, being
marketed by ABB, employs an EPRI-patented
rotating optical coupler—which allows the
precise alignment of a laser beam-—and a
rotating weld head mounted at the end of a
fiber-optic cable. Meiting an alloy wire, the
laser can create a uniform 2-3-inch (5-7.5-cm)
weld over a damaged area in about a minute.

system produces superior weld= quickly,
and deposition rates are three times higher
than those achieved with conventional
processes, says Gandy.

Steam generator repair A zignilican
number ol nuclear facilities have correded
or dented wbes i their original sicam
generators, says Findlan. Lhilities are forced

to plug such tubes or place welded slecves

over them—and elficiency drops. 1T effi-
ciency [zlls 100 much, the entire steam
generator may have 1o be replaced or
the plaat shut down. EPRU s helping de-
velop alternatives to wbe plugging and
sleeving. One alternative, 1o be marketed
by ABB starting this April, is a laser weld-
ing device that features an EPRI-patented
rolating optical coupler. Thia coupler al-
lows the precise optical alignment of a
laser beam thai travels to a rotaring weld
head mounted a1 the end of a fiber-opiic
cable. “Weld repair can maintain or even
restore elficiency in stcam generators,”
gays Findlan, “and this i« often a key de-

terminant of a nuclear plants overall cost

equation.” This stale-of-the-art tube repair
technology may also be useful for fixing
heal exchanger tubing, control rod drive
housings, and hardfacings.

Repair of rotating components Compo-
nents that rotate—turbine rotors, disks,
and blades—presenm a special challengs
lor weld repair, since they are among the
most critical and highly stressed compo-
nents in nuclear and fos=l power plans.
Moreover, they are expensive. Combustion
turbine blades. for inslance, can cost as
much as 530,000 each, or $3 milltion per
row. Mearly 200 high- and intermediate-
presaure stean Lurbines will be at the end
of their design life hefore the year 2000,
and hundreds of millions of dollars could
bee saved if their service could safely be ex-
tended by 10 0 20 years.

Recently, EPRI reviewed current repair
technotogies for rolating components and
developed cemprehensive repair guidelines
for turbine rotors, disks, and blades. The
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EPRI Repair and Replacement Applications Center

magine you're a power plamt manager and a crucial compo-
nent in your facility has developed a crack. It needs atten-
tion, but you aren’ sure what’s the best course of action.
Do you continue to run the equipment? Force an oulage lo
address the problem now, or wait until the plant’s next sched-
uled maintenance? Retire the component? In each of the direc-
lions you could go, there is a path with dozens of different de-
cisions to be made, and because of downsizing, your plant lacks
the necessary in-houge expertise to address the problem fully.
What’s your best resource for getting the answers you need?

Cal! EPRI’s think tank and “expert bank” for all matters
weldable—the Repair and Replacement Applications Center.
Established in 1994 and based
in Charlotte, Morth Carolina,
the RRAC supports the devel-
opment of advanced repair
technologies for fossil and nu-
clear power plants. It provides
praducts and information de-
signed 10 meet industry needs
in a rapid, cost-effective man-
ner. Key areas ol concern in-
clude the repair of in-vessel
components, steam generator
tube repair, in situ wclding,
the specification of welding
filler materials, underwater
weld repair, pump repair, and
the repair of carbon steel pipe
with erosion and/or corrosien
damage.

The RRAC olfers the diver-
sified expertise of engineers,
specialists, and 1echnicians
who can cwaluate specific
problems, find pragmatic so-
lutions, and provide practical
assistance, either at the cen-
ter itself or ai a utility site.
To date, RRAC cxperts have
helped utilities evaluate oul-
age plans, perform technical
reviews of in-heuse and con-
tractors' procedures, evaluate bid specifications [or the incor-
poration of cutting-edge technologies, evaluate equipment
used for specific applications, and develop or adapt equipment
for specific applications.

From troubleshoeting to problem solving, the RRAC stall
has a wealth of experience in areas ranging from pressure ves-

Rotating parts—turbine rotors, disks, and blades—are among the
most critical and highly stressed components in nuclear and fossil
power plants. EPRI provides technical assistance and on-site trou-

bleshooting for these and other components through its Repair
and Replacement Applications Center.

sel manufacturing to the field inztallation of fossil and nuclear
plant components. Do you have a technical dilemma related to
corrosion, mechanics, metallurgy, or welding engineering? Meed
Le measure and analyze residual stresses? Want advice about
machining technology or inspections? EPRI members with
[ossil and nuclear power plants can access experts by subscrib-
ing to the RRACS programs. And up 0 25% of an RRAC mem-
ber's dues can be used to address issues of specific interest to
that member through the Subscriber-Requested Assistance
(SRA) program. Custom-tailored attention is basic to this pro-
gram. Typical SRA-provided services include expert consulta-
tions on an emergency basis, the development of new welding
procedures, and the training of
utility staft to apply advanced
equipment and techniques.

Utilities have made broad
use of the SRA program. Last
year, [or example, Duke Pow-
er used it Lo obtain support
for its training of welders and
to survey member ulilities to
learn how they tested welder
performance. Also in 1998,
the Tennessee ¥alley Author-
ity received assistance for a
technical review of alterna-
tive materials used in its
Watts Bar nuclear plant and
for a review of its software
system for welding-program
control: it also received sup-
port for the maintenance of
ice condensers. Woll Creek
Buclear Qperating Company
used 1he SRA program o re-
view standard industry prac-
lices and code requirements
[or a specific weld repair and
Lo evaluate the hardness of
welds  performed  withow
postweld heat treatment. And
Electricité de France received
assistance in evaluating tem-
perbead repair and addressing cracking, one ol welding's
biggest challenges.

Concludes the center’s David Gandy, “Together, the consid-
erahle weld-related metallurgical expertise of EPRIs Palo Alto
stalf and the welding expertise al the RRAC ensure maximum
value te our custemers.” i
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guidelines detail repair decision method-
ology, repair techniques, damage mecha-
nimms, specifications, life assessment. and
insurance considerations. The goal is to
help utilities make well-informed, cost-
elfective repair decisions. EPRI is al=o doc-
umenting the performance of previous
examining case histories [rom

Tepairs
urilities and repair vendors to see which
repair techniques worked and which did
not. Finally, EPR1 is collecting inlormarion
[rom wiilities, industry experts, original
equipment manufacturers, and repair ven-
dors to develop a detailed methodology
for making run-repair-teplace decisions
about rotating components.

Getting the word out
Innovation: in welding repair ofler the
pawer industry practical ways Lo improve
safety and profits, At least a dozen EPRI-
developed repair technologies, applying o
areas as diverse as underwater welding,
repair of rotating components, and novel
alloys, have been patented and licensed.
EPRI research has also been helpful to
regulatory bodies in updating codes for
the industry; at least nine new repair codes
address topics ranging from laser welding
of steam generator tubing to weld over-
lays in service-water piping. The technical
advances spearheaded by EPRI will mean
little, however, unless they are transferred,
and effectively sharing knowledge is an
ongoing challenge.

To facilitate the transfer <«
of EPRI-developed weld re-
pair lechnologies, the 20 to 25
utilities participating in the RRAL
meel twice a year to talk about their
progress in applying these new methods.
The group also promotes the acceptance
of innovative welding Lechnelogies (o fa-
cilitate the updating ol codes. Members
attend a popular international conlerence
on weld repair advances every two years,
and they receive in-heuse training at the
RRAC, “The center provides greal value to
customers,” says Findlan. “Often we must
shew within the fiscal year that the direc
savings from implementing a new technol-
ogy justify the membership [ee.”

EPRI also conducts major international
coflaberations with other welding research

EPRI innovations in underwater welding have resulted in better arc stability, splatter-free welds,
and improved worker safety, Used for repairs at nuclear plants, underwater techniques are safer
for welders, since the water provides a degree of radiation protection. And for repairs without

divers, an automated underwater method based on flux-cored arc welding has been developed.

crganizations in order (o identify optimal
repair lechniques and procedures. Key
topics include the development of wech-
nologies for important power plant com-
ponents—such as stationary compenents
in fossil plants and retating components in
both lossil and nuclear planis—and tech-
nologies that eliminate the need [or
PWHT. Various utilities [rom around the

EPRI's development of consensus guidelines
has been a factor in helping the industry
keep repair costs down, The seven-volume
guideline report (TR-103592) documents
worldwide industry practices and covers a
broad range of other topics—for example,
how to identify the best, most appropriate
welding technolagies for specific repair
needs and how to determine the expected
life extension for a repaired component.

world—including Electricité de France,
EMEL of lialy, and Taiwan Electric Pow-
er—join with domestic utilities in cofund-
ing these R&D ellorts. EPRI initiated a
collaboration in 1992, for example, in-
volving 20 utilities from the United States
and abread.

Why is international cellaberation so
impartan? Industry standards and guide-
lines that result from such global team-
work are more likely to gain widespread
acceptance and application. Consider the
case of a nuclear power plant under con-
struction just 180 miles (290 km) ofT the
U.S, coast in Cienfuegos, Cuba, The Jura-
gua nuclear complex there uses the same
system employed at Chernobyl. and ac-
cording 1o the Center for Policy Security,
as many as 15% of the 5000 welds joining
the pipes in the reacter’s auxiliary plumb-
ing system, containment dome, and spent-
fuel cooling system are [lawed. With 430
nuclear power plants in the world, global
salety can only increase as the quality ol
welds improves throughout the interna-
tional power industry. w

Bachgrownd information for this article was provided
by Vis Viswanathan (rviswana@epri.com), Energy
Conversion Division, and David Guudy (davgundy @
tpri.com) and Shanc Findlan (sfindlan@epri.com).
Repuativ and Replacement Applications Center.
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Expert System Enables
Near-Perfect Ice Storage

new contruller that improves the
A perfarmance of ice storage syatems
could give building iwners greater incen-
tive to inatall new slorage systems or up-
date existing oncs. The controller, called
the %OL. (for near-optimal controller),

A new controller for optimizing ice storage systems was
successfully tested at this Philadelphia arena.

was developed by EPRI and Johnson Con-
trols of Milwaukee. It predicts a buildings
daily cooling requirements, adapting to
and limiting demand variations withow
operator intervention, and determines the
hest combination of direct mechanical
cooling and storage (o meet the instanta-
neouts Looling lead,

“Commercially available controllers
have been either woo difficult o use or
incapable of realizing the [ull benefit of
storage,” says Mukesh Khauar, EPRI%
manager for HVAC and relrigeration.
“This new product is easy 10 use and of-
fers excellent control, making it possible
to operale £10rage dy=lems 10 maxinuum
advantage {or a given electricity rate.”

The EPRI MOC is most suitable for
application with internal-melt ice storage
syatems, bul il can also be used with
water storage syslems. A real-time expert
syslen, it incorporates rules—heuristics—-
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In the Field

Demonstration and application of EPRI science and technology

learned by observing the commion char-
acteristics of cantrol trajectories that
minimize energy and demand costs over
a monthly billing period.

For setup, the contraller requires one-
time inputs that include a building occu-
pancy schedule, utility rates, and bhasic
information about the mechanical cool-
ing system. Once commissioned, the
controller monitors the build-
ings clectrical load, cooling
loaul, and ice inveniory. 4 self-
initializing algerithm predicta
the daily cooling requirements
and adapis 10 both seasonal
variatons and daily luctua-
tions in demand.

[n addition to undergoing
extensive laboratory and simu-
lation tests, the EPRI %LM. has
been proved in lield demon-
strations. One was held at the
CoreStates Center—recently
renamed (he First Lnion ©enter
—in Philadelphia. The center,
home of the 76ers of the Na-
tional Baskethall Association and the
Flyers of the Mational Hockev League, can
seal up o 21,000 spectators. When energy
wse during MO operation was compared
with computer-=imulated energy use
under the center’s previous control strat-
egy, the new coniroller was found to vield
substlantial gnergy wost zavings.

In another trial. at a school administra-
tion building in Kenosha, Wisconsin, the
WOC improved starage systent reliability
by reducing the frequency of out-of-ice
conditions and by ensuring thai the cool-
ing plant would meet the load at all times.
[he MO rule-based control strategy
proved (o be robust, to he easily imple-
mented, and (o require only minimal
COMPULET MEMOTY OF PrOCESEOr FEs0UrCEs

Johnsen Controls 15 now preparing the
EPRI MO [or commercial use.

s For product information, contact Micharl

Piotrowshi, Michael Piotrowski@jci.cam,

(414) 274-4118. For EPRI assistance. contat
Mubesh Khatta;, mizhattar@epri.com. (650)
853-2699.

Flywheel Extends UPS
Battery Life

he hirst installation of a llyvheel

T energy storage device approved by
Linderwriters' Laboratories for uze with
an uninterruptible power supply (LIP5)
has been completed in a project spon
sored by EPRI and Constellation Energy
Source, a subsidiary of Baltimore Gas and
Electric Company. “Ulur aim is Lo provide
a gost-clfective ride-thraugh solwion for
voltage sag and momentary power supply
perruptions,” says &farek Samotyj, EPRIS
product line leader lor power quality.

The lvwheel—Active Power’s Clean-

source €5 200!

has been installed by
Lonateltation for Comcast Corporation,
the nation’'s fourth-largest domestic cable
company, Comeasl requires the highest
level iaf power quality and reliability 10
protect its critical cable and Internet hub
facility. The flywheel has been integrated
into an existing Lichert LIPS system 10

improve the systems overall reliability

and extend the life ol i1« battery set.




“The Cleansource flvwheel is a reliable
saurce of backup power that can protect
the batteries from [requent discharges,
which shorten theic life,” says Roger
Lawrence, director of EPRIS Adjustable-
speed Drive Demonstration Office. An
Beasman, senior power qualily represen-
lative for Conalellation, explains that the
naiural gas engine-generator at the site
has a longer-than-desired response time
to load changes. The U'Pa svslem must
switch to battery power while the gen-
erator oulpul dtabilizes alter large load
changes. But with the Hlywhecl support-
ing the L'PA load while the generator
starts up and when large loads are cycled,
battery power is conserved [or use as
emergency backup,

“Lising the f{lywheel energy s1orage
svatent lo extend battery life in existing
backup power application= is another
example ol how € leansource can improve
the reliability and performance of com-
mercial LIPS sysiems,” says Joe Pinkerion.
president of Active Power. “Ulur company
i= delivering proven energy stovage tech-
nologies that will lower the overall energy
production cosis {or any end users.”

Cleansource tvwheel products—which
store energy in the form of a rotating sieel
wheel—ari used 10 replace or supple-
ment the lead-acid hatteries in the LIPS
systems that help data-processing centers
and industrial facilities ride through
power outages. 'he company’i energy
storage salutions are designed 10 match
the power ranges of 1ypical LIPS systems
and can be paralleled to support even
larger customer loads. Mow approved by
LInderwriters’ Lahoratories, the product
[amily is compatible with all popular
three-phase LIPS saystems.

[l EPRI-Constellation demonstration
project at Comeast will quantify the fly-
viheel systemy costs and benefits.

m For more information, contact Marshe
Grossman, mgrossma@cpri.con, (650) 855-
2899.

Comkd Cuts Costs With
Transformer Diagnostics

nicom Corporations Common-
U wealth Edison subsidiary has docu-
mented the potential 10 realize substantial
savings on transformer maintenance,
thanks 10 the effectiveness of an array of
external diagnosiic tests evaluated in a
collaborative project with EPRI. The diag-
nostics will enable ComEd to reduce oper-
ating and maintenance costs and improve
reliabilily by 1argeting [or maintenance
the wransformers that need it most, such
as Lhose having loose windings.

In te=tz 1hus far. two transformers with
loo=e windings have been idemified. The
“hicago-based wiility expects to realize o
net one-lime avoided cost ol slightly over
52 million by reclamping and relurbish-
ing the units (and thus avoiding replace-
ment). [ also expects annual savings of
5200000 in delerred internal inspections.,

Extrahigh-voltage autotransformers
are critical o electricity transmission sys-
tems. Aller years of service, however, a
transformer’s internal coils may become
loose, increasing its susceptibility © fail-
ure during system through-faults. such
failures have high cost= n both money
and time. A transformer can cost more
than %1 million, and it can take weeks 1o
replace one with a spare or months to a
year 1o make repairs or build a new one.

Preventive maintenance is key 10 keep-
ing these large (ransformers operating
reliably. Periodic internal maintenanie,
the tracitional practice, is a costly process

that requires the removal of a iransformer

from service for several weeks. Allerna-
tively, external diagnostics to test trans-
formers for potential internal problems
can heip focus maintenance spending on
the units that need intensive naintenance
or refurbishment to restore coil atrength
and stability. The diagnostics evaluated
by Comid are based on proven EPRI
techniques and data, including reliahility-
centered maintenance and integrated
substalion diagnostics

L omkd applied frequency response
analvsis (FRA) and other diagnostic tests
to seven of its 300-%1%A aulotransform-
ere. FRA | uzed Lo set priorities [or re-
clamping and refurbishment, was an
tmportant test hecause the (ransformers
had heen in =ervice for 30 years and =0
were susceptible to through-lawd failures.
The FRA tests identified two potentially
troublesome transformers that needed
to be taken out ol service lor internal
inspection, 5o far, ComEd has opened
and inspeeted the unit indicated 10 be in
worse condition. This inspection found
that thee translormer coils did need (o
he retightened, thus demonstrating the
ellecriveness-ol external diagnostic test-
ing techniques

“The diagnostics used in our study
with EPRI hawve proved to be good indi-
cators of internal ransformer condition,
They will help us focus maintenance dol-
lars on translormers with loose windings
and inher critical needs.” saws ComEds
Paul Myrda.
m For more information, contact Predrag
Yujovic, pyujovic@epri.com, (630) 855-
2991,
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=) Technical Reports & Software

To arder reports, contact the EPRI Distribution
Center, 207 Coggins Drive, PO, Box 23205, Pleas-
ant Hill, CA 94523; (925) 934-4212.To order
software, contact the Electric Power Software
Center, 11025 North Torrey Pines Road, La Jolla,
CA 92037:(800) 763-3772.

Energy Conversion

Terry® Turbine Controls Maintenance
Guide, Revision 1

TR-016909-R1

Target: Nuclear Power

EPRI Project Manager: J. Jenco

Survey on the Use of Configuration Risk
and Safety Management Tools at Nuclear
Power Plants

TR-102975

Target: Nuclear Power

EPRI Project Manager: J. Mitman

CHECWORKS™ Navigator User Guide
TR-103198-P6

Target: Nuclear Power

EPRI Project Manager: B. Chexal

CHECWORKS™ BWR Vessel and Internals
Application: BWRVIP Component Database
User Guide

TR-103198-P7

Target: Nuclear Power

EPRI Project Manager: H. T. Tang

Guidelines for Instrument Calibration
Extension/Reduction, Revision 1: Statistical
Analysis of Instrument Calibration Data
TR-103335-R1

Target: Nuclear Power

EPRI Project Manager: R. Shankar

Guidelines for Optimizing the Engineering
Change Process for Nuclear Power Plants:
October 1998 Revision

TR-103586-Rt1

Target: Nuclear Power

EPRI Project Manager: L. Loflin

On-Line Monitoring of instrument Channel
Performance

TR-104965

Target: Nuclear Power

EPRI Project Manager: R. Shankar

Development and Implementation of an
Expert System for Vibration Monitoring
and Diagnosis for Hydroelectric Pumped-
Storage Units

TR-106034

Target: Hydro Performance Optimization and
Asset Management

EPRI Project Manager: N. Hirota
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Nuclear Plant Life-Cycle Management
Implementation

TR-106109

Target: Nuclear Power

EPRI Project Managers: J. Carey, G. Sliter

Inhibition of IGA/SCC on Alloy 600
Surfaces Exposed to PWR Secondary
Water, Vol. 3: Precracking Model Boiler
Tests

TR-106212-V3

Target: Nuclear Power

EPRI Project Manager: T. Gaudreau

Application Guide for Motor-Operated
Valves in Nuclear Power Plants, Vol. 2:
Butterfly Valves

TR-106563-V2

Target: Nuclear Power

EPRI Project Manager: V. Varma

Feasibility of Analytical Techniques to
Quantify Hot-Leg Streaming
TR-107325

Target: Nuciear Power

EPRI Project Manager: R. Shankar

Thermal Performance Engineering
Handbook, Vol, 22 Advanced Concepts
in Thermal Performance
TR-107422-V2

Target: Nuclear Power

EPRI Project Manager: T. Eckert

Qconee Electrical Component Integrated
Plant Assessment and Time-Limited
Aging Analyses for License Renewal:
Parts 1 and 2

TR-107527

Target: Nuclear Power

EPRI Project Manager: J. Carey

An Improved Approach for Performing
Simplified Elastic-Plastic Fatigue
Analysis

TR-107533

Target: Nuclear Power

EPRI Project Manager: R. Carter

Cycling, Startup, Shutdown, and Layup
Fossil Plant Cycle Chemistry Guidelines
for Operators and Chemists

TR-107754

Target: Boiler and Turbine Steam and Cycle
Chemistry

EPRI Project Manager: B. Dooley

Mixed-Waste Recycling Exemption
TR-107973

Target: Nuclear Power

EPRI Project Manager: C. Hornibrook

wasteWORKS™ '98; Solid Waste Manager
User’s Manual and Tutorial

CM-108098-V1

Target: Nuclear Power

EPRI Project Manager; C. Hornibrook

wasteWORKS™ '98 Wet: Liquid Processing
User's Manual

CM-108098-V2

Target: Nuclear Power

EPRI Project Manager: C. Hornibrook

Development of Energy Trading Floors:
Implications for Company Operations and
Regional Energy Markets

TR-108477

Target: Fuel Supply Management

EPRI Project Manager: J. Platt

Study of Unsaturated-Zone Flow and
Transport Models of Fractured Tuff
TR-108536

Target: Nuclear Power

EPRI Project Manager: J. Kessler

Cooperative JASCC Research Program:
CIR-CD, Version 98.12
AP-108557-R2CD

Target: Nuclear Power

EPRI Project Manager: L. Nelson

Alternative Approaches to Assessing the
Performance and Suitability of Yucca
Mountain for Spent-Fuel Disposal
TR-108732

Target: Nuclear Power

EPRI Project Manager: J. Kessler

Development, Evaluation, and Analysis
of the Initial CIR-IASCC Database
TR-108749

Target: Nuclear Power

EPRI Project Manager: L. Nelson

TMI-1 Cycle 10 Fuel Rod Failures:

Vol. 1, Root Cause Failure Evaluations;
Vol. 2, Hot Cell Examination
TR-108784-V1-V2

Target: Nuclear Power

EPRI Project Manager: B. Cheng

Fire Modeling Code Comparisons
TR-108875

Target: Nuclear Power

EPRI Project Manager: R. Kassawara

In-Vessel Core Debris Retention
Experiments

TR-108876

Target: Nuclear Power

EPRI Project Manager: J. Chao




Guidelines for Reduced Seismic Loads to
Assess Temporary Conditions in Nuclear
Power Plants

TR-108904

Target: Nuclear Power

EPRI Project Manager: H. T.Tang

A Mobile High-Resolution Gamma Ray Spec-
trometry System for Radiological Surveys
TR-109035

Target: Nuclear Power

EPRI Project Manager: C. Wood

Evaluation of Radwaste Processing Options
for High-Iron Liguids

TR-109442

Target: Nuclear Power

EPR! Project Manager: C. Hornibrook

Criteria and Methods for Estimating
External Effective Dose Equivalent From
Personnel Monitoring Results
TR-109446

Target: Nuclear Power

EPRI Project Manager: C. Hornibrook

Proceedings: Workshop on Condensate
Polishing, September 1997

TR-109568

Target: Nuclear Power

EPRI Project Manager: P. Frattini

Guidelines for Preparing Risk-Informed,
Graded Quality Assurance Program
Implementation Request Submittals
TR-109646

Target: Nuclear Power

EPRI Project Manager: F. Rahn

Inventory Optimization in Support of the
EPRI Work Control Process Module
TR-109648

Target: Nuclear Power

EPRI Project Manager: F. Rahn

COSTAR (Beta Version 3.0): Concrete
Structures Aging Reference Manuai for
Nuciear Power Plants

TR-110025

Target: Nuclear Power

EPRI Project Manager: J. Carey

Effectiveness of Inhibitors on IGA/SCC of
Alloy 600 Tubing

TR-110047

Target: Nuclear Power

EPRI Project Manager: T. Gaudreau

Interim Cycle Chemistry Guidelines for
Combined-Cycle Heat Recovery Steam
Generators

TR-110051

Target: Combustion Turbine and Combined-
Cycle O&M

EPRI Project Manager: B. Dooley

User’s Guide to RPVDATA: Reactor Vessel
Materials Database, Version 1.4
TR110122

Target: Nuclear Power

EPRI Project Manager: S. Rosinski

Use of Risk-Informed Inspection
Methodology for BWR Class 1

Piping

TR-110701

Target: Nuclear Power

EPRI Project Managers: S. Gosselin, 4. Mitman

ORAM-SENTINEL™ Demonstration
at Diablo Canyon

TR-110739

Target: Nuclear Power

EPRI Project Manager: J. Mitman

Stress Intensification Factors and Flexi-
bility Factors for Pad-Reinforced Branch
Connections

TR-110755

Target: Nuclear Power

EPRI Project Manager:R. Carter

Assessing Air Pollution Control Options
at the Hudson Station of Public Service
Electric and Gas

TR-110867

Target: Air Toxics Control

EPRI Project Manager: R. Chang

Guidetine for Computer-Based Training
(CBT) Development, Vol. 1: Instructional
System Design Process

TR110965V1

Target: Simulators, Training, and Production
Automation

EPRI Project Manager: M. Perakis

Oconee Nuclear Station Application for
Renewed Operating Licenses
TR111030CD

Target: Nuclear Power

EPRI Project Manager: J. Carey

Correlation of Flow-Accelerated Corrosion
of Steam Generator Internals With Plant
Water Chemistry

TR-111113

Target: Nuclear Power

EPRI Project Managers: P. Millett, A. Mcllree

Effect of Iron Sulfide on Furnace Wall
Corrosion

TR-111152

Target: Coal-Fired Boiler Performance
Optimization and Combustion NO,
Control

EPRI Project Manager: W. Bakker

Waterwall Wastage in Low:NO, Boilers:
Root Causes and Remedies

TR-111155

Target: Coal-Fired Boiler Performance
Optimization and Combustion NO,
Control

EPRI Project Manager: W. Bakker

Preventing Leakage in Water-Cooled Stator
Windings: Phase 2

TR-111180

Target: Steam Turbines, Generators, and
Balance of Plant

EPRI Project Managers: B. Syrett, J. Stein,

J. Gaertner

ORAM-SENTINEL™ Development and
ORAM Integration at Oconee
TR-111207

Target: Nuclear Power

EPRI Project Manager: J. Mitman

Productivity Improvement Handbook for
Fossil Steam Power Plants

TR111217

Targets: Various Energy Conversion and
EPRIGEN targets

EPRI Project Manager: T. Armor

Evaluation of 2% CrMoWv HP/LP Rotor Forg-
ing for Single-Cylinder Steam Turbine Use
TR-111219

Target: Steam Turbines, Generators, and
Balance of Plant

EPRI Project Manager: V. Viswanathan

EPRI Dam Safety Workshop Summary
TR-111285

Target: Hydro Performance Optimization and
Asset Management

EPRI Project Manager:T. O'Shea

NIST's Ultrasonic Technology Assessment
Program to Improve Flow Measurement
TR-1113 1

Target: Instrumentation and Control

EPRI Project Manager: R. Shankar

An Empirical Model of UO, Thermal
Conductivity Based on Laser Flash
Measurements of Thermal Diffusivity
TR-111347

Target: Nuclear Power

EPRI Project Manager:S. Yagnik

Guidelines for the Evaluation of Seam-
Welded High-Energy Piping: Executive
Summary of Current Approaches
TR-111380

Target: Boiler Life and Availabifity Improvement
EPRI Project Manager:V.Viswanathan

Relationship of RIS Phenomena to
IASCC (NFIR-11I)

TR-111385

Target: Nuclear Power

EPRI Project Manager: L. Nelson

Compliance Assurance Monitoring Protocol
Development

TR111478

Target: Continuous and Predictive Emissions
Monitoring

EPRI Project Manager: C. Dene

Opportunity Fuels Guidebook
TR-111487

Target: Coal-Fired Boiler Performance
Optimization and Combustion NO, Controf
EPRI Project Manager: E. Hughes

Streamlined Reliability-Centered Mainte-
nance (SRCM) Program for Hydroelectric
Power Plants

TR-111488

Target: Hydro Performance Optimization and
Asset Management

EPRI Project Manager: C. Sullivan
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Integration of Distributed Resources in
Electric Utility Systems: Current Intercon-
nection Practice and Unified Approach
TR-111489

Target: Distributed Resources for Energy
Services and Delivery Enhancement

EPRI Project Manager: F, Goodman

Review of Downstream Fish Passage and
Protection Technology Evaluations and
Effectiveness

TR111517

Target: Hydro Performance Optimization and
Asset Management

EPRI Project Manager: C. Sullivan

Blade Life Management System for GE
Frame 7FA/9FA Gas Turbine: 1998 Interim
Report

TR111548

Target: Combustion Turbine and Combined-
Cycle O&M

EPRI Project Manager: R. Frischmuth

Catalog of Available Materials for IASCC
Testing

TR-111603

Target: Nuclear Power

EPRI Project Manager:L. Nelson

Addendum to Guidelines for Fireside
Testing

TR-111663

Target: Coal-Fired Boiler Performance
Optimization and Combustion NO, Control
EPRI Project Managers: E. Hughes, A. Mehta

Hydro Operational Restrictions Forum:
Licensee and Stakeholder Workshop
Summary

TR-111730

Target: Hydro Performance Optimization and
Asset Management

EPRi Project Manager:T.O’'Shea

Advanced Biomass: Technology Character
istics, Status, and Lessons Learned
TR-111882

Target: Renewables and Green Power
Marketing

EPRI Project Manager: E. Hughes

Role of Renewables in Greenhouse Gas
Reduction

TR-111883

Target: Renewables and Green Power
Marketing

EPRI Project Manager: E. Hughes

Renewable Power Industry Status
Overview

TR-111893

Target: Renewables and Green Power
Marketing

EPRI Project Manager: E. DeMeo

® ChemExpert

Version 1.0 (Windows)

Target: Boiler and Turbine Steam and Cycle
Chemistry

EPRI Project Manager: B. Dooley
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W chemWORKS™: Primary to Secondary
Leak Calculator

Version 1.0 (Windows 3.1)

Target: Nuclear Power

EPRI Project Manager:T. Gaudreau

Wl DRWS: Distributed Resources Workstation
Version 1.0 (Windows 95, 98)

Target: Distributed Resources information and
Tools for Business Strategy Development

EPRI Project Manager: D. Herman

i EQMS: Environmental Quality Manage-
ment System

Version 1,0 (Windows 95, 98, NT)

Target: Nuclear Power

EPRI Project Manager: J. Hutchinson

W MAAPA4: Modular Accident Analysis
Program for LWR Power Plants
Version 4.03 (Various)

Target: Nuclear Power

EPRI Project Manager: J. Chao

B P-T {Pressure-Temperature) Calculator
Version 3.0 (Windows)

Target: Nuclear Power

EPRI Project Manager: S, Rosinski

W Turbo-X: Turbine Outage Extension
System

Version 1.0a (Windows 95, NT)

Target: Steam Turbines, Generators, and
Balance of Plant

EPRI Project Manager:T. McCloskey

Energy Delivery and Utilization

Airport Electrotechnology Resource Guide
TR-108050-R1

Target: Airport Solutions

EPRI Project Manager: L. Sandell

Predicting Customer Choices Among
Etectricity Pricing Options, Vol. 1: Whole
sale Markets

TR108864-V1

Targets: Producing Successful Product and
Service Portfolios; Power Markets and
Resource Management

EPRI Project Managers: P. Meagher, A, Faruqui,
V. Niemeyer

Disaster Planning and Mitigation Technolo-
gies:Interim Technology Inventory Report
TR-108972-V3

Target: Disaster Planning and Mitigation
Technologies

EPRI Project Manager: J. Oggerino

Power Quality Diagnostic System: Simula-
tion Module Final Production Version 1.0
CD-109126

Target: Power Quality

EPRI Project Manager: S. Bhatt

UCA™ Demonstration Project at
Oglethorpe Power Corporation
TR-109479

Target: Distribution Systems

EPRI Project Manager: W. Blair

Energy Cost System Applying
UCA™/DAIS™ Concepts
TR-109481

Target: Distribution Systems
EPRI Project Manager: W. Blair

Water Treatment Systems for Utilities,
Phase 1: Technology Assessment

TR-109753

Target: Underground Distribution Infrastructure
EPRI Project Manager: R. Bernstein

Water Treatment System for Utilities,

Phase 1a: Technology Assessment Update
TR-110220

Target: Underground Distribution Infrastructure
EPRI Project Manager: R. Bernstein

Effects of Flue-Gas Contamination on
Ceramic Insutator Performance in Freezing
Conditions

TR-110296

Target: Substations

EPRI Project Manager: P. Dessureau

Cooling Plant Optimization Guide
TR-110404

Target: Commercia! Building Chillers
EPRI Project Manager: B. Lindsay

Proceedings: Eleventh Forecasting
Symposium—Forecasting in a Competitive
Electricity Market

TR-110424

Targets: Producing Successfu! Product and
Service Portfolios; Grid Operations and
Planning

EPRI Project Managers: P. Meagher,

D. Maratukutam

Increasing the Yield of Real Time Pricing:
Kansas City Power & Light's Real-Time
Pricing Innovations

TR-110747

Target: Power Markets and Resource
Management

EPRI Project Manager: A. Faruqui

High-Temperature Superconductivity:
Joint Feasibility Study for a Power
Application With HTS Cable by South
Carolina Electric & Gas

TR-110891

Target: Underground Transmission

EPRI Project Manager: D.Von Dollen

High-Temperature Superconductivity:
Joint Feasibility Study for a Power
Application With HTS Cable by PECO
Energy

TR-110892

Target: Underground Transmission

EPRI Project Manager: D.Von Dollen

Electric Bus Compendium
TR111123

Target: Public Transportation Systems
EPRI Project Manager: L. Sandell



Field Evaluation of a Prototype

Mobile Water Management System

for Subsurface Vaults in the Electric
Utility Industry

TR-111173 (see listing under Environment)

A Gas Monitor for Underground Electric
Utility Manholes and Vaults

TR111246

Target: Underground Distribution Infrastructure
EPRI Project Manager: R. Bernstein

Behavior of Paper-Polypropylene-Paper
Laminate Under Thermal and Electrical
Stresses

TR-111321

Target: Underground Transmission

EPRI Project Manager:T. Rodenbaugh

Dissolved Gas Analysis by EPRI Disposable
Oil Sampling System

TR111322

Target: Underground Transmission

EPRI Project Manager: T.Rodenbaugh

Measurement and Mitigation of Corrosion
on Self-Contained Fluid-Filled Submarine
Circuits for New York Power Authority,
Vols.1 and 2

AP-111323-V1-V 2

Target: Underground Transmission

EPRI Project Manager: T. Rodenbaugh

Electric Compressor Guidebook

TR111368

Target: Natural Gas, Petroleum, and Chemicals
Industries

EPRI Project Manager: A. Amarnath

UCA™/DAIS™ Demonstration Project by
Kansas City Power & Light

TR111418

Target: Distribution Systems

EPRI Project Manager: W. Blair

Systems Integration at Kansas City Power &
Light Using APl and ICCP

TR-111443

Target: Grid @perations and Planning

EPRI Project Manager: D, Becker

Estimating Customer Preferences for New
Pricing Products

TR111483

Target: Power Markets and Resource
Management

EPRI Project Manager: A. Faruqui

Accelerated Aging of Distribution Non-
Ceramic Insulators

TR-111515-V2

Target: Distribution Systems

EPRI Project Manager: B. Bernstein

Application Guide for Transmission Line
Non-Ceramic Insulators

TR-111566

Target: Overhead Transmission

EPRI Project Manager: A. Phillips

Commercial Green Energy
TR-111601

Target: Enhancing the Success of New
Customer Technologies

EPRI Project Manager: B. Kalweit

National EV Infrastructure Working
Council: Committee Meeting Minutes 98-2
TR111641

Target: infrastructure Deployment and

EV Benefits

EPRI Project Manager: L. Sandell

Installation Costs of Electric Vehicle
Charging Infrastucture

TR-111655

Target: Infrastructure Deployment and
EV Benefits

EPRI Project Manager: L. Sandell

Multifamily Housing: Technologies and
Trends

TR-111659

Target: Multifamily Housing

EPRI Project Manager: A. Saleh

Advanced Electric Lift Trucks: Power Train
Prototype

TR-111698

Targets: Non-Road Electric Vehicies; End-Use
Power Quality Mitigation Systems

EPRI Project Manager: B. Banerjee

DC Drive RideThrough Technology
Alternatives and Development
TR-1117S9

Target: End-Use Power Quality Mitigation
Systems

EPRI Project Manager: B, Banerjee

Flywheel Energy Storage for End-Use
Power Quality

TR-111831

Target: End-Use Power Quality Mitigation
Systems

EPRI Project Manager: B. Banerjee

impact of Customer Churn on Profitability
TR-111855

Target: Producing Successful Product and
Service Portfolios

EPRI Project Managers: A. Faruqui, B. Kalweit

Projecting Market Share for Energy
Related Offerings

TR-111856

Target: Producing Successful Product and
Service Portfolios

EPRI Project Manager: A. Faruqui

Rhode Island Disaster Recovery Business
Alliance: CEO and Business Needs Assess
ment Workshops

TR-111862-Vi

Target: Disaster Planning and Mitigation
Technologies

EPRI Project Manager: J. Oggerino

Ice Storm ‘98: Characteristics and Effects
TR-111864

Target: Overhead Transmission

EPRI Project Manager: M. Ostendorp

High-Ampacity, Thin-Wall Novel Polymer
Cable

TR-111888

Target: Underground Distribution Infrastructure
EPRI Project Manager: B. Bernstein

Integration of Information and Data From
the EPRI Distribution System Power Quality
Monitoring Project, Disk 1; PQ Database
Reference Information

TR111902V1-CD

Target: Power Quality

EPRI Project Manager: A. Sundaram

Integration of Information and Data From
the EPRI Distribution System PQ Monitor
ing Project, Disk 2: RMS Variation Distur-

bance Database

TR-111902-V2CD

Target: Power Quality

EPRI Project Manager: A. Sundaram

Integration of Information and Data From
the EPRI Distribution System PQ Monitor-
ing Project, Disk 3: Steady-State Measure

ment Database

TR111902-V3.CD

Target: Power Quality

EPRi Project Manager: A. Sundaram

Integration of Information and Data From
the EPRI Distribution System PQ Monitor
ing Project, Disk 4: Harmonic Distortion
Measurement Database

TR111902-V4-CD

Target: Power Quality

EPRI Project Manager: A. Sundaram

Hybrid Active Filter Test Report
TR111920

Target: End-Use Power Quality Mitigation
Systems

EPRI Project Manager: B. Baner jee

Lineworkers’ Insulating Gloves and Sleeves:
Injection Molding Demonstration Project
TR-111947

Target: Distribution Systems

EPR! Project Manager: B.Bernstein

Energy Consumption and Load Profiling
at Major Airports

TR-111951

Target: Airport Solutions

EPRI Project Manager: |.. Sandell

W DESK BOOK™:Residential End-Use
Technologies

Version 2.5 (Windows 3.1)

Target: All targets in Residential area
EPRI Project Manager: J. Kesselring

W EGEAS

Version 9.01 (Windows 95, NT)
Target: Grid Operations and Planning
EPRi Project Manager: N. AbiSamra

i MMW: Maintenance Management
Workstation

Version 1.0 (Windows 95, NT)

Target: Substation Operation and Maintenance
EPRI Project Manager: P.Vujovic
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# ROPES: Real and Reactive Optimization
for Planning and Scheduling

Version 2.0 (Windows 35)

Target: Grid Operations and Planning

EPRI Project Manager: D. Maratukulam

H UTWorkstation: CCRIDER
Version 3.0 {Windows)

Target: Underground Transmission
EPRI Project Manager:; T. Rodenbaugh

W UTWorkstation: CONMAN
Version 3.0 (Windows}

Target: Underground Transmission
EFRI Project Manager: T, Rodenbaugh

Environment

Use of Automatic Wire Coding to Evaluate
Control Selection Bias in the Savitz et al.
Study

TR-108044

Target: Electric and Magnetic Fields Health
Assessment

EPRI Project Manager: K. Ebi

Field Evaluation of the Comanagement

of Utility Low-Volume Wastes With High-
Volume Coal Combustion By-Products:

SX Site

TR-108409

Target: Combustion Wastes and Groundwater
Protection

EPRI Project Manager: A. Quinn

PISCES Water Characterization Field Study:
Vol. 1, Site D Report; Vol. 2, Site D Appendix
TR-108892-V1-V2

Target: Plant Multimedia Toxics Characteriza-
tion (PISCES)

LPR! Project Manager: P. Chu

Orimulsion Combustion By-Products:
Chemical Composition and Leaching
Characteristics

TR-109020

Target: Combustion Wastes and Groundwater
Protection

EPRI Project Manager: A. Quinn

Life-Cycle Decision Making: Vol. 1, Getting
Started; Vol. 2, Learning the Methods;
Vol. 3, Using the Software

AP-110676

Target: Environmental Assets Management
EPRI Project Manager: M. McLearn

Flow in Water-Intake Pump Bays: A Guide
for Utility Engineers

TR-110948

Target: Power Plant Water Management
EPRI Project Manager: J. Tsou

Southeastern Aerosol and Visibility Study
{SEAVS): Concentration and Composition of
Atmospheric Aerosols at Look Rock,
Tennessee, July-August 1995

TR-111063

Target: Atmospheric Particulates and
Precursars

EPRI Project Managers: M. A. Allan, P. Saxena
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Field Evaluation of a Prototype Mobile
Water Management System for Subsurface
Vaults in the Electric Utility Industry
TR-111173

Targets: Transmission and Distribution Soil
and Water Issues; Underground Distribution
Infrastructure

EPRI Project Manager: M. McLearn

Business Practices for Environmental
Excellence: Guidelines (Based on Case
Studies of Other Industries)

TR-111244

Target: Environmental Assets Management
EPRI Project Managers: M. McLearn, D. Golden

EPRI EMF Exposure Database: University
of North Carolina Electrical Utility Worker
Data Set

TR-111315

Target: Electric and Magnetic Fields Health
Assessment

EPRI Project Manager: R. Takemoto-Hambleton

Pilot-Scale Studies of Solvent Extraction
Treatment of PCB- and PAH-Contaminated
Soil and Sediment

TR-111317

Target: Transmission and Distribution Soil and
Water Issues

EPRI Project Manager: A, Quinn

Coal Ash Utilization for Soil Amendment
to Enhance Water Relations and Turf
Growth

TR-111318

Target: Combustion Wastes and Grounewater
Protection

EPRI Project Manager: J. Goodrich-Mahoney

Measurement of Condensabie Farticuiate
Matter: A Review of Alternatives to EPA
Method 202

TR-111327

Target: Plant Multimedia Toxics Characteriza-
tion {PISCES)

EPRI Project Manager: B. Nott

Long-Term Effects of 60-Hz Electric Versus
Magnetic Fields on IL-1 and Other Immune
Parameters in Sheep: Phase 4 Study
TR-111342

Target: Electric and Magnetic Fields Health
Assessment

EPRI Project Manager: K. Ebi

Long-Term Effects of 60-Hz Electric Versus
Magnetic Fields an IL-1 and Other Immune
Parameters in Sheep: Phase 5 Study
TR-111343

Target: Electric anet Magnetic Fields Health
Assessment

EPRI Project Manager: K. Ebi

Environmental Performance Measurement:
Design, Implementation, and Review
Guidance for the Utility Industry
TR-111354

Target: Environmental Assets Management
EPRI Project Manager: M. McLearn

The Springdale Project: Applying Con-
structed Wetland Treatment to Coal
Combustion By-Product Leachate
TR-111473

Target: Power Plant Water Management
EPRI Project Manager: J. Goodrich-Mahoney

Evaiuation of Occupational Magnetic Field
Exposure Guidelines

TR-111501

Target: Electric and Magnetic Fields Health
Assessment

EPRI Project Manager: R. Kavet

An Evaluatiaon of Electric Field Exposure
Measurements Using the Positron Meter
TR-111555

Target: Electric and Magnetic Fields Health
Assessment

EPRI Project Manager: R. Takemoto-Hambleton

Aquatic Life Criteria Guidelines: An
Overview of the Criteria Development
Process and Identification of Priority
Research Needs to Update the Guidelines
TR-111608

Target: Water Toxics Assessment

EPRI Project Manager: J. Goodrich-Mahaney

Toxicology of Coal Tars (A Complex Mixture
of Polycyclic Aromatic Hydrocarbons)
TR-111658

Target: MGP Site Remediation and Health Risk
EPRI Project Manager: L. Goldstein

Association of Wire Code Configuration
With Long-Term-Average 60-Hz Magnetic
Fields and Exposure

TR-111767

Target: Electric and Magnetic Fields Health
Assessment

EPRI Project Manager: R Kavet

Validation of Computational Methods for
Evaluation of Electric Fields and Currents
Induced in Humans Exposed to Electric and
Magnetic Fields

TR-111768

Target: Electric and Magnetic Fields Health
Assessment

EPR! Project Manager: R, Kavet

Leaching of Inorganic Constituents From
Coal Combustion By-Products Under Field
and Laboratory Conditions, Vol. 1
TR-111773-V1

Target: Combustion Wastes and Groundwater
Protection

EPRI Project Manager: A. Quinn

Utility Brownfields Resource Guide
TR-111784

Target: Community Economic Development
Solutions

EPRI Project Manager: P. Radcliffe

SmartPlaces E Series User Manual
TR-111788

Target: Community Economic Development
Solutions

EPR) Project Manawer: P. Radcliffe



M COOLADD: Database of Power Plant
Cooling Water System and Generic
Chemical Additives Usage

Version 1.0 {Windows)

Target: Facilities Water Management

EPR{ Project Manager: K. Zammit

W Decision Analysis for Transmission
Line EMF Management

Version 1.0 {(Windows}

Target: Electric and Magnetic Fields Health
Assessment

EPRI Project Manager: G, Hester

W LCDM: Life-Cycle Cost Decision
Making

Version 2.0 {(Windows 95)

Target: Environmental Assets Management
EPRI Project Manager: M. McLearn

M MYGRT: Migration of Organic and
Inorganic Chemicals in Groundwater
Version 3.0 (Windows 95, NT)

Target: Groundwater and Combustion
By-Products Management

EPRI Project Manager: A. Quinn

H WinSEQUIL

Version 2.0 (Windows 3.1)

Target: Facilities Water Management
EPRI Project Manager: K. Zammit

EPRICSG

Automated CO, and VOC-Based Control of
Ventilation Systems Under Real-Time
Pricing

TR-109117

Target: Information and Energy Management
Services for C&l Custormers

EPRI Project Managers: L. Carmichael,
A.Kader

Small Commercial Customer Energy
Management System Demonstration
Project

TR-110183

Target: Information and Energy Management
Services for C&{ Customers

EPRI Project Managers: L. Carmichael,

A. Kader

Electric Utility Marketing Guide to
Foodservice

TR-110775

Target: Commercial Foodservice Facilities
EPRI Project Manager: W. Krill

The LiveWire Project

TR-111059

Target: Information and Energy Management
Services for Mass Markets

EPRI Project Manager: S. Drenket

Supermarket Simulation Tool,

Version 1.1

CM-111112-R1

Target: Retail/Supermarket Establishment
Solutions

EPRI Project Manager: M. Khattar

Development and Demonstration of
Energy Management Control Strategies for
Automated Real-Time Pricing

TR-111365

Target: Information and Energy Management
Services for C& Customers

EPR! Project Managers: L. Carmichael, A. Kader

Technology as a Strategic Lever in Compet-
itive Electricity Markets

TR-111711

Target: Technology Innovation and 21st
Century Strategy

EPRI Project Manager: T. Henneberger

AC Drive System Efficiency Evaluation
TR-111879

Target: Power Electronics

EPRI Project Manager: B. Banerjee

Using Segmentation Insights to Seil Energy
Products to the Mass Market

TR-111895

Target: Promoting Energy Products for Mass
Markets

EPRI Project Managers: J. Kesselring, B. Kalweit

# PQDS: Integrated Power Quality
Diagnostic System (for PC Workstation)
Version 1.0 {(Windows}

Target: Power Quality Software, Services, and
Support

EPRI Project Manager: S. Bhatt

MW SST: Supermarket Simulation Yool
Version 2.0 (Windows 95)

Target: Retail/Supermarket Establishment
Solutions

EPRI Project Manager: M. Khattar

EPRIGEN

EPR! Maintenance and Diagnostic Center
Course Catalog, Revision 1

TR-109511-R1

Target: Plant Maintenance Optimization
EPRI Project Manager: R, Pflasterer

CMMS (Computerized Maintenance
Management System) Selection at
Cinergy

TR-109728

Target: Ptant Maintenance Optimization
EPRt Project Manager: R. Pflasterer

Computerized Maintenance Management
System Best Practices Guideline
TR-111464

Target: Plant Maintenance Optimization
EPRI Project Manager: R. Pflasterer

Strategic Science and Technology

Development and Evaluation of Low-Cost
Sorbents for Removal of Mercury Emissions
From Coal Combustion Flue Gas

TR-110532

Program: Strategic Science and Technology
EPR! Project Manager: R. Chang

Loading Margin Methods for Avoiding
Voltage Collapse

TR-111275

Program: Strategic Science and Technology
EPRI Project Managers: N, Abi-Samra, M.
Wildberger. T. Schneider, D. Sobajic

Stability, Damping Nonlinear Dynamics,
and SSR in Thyristor Switching Circuits
TR-111276

Program: Strategic Science and Technology
EPRI Project Managers: N, Abi-Samra, M.
Wildherger, T. Schneider, D. Sobajic

Mercury Flux Measurements: An Intercom-
parison and Assessment (Nevada Mercury
Emissions Project)

TR-111346

Program: Strategic Science and Technology
EPRI Project Manager; M. A. Allan

Heart Rate Variability in Ambient Magnetic
Fields

TR-111496

Program; Strategic Science and Technology
EPR! Project Manager: R. Kavet

Electroozonation: Experimental Develop-
ment Program

TR-111681

Program: Strategic Science and Technology
EPRI Project Manager: A, Amarnath

Condensation of R-410A in a Harizontal
Rectangular Channel

TR-111754

Program: Strategic Science and Technolegy
EPRI Project Manager: A. Saleh

Temperbead Welding of P-Nos. 4 and 5
Materials

TR-111757

Program: Strategic Science and Technology
EPRI Project Managers:V.Viswanathan,

D. Gandy, S. Findlan

Advances in Communication Using
Femtosecond Laser Technology
TR-111786

Pragram: Strategic Science and Technology
EPRI Project Manager: R. Bernstein

High-Voltage Laboratory Testing of
Femtosecond Laser Lightning

Diversion

TR-111787

Program: Strategic Science and Technology
EPRI Project Manager: R. Bernstein

A High-Speed PM Disk Motor for Compres-
sor Drives

TR-111903

Program: Strategic Science and Technology
EPRi Project Manager: B. Banerjee

Heat Pumps for Ventilation Air Condi-
tioning: State-of-the-Art Technology
Review

TR-112021

Program: Strategic Science and Technology
EPRI Project Manager: M. Khattar
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April

12-14

Transmission Inspection and Maintenance
{TIM) System Regional Training

Las Vegas, Nevada

Contact: Gayle Robertson, (817) 439-5900

12-15

Conference on Power Plant lmpacts on
Aguatic Resources

Atlanta, Georgia

Contact: Cindy Layman, (650) 855-8763

12-16

NDE for Engineers

Charlotte, North Carolina

Contact: Sherryl Stogner, (704) 547-6174

12-16

Simulator Instructor Station
Operations

Kansas City, Missouri

Contact; Sarah Malinowski, (816} 235-5623

13-14

Power Quality for the Semiconductor
Fabrication Industry

Tempe, Arizona

Contact: Megan Boyd, (650) 855-7919

13-14

12th Annual Forecasting Symposium
Denver, Colorado

Contact: Michele Samoulides, (650) 855-2127

13-16

Machinery Alignment

Eddystone, Pennsylvania

Contact: Melanie Moore, (610) 490-3216

14

PISCES Model 3.01 (TRI Version) Training
Dallas, Texas

Contact: Paul Chuy, {650) 855-2812

14-15

Utility Strategic Marketing Conference
Orlando, Florida

Contact: June Appel, (610) 667-0351

15-16

TIM System Users Group

Las Vegas, Nevada

Contact: Gayle Robertsen, {817) 439-5900

19-23

Infrared Thermography: Level 1
Eddystone, Pennsylvania

Contact: Melanie Moore, {610} 490-3216
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EPRI Events

20-21

Power Quality Interest Group
Baltimore, Maryland

Contact:Teri De Breau, (650) 855-2833

20-23

Structured On-the-Job Training
Program Design, Development, and
Implementation

Kansas City, Missouri

Contact: Sarah Vanberg, (816) 235-5623

25

Smart Tools for Sustainable Communities
Seattle, Washington

Contact: Paul Radcliffe, (650} 855-2720

26-28

China-U.S. Energy Development Conference
Washington, D.C.

Contact: Brent Lancaster, (704} 547-6017

26-30

Y2K Embedded-Systems Workshop
San Antonio, Texas

Contact: Paige Polishook, (650) 855-2010

27-29

Preserving Equipment Qualification
Charlotte, North Carolina

Contact: Sherryl Stogner.{704) 547-6174

27-30

Basic Vibration Testing and Analysis
Eddystone, Pennsylvania

Contact: Melanie Moore, (610) 490-3216

29-30

Dynamic Security Assessment Workshop
Minneapolis, Minnesota

Contact: Peter Hirsch, (650) 855-2206

May

3-5

GIS/GPS Workshop: Applications and
Developments for Electric Utilities
Dallas, Texas

Contact: Gayle Robertson, (817) 433-5900

3-7

Steam Plant Operations for Utility Engineers
Kansas City, Missouri

Contact: Sarah Malinowski, (816) 235-5623

4.5

EPRI Healthcare Initiative Power Quality
Council

Dallas, Texas

Contact: Kelly Ciprian, {614} 855-1390

4-7
Motor Monitoring and Diagnostics

Eddystone, Pennsylvania
Contact: Melanie Moore, (610) 450-3216

10-11

Continuous Emissions Monitoring (CEM}
Preconference Tutorial

Cincinnati, Ohio

Contact: Michele Samoulides, (650) 855-2127

10-13
Industrial Energy Technology
Conference

Heuston, Texas
Contact: Sam Woinsky, {713) 963-9336

10-14

Combined-Cycle Operations for Utility
Engineers

Kansas City, Missouri

Contact: Sarah Malinowski, (816) 235-5623

10-21

Ultrasonic Examination Technology: Level 2
Charlotte, North Carolina

Contact: Sherryl Stogner, {(704) 547-6174

12-14

1999 CEM Users Group

Cincinnati, Ohio

Contact: Michele Samoulides, {650) 855-2127

17-19

License Renewal Training Workshop
Charlotte, North Carolina

Contact: Brent Lancaster, (704) 547-6017

17-21

Drum Boiler Unit Operations

Kansas City, Missouri

Contact: Sarah Malinowski, (816) 235-5623

18-20

Condition-Based Maintenance Automation
and the Internet

Eddystone, Pennsylvania

Contact: Melanie Moore, {(610) 490-3216

19-21

Transformer Reliability: Management of
Static Electrification

Monterey, California

Contact: Paige Polishook, (650) 855-2019

20-21

Gas-Electric Partnership Workshop
Houston, Texas

Contact: Sam Woinsky, (713) 963-9336



23-27

5th International Conference on Mercury
as a Global Pollutant

Rio de Janeiro, Brazil

Contact: Ron Wyzga, (650} 855-2577

24-27

PQA ‘99: North America

Charlotte, North Carolina

Contact: Megan Boyd, (650} 855-7919

24-28

Supercritical Boiler Unit Operations
Kansas City, Missouri

Contact: Sarah Malinowski, (816) 235-5623

26

Petrochemical Industry Overview
Salt Lake City, Utah

Contact: Sam Woinsky, (713) 963-9336

26-28

Valve Symposium

Lake Tahoe, Nevada

Contact: Linda Parrish, (704) 547-6061

31-June 4

Cyclone Boiler Unit Operations

Kansas City, Missouri

Contact: Sarah Malinowski, (816) 235-5623

June

1

Fundamentals of Corrosion

St. Pete Beach, Florida

Contact: Brent Lancaster, {704) 547-6017

2-3

Containment Inspection: Visual
Examination Training, Level 2
Charlotte, North Carolina

Contact: Sherryl Stogner, (704) 547-6174

2-4

Corrosion and Degradation Conference
St. Pete Beach, Florida

Contact; Brent Lancaster, (704) 547-6017

7-11

Visual Examination Technology: Level 2
Charlotte, North Carolina

Contact: Sherryl Stogner, (704) 547-6174

10-11

Electromagnetic Interference Qualification
of Digital Equipment

Charlotte, North Carolina

Contact: Sherryl Stogner, (704) 547-6174

14-18

ABB Circuit Breaker Users Group
Charlotte, North Caralina

Contact: Linda Parrish, (704) 547-6061

14-18

Joint ISA POWID/EPRI Controls and
Instrumentation Conference

St. Petersburg, Florida

Contact: Paige Polishook, (650) 855-2010

14-18

Service Water Heat Exchanger Testing
Charlotte, North Carolina

Contact: Sherryl Stogner, (704) 547-6174

14-23

Ultrasonic-Testing Operator Training
for the Detection of IGSCC

Charlotte, North Carolina

Contact: Sherryl Stogner, (704) 547-6174

15-17

3d Annual in-Service Inspection and
Nondestructive Evaluation Workshop
Minneapolis, Minnesota

Contact: Sherryl Stogner, (704) 547-6174

15-18

American Council for an Energy-Efficient
Economy

Saratoga Springs, New York

Contact: Rebecca Lunetta, {202} 429-8873

16-18

Healthcare Initiative Conference
Seattle, Washington

Contact: Kelly Ciprian, (614) 855-1390

17-18

CHUG Meeting

Portland, Maine

Contact: Lynn Stone, {372) 556-6529

20-24

Bioelectrormagnetics Society Meeting
Long Beach, California

Contact: Chuck Rafferty, (650) 855-8908

21-22

Meeting of the American Society of
Healthcare Engineers

Philadelphia, Pennsylvania

Contact: Kelly Ciprian, {614) 855-1390

21-23

Plant Maintenance Conference
Atlanta, Georeia

Contact; Cindy Layman, (650) 855-8763

22-24

Machinery Balancing Short Course
Eddystone, Pennsylvania

Contact; Melanie Moore, (610) 430-3216

22-25

Steam Chemistry: Interaction of
Chemical Species

Freiburg, Germany

Contact: Barry Dooley, (650) 855-2458

23-25

Sth Piping and Belting NDE

Conference

San Antonio, Texas

Contact: Susan Otto-Rodgers, (704) 547-6072

27-30

Technology Management Workshop
San Francisco, California

Contact: Megan Boyd, {650) 855-7919

28

Water and Energy Conference
Vancouver, Canada

Contact: Kim Shilling, (314) 935-8550

29-30

Municipal Water and Wastewater Program
Meeting

Vancouver, Canada

Contact: Kim Shilling, (314) 935-8590

29-July 1

Predictive Maintenance Program:
Development and Implementation
Eddystone, Pennsylvania

Contact: Melanie Moore, (610} 490-3216

July

6

EPRI's Hydropower Research Program
Las Vegas, Nevada

Contact: Paige Polishook, (650} 855-2010

6-9

WAPA Waterpower ‘99 Conference

Las Vegas, Nevada

Contact: Paige Polishook, (650) 855-2010

9

EPRI/WAPA Symposium/Workshop:
Hydroelectric Sediment Management and
Project Decommissioning Issues

Las Vegas, Nevada

Contact: Paige Polishook, {650) 855-2010

12-14

International Low-Level-Waste Conference
and Exhibit

McAfee, New Jersey

Contact: Michele Samoulides, (650) 855-2127

12-15

Advanced Structural Analysis and Design
Methods for Electric Power Line Upgrading
Dallas, Texas

Contact: Gayle Robertson, (817) 435-5500

12-16

Combined-Cycle Operations for Utility
Engineers

Castine, Maine

Contact: Sarah Malinowski, (816) 235-5623

12-16

Ultrasonic Examination Technology: Level 3
Charlotte, North Carolina

Contact: Sherryl Stogner, (704) 547-6174

13-15

Turbine-Generator Troubleshooting Short
Course

Eddystone, Pennsylvania

Contact: Melanie Moore, {610) 490-3216

14-16

ASME/EPRI Radwaste Workshop

McAfee, New Jersey

Contact: Michele Samoulides, (650) 855-2127
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19-23

NDE Technical Skills Training:

Level 3 Basic

Charlotte, North Carolina

Contact: Sherryl Stogner, (704) 547-6174

19-23

Steam Plant Operations for Utility
Engineers

Castine, Maine

Contact: Sarah Malinowski, (816) 235-5623

20-21

On-Line Condition Assessment of
Generators, Motors, and Plant Electrical
Auxiliaries Using Electromagnetic
Interference Analysis

Annapolis, Maryland

Contact: Megan Boyd, (650) 855-7919

20-22

Nuclear Utility Procurement
Charlotte, North Carolina

Contact: Sherryl Stogner, (704} 547-6174

20-22

Valve Packing Configuration,
Implementation, and Program
Development

Eddystone, Pennsylvania

Contact: Melanie Moore, (610) 490-3216

20-23

Infrared Users Group

Toledo, Ohio

Contact: Paul Zayicek, (704) 547-6154

26-28

International Joint Power Generation
Conference

San Francisco, California

Contact: Patricia Irving, (800) 843-2763

26-30

Infrared Thermography: Level 2
Eddystone, Pennsylvania

Contact: Melanie Moore, (610) 490-3216

26-30

Terry Turbine Users Group

Sanibel, Florida

Contact: Linda Parrish, (704) 547-6061

26-30

Visual Examination Technology:
Level 3

Charlotte, North Carolina

Contact: Sherryl Stogner, (704) 547-6174

27

9th Annual NDE Issues Meeting

Sunset Beach, North Carolina

Contact: Susan Otto-Rodgers, (704) 547-6072

29-30

In-Service Inspection/In-Service

Testing Regional Workshop

Sunset Beach, North Carolina

Contact: Susan Otto-Rodgers, {(704) 547-6072
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August

2-6

Ultrasonic-Testing Operator Training for
Weld Overtay Examination

Charlotte, North Carolina

Contact: Sherryl Stogner, (704} 547-6174

4-6

Radiation Field Seminar

Seattle, Washington

Contact: Paige Polishook, (650) 855-2010

11-13

Service Water Engineer Training
Charlette, North Carolina

Contact: Sherryl Stogner, (704) 547-6174

16-19

Microbiologically Influenced Corrosion
Charlotte, North Carolina

Contact: Sherryl Stogner, (704) 547-6174

16-20

Mega Symposium: Combined NO,, SO,,
Particulates, and Air Toxics

Atlanta, Georgia

Contact; Cindy Layman, (650) 855-8763

16-20

NDE Instructor Training

Charlotte, North Carolina

Contact: Sherryl Stoaner, (704) 547-6174

17-19

Application of Reliability- and Risk-
Centered Concepts to Maintenance
Charlotte, North Carolina

Contact: Sherryl Stogner, (704) 547-6174

17-20

6th Steam Turbine-Generator Workshop
St. Louis, Missouri

Contact: Paul Sabourin, (704} 547-6155

19-20

Non-Road Electric Vehicle Conference
Orlando, Florida

Contact: Michele Samoulides, (650) 855-2127

23-27

Westinghouse Circuit Breaker Users Group
Pittsburgh, Pennsylvania

Contact: Linda Parrish, (704) 547-6061

24-26

Charging-Pump Users Group
Charlotte, North Carolina

Contact: Linda Parrish, (704) 547-6061

25-27

Air-Operated Valve Workshop
Indian Lakes, lllinois

Contact: Linda Parrish, {704) 547-6061

30-September 3

Condenser Technology Seminar and
Conference

Charleston, South Carglina

Contact: Brent Lancaster, (704) 547-6017

September

6-10

Integrated Global Water Management
Prague, Czech Republic

Contact: Robert Brocksen, (303) 840-7389

8-10

Rotating Electrical Machinery

Colloguium

Orlandg, Florida

Contact: Michele Samoulides, (650) 855-2127

1317

NDE of High-Energy Piping

Charlotte, North Carolina

Contact: Sherryl Stogner, (704) 547-6174

14-15

Distribution Engineering Workstation
Users Group

Kansas City, Missouri

Contact: Harry Ng, (650) 855-2973

20-October 1

Ultrasonic Examination Technology:
Level 1

Charlotte, North Carelina

Contact: Sherryl Stogner, (704) 547-6174

23-24

3d Gas-Electric Partnership Symposium
Houston, Texas

Contact: Sam Woinsky, (713) 963-9336

27-29

RCM Users Group

Las Vegas, Nevada

Contact: Lora Cocco, {650) 855-2620

October

1

Industry Overview Courses: Inorganic
Chemicals, Petrochemicals, Petroleum
Production and Refining, Pharmaceuticals
TBA

Contact: Sam Woinsky, {713} 963-9336

4-5

Containment Inspection: Visual
Examination Training, Level 2
Charlotte, North Carolina

Contact: Sherryl Stogner, (704) 547-6174

6-8

ASME Section Xl Flaw Evaluation
Charlotte, North Carolina

Contact: Sherryl Stogner, {704} 547-6174

13-15

Healthcare Initiative Conference
Charleston, South Carolina

Contact: Kelly Ciprian, (614} 855-1390

17-20

Gasification Technologies Conference

San Francisco, California

Contact: Michele Samoulides, (650} 855-2127






=R
JOURNAL

EPRI NONPROFIT ORGANIZATION
Post Office Box 10412 U‘S’E(:;SSAGE
Palo Alto, California 94303

PERMIT NUMBER 181
LIBERTY, MO 64068
ADDRESS SERVICE REQUESTED

® Printed an recycled paper
in the United States of America

E)-112165

6661 bupds



