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Repowering as a Competitive Strategy

Repowering of existing fossil power plants can substantially boost the
value of a utility’s older generation assets while increasing efficiency
and lowering emissions.
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Plasma Ladle Refiner

EPRI-sponsored deliverables now available to utilities and their customers

Developed jointly by EPRI and Maynard Steel Casting
Company, the world’s first direct-current plasma ladle
refiner for foundry application improves casting quality
while increasing the productivity of melting operations by
20-30%. The refiner is used to produce commercial grades of
cast steel with very low levels of sulfur and oxygen. Other
advantages include reduced melting energy use, precise
chemistry control, and improved shop logistics. This product

has received a prestigious R&D 100 Award. These awards are
bestowed annually by R&ED Magazine, whose panel of
scientific experts selects 100 products it considers to be the year’s most technologically significant.

For more information, contact the EPRIAMP Customner Assistance Center, (800) 432-0AMP. To order, call Johin Suoboda at the
EPRI Foundry Office, (708) 427.9060.

Greenhouse Gas Workbook

Electric utilities are increasingly interested in their greenhouse
gas emissions and in options for reducing or offsetting them.
Many of the least-costly options, such as forestry and methane
rccovery, involve activities and analyses not traditionally
associated with electric utility operations. That's why EPRI
developed the Workbook for Screening Greenhouse Gas Rediction
Options and related spreadsheet tem-
plates. Using these tools, utilities can
identify and evaluate the costs and
benefits of a broad range of
emissions reduction and
offset options.

A Formore information,
contact Ton: Wilson, (415) 855-7928. To
order. call fil Stachler at Science & Teclniology Managenient,

(414) 7855940.

Transmission Costing Report

Mandated transmission access has created a critical need for electric utilities to analyze and evaluate the costs of transmission services.
This two-volume report, Transmission Services Costing Framework (T R105121), provides utilities with a means of accomplishing these
tasks. Volume 1 presents technical and economic information that serves as the basis for transmission services costing, including key
economic concepts and background information on transmission systems and their operation. Volume 2 presents a comprehensive
framework for analyzing transmission services and evaluating their costs.

For wore information, contact Ali Vojdani, (415) 855-2838. To order, call the EPRI Distribution Center, (510) 9344212
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QFD Report

10 Create and

In order to thrive in what i= proving to be an increasingly com-

plex and dvnamic marketplace, electric utilities must develop
customer-focused products and services. The principles of
quality function deployment, or QFD, can help them do this
quickly and efficiently. QFD is a team-oriented decision-
making process that draws on customer needs information
to resolve product, service, and operational problems. The

process originated in Japan two decades ago and is cur-
rently used by more than 100 firms in the United States.

EPRI has adapted QFD principles for application in the utility industry. This report (TR-104663) describes
QFD in detail and presents case studies that show how utilities can use the process to develop successful

marketing and sales programs

For more information, contact Thom Henneberger, (415) 855-2885. To ovder, call the EPRI Distviturtion Center,

(510) 934-4212.

Battery energy storage can offer 5
electric utilities a flexible and
strategically advantagesus way to meet their energy manage-
ment and power quality needs, particularly on the distribu-
tion system. To help utilities estimate the benefits and costs of
battery energy storage plants, EPRI developed the Battery
Storage Evaluation Software (BaSES), version 2.0, and an
accompanying user’s manual. An easy-to-use screening tool,
BaSES 2.0 allows users to quickly tabulate the expected benefits
of battery storage in such areas aw capacity deferral, dynamic
operations, and power quality. Tht program also calculates
battery costs and helps users select battery sizes and enter key
capital and oprrating cost data for specified scenarios.

For more information, contact Stevenr Eckroad, (415) 855-1066. To
order, cal! the Flectric Power Software Center, (800) 763-3772.
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DISCOVERY

Basic science and innovative engineering at the cutting edge

Thin-Film Electrolytes Lower SOFC Temperature

olid-oxide tuel cells (SOFCs) avoid the handling
difficulties of corrosive liquid electrolytes and
have the potential to be manufactured and
operated competitively in very small unit sizes.
A critical problem, however, has been the rela-

tively high operating temperature—about
1000*C~-of SOFCs with yttria-stabilized zirconia (YSZ) elec
trolytes. Temperatures like this require the use of expensive
ceramic interconnectors between adjacent cells and special
grades of steel in support structures. Now a process has been
developed to create thin-film YSZ electrolytes that operate at
700-800°C, low enough to allow the use of metal interconnec-
tors and ordinary stainless steels in support structures.

The new electrolytes have a thickness of approximately
4-10 um, compared with 100-200 pm for conventional YSZ
cells, and are produced in a single deposition step. In this
process, a porous electrode is coated with a colloidal slurry of
YSZ powder; the slurry is allowed to dry, and the coated
electrode is then sintered to yield a dense, pinhole-free film on
the electrode support. Single, 1-inch-diameter cells created in
this way have been subjected to tests of 300 hours, producing
voltages and currents near the theoretical limits with no
discernible degradation. The cells, which can operate at lower
temperatures because of very low resistance across the thin-
film electrolyte, produce very high power densities—in excess
of 700 mW/cm? at 800°C.

Research on these thin-film fucl cells was conducted by
the Materials Sciences Division of the Lawrence Berkeley
National Laboratory, with support from EPRi and the Gas
Research Institute. A key discovery of the research was that
the quality of the electrolyte film can be increased signifi-

cantly by careful preparation of the electrode substrate.
Specifically, to avoid cracking of the fragile electrolyte during
fabrication, the porous nickel-

cermet electrode is prefired so
that its shrinkage profile
matches that of the thin film.
Then, when the film and sub-
strate are sintered to form a
permanent bond, the film will
experience not tension, which
could fracture it, but compres-
sion,

“This is a very promising
discovery, which should make
small fuel cells more feasible,”
says EPRI project manager Wate
Bakker The next step, he adds,
is to verify operating characteris
tics and endurance in a stack

» configuration. The SOFC test

F stacks will be built from 5 to 10

E thin-film cells with a surface
about 2 inches square and will

" use metallic interconnectors.

a For more information, contact

Wate Bakker, (415} 855-2462.

Micrograph of thin-film YSZ
electrolyte on porous electrode

of solid-oxide fuel cell

Search for Biopolymers to Prevent Corrosion

n ostimated one-quarter of corrosion damage costs—
equal to nearly 1% of the U.S. gross national prod-
uct—might be prevented through the use of better
protective techniques. Organic coatings, for example, can
protect metallic surfaces against corrosion, but the cost of
applying and maintaining them is often prohibitive. Now,
Professors James Earthman and Thomas Wood of the Univer
sity of California at Irvine have proposed a novel, inexpensive
approach to corrosion prevention: let bactcria create the
protective coatings.
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The irony in this suggestion is that scientists are just
beginning to understand the complex processes by which
some bacteria accelerate the corrosion process. Such micro-
bially influenced corrosion {MIC) affects a variety of steel and
copper alloys used in many important commercial applica-
tions, such as underground pipes and nuclear power plant
tubing. This corrosion is particularly difficult to prevent, and
so far no MIC-immune material has been qualitied for the
nuclear power industry. Anaerobic sulfatereducing bacteria
(SRB) are often associated with MiC.



The surface of a fresh metal sample (left) ciearly shows etch marks. and is automatically regenerative: if the
After eight weeks, an unprotected sample (center] has corroded so much polymer film is scratched, further bacterial
that the marks have disappeared. On a sample protected by a biopolymer growth rapidly coats it again. The trick, of
(right), however, the etch marks are still visible. course, is to find bacteria that can produce a
, suitable polymer while competing success
: fully with SRB and other deleterious bacteria.
| The proposed three-year rescarch
1 J program, which has just begun, will first use
it bacteria that naturally produce a film of
¢ " ' polysaccharide glycocalyx, which helps them
b I | adhere to solid swrfaces. Once this process is
characterized, genetic engineering techniques
What the UC researchers propose is to colonize the sur- will be used to create a new bacterial strain that produces the
face of metals with bacteria that secrete a protective polymer protective polymer in desired amounts and prevents SRB3-
in which SRB cannot grow. Bacterial colonization is an espe induced MIC.
cially attractive approachbecause it is inherently inexpensive m For miore imformation, contact Barry Syrett, (415) 8552956.

Strengthening Ceramics With Nanoparticles

uring thelate 1980s, Japanese scientists discovered ably more research needs to be done, however, to establish the
that the mechanical properties of ceramics could be optimal materials and processing parameters and to develop a
improved by adding ultrafine (100-200-nm} silicon commercial production method.”

carbide (SiC) particles. Subsequent work at Lehigh University, u For nwore information, contact Wate Bakker, (415) 855-2462,

sponsored by EPRI and the U.S. Office of Naval Research, has
contirmed this discovery and shed new light on the probable
mechanism involved.

In general, ceramics tend to be brittle: when bent, they
break easily, without deformaltion, along surface defects.
Lehigh researchers have found that the presence of 5iC
nanopatrticles apparently facilitates crack healing in the
ceramic surface during annealing, thus making the surface

stronger. In contrast, arnealing a single-phase ceramic mate-
rial actua”y makes surface cracks grow. According to the After annealing, a crack in an ordinary ceramic material (top)

latest results, ceramicSiC nanocomposites show a significant % fnudh Wilisithan a ckaok i oaiBlic containiiy LIOLHAS

increase in high-temperalure rupture strength, compared with Sic particles (bottom].
single-phase ceramics. In addition, the creep rate of the nano-

composites is more than a hundredfold lower. The results also
show large incieases in abrasion resistance, which have yet to
be quantified.

“These results suggest that the use of nanocomposites
could have important applications in the utility industry—for
instance, for wear- and erosion-resistant inserts and coatings
in pulverized-coal conveying systems and fluidized-bed

boilers,” says CPRI project manager Wate Bakker. “"Consider-
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Visible in the left foreground along the
waterfront of Providence, Rhode Island, is
the Manchester Street station, a turn-of-
the-century power plant that is now the
site of a major repowering project by New

England Power Company and Narra-

gansett Electric Company.
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as a Competitive Strategy

Evertasting Images

THE STORY IN BRIEF  Repowering existing fossil power plunts

with new generating equipment and technology is emerging as the

core of competitive strategies for transforming underperferming assets

into some of the most efficient, low-cost capacity a utility may have.

The substantial improvements in heat rate offered by various repow-

ering approaches translate into reductions of similar magnitude in

pollutant emissions, even as net generating capacity is doubled or

tripled at a fraction of the cost of a green-field plant. EPRI is pro-

uiding member com pantes a competitive advantage n the emerging

repowering market with analytical tools and technical and market

data that can maximize the strategic business opportunities repre-

sented by repowering projects.

he gathering winds of compe-

tition in electricity generation

could breathe new life into the

many aging and underused fos-
sil power plants owned by today’s regu-
lated utilities. Repowering existing fossil
steam generating units with gas turbines
and combined cycles or wilh other new
technology options is emerging as a center
picce of competitive corporate strategies
aimed at transforming relatively unpro-
ductive assets into more-efficient, low-cost
producers. The approach flexibly combines
elements of new generating technologies
with existing facilities at established sites
to reduce emissicns and plant heat rates
while boosting generating capacity at a
highly competitive cost. Repowering may
be the wave of the future for many of
the country’s older installed fossil gener-

ating plants that operate with low capac-
ity factors.

“Once the limits of plant incremental op-
erating and maintenance cost reductions
are reached, older fossil power plants will
become vulnerable to competition as the
market-clearing price of electricity contin-
uesto drop,” says Bill Weber, a project man-
ager in the Gas & New Coal Generation
Business Unit of EPRI's Generation Group
and the organizer of the Repowering Ap-
plications User Group, or REPO. “Repow-
ering marks the transition from a defensive
strategy to an offensive challenge for mar-
ket shaie.”

A repowering strategy can simultane-
ously address load growth, market vulner
ability, environmental compliance, and tech
nological obsolescence. “With deregulation
and competition coming in the future,

EPRIJOURNAL  September/October 1995 7



there will be opportunities for companies
that devide that bring a lovw-cost whitlesale
electricity generator is part of their core
business; they can repower some of their
underutilized generating assets to increase
prafit margins for off-system sales in a
competitive power pool,” Weber says.
Repitwering can also providie oppartuni-
ties to forge partnerships with industrial
customiers focated near an existing power
plant—partnerships invelving steam ex-
port or copreduction arrangements, for
example,

In response to the needs of the emerging
repowering market, EPRI has et a focused
target designed to help members evaluate
and apply the latest combustion turbine
and clean coal technologies. Building on
more than a decade of specific studies of

Combustion lurbines

b«

OUT WITH {SOME OF} THE OLD AND IN WITH THE NEW

repowering, a fossil-fired steam unit is converted to a gas-fired combined-cycle

Heat recovery

steam generators

proposied (and, in many cases, now com-
plited) utility repuwering projects, the In-
atitute has a wealth of technical and markit
information to assist awners of existing
plant= in selecting repowering technologies
that match available assets and market
oppartunities and in resolving the com-
plex egulatory, permitting, economic, and
environmental issues associated with re-
powering,.

"Our abjective is to help our members
gain a competitive advantage by providing
them with niew planning tools and techni-
cal and markit information they can use
in assessing and optimizing the slrategic
benefits available from repowering,” says
Stan Pace, manager of the Lsas & Mew Coal
Generatitin Business Unit's strategic target
on repowering, capacity enhancement, and

new design. “Recognizing the compatitive
nature of the generation business, EPRI can
work as a part of the project team 1o select
thes right technology and configuration to
best match repowering optiona to project
abjectives.”

REPO, currintly composed of 23 PRI
member utilitics, is an arena for transfer-
ring the [nstitute’s resources and informa-
tion and for interacting with the most suc-
ce=sful technistogy providiera and architect-
engineers in the repowering market today.
One powerful tool under EPRI develop-
ment iz engineering software for use in per-
forming conceptual design analyses and
comparativie technical and economic eval-
uations of repowering approaches; it is ex-
pected to be commercially released next
year.

plant with the addition of one or more combustion turbines and heat recovery
steam generators. Typically, the existing boiler, stack, and fans are removed or
abandoned, while the existing steam turbines and related auxiliaries are retained
as part of the repowered comhined-cycle unit.

In a common type of gas

E X1 STI NG

Removed
Fans, bailer,
stack

Retained

Steam turbines l
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PSE&G's Bergen station

GAS REPOWERING, NORTH AND SOUTH Two major utility gas repowering
projects completed in recent years are Public Service Electric and Gas
Company’s Bergen station in Ridgefield, New Jersey, and Florida Power &
Light Company’s Lauderdale station at Fort Lauderdale. At Bergen, PSE&G
installed four Siemens V84.2 combustion turbines with heat recovery steam
generators to repower one of two existing 285-MW gas/oil-fired steam units
for a net combined-cycle generating capacity of 650 MW. A second phase,
planned for the late 1990s, would similarly repower the other Bergen steam
unit, boosting the total plant capacity to 1300 MW. At Lauderdale, FPL in-
stalted four Westinghouse 501F combustion turbines in a combined-cycle
repowering of two gas-fired units, increasing net summer capacity from 274
to 846 MW and, compared with new combined-cycle capacity, saving ahout
$98 million in revenue requirements. Because of its significantly improved
heat rate, Lauderdale has moved up in the dispatch order; formerly a little-

used peaking plant, it is now a heavily used baseload plant.

FPL's Lauderdale station

Michael Melord

New capacity from old plants

Using already established sitis and exist-
ing facilitizs can give repowering projects
substantial cost savings (20-40%) over new
construction at a green-fivld site and offers
environmental, permitting, and other ad-
vantages a= well. As a result, repowering is
expected to account for a major share of the
increase in generating capacity over the
nest decade. According to Jonathan Gott-
lieb, an attorney with the Washington,
D.L., firm of Reid & Priest (an EPRI con-
tractinr) wha advises utilitics and other
companie= ¢n =uch projects, =ome esti-
mates indigati that repowering will ai-
count for half of all new capacity brought
on-line between now and the year 2003
And there is plenty of older power plant
candidate capacity. The US Department
of Energy has identified mone than 3500
utility fossil tuel power plants that will b
over 30 years old by 1995,

Lwottlieb note= that “a utility repowiring
evaluation has largely been viewed as a
technical and engingering issue. Few utili-
ties have: considered all of the sound busi-
ness and financial reasons for repowering,.
Repowering is a business decision and
should by viewed as an integral part
corporate strategic planning and reposi-
tioning. The legal, financial, cantracting,
and environmental azpects of repowiring
deserve greater attention from utility man-
agirment. Rifoeusing the internal utility re-
view of the repowering option prsents a
siralegic opportunity as corporate utility
reorganization and financial restructuring
assume a more critical role.”

Fur repowering projects to be success-
ful in the emerging competitive wholesale
electricity market, utilities nwst go bueyond
thee conventional =creening studies and
plant performance analyses involved in
idimtifying apprapriate and cconomically
attractivit candidates for repimvering; they
mu= also identify customers for thee repiiw-
cred capacity before a project proceeds. “In
many cases, the increase in capacily thal
can be achipvid at an existing site through
repoivering will present an opportunity to
serve existing customers with a least-cist
option. In other cases, repowered facilities
will be used to providi off-system sales to
neighboring utilities or the power pool,”

EPRIJOURNAL  September/Oclober 1995 9



explains Gottlieb. “In still other cases, util-
ities will repower their older facilities as ex-
empt wholesale generators or sell older
units to nonutility generators for redevel-
opment and repowering.”

There arc no significant technical differ
ences in rcpowering an existing gas-, oil-,
or coal-fired unit's steam turbine, How-
ever, there are important strategic differ-
ences between the two general types of
repowering—gas and coal—according to
Tom Hewson, an analyst with Energy Ven-
tures Analysis who recently completed a
repowering market study for REPO. In a
common gas repowering approach, a fos-
sil-fired steam unit is converted to a gas-
fired combined-cycle plant with the addi-
tion of a combustion turbine and a heat
recovery steam generator and some plant
modification. Repowering with coal gener-
ally involves replacing the existing boiler in
a coal-fired unit with some type of fluid
izedbed combustion process or with coal
gasification to fire a new combustion tur-
bine. In both gas and coal repowering, the
existing steam turbine and related auxil
iarics. typically arc retained.

“Gas repowering to combined cycles can
lower a unit’s heat rate and, in tumn, its
variable operating cost, often to less than
that of other fossil fuel steam unit on the
system,” says Hewson, In some cases, the
repowered unit may have a lower cost of
generation thanany other unitin a utility’s
generating mix. In a competitive market,
thait advantage can move a unit higher up
in the dispatch order, thereby increasing its
load factor and revenue potential.

“Going from poorly dispatched to heav-
ily dispatched means that the additional
revenue—coupled with the tuel savings
can justify a tairly large capital cost and
still make an attractive return on invest-
ment in a reasonable payback period,” con-
tinues Hewson. To date, gas repowering
projects have been concentrated in areas
where oil and gas figure prominently as
baseload- and intermediate-capacity gen-
erating fuels: California, Florida, and the
mid-Atlantic states.

Coal-fired units, in contrast, generally
are relatively heavily dispatched as base-
load capacity to begin with and already use
a low-cost fuel. “Under present fuel price

10 EFRIJOURNAL September/October 1985

differentials, the level of investment you
could justity from incrementally increasing
fuel efficiency and improving dispatch
through repowering with coal is generally
smaller than for gas repowering,” Hewson
notes. But with fluidized-bed combustion
or coal gasification, there are opportunities
to burn lower-cost fuels, including high-
sulfur coal {recently much less in demand
than low-sulfur coal) and even the coal
mining waste known as gob. Several utili-
ties that have lIraditionally burned high-
sulfur coal have considered repowering
among various options for meeting new
sulfur emissions standards, and a utility in
Indiana is evaluating a fluidizedbed re-
powering projuct that would burn gob
from nearby surface mines.

Gas repowering can be a way to save
capital costs and reduce operating costs
while adding capacity. It is expected to take

REPOWERING ON THE WATERFRONT

large role for coal repowering for units in
the 100-300-MW capacity range. Larger
coal-fired units, around 500 MW and up,
typically already operate with fairly low
heat rates and generally may not be high-
priority targets for repowering in the near

term.

Matching technologies
and systems

Common repowering approaches can
range trom moderate to major in terms of
the ptant modifications that are involved,
In a repowering option known as hot
windbox repowering, hot exhaust frum a
gas turbine is directed into the windbox of
an existing boiler, eliminating the need for
forced-draft fans and resulting in a heat
rate improvement of up to 15% and an in-
crease in generating capacity of up to 25%.
Generally suitable for newer units larger

In the largest urban repowering

project to date by U.S. utilities, New England Power Company and Narra-

gansett Electric Company are repowering the Manchester Street station in

downtown Providence, Rhode Island, originally built in 1903 to supply dc

electricity for the city’s streetcars. The plant’s poor heat rate and low

capacity factor led the utilities to decide to repower it with three Siemens

V84.2 gas turbines and heat recovery steam generators. In addition to new

construction and the rehabilitation of a historic structure, the project has

involved installation of a new underground transmission cable and an under-

the-harbor gas line. The combined-cycle repowering will more than triple the

plant’s capacity (to 488 MW)]}, improve overall heat rate by about 25%, and

significantly reduce air emissions. The repowered station is expected to

begin operating around the end of this year.

a share of the generation market wherever
gas-fired combined-cycle capacity makes
sense. The rate of growth in the gasfired
market will depend heavily on the direc-
tion and rat: of change of future gas prices,
which are expected to increase from recent
near-historic lows. But the list of utilities
known to be considering gas repowering
over the next five yvars is fairly long.

Coal rcpowcring is a way to avoid hav-
ing to retire useful units that may not be
large enough to justify the capital invest-
ment otherwise regquired for compliance
with new emissions limits. Because: of the
permitting difficulties expected fer new
coal-fired plants, analysts foresee a fairly

than 300 Mw, hot windbox repowering can
cost as little as $150-5180 per kilow.att of
total net capacity and can save a substin-
tial fraction of the cost of new capacity at a
green-fieldsite,

Ten hot windbox repowering projects
ranging in size from 159 MW to 695 MW
have been successfully completed in the
Netherlands; five of the larger units were
rcpowered by EPON, a Dutch generating
company. EPON and KEMA (the rescarch
and engineering services arm of the Dutch
electric power system) are working with
EPRI through its intermational affiliates pro-
gram to offer technical expertise to U.S.
member utilities that want to investigate



hot windboxrepowering in tailored collab-
oration projects with EPRL Recently, the
New York Power Authority requested pro-
posals for a study of hot windbox repower
ing at its 825-MW Charles Poletti power
project near La Guardia International Air
port in Queens.

Feedwater heater repowering—which,
at $100-$150 per kilowatt, is the least costly
and the simplest approach to repowering
—offers a capacity increase of up to 30%
and a 5" improvement in heat rate. It
involves recovering heat from the exhaust
of a gas turbine to heat feedwater entering
an existing boiler. Considered a good ap-
plication for new high-efficiency aeroderiv-
ative turbines in repowering recent-vintage
fossil steam units, feedwater heater repow-
ering could also represent a potential mar-
ket for the new intercooled acroderivative
turbines being commercialized under the

EPRI-led CAGT (Collaborative Advanced
Gas Turbine) program.

Since, in some cases, feedwater heater re-
powering will require changes only to the
feedwater system, it may offer the shortest
installation time of the repowecring options,
[t does require the availability of natural
gas at the site, however, and the existing
unit must be a baseload unit in order to
achieve the improved efficiency.

Critical to the success of any repowering
project is the transformation of a unit into a
low-cost, efficient producer, The new sys-
tems must closely match the portions of
the existing unit that arc being retained
and must be carcfully integrated into the

plant to obtain maximum performance and
cost advantages. Unfortunately, repower-
ing technology options are limited some-
what by the extraction-type turbine cur-
rently in use and by commercially available
sizes of combustion turbines, fluidized
beds, and even gasification systems.

“Atmospheric and pressurized fuidized-
bed systems now commercially available
can generally come close to matching the
steam conditions of an existing steam tur
bine,” says Arden Walters of Advanced
Energy Research, an EPRI contractor. “But
in combined-cycle repowering with a heat
recovery steam generator, it can be harder
to match the conditions of the existing
steam turbine.”

Walters, a former R&D manager at Flor-
ida Power & Light Company who was in-
strumental in that utility’s pioneering Lau-
derdale plant repowering project, says that

EPR}developed cycle innovations, such as
injecting stcam into the gas turbine or hu-
midifying the gas turbine compressor out-
let air, offer options for using some of the
excess stcam that can accumulate in the
lower-pressure stages of a steam turbine
that is not optimally matched with a heat
recovery steam generator.

“If the new equipment’s fit with the
older plant components is not pretty close
to optimal, the repowered unit may not be
able to compete,” explains Watters. ”If, com-
pared with a new unit, a repowered unit
suffers a little in performance because of
constraints associated with the existing
facilities, the: capital cost savings from re-

powering have to be enough to make it a
more costeffective choice overall.”

Utilities get involved

Part of the appeal of repowering, Walters
notes, is that it offers the opportunity to
change fuels if that promises to lower the
variable cost of gencration. Fuel tlexibility
is one reason Southern Indiana Gas and
Electric Company is currently evaluating
repowering one of its older units. EPRI is
working with the utility in studying the
feasibility of repowering an older coal-fired
unit with a small atmospheric fluidized
bed designed specifically for burning gob.
Large quantities of this waste coal, which
has about half the energy content of typical
high-sulfur coal, arc av:ailable from surface
mines in surrounding counties in southern
Indiana. Alternatively, the utility is consid-
ering a larger (250-300-MW) fluidized-bed
unit of some type for a green-field plant at
a new site that would also burn gob and
coal finesin slurry form.

“We're working with EPRI and the mem-
bers of REFQ in pioneering how you ana-
lyze power plants to determine which are
candidates for repowering and, given the
specific constraints, what type of repower
ing would be best and what it would take
to be cost-effective,” says Bill Simmons,
manager of generation projects at the
Evansville, Indiana, utility and cochairman
of REPO. Simmons says that both the re
powering feasibility study and a study to
characterize fucl issues should be com-
pleted by next spring.

“Right now repowering looks like one of
the best ways to be competitive in the fu-
ture,” says Simmens. “Our repowering proj-
ect under consideration would be about
70 MW it completed. [t looks like you could
repower a 100-MW plant for $800 per kilo-
watt, compared with $1200-$1300 per kilo-
watt for a new unit, and get an extremely
good emissions reduction factor. If you can
wind up with a more competitive unit and
can switch to a waste fuel that reduces fuel
costs, the strategy has a very strong ap-
peal.”

Over half of the more than 3000 MW of
U.S. utility generating capacity that has
been repowered to date has involved the
addition of a gas fired combustion turbine
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topping cycle and a heat re
covery steam gencerator that
replaces an existing boiler
This option, suitable for alder
70-250-MW units with steam
pressures of 1300-1800 psig,
can inecrease generating ca-
pacity threefold and improve
heat rate by as much as 30%,
at a capital cost of about
$500-$600 per kilowatt of
total net capacity.

One of the more notable
utility repowering projects
nearing completion—the larg-
est yet of a U.S. urban pow-
er plant—involves the Man-
chester Strect station of Nar
ragansett Electric Company
in downtown Providence,
Rhode Island. The project is
a joint effart of Narragansctt
Electric and Mew England

Abgnble Capinl Expandilire (5®W)

Power Company (beth sub-
sidiaries of New England
Electric System). Built in 1903
on the waterfront to supply
dc electricity for the city’'s
streetcars, the station was
converted to coal-fired ac
generating capacity in the 1940s; it was
converted to oil firing in the early 1960s
and was further modifiied in the 1980s to
burn natural gas as an alternative fuel.
Because of the plant’s poor heat rate and
resulting low capacity factor, the utilities
decided in 1990 to repower the historic sta-
tion with three 103-MW Siemens V84.2 gas
turbines, This combined-cycle repowering
project will more than triple the plant’s ca-
pacity—trom 132 to 489 MW—and will im-
prove its overall heat rate by about 25%
while decreasing air emissions signiti-
cantly. Selective catalytic reduction units
and steam injection into the gas turbines
will be used to meet a very low NO, emis-
sions limit. “The repowered plant is cx-
pected to begin operating around the end
of this year.” says Bill Sullivan, manager of
the project.

The future vision of repowering

Coal gasification represents an important
hedge against future fuel price increases
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in the near future.

COAL REPOWERING: WINDOWS OF TECHNOLOGY OPPORTUNITY As the difference
in price between natural gas and coal increases, windows of opportunity open for
cost-effectively applying emerging ctean coal-fired generating technologies at
various unit sizes. The higher the price differential, the greater the capital expense
that can be justified for coal repowering. The graph indicates allowable capital
expenditure with an increasing gas-coal price differential for commercially available
pressurized fluidized-bed combustion (PFBC) at 80 MW, atmospheric fluidized-bed
(AFBC)} systems in a range of unit sizes, gasification-combined-cycle (GCC) technol-

ogy, and two higher-pressure PFBC systems expected to be commercially available
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1500 |-
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1250
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1000 PFBC: 2400 psi
—————— PFBC:3600 psi
750 :
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Fuel Price Differential: Gas Minus Coal ($/million Btu)

for natural-gas-tired combined-cycle plants
and could enable repowered fossil steam
plants to use the most cconomical grades of
coal while mceting the most stringent
cmissions limits with state-ofthe-art tech-
nology. It’s also the repowering option that
requires the greatest extent of plant moditi-
cation. In this case, what is essentially a
coal refinery is buill alongside or near a
suitable combined-cycle plant of at least
250 MW, and, using any of several com-
mercial processcs, this new unit converts
coal to a clean synthesis gas for firing the
gas turbines. EPRI was one of several part-
ners in a consortium that first demon-
strated the feasibility of integrated coal
gasification-combined-cycle gencration in
the 1980s at the Cool Water station in
southern California.

Gasification-based repowering is being
demonstrated in DOE’s Clean Coal Technol-
ogy Program. PS! Energy, an Indiana utility
subsidiary of Cidergy Corp., has repow-
ered a 100-MW stecam turbine at its Wabash

River station by adding a 192-MW General
Electric Frame 7FA gas turbine that is fired
with coal-derived syngas. The syngas is
praduced at an adjacent facility by Destec
Encrgy, using gasification technology orig-
inally developed by Dow Chemical. PSI En-
ergy is using EPRI’s simulator technology
for operator training and for fine-tuning
the control system of this pioneering plant.
{f'or more on simulator technology, sec the
article on page 20.)

Scveral utility gas combined-cycle re-
powering projects have included the evalu-
ation and selection of phased coal gasifica-
tion in system expansion and planning
analyses. The relatively low price of nat-
ural gas and the high capital cost of gasifi-
cation in comparison with other options
have kept most plans for phased gasifica-
tion on hold. One utility repowering proj-
cct that has incorporated a phased ap-
proach to gasification in its plans is Public
Service Electric and Gas Company’s Ber-
gen combine dcycle project, which recently



UTILITY DEMONSTRATION OF
GCC REPOWERING Gasifica-

tion-combined-cycle repower-

ing of an existing coal-fired
unit is being demonstrated by
the Indiana utility PS1 Energy
at its Wabash River station.
Conducted under DOE's Clean
Coal Technology Program

and with cofunding from
EPRI, the project is a joint
venture with Destec Energy.
A 100-MW steam turbine at
the six-unit Wabash River
plani {background) has been
repowered with a 192-MW
General Electric Frame 7FA
combustion turbine fueled by
coal-derived syngas from a
Destec gasification plant
{foreground, shown under
construction). The repowered
unit, the world’s largest
single-train GCC plant, has a
net generating capacity of
262 MW and is expected to
offer a 20% improvement in
heat rate. Commercial opera-
tion was scheduled to begin

in August of this year.

began aperation in Ridgefield, Mew Jersey.

Arden Walters of Advanced Energy Re-
search says that confidience i the feasibil-
ity of adding gasitication can provide sig-
nificant support for a decizion to repower
with natural gas. Florida Power & Light
relied extensivisly on EPRI data and tech-
nology in developing two site-specific de-
signs for nominal 400-MW gasification-
combined-cycle plants, and the cost and
performance data for these designs figured
heavily in thie utility’s decision to go ahwad
with repowering at ite Lauderdale plant
“Both the utility and the Florida Public =er-
vice Commission needed to be convinced
that coal gasification was a feasible fuel
backfit for the gas units &= a hedge against
future high gas prices,” explains Walters.
“Having that hedge is valuable even if you
never convert to coal because the feasibil-
ity of coal gasification effectively limits the
potential for gas price rises.”

A posaible near-term market for zasifica-
tion technology involves its integration
inte existing refineries, where it would use
low-cost petroleum coke as a feedstock to
produce gas for repowering adjacent steam
generating capacity with combustion tur-
bine= Such an application could lead to

win-win partnerships between refineries
seeking to utilize heavier crudes and utili-
ties serking to avoid loss of load to indus-
trial generators and to obtain a source of
compirtilivie power. The Gas & Mew Coal
Leneration Business Unit i= planning an
initiative to assist utilities in working with
refineries and other large industrial cus-
tomars,

New tools for the new wave

The repowering-related modules of EPRI's
State-pl-the-Art Power Plant (SOAPP) soft-
ware are important new tools that will
soon be available for utilities to use in
screcning studies and detailed engineering
analysss. SOAPP lets engineers perform
analy== and develop conceptual designs
for future power plants from a desktop
compuiter. The =OAPP repowering screen-
ing module, slated for commercial release
next year, can help identify and select re-
powering technologies for application to
a =specific user-defined unit. The module is
expected to include cost and performance
information on a full range of repowering
options. Alao scheduled for melease in 1996
i5 a module lor preparing preliminary en-
gineering plana to replace a boiler with gas
combined-cycle technology.

Rejuvenating veteran performers

"Recent advances in the performance of
power-generating technotogies will chal-
lenge many existing fossil power plants us-
ing dated equipment,” says John =cheibel,
manager of EPRI's Gas & New Coal Lsen-
eration Business Linit “An open, competi-
tive market will zeck out the bottom-ling
advantages of improved technology and
reward early adopters. The combination of
new generation technologies and underuti-
lized genirating equipmunt at existing sites
offers a compelling opportunity to propel
many older plants into the top-performing
rank= of the dispatch order, making them
key plavers in a more competitive future

electricity market.” u

Background infarmation lor this arlicle was proviked by Bil
Weber, Stan Pace. and John Scheibel of the Generalian
Group's Gas & New Coal Generation Business Urit.
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Live Work

Haverfield

anging from a leather strap

at heights of up to 140 feet is

all in a day’s work for people

who tend the energized high-

voltage utility lines that crisscross the
country While going about their daily
business, they typically wear 10-15 pounds
of tools like pliers, wrenches, hammers,
and screwdrivers, plus another 50 pounds
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in belt hooks, safety boots, hard hat, rubber
sleeves, and rubber gloves.

Whether workers use bare hands, rubber
gloves, hot sticks, or helicopters, the occu-
pation is called live work, defined by the
International Electrotechnical Commission
(IEC) as “the various methods used to carry
out erection and maintenance, including

cormection and disconnection operalions,

on live parts of electric installations.” Paul
Lyons, EPRI's manager for overhead trans-
mission lines, notes that live work also
includes labor on deenergized equipment
that is close to energized equipment.
According to the Occupational Safety
and Health Administration (OSHA) of the
U.S. Pepartment of Labor;, injury statistics
compiled by the Edison Electric Institute



by Perry Garfinkel

(EED and the International Brotherhood of
Clectrical Workers (IBEW) suggest that
“overall incidence rates for the electric zer-
vices industry. .. are slightly lower than
corresponding rates for the private sector
as a whole.” However, line workers natu-
rally face a greater risk of electric shick.
Jor Van Name Jr.,* chairman of the [EC’s
Technical Committee and an early innova-

tor whom many consider the granddaddy
of live work, described the work in this
way: “If you do it properly, it'’s no more
hazardous than driving a car.” Weverthe-
less, researchers at EPRI, in conjunction with
various agencies in the electric power in-
*Van Bame died suddenly after this artigls was com-

pleted. His friends in the elactric power industry re-
questiid that the pece be dedicated to his mimory.

THE STORY IN BRIEF  The practice of performing
maintenance on lie transmission lines has surged dra-
matically in the past two decades, as economic concerns
have made the construction of redundant lines impracti-
cal. These days, utilities face the added pressures of the
increasing demand for power and the need ro accomplish
tasks quickly with smaller crews. Responding to uriliry
needs, EPRI launched the “Live Working 2000 project
in 1993. Through this project, researchers conduct tests
of new tools and techniques at the Institutes Power
Delivery Center in Lenox, Massachusetts. The resulting
data are made available to utilities and ro regulatory

groups that govern the practice of live working.

dustry, are striving to make =ure that the
risk to live-line workers continues to be

minimal.

Focus on safety

Live-line maintenance of transmission lines
began in the early 1920s and developed in-
to a common work practice as the trans-
mission systems were expanded and the
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voltages increased. In the 1950s, when trans-
mission line voltages surpassied 300 kV,
fiberglass replaced wood as the material of
choice for tools of the trade. Over the last
two decades, economic conditions have
discouraged the construction oof redundant
lines, and the need for live-line work has
surged. Concerns for safety havis mountied
as well. In the early 1970s, the Iransmission
and Distribution Commiitlee of the Power
Engineering Society of the [nstitule of Elet-
trical and Electronics Engineers (IEEE) cre-
ated a task foroe, which later became the
subcommittye known as ESMLUIL (Engineer-
ing in the Safety, Maintenance, and Opera-
lion of Lines), to write a guide for the main-
tenance of energized power linez,

In recent years, several converging fac-
tors have further heightened =afrty con-
remns. Thi dereguiation of the utility indus-
try has created a more competitive envi-
ronment in which costs have become a
critical issue. That, in turn, has required
that smaller crews do the same amount of
werk—or more—in less time. Such pres-
sures are occurring at the same time that
mcreases in population and productien
have put greater demand on utilities for
power. So when maintenance problems
arise, cutting off power to work on deener-
gized or dead lines has become increas-
ingly impractical, In addition, the trend to-
ward using compact line configurations
means that workers may have to maneuver
in tighter spaces to remain outside the dan-
geT ZONes.

Feeling the pressure of these new chal-
lenges, utilities approached EPRI in the early
1990s to initiate research in the area of live
working. In response, EPRI launched its
“Live Working 2000” research projict in
1993. Through this project, EPRl aims to
provide the fundamental technical data that
utilities need—information on new lech-
niques and equipment available for live
working. Much of the research and testing
for this project is conducted at the Insti-
tute’s Power Delivery Center (formerly the
High-Voltage Transmission Research Cen-
ter) in Lenox, Massachusetts.

As Lvons, who manages the live-work-
ing project, explains, a major challenge of
this research is to provide guidance for the
practice of live working while “maintain-
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DELICATE DANCE

iN THE SKY

Over the past decade, the
use of helicopters has virtu-
ally revolutionized live-line
maintenance. A helicopter
is an ideal tool for the trade,
not just because it providos
easy access ta high places
but—more important—
because the air acts as an
insulator, preventing the
worker from becoming
grounded. As is the case
with other live-line mainte-
nance techniques, proper
distances must be main-
tained in order to prevent
sparkover. One helicopter
pilot describes the experi-
ence as “doing a dance to-
gether. When the line worker
makes a move, you follow.”

ing the delicate balance between safety and
cost contral.” Currently, Lyons says, safety
regulations tend to be conservative, mainly
because of a lack of hard technical data on
safe practices. “We're trying to use the ex-
periments at the Lenow center to build on
the existing pool of knowledge. Otten, this
new nsight rnable= us to find more realis-
tic and efficient practices for live working
that are still perfectly safe for workers. This
is significant, since the more conservative
practices are more costly.”

Lyons nntes that EPRI‘s information
alone is nol enough (o result in more real-
istic regulations governing live-working
practices. “That,” he says, “is up to groups
like [EC, LSHA, IEEE, and 1BEW. They have
to accept and use our data—incorporating
il into guidelines and standards—before a
utility can rely an it for guidance. Other-
wise, the utility may be held liable i an ac-
cidenl accurs.”

There are some areas of live work for
which guidelines are not even available.
For instance, Lyons says, existing safety
regulations offer no guidance for live work
on compact transmission lines, which have
come into use in the industry within the
past 10-15 years. And until utilitics have

guidelines applicable to compact line con-
figurations, they are unable to perform live

work on these lines. “The information avail-
able pertaining to compact lines simply
says you can’t perform live work on such
contigurations—that the distance required
betweien the worker and his tools and the
live vonductors is greater Lhan that actually
available in compact line configurations,”
Lyns says. “But safe distances change, de-
pending on the object inserted into the field
and on the voltages at the work =ite.”

Al atwo-day “Live Working 2000 work-
shop last October, 20 reprisentatives from
utilities and standardization, regulatory, and
enforcement agencies gathered in Lenox
to provide feedback and input for EPRI's
research, The research was described by
George Gela, a contractor and research en-
gineer for the center, and by Paul Lyons.
“Car goal is to provide not only theoretical
data but also empirical data, based on ex-
tensive, full-scale tests using protective
equipment, to determine safe working dis-
tances and conditions for live work at all
voltage levels,” said Lyons, “The issue is
reliability and continuity of service to cus-
tomers.”

From the air

Another area of live work for which safety
standards are being developed is heli-
copler use. According to Van Mame, the
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vice chairman of ESMOL’s task force for
helicopter safety standards, ESMOL—with
help from electric utility persennel, heli-
copter services contracters, worker rizpre-
sentativi=, and other technical experts—
has drawn up comprehensive guidelines
for airborne live-line maintenance opera-
tions. Ultimately, the guidelines are ex-
pected te be submitted to the Federal Avia-
tien Administration, which is likely to co-
ordinate a memorandum of understanding
with O5HA regarding worker and flight
safety. ESMOL has also developed guide-
lines for helicopter-based insulator wash-
ing, while OSHA has adopted work rules
related Lo helicopter landing zone proce-
dures. The Helicopter Association Interna-
tional is developing additional guidelines.

[n the last decade, helicopters have vir-
tually revolutionized live-line maintenance.
In one cemmon helicepter-based mainte-
nance technique, the line worker sits on the
edge of a platform clamped te the heli-
copter struts while doing the work. The
pilot’s job is to hold the helicopter in a
steady, hovering pesition enly several feet
from clusters of live wires. Since the work-
er bonds onto the line, energizing the heli-
copter as well, both line worker and pilot
must wear conductive suits.

Only two companies, Haverficld and 11SA
Airmobile, both based in Florida, provide
helicopters and crews to condict live-line
work, From a cost- and time-saving per-
spective, the use of helicopters makes all
the sense in the world; frem the perspec-
tive of the person actually flying the ma-
ching, it makesnone at all—at least at first.
“I spent my whele career trying to avoid
high-tensien wires. Mow I'm flying among
them,” says Michael Williamgs, whe has
been with Haverfield for one year. Before
that, he flew in Alaska for the logging in-
dustry and in Hawaii en sight-seeing tours.
“It leoks risky from the ground, bt once
you're trained and realize it can be done
safely, it's not hard at all.”

One of the adjustments, he found, is be-
ing part ef a team. “Helicopter pilots are
used to working by themselves,” he says.
“It takes a little time to realize that some-
ene elze is counfing on you. Slowly you
learn that two heads are better than one,
You're doing a dance together. When the
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line worker makes a move, you follow. |
use his expertise and he uses mine.”

Haverfield's business grew about 30% in
1994, an indication of the increasing popu-
larity of helicopter use for live-line mainte-
nance work. According te John Hanratty,
the company’s vice president for business
development, Haverficld served more than
50 utilities last year

At the center

Because of the increased use of helicopters,
EPRI has been testing the safety of two heli-
copter techniques at its Lenox, Massachu-
setts, center, one using a platform and the
other a bosun’s chair In tests on the former
technique, a fully operational helicopter was
mounted on a 40-foot-tall insulated sup-
port structure between two phases of the
longest test line (523 meters) at the Lenox
center. Tests were conducted to determine
the sparkover voltage as a function of the
total air distance of the phases. For tests on
the bosun’s chair suspension method, a
mock-up of a vertical tower configuration
was set up to determine the sparkover
distance from the simulated worker to

the grounded tower parts. The mannequin

AT THE POWER DELIVERY CENTER

Most of the research and testing for EPRI’s “Live Working 2000” project takes
place at the Power Delivery Center in Lenox, Massachusetts (formerly the
High-Voltage Transmission Research Center). Data resulting from fuli-scale
tests of new techniques and equipment are made available to organizations

that develop safety guidelines and standards for live-line maintenance.

Nighttime testing of an operating helicopter and a full-scale 800-kV system,
with a wire mesh manne&uin simulating the worker. This test is used to deter-

mine the minimum phase-to-phase distance necessary for preventing spark-

over during night work. Sparkovers must not occur during actual service.

A daytime test shows the entire helicopter setup for a full-scale 800-kV Testing of compact tower configurations

line. Note the bonding spark occurring between the energized conductor is especially important, since safety

and the wire mesh mannequin.
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guidelines for them are not yet available.
This sparkover test features a man-

nequin in a bosun’s chair.



In a fuli-scale compact tower
setup, a portable protective
gap is used to demonstrate
that a worker can be pro-
tected from sparkover during

live working.

in the bosun’s chair was suspended from
above wilh an insulating suspensian sys-
tem consisting of hot sticks and insulating
ropes. The mannequin’s vertical position
relative to the energized phase was varied
to investigate various work situations

To guide its research at the Lenox center,
EPRI retie= on input from utilities, includ-
ing the Western Area Power Administra-
tion (WAPA) and the Bonneville Power Ad-
ministration, and from other organizations
like IBEW, [ELT, IFC, and the American %o-
ciety for Testing and Materials. Participants
at the “Live Working 2000” workshop last
fall had an opportunity to hear a presin-
tation an EPRI's R&D to date and to offer
their reactions. A brainstprming session at
the end of the workshop helped EPRI'S re-
searchers prioritize their confinuing test-
ing. Partidpants said thal they wanled
maire testing in the areas of damaged insu-
lators, floating elertrodes, and insulating
protective equipment.

In the case of damaged insulators, EPRI

continues to conduct tests to determine the
maximum numbir of damaged or broken
insulators with which safe work can be
performed at 230, 345, and 500 kV. So far,
testing has shown that the predictive equa-
tion currently used in the industry to de-
termine this safety livel is conservative,
According (o Grorge Gela, additional re-
search is nequired to come up with a more
realistic equation that will allow safe work
to be performed in a greater variety of con-
ditions.

One of the areas in which EPRI sought
feedback from workshop attendees was its
timting of a portable protective gap (PPG),
a gatelike device consisting of two 6-inch
metal rods spaced to previde a 41-inch air
gap. The PP'G is inatallied on a transmission
tower near the work area. Functioning as a
spark gap, the device protects a worker
from any excessive voltage thal may occur
by rerouting thi voltage through the gap.

Ordinarily, there’s a defined distance
from a given live conductor at which it is
safe to work; that distance is determined by
the voltage of the line. But should an over-
voltage occur, that distance would no
longer be safe. One approach to determin-
ing the safe distance in the event of an
iwervoltage is b calculate it on the basis of
the highest overvoltage that could ever oc-
cur on a given line. Using the PPG allows
the safe working distance to be calculated
on the basis of a much reduced overvolt-
age. Should a high overvoltage occur, the
PPG would spark over and eliminate the
high surge from the work site,

At the Lenos center, EPRI conducted
gparkover teats with a PPG in a mock-up
of a compact 550-kV tower. The tests look
into consideration the presence of a worker
(represented by a wire mesh mannequin on
an insulating ladder), the location of the
insulatar cradle, the uze of fixed and ad-
justable siTain sticks, the number of dam-
aged insulators, and the tower structure.
The recults confirm thai the PPG ran be
used to provide positive overvoltage con-
trol at the work site. The project was co-
(unded by WAPA, which al=o previded in-
sulators, hardware, and tower models.
Some live-working tools were supplied by
Pacific Gas and Elgctric Company and
Safety Line, Inc.

Feedback for the future

One “Live Working 2000” workshop par-
ticipant, Richard Strasia, a craft supervisor
for transmis=ion at Public Service Com-
pany of Mew Mixico, said that he was m-
pressed with EPRI's work in the area of
surge protecticm on 500-kV lings using the
PG, But, he continued, since his company
works on 345-kV lines, “We'll keep walch-
ing and huping.” Recently, EPRI completed
tests of adjustable PPGs that could be used
on 345-kV lines. Information from these
teats will be included in a live-working
report, one in a continuing series on live-
working practices that EPKI has published
over the last two years.

Another workshop participant was Jim
Dushaw, director of the utility department
of IBEW, about 230,000 members of which
arermpleyid in the electric utility industry
in the United States and € anada. He em-
phasized the need for greater communica-
tion among the engineers who develop
equipment, the men and women in the
tield who use that equipment, and those
whis set safety standards. “Satety is critical
to the mission of IBEW_ It is one of the prin-
ciples on which we were tounded over 100
viears ago,” he said.

Other wirkshiip attendes strezseud the
importance of disseminating research find-
ings. Paul Lyons acknowledges the signit-
icance of this point as well: "We need to
know what housetop we shauld be shitut-
ing from to distribute these data as widely
as possible in as timely a fashion as pos-
sible.” "

Further reading

Etectrical Performance of Conductive Sults, =inal report ki
RP2472, prepared by High-Vollage Trapsmission Resaarch
Ce=ter March 1935. EPRI TR-104840,

Air Gap Sparkover and Gap Fzciors, Analyas of Published
Date Fina report lor RP3787, prepared by General Elec.
Iric Company Oescember 1994. EPR) TR-104437

Electneal Performance of @ Portable Prolective Gap (PPG)

in a Compact 550-kY Tower. Final report for RP247 24, pre

pared by General Elecirsc Compainy. Novermber 1984, EPRI
A-1U356U.

Bacaground wiformation ter this article was provided by
Paul Lyons ot the Power Delvery Group's Transmission
Business unil
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Fossil power plant simulators have come a long way from the cumbersome and expensive systems of a

decade ago (large photo). Today's fossil plant simulator technology (inset),
which features integrated CRT.screen user interfaces, offers realism, flexibility, and, most important, affordability.

THE STORY IN BRIEF At a time when the ufility industry is focusing on products and services that
can enhance competitiveness, affordable fossil plant simulators are a welcome technology. In
just a few years, these simulartors have progressed from being an expensive tool thaf few utilities
could afford fo being a technology that many utilities feel they can’t do without. Offering a
variety of benefits in the areas of fossii plant training and engineering, today’s simulators are
flexible, effiective, and much less expensive than their counterparts in the 1980s. A vigorous EPR!
development and demonstration efforf has advanced simulators beyond operator issues to a
new era of application, ranging from the training of engineers to the design and testing of

power plant technologies. And the technologies that have resulted from simulator development
and enhancement will have beneficial uses beyond plant simulation.
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n the control room of a large pulver-
ized-coal plant, an alarm sounds, sig-
naling a boiler trip. The plant operator,

thaugh on the job for less than a year,
confidently purges the boiler, starts the
igniters, and fire= the main fuel, all within
10 minutes, averting a unit trip. At an older
plant across town, a new control system is
being retrofitted. Although the system is
not yet on-line, designers are methodically
testing and debugging it. And in the park-
ing lot of a utility’s corporate offices, a
group of rnginiers emerge from a trailer
after evaluating a proposed expert system
for one of their power plants.

What dis these plant operators, design-
ers, and engineers have in common? They
are part of a growing number of utility
personnel whose companies are benefiting
trom the use of fossil plant simulators. Ke-
garded a few ysar= ago primarily as aids to
plant operator training, simulators are now
seeing increasing service in a variety of
plant applications.

Applying today’s simulators to plant op-
erator training offers several advantages
over traditional on-the-job training in pow-
er plants. Since major malfunctions occur
infrequently in a modern plant, training
an operator to handle these problems as
they arise could take years. With a simula-
lor, component malfunctions can be simu-
lated over and over in a single day. As a re-
sult, in one week of training, an operator

can face more plant operating challenges

than many operators would face in a life-
time. Then, when a problem arises during
plant operation, the trainee can draw on
lessons learned in these exercises to correct
thi: problem quickly and efficiently. Such
training minimizes plant downtime, re-
duces repair costs, and extends component
and plant life.

Similarly, because bascload plants expe-
rience relatively tew startups—many typi-
cally run nonstop for weeks or months—
gaining significant experience with actual
unit startups requires years. Using a simu-
lator, operators can start the unit several
times in one training session.

Simulator training has other benefits as
well. Operators can learn how (o operate
the plant more efficiently, lowering its heat
rate and reducing the power required by
planl auxiliary equipment. They can be
taught to anticipate problems and to take
sleps lo avert them, improving plant avail-
ability and reducing the number of costly
plant shutdown-startup cycles.

“pplications like thes¢ can save utili-
ties a lot of money. For example, Alabama
Power Lompany estimates that it will save
mare than $23 million over 15 years by im-
plementing a simulator-based training pro-
gram for control room operators. Alabama
Power’s Dale Maddox explains that the
utility gains “a compstitive advantage be-
cause simulator-trained plant operators
have the knowledge and experience nec-
essary to operate units more efficiently,

by Steve Hoffman

‘NEW ERA

FOSSIL POWER
PLANT SIMULATORS
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which will save money and keep our prices
low.”

Cost reduction needed

As recently as the mid-1980s, fewer than
10% of fossil plant operators received sin
ulator training. The primary reason was
high cost: a fullscope, high-fidelity simu-
lator costseveral million dollars. One cost
driver was computer hardware. Ten years
ago it took a $500,000 mainframe comput-
er to accomplish what $50,000 worth of
personal computers (PCs) can do today.
Another major reason tor the high cost
of simulators was that to provide the real-
ism required for effective training, it was
necessary to replicate both control panels
and logic. To do that, simulator designers
provided a complete duplicate of the con-
trol panels commonly used in plants at the
time—including, for example, switches,
meters, and actuation lights—at a cost of
over $1 million. Modifications to those
controls were also expensive; replacing one
instrument cost as much as $30,000. More-
over, techniques ot developing software
for simulator applications were cumber-
some and inflexible, further adding to the
cost.

At a conference on power plant simula-
tors and modeling organized by EPRI in
1988, a group of utility representatives de-
termined that expanded and enhanced
simulator training was needed in the fossil
generation industrry. The conference atten-
dees and utility advisorscharged EPRI with
defining and carrying out R&D efforts and
transferring the technology to the industr-y.

Implementation of the R&B plan that
EPRI developed in response to this man-
date has helped reduce the cost of fossil
plant simulators dramatically: as recently
as six years ago, the cost was $2 million to
$3 million; today it is $400,000 to $600.,000.
To achieve this reduction, EPRI has tak-
en advantage of the PC revolution—imple-
menting simulators on this low-cost hard-
ware. A key Institute contribution is soft-
ware that effectively translates program-
ming from control system computers to
PCs. These translators avoid the need to re-
create control system logic and operator
display screens, reducing simulator devel-
opment costs by hundreds of thousands of
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dollars. As a result of these and other ef-
forts, 'C-based systems are the simulator of
choice in fossil plants today.

Improving on operator training

Another significant EPRI contribution is
simulator-based training programs. Train-
ing power plant operators requires more
than a high-fidelity simulator. Te be eftec-
tive, a simulator must be combined with
carefully designed simulator-based train-
ing programs that walk the trainee through
training exercises, preprogrammed lessons,
and simulations of malfunctions. Such
training programs range from relatively
simple lessons covering standard operat-
ing procedures (e.g, cold startup) to more
sophisticated exercises (e.g., recovery from
unexpected plant malfunctions).

Training programs hamess the power of
the simulator to optimize operator train-
ing. Developing these training programs is
not easy, nor is presenting them to trainees.
In the past, some utilities invested sev-
eral person-years to prepare a comprehen-
sive program and three or more months to
present it. Responding to utility advisor re
quests to simplify and streamline this pro
cess, EPRI has produced guidelines for de-
veloping and implementing fossii plant
simulator training programs. Several utili-
ties have used the guidelines, published
in 1993, to develop programs faster than
they anticipated. Centerior Energy, for ex-
ample, has reported significant reductions
in the time required for training program
development, initial training, and refresher
training.

An extension of simulator-based training
is EPRI's [ntelligent Tutoring System (ITS).
This system enables operators to receive
training on a simulator even when an in-
structor is not present. Using expert system
technology. the 175 tutors trainees on vari-
ous aspects of plant operation during train-
ing exercises, prompting them when they
make a mistake and providing on-screen
information tailored to the error or situa-
tion. The ITS also offers positive reinforce-
ment by comparing a trainee’s perfor-
mance with preestablished norms.

How the ITS works is best explained with
an example. In a representative [TS training
scenario, the plant’s boiler has tripped, and

the trainee is focusing on recovery opera-
tions at the simulator console. If in attempt-
ing to refire the boiler while maintain-
ing generator connection to the grid, the
trainee follows accepted procedure, no tu-
toring interaction occurs. If, however, the
trainee makes a mistake—for example, fail-
ing to open several recirculation valves as
required at the simulated plant whenever
the load drops below 35 MW—the ITS con-
sole responds with a synthesized voice
alert. TThe trainee can then listen to up to
three levels of advice. The first level is a
concise statement of the actionneeded. Ex-
perienced operators usually acknowledge
this advice and continue the simulation. A
less experienced operator can request a sec-
ond level of advice, which describes the ra-
tionale behind the brief initial prompt. The
third level of advice describes in detail the
correct procedure to foltow.

By making it possible to conduct exer-
cises like these without an instructor, the
ITS extends the usefulness of the simulator
for training. “Our simulator will notsitidle
if an instructor is unavailable,” explains Jeff
Pitts of South Carolina Electric & Gas Com-
pany, one of the first [TS users. “Operators
can run simulator exercises themselves,
logging many more hours of simulator
training each year.” The typical result is a
257 increase in the already significant dol-
lar benefits of simulator training (e.g.,
through improved plant availability and
reduced plant heat rate). Recently installed
ITS modules are using a variety of multi-
media features, including on-screen graph-
ics, touch screens, voice synthesis output,
and voice recognition. As more ITS training
modules are developed for various gener-
ating units and types of training cxercises,
an 1TS module library will be formed. Us-
ing a scenario editor equipped with an
easy-to-use graphical user interface now
available, utilities can modifv existing
modules and tailor them to specific plants
or can build new modules and scenarios
as needed.

Tools like the TS can help utilities opti-
mize training budgets and trim costs. At
utilities that are reducing training statfs,
the ITS makes it possible to continue effee
tive training. Another way a utility can
keep training costs low is to carefully de-



fine its specific simulator-based training
neirds and implement a system thal ad-
dresses only those needs. One utility,
Kansas City Power & Light Company
(KCPL), wanted to use simulator training to
emphasize cognitive operating skills and
decizion making related to the plant pro-
cess and its dynamics. For example, the

A WEALTH OF BENEFITS Fossil plant
simulators provide a wide range of
benefits to utility users. For example,
enhanced training using simulators
helps operators prevent unit trips,
achieve faster startups, and reduce
heat rates—improvements that lower
plant operating and maintenance
costs. As illustrated by the bar graph
for one three-unit station, many utilities
have reported significant reductions in
operator-preventable trips after imple-
menting simulator-based training. Plant
engineers can use simulators to debug,
tune, and verify the design of new plant
systems, such as the advanced control
systems increasingly belng retrofitted

at fossil stations.
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simulator would help operators recognize
indications that a pulverizer i= reaching its
operating limits. Conversely, KCPL wanted
to use on-the-job training rather than simu-
lator-based training to help operators learn
the layout of plant controls and develop
a feel for actual plant operation. Thus,
on-the-job training without the simulator
would cover hands-on control of the pul-
virizer. To help mert these training goals,
KCPL and EPRI were able to design and de-
velop a simulator for $272,000—about one-
half the cost of a typical implementation.
Operators are not the only power plant
personnel benefiting from simulator-based
training. An increasing number of utility
power plant engineers are learning more
about plant operation by using simulators.
Previously, few plant engineers received
formal training in plant operation, despite
the fact that engineers often address plant

o

operation issues in their daily work. For ex-
ample, to effectively upgrade or replace ex-
isting plant equipment, an engineer must
first understand the operational demands
placed on the equipment, the problems ex-
perienced with its operation, and its impact
on other components. Such projects also
require effective communication belween
engineering and operations personnel; en-
gineers must speak the language of plant
operation to understand typical operator
duties.

Under EPRI sponsorship, Maine Mar-
itime A cademy has developed a simulator-
based training program specifically for util-
ity plant engineers. This program is now
available to EPRI members and is used in
a training course offered at the academy.
In the course, instructors and trainess use
a simulator for Alabama Power’s Miller

unit 4, a 660-MW unit that is typical of many

dEediceR
FAURIETYE

e

P

” Decrease
_ HeatRate
3

(/ Pre-tune Y
Designs

o
s e

ENGINEER

EPRIJOURNAL September/October '985 23



U.S. pulverized-coal plants. The course
covers each plant subsystem and the inter-
dependence of these systems and gives
parlicipaling engineers a view of the plant
as a whole. The participants acquire an un-
derstanding of the overall process of steam
power generation, enhancing their ability
to effectively communicate with oprrators.

Control system engineering

One task that utility engineers are under-
taking at more and more existing foszil
plants is plant control system upgrading or
replacement, and simulators are playing a

major role in these efforts. The panel con-
trols still in use at many older fossil plants
are difficult to maintain because of parts
unavailability. In the face of rising cus-
lomer loads, high construction costs for
new plants, and intensified competition to
reduce rates and retain customers, utilities
are placing greater performance and avail-
ability demands on these aging plants. One
way to help meet these demands is to re-
place older control systems with state-of-
the-art, microprocessor-based distributed
control systems (DC5s).

Called distributed systems because they

both physically and functionally distribute
control tasks among several separate yet
integrated computers, DCSs promize many
advantages, including improved plant effi-
ciilncy, increased availability, and extended
component life. However, the DCS brings
with it a different operator interface and
method of control. Operators with years
of training and experience on the old con-
trol system must learn a new approach to
navigating through plant controls, a chal-
lenging task. A plant-specific simulator can
smooth the transition to the DCS, allowing
new recruits and seasoned operators alike

1. Runs Simulator Exercise

Tutoring console

Plant simulation
consoles

2. Makes an Error

Alert! Failure to open recirculation valves. ..

3. Gets Advice From ITS

More advice, please.

"a

-

Below 35 MW, recirculation valves
should be opened becauss...

4. Resumes Exercise

Oh yes, I've got to protect those
tubes when ['m at low load.

EXTENDING TRAINING CAPABILITIES The Intelligent Tutoring System is an expert-system-based tool that lets
plant operators take advantage of simulator training even when no instructor is avallable. In this typical ITS sce-
nario, the trainee is conducting recovery operations after a holler trip. When he fails to perform an important action,
he is alerted by the ITS. Thanks to the system's voice synthesis and recognition capabilities, the trainee can obtain
up to three levels of advice on the proper procedure without having to leave the simulation consoles. In this and
other ways, the ITS provides a style of interaction similar to that of a human teacher.
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OFF-THE-SHELF
SIMULATORS EPRI’s
simulator library is a
collection of plant-
specific simulator
models initially de-
veloped for individual
utilities but then
packaged for use by
other EPRI members.
Rather than having to
develop a new simu-
lator, a utility with a
unit comparable to
one simulated in the

to practice a range of operations from stan-
dard procedures (e.g. unit startups, shut-
downs, and load-following maneuvers) to
rarely encountered events. If the simulator
is specified for early delivery, operators can
get up to speed on the DCS while the real
control system is being retrofit.

During the first few months of DCSoper
ation, while thenew controls are being de
bugged, unit trips tend to increase and
availability tends to decrease. A plant sim-
ulator can be used to verify DCS design, as
well as to test, debug, and tune the DCS be-
fore its installation is complete. This pro-
cess can identify DCS problems ranging
from simple errors in input/output (1/0)
parameters to designerrors. An example of
a simple I/O error is the specification of
incorrect units for a temperature measure-
ment {Fahrenheit versus Celsius). Once
identified, such a problem is relatively easy
to correct. In contrast, a fundamental de-
sign error, such as specifying the wrong
type of controller for a specific plant func
tion or using the wrong measurements, re
quires more effort to rectify. Failuretoiden-
tify an error, whether simple or complex,
could lead to a number of plant operational
problems, including reduced efficiency, in-
adequate redundancy for safety purposes,
and unplanned outages.

PSI Energy used a simulator to check out
the new controls for its Wabash River coal

gasification repowering project before the
plant became operational. The utility loaded
the project’s control system software, which
had recently completed acceptance testing,
onto the simulator at the simulator ven
dor’s factory. “What we found was a con-
trol system that was not ready to control
the plant,” says Marty Schafer of PSI. “We
spent several weeks at the simulator ven-
dor’s factory identifying and resolving
problems with the controls.”

Several utilities have used simulators to
support control system upgrades with ben-
eficial results, and one utility, Duke Power
Company, has made the most of simulator
capability. In a joint project, EPRI and Duke
developed two mobile simulator facilities
that are flexible enough to emulate any fos-
sil plant in the Duke system. Each of these
mobile simulators is housed in two 28-foot
truck trailers and can easily be moved from
plant to plant. The simulators have served
as engineering test-beds to design, debug,
and tune replacement control systems
throughout the utility’s fleet of units.

One of the mobile simulators is now
available for use by other EPRI mem-
ber utilities for operator training, training
program development, simulator develop-
ment, plant operating, procedure develop-
ment, and control system design, valida-
tion, and training. The trailers, which can
travel to a utility site as necessary, are

library can use the
relevant library model
—either as is or in
modified form—to
meet its needs. As
other simulators are
added to the library,
more and more such
matches will be pos-
sible. Scenario-by-
scenario training
programs and ITS

training modules are

[ i T

also being added to

the library.

based in Kansas City, one of two locations
of EPRI’s Simulator & Training Center. This
S&T Center site is sponsored by KCPL; the
other, in Houston, by Houston Lighting &
Power Company. The S&T Center is the
focus for continued EI'Ri efforts to enhance
and expand fossil power plant simulator
and training technology. Center staff con-
duct simulator and training research, de
velop and demonstrate products (e.g.,
tools, technologies, and courses), and pro
vide research services for the benefit of
EPRI members. In one example of available
services, S&T Center personnel are sup-
porting the design, development, and im-
plementation of an operator training pro-
gram at Pennsylvania Power & Light Com:
pany. Several other such projects are under
way at the center.

A new kind of library

Akey product of EPRI's effort is asimulator
library-—a growing collection of plant-spe
cific simulators, simulator-based training
programs, and ITS training modules. Each
EPRI simulator development and demon-
stration project at a utility yields a simula-
tor model that can be packaged like com-
mercial software with an instruction man-
ual and added to the library. To date, 6
models have been packaged in this way
and made available to member utilities
through EPRI’s Electric Power Software
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Center; more than 20 others are in a prelim-
inary form and are in the process of being
packaged. Together, these simulator mad-
ela cover plants with a wide variety of
fuels, boilers, steam turbines, combus-
tion furbines, and control systems. Some
of the EPRI-utility simulator projects ans
also yiclding training programs and 175
muidules.,

While each volume in the =simulator li-
brary was designed for a specitic powsr
plant, it has value at other plants and utili-
ties. EPRI's Roy Fray, manager of simula-
torz and training, explains: "4 utility that
ha= a unit simitar to one of the units simu-
lated in the library can use that simulator
as is for training in cognitive skills, such as
understanding the plant process and its
dynamics. We have found that this type of
training represents about 85-90% of the
total training value of simulatora.” When
other training goals, such as determining,
where each control is located (control ge-
ography) and getting comfortable with
each control’s operation, are also impor-
tant, the utility can tailor the simulator to
match ite unit. Either way, using a simula-
tor from the library involves less effort and
expense than developing one from scratch.

n one of the first of several such uses of

a library simulator, Mew York Statis Elec-
tric & Cias Corporation modifierd a model
of Alabama Power’s Barry plant almost
three years ago to aupport a control syatem
upgrade at its Milliken plant. As EPRI ¢f-
forts continue, the library will grow, even-
tually including a sufficiently diverse num-
ber of simulators to provide a close match
for almiest any fossil plant.

I'n their contact with utilities that are in-
terested in simulators and training, EPRI
personnel come to know the utilities’ ma-
jor concerns. Uine expressed concern is how
to wconomically meet emissions require-
ments. Many fossil fuel power plants that
were originally designed for baseload op-
eration have been converted to cvcling
duty and have been retrofitted with vari-
ous emissions control systems. With the
passage of the 1990 Clean Air Act Amend-
ments, the effective operation of these sys-
tems has become paramount.

To avoid degradation in plant perior-
manie due to emissions conatraints, s<ome
utilities ari= emploving simulator-based
training. At the Mew York Power Author-
ity, one focus of simulator training is to
help operators become more familiar with
NIk, reduction systems at the utility’s Po-
letti power plant. This training enables the

SIMULATOR ON WHEELS The Duke-EPRI mobile simulator, housed in two truck

trailers, is flexible enough to emulate a variety of fossil plants and yet is easily

transportable. The facility can support many applications, ranging from realistic

unit-specific training to control system design and validation. It is available for

use by EPRI members at its home base—the Kansas City location of the Insti-

tute’s Simulator & Training Center—or at a utility site.

s
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operators to make optimal choices to com-
ply with emissions control regulations. In
light of the possibility of additional envi-
ronmental regulations, more simulators are
likely to be applied to emissions control ep-
timization in the future.

Look at that display

Beveloping simulator technology brings
together many ¢lements, including inno-
vativer modeling techniques, new training
methods, state-of-the-art expert systems,
human factors research, and advanced dis-
play=. One particularly innovativi: technol-
ogy for simulator displays grew out of a
need to affordably emulate control panels,
which are still vsed at many U5, plants
and are likely to remain in use at some
plants into the nextcentury. Although com-
puter screens (ie, CRT displays) are now
typically used instead of sheet metal pan-
els in simulators, this solution may not be
the optimal one. “While LRT monitors rep-
resent a much lower cost approach than
panels, they don’t pruwides operators with
a good overall view of plant operating
parameters and ready access to plant con-

Il

trois,” explaing Fray. “With CRTs, operators
may have to page through many screens,
pan around on sCreens, O zoom in on
screens to find the controls they want, They
have only a small window into the process
at any one time.”

EPRI-developed technology to emutate
control panels overcomes this limitation of
CRT display systems. Essentially, the panel
emulation forms a wall of controls that
look exactly like the actual controls, down
to the tick marks on dials and the tags op-
wrators put on switches to indicate that
they ame out of service. The emulation is
created by rear-projecting full-acale, high-
resolution images of control panels onto
large, touch-activated screens that the op-
erator can use to actuate the controls. An
array of these screens is used to present im-
ages of all plant panel controls simultane-
ously. EPRI has developed and delivered a
full-scale panel emulation system to Boston
Edizon Company, which i= using the sys-
tem with its Mystic unit 6 simulator.

Emulated-panel technology provides a
mor# realistic representation of the control

panel than CRT displays. An operator can



ADVANCED DISPLAY TECHNOLOGY Most of taday’s fossil plant simulators
use computer screens, or CRTs, to display controls—an improvement over
older simulator technology for hard-panel controls, which involved construct-
ing duplicate panels out of sheet metal and equipping them with instruments.
Because CRTs can’t show all the plant controls at once, however, they don't

provide easy access to all of them and don't give a complete view of plant

operation. EPRI’'s new emulated-panel system, shown here as implemented in

Boston Edison’s Mystic station simulator, displays all plant controls simulta-

neously and in fine detail. The system works by rear-projecting full-scale,

high-resolution images of the control panels onto touch-sensitive screens

that the operator uses to actuate the controls. Beyond its application in simu-

lators, this technology may soon maove into actual control rooms to provide

enhanced operator interfaces.
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view the entire panel at once and can easily
read labels and scales on controls. While
each individual control iz at arm’s length, a
contro] room team can view the entire em-
ulated panel by taking a step back. These
features enhance realism, promote opera-
tor acceptance of the technology, and im-
prove training effectiveness

This technolegy may move beyond its
role in simulator training to becoms the ac-
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tual operator intertace in control rooms of
the future. Since the images of controls in
emulated-panel systems are computer gen-
erated, designers can use the technology to
change the look of actual controls to en-
hance clarity and ease of use, thus improv-
ing aperator productivity and plant safety.
Alarge display could show an overview of
the entire plant process in schematic form.
When an alarm flag pops up on a portion

of the screen, the operator could touch the
flag and view a subsystem process or com-

ponient schematic that highlights off-nor-
mal parameter values. Recommended op-
erating precedures to correct the problem
generated by an expert system, would be
available at the touch of a button. Using
such a system in plant control rooms could
reduce costs through improved operation,
enhanced power plant design and engi-
neering, and extended plant life,

Hence simulator technology has come
full circle: while the initial goal was to sim-
ulate the plant and it control room for
training purposes, one key simulator tech-
nolugy may be applied in future control
rooms for actual operations. As new indus-
try concerns arise and new power plant
technologies are developed, plant simula-
tors are likely to be pressed into service as
test-beds or proving grounds. Application
to plant cycling optimization ix now feasi-
ble, and integration with other plant diag-
no=tic, monitoring, and control systems is
envisioned. Taken together, these applica-
tions should provide extra value for utili-
ties seeking to improve fossil plant opera-

tion and productivity. ]

Background information for this article was provided by
Roy Fray and Murthy Divakaruni of the Generation Group's
Fossil Power Plants Businass Unit
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THE STORY IN BRIEF
What happens to car tires
after they've exhausted theis
life on the road? Whether
they are handed over to a
tire dealer or tossed into the
trash, many tires get a
second life, reincarnated into
products like doormats, park
henches, and playground
equipment. But the biggest
single market for scrap tires

is fuel-fuel that supple-

ments the feedstock of paper

mills, cement kitns, and even
etectric utility boilers. As
well as offering a higher
heating value than coal, tires
can lower utilities’ fuel costs
and reduce pollutants like
nitrogen oxides and ash. But
it’s the rare utility boiler that
is amenable to burning tires

successfully.

by Leslie Lamarre
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Id tires are a problem. Most

landfills don't allow them be-

cause they tend to capture

methane gas and float to the
top of the garbage heap. And when dis
carded in tire piles, they collect rainwater
and provide an ideal breeding ground for
diseasecarrying mosquitces. If tire piles
catch fire, they can bum uncontrollably for
days—even months-—on end, spewing bil
lows of acrid black smoke into the airand
oozing oil into the ground.

Our nation has become obsessed with
finding things to do with scrap tires. Spent
tires have found their way into just about
everything, from park benches to designer
clothing. But these niche markets are noth-
ing in comparison to the broad market for
tires as fuel. The country’s pulp and paper
mills were the first to catch on to this idea.
Cement kilns soon followed suit, and to-
day they account for the largest percentage
of scrap tire use.

A newer entrant to the titederived-fuel
market is the electric utility industry: Start-
ing in the late 1980s, utilities began to burn
tires as a supplemental fuel in their coal-
fired boilers. According to Michael Blu-
menthal, executive director of the Scrap
Tire Management Council, the industry’s
interest in this practice is on the rise. “Util-
ities are fairly new to this game,” says Blu
menthal, “but there are more utilities inter
ested than ever before, and the inquiries
are far more serious than they were in the
past.”

As of July of thisyear, eight utilities were
buming tires in their power plants on a
regular basis, three were conducting test
burns, and four others were investigating
the idea. One incentive for using tires as a
power plant feedstock is that some of the
cost can be offset with money from state
programs or through “tipping fces” re-
ceived from the entity disposing of the
tires. This can result in very low fuel costs.
“Before competition increased in theindus
try, savings on fuel costs didn’t mean as
much, since fuel was an expense that could
be passed on to consumers,” says Chuck
McGowin, who oversees EP'RI's research on
tire-derived fuel. “But now that utilities are
competing with each other for customers,
they want to keep their rates as low as pos
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sible. Cheaper (uel can help them do that.”

In most cases, tires represent asmall per
centage of the fuel bumed in a utility boiler
—usually less than 10%. But even 3% of the
fuel feedinga 365-MW plant is the equiva-
lent of 6 million to 7 million tires annuaily
And that, Blumenthal says, “is mare than
just a drop in the bucket.” Accordingto the
Scrap Tire Management Council, U.S. tire
pilesnow hold some 850 million tires. And
every year we toss another 250 million
about one for every man, woman, and child
in the United States. Tn 1994, 138 million
surap tires were put to productive use; 27
million of them were consumed by power
companies The Scrap Tire Managemennt
Council predicts that consumption by pow-
er companies will increase ta 40 million in
1995 and to 52 million in 1996.

Putting scrap tires ta good use obviously
helps resolve a potentially major health
problem whileeliminating a significant fire
hazard and an eyesore. From a utility’s per-
spective there are other advantages: tires
have a high heating value (about 15,000 Btu
per pound, compared with about 12,000
for bituminous coal and 5000 for wood),
they are often cheaper and sometimes
cleaner than coal (they contain less nitro-
gen than coal in general, as well as less ash
than most coals and less sulfur than higher-

THE HAZARDS OF TIRE PILES

sulfur coals), and using them provides an
opportunity for positive publicity. “Bum
ing tires in coal plants is a great way to tap
the resource of an old plant that might vth-
erwise be replaced simply because it can’t
compete,” says McGowin. “The practicere-
ally strengthens the economics of these
plants and helps utilities get more life out
of them while providing a public service.”
Butas many utilities that have investigated
the practice can attest, making it work is
not always easy.

Chaltenges, challenges

Most important, a utility has to have pre-
cisely the right type of boiler in order to
consider burning tires. Experience to date
has shown that cyclones and stokers work
well. Unfortunately, they are also among
the least common types of coal plants in the
industry, with cyclone-fired boilers repre-
senting about %% of all coal-fired capacity
and stoker-fired units even less.

According to McGowin, most of the elec-
tric utility industry’s experience with tire
burning has invalved cyclone-fired boilers.
One great advantage of this boiler type for
bumming tires is that, in general, no modifi-
cations to the boiler itself arc necessary.
Typically, the only hardware needed is a
conveyor system for feeding tire-derived

Tire fires, usually the result of arson, are one of the many potential hazards of

the unsightly heaps of rubber that have accumulated across the United States.

Shown here is a moment from a tire fire that raged in Hagersville, Ontario, for

17 days in 1990. As tire fires go, this one was mild, A similar fire in Winchester,

Virginia, that started in 1983 burned continuously for nine months.




fuel to the bailer. And since tire-derived
fuel has a lower nitrogen content than coal,
emisaions of nitrogen oxides from cycline-
fired plants (known to be high NO, emit-
teirs) are reduced.

In order for tires to be used in cyclone
boilers, the wire around the rim of a tire
thould be removed. Called bead wire, this
material is much stifter than the wire missh
beneath the tread of stecl-belted tires, and
if it winds up in the ash it can be problem-
atig, since ash is often sold as a traction
agent for use on winter roads, Says Bob
Mewell, manager for strategic energy op-
tions at Wisconsin Power and Light Com-
pany (WP&L), “The last thing you want to
put on the roads is needle-like picces of
metal.” Any metal left over from the com-
bustion process can be removed with a
magnetic separation device.

WP&L has been burning shredded tires
in cyclone-fired boilers since 1989, Tests
there, like tests in cvclenes at other utilitiies,
found that emissions fram coliring tires
with coal were essentially equivalent to
those from burning coal alone, although
trace metals were reduped somewhat when
tires were used and sutfur dioside coutd
vary, depending on whether the coal used
had a lisw or medium sulfur content. Today
WKL usies shredded tires for up to 1% if
the fuel in six cyclone boilers, eating up
about 20,000 tons of tire fuel annually, or
2 million tires. The utility has found that
lire chips measuring about 1 aquare inch
are an ideal sizet for a cyclone boiler. If the
chips are any bigger, it reports, there often
i= not enough residence time in the cy-
clones to ensure that the pieces are burned
completety

[llinoi= Power Company, which has bien
using tines for up tas 2% of the fuel in two
560-MW cyclone units since early thik year,
has atzo found that 1-square-inch tire chips
are ideal. According t David Stopek, coor-
dinator if research and development for
Minoiz Pawer, such chips handled well in
the coal teed system. “Even at 1 inch, thiere
is some material that does not burn com-
pletely,” he says, “but it's a very tiny frac-
tion.” He nuites that his atility has installed
a spixial gyatemy to remove this unbumed
material from the ash.

Htoker-fired units are also well suited liar

burning tire fuel, since the fuel sits on a
moving grate near the bottom of the boiler,
as weod sits on the floor of a fireplace. This
results in a longer combustion period, en-
abling the fuel to burn completely. Utilities
that have bumed tire chips in stoker-fired
boilers have found that chips measuring
up to 2 square inches work well. Among
them is few York State Electric & Gas Lesr-
poration, which has been burning shred-
ded tires at Jennison station, a 74-MW plant
with four stoker-fired coal boilers, since the
spring of 1991, “Wi'll continue it a= long a=
our stokers are around,” savs Wally Ben-
jamin, a senior technical associate with the
utility, adding that no major modifications
were required for material handling—not

ized into a fine powder so that it can be
burned in suspension. Although tires can
be shredded into fine granulies, such picces
are still larger than the coal particles, and
the challenge i to get them to burn com-
pletely.

A recent EPRI study of finely shredded
tire particles in a 65-MW pulvirizied-onal
bailer showed that the particles burned
rapidly but that the larger pieces, lhe char,
and the carbim black in the rubber fell into
the water-filled bottom of the ash hopper
and burned on the surface of thi water.
EPRI'= researchers concluded that in order
o burn completely, this debris required a
longer residence time than was available in

the test unit. Only further testing can de

COMPARING COMBUSTION EFFICIENCIES

One reason tires make geod fuel for coal-fired power plants is that

they have a relatively high combustion efficiency, as indicated by

the comparison here. Each 20-pound car tire contains about

300,000 Btu of heat energy, roughly equal to the amount of energy

in 25 pounds of bituminous coal.

15,000 8tw/pound
12,000 Btwpound
X ey
’ 5000 Btu/pound
Tires Bituminous Coal Wood

PV a conveyor systemn, Jennison station
can burn fuel containing up tin 25% tire
chips by weight. As of July of this vear, the
plant had consumed the equivalent of more
than 2.3 million car tires

Other approaches

Pulverized-coal boilers, the most common
type in the industry, are generally much
more difficult to adapt ta tire burning than
are cyclone and stoker boilers, Before the
oal entera the builer, it is literally pulver-

termine whether a larger pulverized-coal
bailer would provide sufficient residence
time to bumn the tire material completely.
{ihio Edison Company took an entirely
different approach to burning tires in a
pulverized-roal plant by using whole tires,
Thie enabled the utility to avoid the costly
process of shredding tines for buming, {thio
Edison burned whole tires successfully in
its 42-41W pulverized-coal boiler in Toronto,
LIhio, for 18 months until the plant was
¢losed in 1993 for unrelated reasons.
Augie Szimpruch, director of project
development for Ohio Edison, notes that
burning whole tires is not a practice that
can be carried out successfully at just
any pulverized-coal plant. Characteristics
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POWER FROM TIRES

Electric utilities have been turning
tires into power since the late
1980s, mostly in coal-fired boilers.
Here are just some examples of the
industry's tire-burning experiences.

1

Wisconsin Power and Light uses
scrap tires for up to 10% of the fuel
in six cyclone boilers, including two
units at the Rock River station,

shown here.

2

Ohio Edison burned whole tires suc-
cessfully for 18 months in its 42-MW
pulverized-coal beiler in Toronto,
Ohio.

3

Shredded tires are ready for burn-
ing at the Big Stone plant in Mil-
bank, South Dakota. Jointly owned
by Otter Tail Power, Northwestern
Public Service Company, and Mon-
tana-Dakota Utilities, the 415-MW
facility has been using tires as a
supplemental tuel since 1990.

q

Shredded tires are conveyed into
lilinois Power's Baldwin plant, where
they will feed two 560-MW cyclone
boilers. The utility has used tires tor
up to 2% of the fuel at these units

since early this year.

S5

This 26-MW plant in Sterling, Con-
necticut, is totally fueled by scrap
tires, consuming about 10 million
tires annually. Power from the plant,
one of only three dedicated tire-
burning plants in the country, is sold
to Connecticut Light & Power. CMS
Generation—a subsidiary of CMS
Energy, the holding company of
Consumers Power Company—owns
a 50% share in the plant.

making the Toronto plant amenable to
whole-tire burning included the boiler’s
wet-bottom de=ign and its high operating
temperature {about 3200°F). Becauss of the
wet-bottom design, unburned ties werne al-
lowed to fall into the pool of molten =lag
in the bottom of the furnace, where they
stayed as= long a= necessary to ensure com-
plete combustion,

Getting the pulverized-coal builer to ac-
cept whale tirez took some significant
masdifications to the fuel-feeding svstem.
The utility disigned a tire delivery aystem
complet¢ with a convevor and a liwk hop-
pinr to drop the tires into the boiler at pre-
calculated intervals, In a four-dav teat in
the spring of 19490, the utility burned a fuel
mix containing up lo 20% tircs—one tire
every 10 seconds, At this mix, researchers
recorded a 36Y% reduction in Mi¥ emisstons,
a 2% reduction in particulates, and a 14%
redusction in 504, To top it off, sawr Szem-
pruch, “we found that cofiring 20% tires in
a nonreheat unit makas= the heat rate about
as good as that in a reheat unit.”

Another successful apprsach to burning
tires in coai-tired power plants is the uze of
fluidized-bed combustion (FBL) technol-
agy. Independent power producers, elic-
tric utilities, and othirs use FBC boilers
to incinerate low-grade liquid- and solid-
waste fuels; typically coal is the primary
fuel. In this type of boiler, hot air causi=
partictes of fuel and limestone to mis to-
gether in a turbulent, burning bed. As with
most other coal-fired plants, bead wire
friom the tirgs must b iemoved before fir-
ing in an FBC unit, since the wire can accu-
mulate in the lower partion of the bed and
cause problems like bed defluidization or
vven a lengthy outage:.

“woarding to an EFRI report released in
19493, scrap tires have the highest energy
content of all the alternative fuels consid-
ered for FBL boilers, including municipal
solid waste, biomass, and sewage sludge.
Tha report notes that for tire burning, FBC
units should be designed with long fumace
gas residence times, an overfire or sec-
ondary air s¥stem, and fly ash injectien to
ensure complete combustion, MeLiowin of
EPRI notes that only a few Auidized-bed
units have been built with tires in mind;
one s a 20-MW unit run by Manitowoc

Public Utilities in Wisconsin, which cofires
tire chips and petroleum coke.

Infrastructure issues

The technical challenge of getting tires to
burn well in coal-fired boilers is just half
the battle. The costs related to fuel supply
and pr¢paration can either make or break a
privject. Utilities can opt to accept whole
tires (and in many cases neceive a tipping
fee) and shred the tires themselves, or they
can hire a contractor to supply them with
shreddid tirgs, ready for firing. Mcliowin
notes that utilities that choose to hire a von-
tractor should be sure to negotiate a low
delivered cost vin the fuel, since the con-
tractor collecting the tires receives the tip-
ping fee.

Must of the utilities cofiring tives opt to
have chipped fuel delivered to their boil-
er=, lllinoiz Power has hired a vendur,
Waste Recovery Inc., to collect the tires,
shred them to the utility’s =pecifications,
and deliver them to the lire-burning plant.
Laing onc step further, the utility’s five-
year agreement with Waste Recovery spec-
ifies that the vendor is responsible for
kerping the on-site storage, delivery, and
feed switems running smoothly. “This
plant is his cash register,” savs David
Stopek of IHinois Power, “For him to get
paid, this thing has o keep running. If
something goes wrong, he has to fix it. We
prawide no extra people.” Waste Recovery
also provides the hardware needed for
om-site fuel handling and feeding, [linois
Power estimatis that it will savie about
5670,000 annually by burning roughly 7.5
million tires in its twes cyclone boilers, re-
during annual coal consumption by about
BONM0 tons and 50, emissinns by about
3200 tons

Wr&l, usis different approaches at dif-
ferent facilities. One plant (the first one to
cofind tire chips) has its own shredding fa-
cility, while a vendor delivers ready-to-fin:
tirie chips to the other two tire-burning
plants. Bob Mewell says state-sponsored fi-
nancial incentivies played an important role
in WP&L's decision to pursue the use of
tires. In fact, a grant from the Wisconsin
Department of Maturil Resources paid for
temporary tive-derived-fuel-handling facil-
itics and flue gas testing during the initial
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test firing. Northern States
Power Company and Mani-
towoc Public Utilities have re-
ceived similar grants. [n addi-
tion, since 1990, Wisconsin has
offered $20 per ton for waste
tires used in boilers for ener-
gy recovery. And just this year
the statc adopted a program
that offers individuals or busi-
neseek that process tires an ad-
ditional $20 per ton. Now a
utility that both processes tires
and uses them in its boilers can
reeceivir $40 per ton.

Wisconsin's incentive pro-
gram, which was adopted to
rid the state of its waste tire
overload, ends mn 1996, Ac-
cording to Paul Koziar, man-
ager of the waste tire program
for the Wisconsin Department
of ™atural Resources, the in-
centives are intended only as
seed money to help cover the
initial capital investments and
B'd[']y Uperulting EXPE"SEb Te-
lated to tire burning. Before
Wisconsin instituted its incen-
tive program, only about 15%
of the state’s scrap tires were
used, and only a small amount
went for energy production. Today, how-
ever, all of the 4 million to 5 million scrap
tires generated annually are being put to
productive use, and another | million to 2
million are being pulled from the scrap
heap. In fact, more than 90% of the state's
tire stockpiles are now cleaned up. Accord-
ing to Koziar, roughly 95% of the acrap tires
used every year become fuel.

Wisconszin is not the only state encourag-
ing the use of scrap tires. According to the
“crap Tire Management Council, 48 =tates
have scrap tire regulations and 30-35 of
them offer some sort of financial incentive.
The program offered through the lltinois
Department of L_ommerce and L ommunity
Affairs is widely recognized—along with
Wisiomsin’s—as among the most aggres-
sive in the country. The atate of Itlinois of-
fers grants and loans te encourage the use
of tires for fuel, including funding to help
suppliers of tire-derived fuels establish
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their businesses. Utilities and others have

relied on this money to conduct test burns
and to purchase equipment for tire-burn-
ing plants. For inatance, lllinois Power re-
ceived $457,000 fram the state, which went
toward the purchase of a fuel-handling sy=-
tem and slag-cleaning equipment.

According to Alan Justice, manager of
the state’s Used Tire Recovery Program,
by the end of the year [llinois will have
enough fuel-burning capacity on-line to
use more than the 12 million tires gener-
ated annually in the state, making the state
a net importer of scrap tires. (Each year a
small number of tires from the stale’s
stockpile of several million are also used.)
The state’s other tire consumers include
cement kilns and a ni'w dedicated tire-
burning facility to be sperated by an inde-
pendent pawer priducer—the third such
plant in the country.

Such high levels of tire sonsumption

raise the question of whether
there will be enough tires to
go around if the utility indus-
try takes full advantage of its
opportunities for cofiring tire-
derived fuel. “Supply is one of
the major concerns for utililies,
and rightly so,” acknowlidges
Blumenthal of the Scrap Tire
Management Council. “But so
far, the regional supply has
been more than sufficient to
meet demand, and there ar
many areas of the country still
ripe for tire use.”

Bezides, since the use of tine-
derived fuel is restricted by
boiler type, there are a limit-
ed number of facilities capable
of tapping this resource. The
=ense among the utilitie= using
tire-derived fuel is that those
who manage to jump on the
bandwagon quickly will ben-
efit the moat. “Using tire-
derived fuel is a great way to
make lots of tires go away—
cost-effectively,” says Stopek
of lllincis Power, noting that
his utility alene will be using
up about 7.5 million scrap tires

Ron May

annually, or about half of those
generatied earh year in the state. “After all,
you can only make so many rubber door-

mats.” ]

Further reading

Tire-Derivied-Fuel Cofinng Test in a Pulverized-Coal Uity
Boitar Final report for RP2180-8, prepared by lowa State
Universily, December 1994 £PRITR-103831

fludizac-Bed Combustion of Atternaie Fuels Final regort
far RP2130-8, prepared by Corrbustion Systems. Inc, De-
cember 1993, EPRI TR-100547

Proceedings. Siralegic Bene'ts of Biomass and Wasie Fu-
afs Decamber 1993, EPRI TR-1031486

Strafggic Analysss of Biomass and Waste Fueis tor Elecire
Pewer Ganeration, Final repert tor RP3235-2, prepared by
Appel Cansultants, Ine, Dacamber 1993, EPR TR 102773

Pmceadngs: 1991 Conference on Waste Tires as a Utility
fue! Saptember "291 EPRI GS5-7538

Backgrouni Infarmation for this article was provided by
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epowering as a Competitive Strat-
Regy (page 6) was written by Tavlor
Maoare, Journal =enior feature writer, with
information and assistance from three
members of the Generation Group‘s Gas
& Mew Lnal Lseneration Business Unit.
Bill Weber is business development
manager for the business unit. He joined
EPRI in 1979 as a project manager. Before
that, he was a process and developmint
engineer with Stearns Catalytic (now
Raytheon) for 10 vears. Weber received a
BS degree in chemical engineering from
Drexel University.
Stan Pace is manager of the business

CONTRIBUTORS

unit’s strategic target on repuwering,
capacity enhancement, and new design.
Earlier he was the Lwneration Group's
international manager for fossil power
plants. Pace joined EPRI in 1984 after
sis vears with United Centrifugal Pumps
of man Jose, California. He previously
worked for Combustion Engineering for
five years and &till carlier was an instruc-
tor in the U.S. Navy Muclear Panver Pro-
gram for four wears. Pace roveived B
and M5 disgrees in mischanical engineer-
ing from Lehigh Liniversity.

John Scheibel manages the iGas &
New Coal Gieneration Business Unit.
Earlier he served as business and team
managur for advanced fossil power sys-
tems and as-a project manager for fossil
plant perfarmance. Scheibel came to
EPRY in 1983 afier six years at Combu=-
tion Engineering, where he worked
for the power systems griup in super-
critical boiler R&D and computer-aided
engineering. Before that, he was a power
plant design enginerr with Sargent &
Lundy. Scheibel meceived Bs and M5 de-
grees in mechanical enginiering from

thir Liniversity of lllingis. =

ive Work (page 14) was written by

Perry Caarfinkel, scienie writer, with
assistance from Paul Lyons of the Pow-
er Delivery Group, Lyons is a manager
for overhead tranamission lines in the
Transmission Business Unit. Before join-
ing EPRI in 1982, he was a senior project
enginger at Leneral Dynamics Lorpora-
tion, whi're hir wiirked for 16 years in the
ficld of aircraft and spacecraft structural
dynamics. Farlier he was an engineering
analyst on the Apollo program for the

Technical sources for Journal feature articles

National Acronautics and Space Admin-
istration, He has a B=in aeronautic al and
astronautical engineering and an M5 in
structures and structural dynamics fram
Ohio State Liniversity. =

A.\Iew Era for Fossil Power Plant
Simulators {page 20) was written
by science writer Bteve Hoffman with
asaistance from Roy Fray of EPRI's Fossil
Power Plants Business Unit. Fray joined
the Institute in 1992 to work on the de-
velopment and enhancement of plant
simulator technology. He previousiy
managitd projects in that field for five
years at Science Applications Interna-
tional Corpuoration. Before that, he was
with Pacific Gaz and Electric Company
for 17 years, working on quality control,
risk assessment, and dynamic simula-
tion for both nuclear and fosail plants,
Fray halds a B%in mechanical engineer-
ing from Lalifornia State University,
Fresino, and an ME in the same field from
the University of California, Davis. w

apping the Tire Pile (pagi 25) was
T written by Leslie Lamarre, [ournal
srniar feature writer, with background
information from Chuck McGowin of
the Cieneration Graup. McGowin is man-
ager for biomass tonversion in thi Re-
niswables & Hydrio Busines= Unit. He
came ta EPRI in 18976 after seven years a2
a senior rescarch engineer with Shell De-
velopment Company. He has a BA in ap-
plied science and a B in ¢chemical gngi-
neering fiom Lehigh University. He also
has MS and I'hD degrees in chemical en-
gineering from the University of Penn-

sylvania. =

EPRI JOURNAL  September/October 1995 35



Water Quality

EPRI-Utility Team
Demonstrates New Method
for Nitrate Removal

Becauze runoff from grazing land and fer-
tilizid farmland can leach inti
underground water supplies,
the drinking water in some
rural communities tends to
have high nitrate levels. Such
levels can be dangerous, bring-
ing problems like methemo-
globinemia, a disease that im-
pairs the blood’s ability te as-
similate owygen. Infants ard
especially susceptible to this disease, which
puts them at risk of oxygen deprivation
and a condition called blue baby.

Two technologies, based on ion ex-
changi and reverse osmosis, already exist
to remove nitrogen from drinking water,
But both processes result in a waste stream
with a high concentration of nitrogen,
which mukes disposal challenging. The re-
vierse o=mosis procedure has the added
drawback of being expensive.

Rescarchers at the University of Calo-
rado have developed a new process that
relizs on bacteria to biologically nemove ni-
trogen from drinking water This pracess,
which s expected to be more cost-elfective
than existing methods, will be tested in
a full-scale demonatration at the site of an
existing well in Wiggins, Colorado. The
system for the demonstration was under
construction this summer, with startup
planned for Eictober.

The naew technology relies on a com-
manly found group of bacteria called fac-
ultative anaerobic heterotrophs, which con-
vert nitrogen in water to a gascous form
that dissipates. The conversien accurs in-
side what is referred to as the packed-
tower camponent of the system. The water
from the tower then runs through a slow

aand filter, which removes the residual bac-
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PROJECT STARTUPS

teria. According to Myron Jones, EPRI's
manager for the project, the amount of
residual bacteria is so small that it does not
present a disposal problem.

The demonstration, which will continue
for one vear, will take place in the service
territory of Mlorgan Lounty
Rural Elirctric As=ociation, one
of the groups funding the
project along with EPRI. The
other zponsars are Tri-State
Generation and Transmission
Association, thie Colorade De-
partment of Local Affairs, and
the tational Rural Electric Co-
pperative Association.

m For miore information, contact Myron Joites,
{415) 855-2993.

New research ventures of importance to the indusiry

Autormated Energy Controf

World Financial Center Tries
Out New RTP Controlier

\ new energy management syatem that au-

tomatically responds to real-time pricing
(RTP) while maintaining indoor air quality
camit on-line at the World Financial Center
in New York Lty in August. The critical
component of this system is the RTP Lon-
trolter, developed by Honeywell, which
controls electricity uze in the common in-
door spaces serving the E-miilion-square-
foot complex, including the Winter Garden
atrium and nearby shops and restaurants.
These vommon drea= alone have a peak
clectrival demand of 1.2 MW, Lise of the
contrisller is expected to lower that demand
by 500 kW through the reduction of venti-
lation, lighting, and other loads.

Mow offered by at least a dozen electric
utilitie= in the ceuntry, RTP rates reflect how
much it costs to generate and transmit elic-
tricity at different times during a given day.
Typically, thise rates vary by the hour and
are ammouncid a day in advance by the
utility. This gives customer= the option of
reducing large discretionary loads during
the most expensive periods

Levording to Laurence Carmichail, EPRI's
manager for the Warld Financial Center
project, the complex has reciivied RTP
rates frum its utility, Consolidated Edi-
son Company of Mew York (another proj-
ect sponsor), for abinut four years. But the
center’s  previous energy  managemint
system offired no way to make an auto-
mated response to the special rates. As
i= common in such cases, the building
operator had no detailed analyses or guid-
ance indicating the appropriate load man-
agement strategy for maximizing cost sav-
ings. And in order to realize the full bene
fits of RTP, #quipment control schedules
have to be timed precisely, and hundreds
of contrisl paramisters have to be adjusted
several times a day—a task virtually im-



possible to accomplish manually.

Once commizzioned, the RTP Controller
receives rates from the utility and automat-
ically optimizes electricity use on the basis
of these rates, shedding or shifting specific
electrical loads. The technology gives build-
ing operators the option of overriding any
of its control decisions.

Carmichael notes that an important new
element of the controller installed al the
World Financial Center is its capacity to
save energy while maintaining indoor air
quality. Thiz 15 due to a new sensor systirm
that measures carbon dioxide and valatile
organic compounds and integratis the re-
sults into the control strategy. 1f CO, and
VOC levels are too high, the controller will
increase ventilation to return them to safe
levels, “The idea i2 to be extremely energy
efficiemt without compromising indoor air
quality,” says L armichael. The controller’s
performance will be monitored for two
cooling seasons.

The RIP Contreller, a commercial prod-
uct, can be configured for other sites and
i= in fact already in u=e el=ewhere. Its first
application, at the Marriott Marquis Hotel
in New York City in 1993, enabled the hotel
te shed over 1 MW during high-rate peri-
ods—more than five timi's the load it could
shed with manual control. Savings to the
hotel were over $160,000 in the controller’s
first year on-tine. Meanwhile, Consolidated
Edision saved more than $180,000 through
reduced peak demand and fuel costs. The
newer version of the controller software,
which incorporates the air quality clement,
ha= recently been installed at an office
building and a factory in Baltimore and at
i haspital in Atlanta.

Lither sponsors of the Warld Financial
Center project are the Mew York =tate En-
ergy Research & Development Authority
and the Empire State Electric Energy Re
search Lorporation.

m For more information, contact Lavrence Car-
ichacl, (413) 855-7982.

Energy Efficiency

Researchers Monitor Use of
Office Equipment

In an effart to determine how consumers
are responding to energy-efficient office
equipment, a research team sponsored by
EPRI and Consolidated Edison Company of
Flew York i= monitoring the use of such
equipment. The contractor for this project,
Architectural Energy Corporation, devel-
oped and installed the technology that is
beingused to monitor 20 conventional per-
sonal computers and 20 Energy Star PCs at
an office building in Mew York City. Addi-
tional data will be gathered on Energy Star
printers and copiers.

In order to carry the Energy Star logo,
office equipment must meet certain en-
ergy efficiency criteria estab-
lished by the U5, Environmen-
tal Protection Agency. [t must
have the capability to enter a
standby mode automatically
after a period of inactivity, and
in that mode, it must consume
less than a specified amount of
electricity; for instance, indi-
vidual central processing units
and monitors must each con-
sumi less than 30 W.

The EPA's Energy Star pro-
gram, now about three years old, has en-
couraged some 700 manufacturers to pro-
duce thousands of products mepting the
Energy Star criteria. These manufacturers
represent approximately 85% of all PC and
PC-monitor companies and over 90% of
printer companiez. In addition, several or-
ganizatioms, including the federal govern-
ment, have instituted Energy Stor purchas-
ing policies

The monitoring prsject, part of a larger
effort by a consortium of EPRI member util-
itiez and government agencies to encour-
age the use of energy-efficient office equip-

ment, got under way this fall and will con-

tinue for four months, Researchers will
monitor, for two months each, the use of
conventional and Energy Star equipmaint.
Then they will evaluate the results to de-
termine the differences in demand and en-
ergy consumption between conventional
and Energy Star PC technologies,

ew users of Energy Star equipment
will employ it without instruction for one
month. They will then attend a workshop
on ite Energy Star features, after which
their pquipment use will be remenitored.
Workshop atterdees will also complete a
user survey, developed by the Lawrence
Berkeley Mational Laboratory, that is in-
tended to determine how useful the work-
shop program was.

The survey results will indicate the po-

tential effectiveness of

educational programs in

improving the energy savings of Energy
Star equipment. EPRI member utilities in-
terested in offering such programa will
have access to these results, which will be
published when the project i= completed.
The project will also decument thes energy-
saving value of Energy Star equipment and
will provide measurid load shapes for var-
ious typis of conventional and Energy Star
equipment. Utilities are particularly inter-
ezted in the details of such load shapes,
since these plug loads are among the
fastest-growing ¢nd uscs in the commer-
cal sector.

m For move information, contact Kavl johnson,
(415) 855-2183.
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IN THE FIELD

Demonstration and application of EPRI technology on utility systems

EPRI and ISA Sign Utility Training Partnership Agreement

n important step to advance the education and training
of professionals in the electric power industry was
takenrecently by EPRI and ISA—the International
Society for Measurement and Control (formerly the Instru-
ment Society of America)—who agreed to sponsor a series of
instrumentation and control (1&C) training programs. The
collaboration responds to the competitive need to reduce CéM
costs as the utility industry approaches deregulation. 1&C
plays a key rale in enabling cost reductions.

“The importance of efficient operations dictates that electric
utility personnel be properly
trained,” says Joe Weiss, the
EPRI project manager “This
partnership, involving the
utility industry’s R&D arm and
the 1&C industry’s standards
body, creates a powertul force
to provide the training needed
to utilize both new and existing
technologies.” Tom Stout, ISA
vice president of professional
development, agrees: “Together,
EPRI and ISA can clearly meet
the education and training
necds of the entire utility
industry”

The first programs in the EPRI-ISA alliance will cover con-
trol system analysis, control valve sizing, nuclear set points,
and an overview of nuclear 1&C. Most will be held at EPRI’s
1&C Center at the Tenncssee Valley Authority’s Kingston plant
and at the ISA Training Center in Raleigh, ®orth Carolina. ISA
will provide continuing education credits.

The initial joint offering—a course on set points for nuclear
safety-related instrumentation—will be held October 24,
1995, at the ISA/95 Training I’rogram in New Orleans. The
course will cover ISA’s recommended practice for determining
instrument trip set points in
nuclear plants. To register, call
ISA at (919) 549-8411.

A nonprofit organization
with nearly 50,000 members
around the world, 1SA isa
leading publisher, training
provider, and organizer of
conferences aand exhibits in the
field of mecasurement and
control.

m For more imformation, contact
Joe Weiss, (415) 85527 51.

Digital control system display

Eutectic Salt Cool Storage Evaluated

= a means of shifting air conditioning loads from on-
peak to off-peak periods, cool storage offers a major
load management opportunity for the utility indus-
try, but significant market penetration of the technology
hinges on reliable system design, installation, and operation.
Cool storage systems that usc eutectic salts as the storage
medium rather than ice or chilled water are of interest for new
and retrofit commercial and industrial applications because
they can use chiller plants very similar to those employed in
nonstorage systems. Moreover, the phase-change salts can
store encrgy from the chilled water and avoid the loss of
thermodynamic efficiency that may accompany ice storage.
EPRI recently sponsored a field evaluation of a eutectic salt
cool storage system at a helicopter company facility ity Arizona
to demonstrate system viability and identify opportunities for
improved design and operation. A project team led by the
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EPRI contractor, Dorgan Associates, instrumented the system
to gather data on water temperatures, flows, and energy con-
sumption over 16 months. The team compared the system’s
clectricity use and utility costs (energy plus demand charges)
with those of two modeled nonstorage approaches, one with
heat exchangers for providing frec cooling fromcooling tower
operation and one without such heat exchangers.

The on-peak demand of the eutectic salt cool storage system
was lower than that of the modeled conventional systems
by 692 kW, or 22%. Compared with the nonstorage system
with heat exchangers, the cool storage system reduced pcak
energy consumption by 44% and utility costs by 17%. Its
electrical energy consumption was equivalent to that of the
nonstorage system without heat exchangers. Later modifiica-
tions to the cutectic salt storage system to improve efficiency
and reduce pumping energy requirements decreased auxil-



iary energy use by 10% and total on-peak energy use by 46
The project team identified additional savings that couid be
achieved at the Arizona site by modifying the chiller con-
denser water piping and control system to allow free cooling,
from the heat exchangers (without discharging storage) when
their output is sufficient to meet the load. As at many other
cool storage installations, the project’s postcommissioning

Ventilation Controller Field-Tested

entilation control systems are designed to protect
indoor air quality in tight, energy-efficient homes by
providing sufficient levels of tresh air to dilute indoor
pollutants. But in the Pacific Northwest, where residential
ventilation equipment is now required by code, many home-
owners are not using the control systems because they are
difficult to operate, a problem that has been traced to inade-
quate labeling and user interface design.

EPRIinvestigators recently field-tested a prototype ventila-
tion control system in 16 homes to determine homeowner use
and satisfaction. The field tests featured an improved version
of a prototype residential ventilation controller (RVC) incor
porating a carbon dioxide sensor. (A by-product of human
occupation, CO, serves as a surrogate for indoor pollutants.)
This project grew out of earlier work for EPRI by Honeywell to
define the features and user interfaces of an RVC that would
offer significant benetits over conventional controllers.

The modified system that was field-tested included a pro-
grammable RVC, a low-cost CO, monitor, and a home-
owner’s existing fan and associated switches. The project
team selected 16 test sites from Bonneville Powver Administra-
tion’s service territory in Oregon, installed the control system
at each site, and collected data over a four-month period.
Following analysis, the team interviewed homeowners for
feedback on the performance of the RVC and perceptions of its
value.

After expressing dissatisfaction with their existing ventila
tion systems, homeowners reported that air quality signifii-
cantly improved following installation of the prototype RVC.
Data analysis revealed that the device reduced overall CO,
concentration levels in homes by approximately 7"%. Home-
owners generally reported that the device was sensitive and
easy to use. All participants elected to kcep the RVC at the end
of the field tests.

The prototype controller features an adjustable duty cycle

review by thermal storage experts has proven to be valuable.
EPRI is now investigating new methods of encapsulating
eutectic salts that will reduce the cost of such systems.

A techical report on the field evaluation project (TR-
104942) is available from the EPRI Distribution Center,
(510) #34-4212.
w For more information, contact Mnkesh Khattar, 1415) 855-2699.

Prototype residential ventilation controller

to control ventilation rate, programmable time-of-day sched-
uling, countdown timer override/purge to adjust CO, level,
manualoverride with adjustable ventilation rate, and maxi-
mum-limit CO+based override (which enables the system to
react indirectly to demand via the CO, sensor).

“Ventilation systems often remain unused because owners
are not familiar with the systems and because operation
guidelines are poor or nonexistent,” notes John Kesselring,
the EPRI project manager. “This work demonstrated that ease
of use will increase customer acceptance of such systems.”
Additional EPRI work is under way to provide a more de-
tailed assessment of a CO, controiler for residential ventilation
and indoor air quality management.

Areporton the results of the field testing (TR-104890) is
available from the EPRI Distribution Center, (510) 934-4212.

m For miore information, contact folur Kesselring, (415) 855-2902.
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Land and Water Quality

MOSES 2.0 Released for Beta Testing

by Ishwar Murarka, Environmental & Health Scirences Business Unit

he MOSES (Minera) Qil Spill Evaluation

System) software was developed in
1990 because of concerns about impend-
ing regulations for electrical equipment
containing oil—regulations involving the
preparatien and implementation of spill
prevention, control, and countermeasures
{SPCC) plans lo protec! surface walers.
Based on a Morte Cario routine, MOSES
was designed to predict the potential for
spills from oil-filled equipment to reach wa-
ter bodies by overland fiow. The code has
been widely used by utilities in determin-
ing the need for SPCC plans for substa-
lions, evaluating mitigation measures, and
designing new substations.

As a result of these applications, users
have requested modifications o the code,
including the ability to predict the spread
of oil in water bodies, to prepare a draft
SPCC plan that incerporates the results of
MOSES simulations, and fo predict whether
any oil that might infilirate beneath a sub-
station could reach underlying groundwa-
ter There was also interes! in the addition
of output schematics and graphs to show
the potential spread of oil on land and on a
waler bogy—outpul lhal could be used in
developing oil spill contingency plans and
in determining appropriate cleanup equip-
ment {@ have as a precaution

In 1994, with tailored collaboratton fund-
ing lrom lhe Ulilily Sclid Waste Activities
Group, EPRI iritiated the development of
MOSES-MP fer the Microsoft Windows oper-
ating system. The new madel will include
version 2.0 of MOSES (with expanded ca-
oabilities as described below) and MR
which will determine whether any infiitrat-
ing ol can reach groundwater. MP is being
developed by researchers at the University
of Michigan, who also developed VALOR,
an EPRI code that predicts the subsurface
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migration of oil, The MP code will interface
with MOSES and will perferm a one-dimen-
sional simulation 10 reduce compulation
time, MOSES will prepare an output file of all
the information it produces Lhat is needed
for the MP coge—including spill volume
and depth. spil! duration, and the volume
of oil that could infllrate beneath the on-
site gravel bed. MP will automatically ac-
cess this file and combine it with input data
entered directly into MP by the user,

Overview of MOSES 2.0

MOSES 2.0 covers the same processes
modeied in the first version—volatilization,
infiltration, containment by natural or man-
made features, retention along paved or
unpaved surfaces, ana overland fow (Fig-
ure 1)}—and adds processes necessary for
predicting the spread of spilled oil in water
bodies and for considenng oelow-freezing
weather condilions. There have been mod-
ifications in the mathemalical represenia-
tion of some of the processes; for example,
the user can specify a given channel width
or can have the code use data from actual

Volatilization

spills to estimate the spread of oil en land.

Major changes were made lo inpui re-
quirerments and to output. One input change
involves spifl volume distribution. In both
verslons of the code, the user selects the
type o distribution—either uniform or ex-
ponential. (With a uniform distribulion, the
user specifies a lower fimit and an upper
limit for spill volume. and there is an equal
probability that any value in this range will
be selected by the Moente Carlo routine for
a run. With an exponential distribution, the
user supplies a mean votume value as well
as the lower and upper limits, and larger
spill volumes have a lower probability of
being selected than smaller volumes.) Pre-
viously, MOSES let the user enter several
distributions—one for up lo 10 separale
pieces of eguipment. In MOSES 2.0, the
user enters only one spill volume distribu-
tion. This approach makes the restilts much
easier to interpret while it maintains the
flexibility lo evaluate either a specific spill
{e.g.. the rupture ot a 5000-gallon trans-
former) or a scenario encompassing the
range of spills likely at a given facility, from

Retention on land surface

Figure 1 The MOSES code models various transport processes and containment options to predict
whether oil spilled from electrical equipment will reach surface water. An enhanced version of the
code, now in beta testing, also predicts the spread of spilled oll in water bodies and provides output
necessary for determining whether oil will reach groundwater,



small leaks to the failure of all
units due to fire or explosion.
Also, the user now has the op-

Figure 2 MOSES 20 offers variaus new kinds of output—inctuding
a schematic showing the spread of the oil retained on land—that will
be helpful te users in developing spill contingency plans.

The model was set up so that
the user can run a base case for
a facility anel then run a series of

tion ef dividing the off-site land
area (i.e., the area lying outside
the site’s gravel bed and running
to the riverbank) into six sections
with different characteristics. in-
put has been simplified by pro-
viding data files for soit and ves-
etatien characteristics. Beth on-
site and eff-site land slope can be
specified. Input for rainfall was
changed to annual average rain-
fall and number of days with rain,
since this informatien is easier to
obtain. The co®e now proviges
such data for 102 cities across
the United States. In addition, it
includes typical fluid properties
for mineral i, various types of fuel
oil, gasoline, and diesel fuel. Fer

alternative scenarios—including
a scenario with n¢ man-made
coniainment features and scenar-
ios with varieus mitigatien mea-
sures, such as additional grav-
el on-site sumps, or retention
basins. The code automatically
runs all scenarios selected and
displays the results aleng with
those for the wase case. The user
can view key input parameters
for both the base case and the
alternative scenarios by means of
the scenario outpul summary
screen.

MOSES 2.0 has two new fea-
tures to help users prepare SPCC
plans. Ore is a draft SPCC plan
text file editable by a word pro-

examining below-freezing condi-
tions, the code inclusies repre-
sentative properties of mineral ol at low
temperatures and indicates the number of
days below freezing at selected cities
across the ceuntry.

Initially, MOSES presents results (the prob-
ability of a spill's remaining on-site and the
probability of its reaching water) for a case
that assumes that a spill occurs during each
Monte Carlo run. After viewing these re-
sults, the user has the option of entering a
site-specific probability that a spill will oc-
cur and then having MOSES recaiculate the
cesults. In that case, the new results—the
joint prowamility that a spill will occur and
will remain on-site and the joint probability
that a spili will occur and will reach surface
water—are shown in a second column next
to the eriginal values.

@ther information calculated by MOSES
2.0 includes the fellowing:

0 Maximum volume of spillee oil that
reaches water body or drain

o Area and depth of oil in river after 24
hours

1 Area of oil @n Jake after 24 hours {not yet
operational)

O Volume of oil retained on each off-site
section, along with area and average thick-
ness of oil layer

O Maximum distance traveled by spilled oil

on land (if " it does not reach wa-
ter body or drain)

And new outpui graphics have been
added. For example, there are graphs to
show the volume of oil in the river and on

the near and far banks at up to four differ-
ent times, and there is a schematic show-
ing the area of the spilled oil retained on
land (Figure 2).

cesser directly from MOSES. The
other is SPCC Wizard, which pre-
vides a summary of simulatien input ane
output for incarporation into the SPCC plan.
Wizard will help the user determine if
an SPCC plan is needed and will show
how the simulatien results would be used
for the plan—fer example, in identifying
what cleanup eauipment shoutd be read-
ily available in case a spill cleanup is
required in the future. Thus the user can

ABSTRACT The MOSES code, developed in 1990, was designed to predict

the potential for spills from oil-filled electrical equipment to reach surface water.

Its successful application led to requests that it be enhanced—for example, to

inciude capabilities for predicting the spread of spilled oil in water bodies, for

predicting whether oif infiltrating beneath a substation could reach underlying

groundwater, and for preparing draft spiff prevention, control, and countermea-

sures plans. The result is the new MOSES-MP code, which will combine MOSES

2.0—an enhanced version of the original code—with MF, a code for predicting

whether spilted off will reach groundwater. MOSES 2.0 is now in beta testing, and

MP is in development.
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Figure 3 Predicted distribution of ¢il in a river and on riverbanks at 1 hour and 4 hours after a hypothetical spill. {Note that the scales in these graphs
differ.) MOSES 2.0 will produce such results for up to four times specified by the user.
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see the implications of the simulation re-
sults and can run additional cases, if nec-
essary. mefore exiting the program. The in-
formation from SPCC Wizard will automati-
cally be entered into the SPCC plan text file,
and Wizard will be able to open a Win-
dows-based word processor so that the file
can be edited. The file will have blanks
where site-specific information is to be en-
terad.

Using MOSES 2.0

Together with MP, MOSES 2.0 will be helpful
to utilities in evaluating whether SPCC plans
are needed, deciding whether and to what
extent preventive measures should be im-
plemented, and developing substatien de-
signs in which containment needs are op-
timally incerporated. Results will also be
useful in selecting possibie cleanup strate-
gies and deciding what kind of (and how
much) cleanup equipment te maintain and
where to situate it. The fellowing two hype-
thetical cases—ene in which oil was cen-
tained on land and one in which ofl could
reach a nearby river—illustrate applica-
tions of MOSES 2.0.

The first example examined the differ-
ence between using uniferm ane exponen-
tial spill volume distributiens. The substa-
tion in the example had two small trans-
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formers of 700 and 1800 gallens, respec-
tively, and the on-site gravel bed was about
1000 square feet. A creek was located 800
feet to the south, with a small drainage
swale capable of retaining about 100 gal-
lons of spifled eil. Two spill volume estimates
were made: the first used a range from a
small leak (100 gallons) to the complete
faiture of both units (17€0 gallons) with a
unijerm distribution; the second used the
same range but with an expenential distri-
bution having a mean of 500 gallons. As
expected, the prebability ef the oil's remain-
ing on the gravel bed was higher with the
exponential distributien than with the uni-
form distribution (0 976 versus €.883), Ne
spilled oil reached the surface water in
either scenarie

The second example involved the up-
grading of a substation 1o include a new,
larger {5800-gallon) transformer. The MO-
SES analysis addressed the question of
whether, in connectien with the upgrasding,
a sump should se added to prevent oil
from reaching the river in the event of a
spill. The simulation results showed that on
dry days the probabilly that spilled eil
weuld reach the river was 0.0003, mut fer
wet days it was 0.0339 without on-site con-
tainment (i.e., the sump). The predicted
maximum volume reaching the river was

abeut 2248 gallons, although the median
volume was less than 500 gallens. For
most runs, travel times to the rnver were pe-
tween 20 and 50 minutes. Figure 3 shows
the predicted distribution of spilled oil in
the river at 1 and 4 hours after the hype-
thetical spill. in light of these results, vari-
0US scenarios were run te evaluate mitiga-
tien options. Adding two retentien basins of
1100 gallons each, one on-site and one off-
site, was predicted to contain any spilled
oil from the new {ransformer.

Computer requirements

Rurning MOSES-MP requires an IBM-com-
patible 486 or 386 personal computer with
a math coprocessor, a celor VGA or SVGA
monitor, 8 MB of RAM, at least 7 MB of tree
space on lhe hard drive, and a mouse. The
operating system must be either Windows
3.1 or Windows for Workgroups 311, The
program is written in the FORTRAN and C
languages, but compilers fer these lan-
guages are not needed. Printing is con-
trelled by the Windows Print Manager, al-
lowing a wide variety of black-and-white er
color printers to be used. The MOSES 2.0
beta versien is available from EPRI on two
disks, along with a beta testing guide. For
information or a copy of the software, call
Ishwar Murarka at EPRI, (415) 855-2150.



New
Contracts

Project

Customer Systems

Imter~Corrol Canter and Power Plani
Cammunicalien {WQO2568-37)

Design and Analysis of Direct Loaa
Control Pregrams (WO2080-45)
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Bevelapment of Li,MnO, as a Cathooe
Material for Molten Carbonale Fuel Celis
(W04084-1}

Numerical Analysis of Fossil Beilers for
NO, Cemphiance Planning (WOA089-1)

Funding/
Duration

$367.400
10 months

$450.800
23 months

$143,900
11 months

$172,400
9 rnonths

$1,708.800
37 monihs

$558 900
12 moning

$226,800
33 manths

$182,200
33 months

$233.508
33 monthe

$104,700
33 menths

$148,200
18 months

$153,000
31 monlhs

$195,900
7 months

$55.000
8 months

$484,190
25 months

$100.000

12 months
31.462,680
48 manihs

3983980
48 months

$819.900
32 manths

$104.500
7 months

$5,432 400
48 months

$202.000
19 mehing

$100,000
13 manhs

$415 608
23 monihs

Contractor/EPRI
Frotect Manager

Decision Fotus/
G. Hesler

Louistana Stale
Universily /J. Goodrich-
tahoney

Allantic Envirenmertal
Services /! Murarka

Batiells Mermarial
Instilule/P Muelter

Radian Corp /P Muelter

Sorema Technelogy /
F Muelter

Aarosol Dynamics{
M Atlan

Rulgers University /
P, Saxena

Stanford University /
M. Altan

Massachusells Inshiule
ol Technolegy /P Saxena

University of Southern
California/F Saxena

Harvard University {
M Attan

Ins Pawer Engingering
J Stein

University of Loussville/
P Chu

Mechamcal Technology ¢
R Colsher

Karta Technoiogy {
A Tilley

Maintenance &
Diamnostics /R Coishar

Mamtenance &
Diagnostics /R Colshar

Stress Technoiogy /
T feCloskey

Uitramas Corp
S Yunker

Ceniral and South West
Services (£ Dawvis

Alden Research
Laberatory/C. McGawn

Arganne Nauonal
Laboralory /A, Goidsten

Radian Carp {C. Dene
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Frejeci

Strategit Assessmenl of Rmgienal Caal
Supply end Transporiaton Markets
{(W@4125-1)

Wind Turbing Perfermance Vertficalion
(WO4155-1)

Nickel Speciation Field Samphing st Ol-
Frred Power Plark (\W®9028-18)

Evaluancn of Cangrete Centaining ¥ly Ash
With & High Carbin Contenl (WO8040-3)

EPRICON Bemotistralion al the Brayten
Fount Stalion (WOOS5S- 1)

Corrosion Sluces far Lew-NO, Burner
Technolegy (WOY6R-2)

Evaluaron of Secona-Generatior Gas
Recurring {WQ9066-3)

Nuclear Power

interaciive Sellware tor Ultrasonic Tramng
(WO3148-14)

Figsion Product Poo! Scrubbing Data and
Madealing Assessment (W0O3425.5)

Pholoetectrechemustiy of Type 304
Stanless Steet (W@3468-10)

Large Elecine Generator Mauntenance
Propact (W0D3814-5)

SENTINEL Safeiy-Oriented Adviser for
Maintanance Plarmng (AVO3888.3)

BWROG Full-Scale Emergercy Cere
Coolng System Suchen Strainer Test
Program {(WO4135-1)

ALWR Phase 3 Passive Plant Requite-
ments (WOA1168-2)

Indusiry Allernaives e Regulatery Guice
1154 (WD4175-2)

Promeirak Prelaiype System for Acauinng
Posinon tnformation Dunng Manuad
Seanmng (W84248-1)

Pent Contact Transducer Tachnology ter
Momitonng Erasion a=d Conosier in
Piming Systams (W@4248-2;

Develcprrant of a Sarvice Water Modute
ler CHECWORKS {W®4528- 1)

Pevelepmental Testing of NDE Techriques
fior Structural Materals (W@S365-13)

BWR Vessel and Inlernals Project
Evaluanen of Crack Growth in Intarmals
(WOB301-9)

Rasisual Stress Measuremenis of BWR
Care Shroud Weldments (WOB301-10)

Aralysis ot Nickel-gase Alley Dala
{WOB381-13)

BWR Vessel and Internals Froject
Prewabiisic Risk Assessmant
{WORB3I(3-2)

BWR Vessel and Inlernals Frojedt
Resar Acivires (WORS01-3)
Repar o Reactor Inlernals With
Underwater Welding (WOBS01-6)

Elecirochemisiry and Chemisiry n a
Hoegted Crevice (WOS5H22-8)

Pawaer Delivery

Aging af Exlruded Brefacine Distributon
Cable Service Aging (W@2713-15)

Slow Release of Fungicides for Weod
Poles Commarcialization and Technology
Transfer (W02881-4)

Funading/
Duration

$130,008
11 monlhs

34,380 000
77 menlhg

$73,800
10 months
$154 700
26 rmenting
$970,000
24 morlhg
$117.780
15 months

$180,000
12 manths

$60,000
12 meniths

$193,100
24 manihs
$100.200
27 monthks

$133.500
14 months

$150.000
15 menths

$222,000
11 months

$150,830
72 montks

72900
& morihs

$223.908
12 montns

$1/8.700
10 monlhg

£50,000
& montins

$B0.980
& menths

199,500
€ months

$88.600
10 months

855,200
7 monirs

$83.500
7 monins

556,080
5 mon'hs

$144.008
12 morihs

3175.000
12 maonlhs

$158.200
3% menths

$182.600
49 menlhs

Caoniractor /EPRI
Freyect Manager

Fieldsten Ce (J Fiad

Green Meuntair Powar
Ce /£ Daws

Carnot/F Chu

Soulliern Commany
Servises!D Goiden

New England Power
Service Co /R Altrnan

Balmcock & Wilcox Ce {
W Bakker

Energy and Erviron-
mental Research Corp /
4 Faccirane

ABB Amoala/J Spannor I

Batiele ingemeur-
technik{td Maria

Unryarsity of Pittsburgh /
L Nestson

Elzctro Mecharical
Engineering Asseciates/
J Sharkey

ERIN Engineenng and
Research/ P Kalra

J A Jenes Apelied
Ressarch Co /M [lowns

Grove Engneenng/
S Gray

Weslinghouse Elscing
Cormp /3 Carter

Karta Technelegy /
1 Taylor

HD Laboralenes! 7 Tayior

Sargenl & Lundy/
i Matum

Unwersity of Michigan/
J Lance

Structura! Integnity
Associzles IR Pathama f

J A Jones Applied
Resedreh Ca /
R FPathaniz

Modehng ana Computing
Setvicas/L Nelson

Science Applicahions
Interpational Corp f
W Bilann

Ganeral Electne Co ¢
A Thomas

J A lones Apphed
Research Ce /A Thomas

Rockwell Internatienal
Corp 1P Miigi

BICC Cables Corp /
B Bernsten

Enginearng Data
Managemaent /
B Bernstemn

Projget

Distributed Resources Slrategic Marker
Asgessmenl (W@3733-7)

Evaluaten of Reem-Termperaiure-
Vulcanizee Ceatngs (WO3787-7)

Dynamc Voliage Restorer Demonsiralien
(WO3%24-6)

Nonceramic Insuiators (WO4011-1)

Transmission Lios @tage and Grourding
Project (WO4085-2)

Evaluztien of Gases Gonaralod by
Hearng and Burning #f Cables
{W®4142-1)

Devoleprenl ot Advariced Ceripesite
Materials tor Uity Applicanans, Phage 2
(WO4159-1}

Chargcterizehon of Nonceramic insulater
Amng for Transmission Line Applicaions
up lo 50O kV (WOT101-1)

HLE&P Reat-Time-Proing Basgn ang
Assielance and C-VALU Bela lasnng
(WO7802-11)

COMAT Cabie O Maror and Tesler
(W@7924-3)

Srrarl Scftware Interface/Expert Systemn
far Use on Porfable Perlluerccarben
Tracer Gas Chremaiegraphs WO7928-4)

Assessment of Cxtruded 345kY Cable
Tazhriolegy (W@7929- 1)

Wallz Mill Data Acquisilon Syslem
{W@7938-2)

Deep Catye Amparihes (WQ7834-1)

Strategic R&D

Exploratory Issues n Controller Synthasis
tor Crtical Apphications in the Nueiear
and Fossil Power Indusiry (W@S016-10)

Develwpmaent of en Acvanced Exiernal
Referance Eleclrode lor Temperajuras up
to A00°C {(W@B031-1)

Particle Bspersen n fhrae-1Dmensional
Free Shear Flews (WOBD34-13)

Solt-Oxide Fuel Call Business
Assagsmant (WO08502-1)

(Characterzation &f Sorpents for Rerroval
of Vapor-Phase Mercury {WOBS05-1)

Investigalions of Gas-Phase Mercury
Reacliens {WE3505-2)

Marcury Sorbant Evaluauen (WOB505-3)
Solig-Ox:de Fuel Cells {WOS509-1)

eterminaiion of Inlerfacial Grack
Prepagation Rates and Development of a
Palabass on Mecharcal Propsries of
Oxige Scales (WOS3008-29)

Corrosien Fatigue of Water-Teuched
Components {WO000-31)

Ceramic Matrix Compesitas for Pewer-
Generaling Auplicalions (WO3081 4)

Oevelopmens of Fiber-@puc Ceuplers lor
weined-Tues Reparr Techinelogy for
Sigam Gerneraters (WO9004 1)

Welding Technolegy for Ihe Repair of
Pawar Plant Components {WQ9C0OA-2)

L ow-Pressure Motor Rwn Atlachment
Cracking Survay of Utiity Experence
(W@%005- 1)

Funding/
Duration

$245 600
9 monlhs

$193.200
12 merlhs
$425,000
Z2 mernihg
$400 308
i2 monihs
358,100

7 menths

$466,100
37 montns

$125.400
6 menths

3320008
12 menlhs

S64 000
* monlhs

3323.500
14 monihs

$1235.100
8 months

$52,500
2t montns

877 775
1 rnonti

$147.900
16 monlhs

3143600
368 mantns

$200,000
17 months

$39 400
36 monihs

$110.300
B rmonths
$236.408
21 monihs
3200.000
22 months
§$185,700
8 menrths
$350.008
8 mentns

$327.300
33 menths

$99,200
S morths

$&60.000
7 manths

$197,800
12 manths

$459.900
358 montns

558,508
& menlhs

Contraclor/EFPRI
Froject Manager

Apphed Decision
Aralysis/C Smiyser

J A Jenes Fower
Deivery/A Hirany

Weslinghouse Electne
Cerp A Sundaram

J A Jones Power
Beliiery (M MastrCianm

J A Jones Power
Delvary i M MeCalterly

Underwrilerg Lapore-
wnes/A Bernsten

Foaler-Miller /5 Bamstam

J A Jongs Fewer
Delivery/ 1 Mastraanm

Laurits R Chrstgngen
Assorigtes (C Smyser

Advanced Optcal
Contreis{ T Redenbaugh

Enertach Consullanis/
T Rodenieaugh

Ingnut de Recherche
d'tHydro @uébec /i3 Mo
Dofien

J A enes Power
Delivery! D Van Dolfen

Power Dalivary
Consullants /
T Rodgnbatgi

Urversity of llingis,
UrhanatM Perakis

Pernsylvariz State
Univarsity {8 Syrsi

University ot Seuthern
Califerriz}J Maut®etsch

Reseurzs Dynamics
Ceorp /K Johnsen

ADA Techinologues
~ Chang

Radian Cara A Chang

Uriversity el North
Dakota{R Chang

2TEK Corm /A Goldstem

Naliopal Physical
Lameratery /8 Doofey

Aplech Engineering
Services/ B Nosley

SRI International /
W Bakker

J A Jones Apphad
Rasearch Ca /
V Viswartathan

J A Jores Acphed
Research Co {
V Viswanathan

Siructural Imegaty
Asspriates {
V Viswanathan
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New
Technical
Reports

Reques!s tor copies of remerts should be directed
to the EPRI Distribution Center, 287 Coggins Drive,
P.O. Box 23205 Pleasant Hill, California 94523
{510} 834-4212, EPRI memisers that fune the busi-
ness unit (ssuing a repo!t can receive the report
free of charge (or, In the case of bulk orders. for a
nominal price) Domestic organizatiens not eligible
far EPRI membership pay the listed price. ®thers
should contact Lhe Distribution Cenler for further
informalion

CUSTOMER SYSTEMS

Testing of a Heat Pump Clothes Dryer
TR-104235 Final Report {(RP3417-4); $200
Contractor: Arthur D Little, Inc.

Business Unil Residential & Small Commercial
EPRI Project Manager J Kesselring

CLASSIFY Applications, Vol. 1: Gathering
Information About Your Customers
TR-194568-V1 Final Report (RP4001-3): $200
Contractor: National Analysts Inc

Business Unit: Marketing Tools & BSM

EPRI Praject Manager T Henneberger

Field Evaluation of a Eutectic Salt Cool
Storage System

TR-104942 Final Report (AP3280-16); $50
Contractor: Dorgan Associates, Inc.

Business Unit: Residenttal & Small Commeroial
EPRI Project Managers' R Wendland, M. Khatlar

Assessment of a Carbon Diaxide Controller
for Residential Ventilation and Indoor Air
Quality Management

TR-104970 Final Remport {(RP2417-20), $200
Conlractor: GEOMET Technologies, Inc,
Business Unit: Resigential & Small Commercial
EPRI Project Manager: J Kesselnng

Development of a Microwave Clothes Dryer:
Interim Report 1

TR-104588 interim Repart (W03417-1); $200
Contraclors, Therma Energy Corp.; JG Microwave,
Inc.

Business Unil; Residential & Small Commercial
EPRI Project Manamer: J. Kesselring

The End-Use Technelogy Assessment
Project: A Load-Shape Anatysis of Ground-
Source Heat Pumps and Good Cents Homes
TR-105004 {RP2342-8}, $200

Contractor: Quantum Consulling, (nc,

Business Unit: Marketing Tools & DSM

EPRI Project Manager: P Meagher

Survey on the Status of Integrated Resouice
Planning

TR-105107 Final Report (RP2982-22); $200
Conlractor; Barakat & Chamberlin. Inc,
Business Unit- Marketing Tools & DSM

EPRI Project Manager. P Sigshanst

Proceedings: Delivering Customer
Value—7th National Demand-Side
Management Conference

TR-105196 Proceedings (RP3084), $200
Contraclors Barakat & Chamberlin, Inc.; Pacific
Consulling Services

Business Unit: Markeling Tools & BSM

EPR! Project Manager: J, Bloom

ENVIRONMENT

Land Apglication of Coal Cambustion
By-Products: Use in Agriculture and Land
Reclamation

TR-103228 Final Report {(RP3270-1). $200
Contraclor: Environmental Management Services
Businass Unit: Environmental & Health Sciences
EPRI Project Manager J. Goodrich-Mahoniay

Large Granular Lymphocytic (LGL)

Leukemia in Rats Exposed to 60-Hz

Magnetic Fields: Preliminary Studies and
Protocol

TR-104577 Interim Report (RP2965-16); $200
Contractor: Battelle Pacific Northwest Latorateries
Business Unit: Enviranmental & Health Sciences
EPRI Project Managers: C. Rafferty. K. €t

Investigation of the Risk Factors for
Sporadically Occurring Legionnaires’
Disease

TR-104770 Final Report (RP3266-1, -2, -80); $200
Conirgclor: Ohio State University Research
Foundation

Business Unit: Environmental & Health Sciences
EPRIl Project Manager- J Yager

Devetapment of a Carbon Dioxide Pressure
Technigue for Chemical Stabilization of
Alkatine Clean Coal Technology {CCT) Ash
TR-104840 Fina! Report (RP2485-21), $200
Contraclar: Wyoming Water Services Center
University of Wyoming

Business Unit: Environmental & Health Sciences
EPRI Project Manager J. Goodnch-Mahoney

Environmental Perfformance Assessment of
Coal Combustion By-Product Use Sites: Road
Construction Applications

TR-105127 Final Report (RP2796-1), $200
Contractar: Radian Corp

Business Unit- Environmental & Health Sciences
EPRI Project Manager' & Mctntosh

GENERATION

BIOPOWER: Biomass and Waste-Fired
Power Plant Performance and Cost Model,
Version 1.0

TR-102774 Final Repart (RP3295-2)' license
required

Contractor: Appel Consultants, In¢c

Business Unit: Renawables & Hydro

EPRI Project Manager: C McGawin

Production and Testing of Lightweight
Aggregates From Coal Gasification Slags
TR-103612 Final Report (RF1453-26) $200
Contractor: Praxis Engineers, Inc.

Business Unit. Advanced Fossil Power Systems
EPRI Project Manager: M, Epstein

Options for Increasing SO, Aemoval and
improving the Water Batance at Hoosier
Energy's Meraom Station, Vols. 1-3
TR-103923-V1-V3 Final Report (RP1031-13)
$10,000 for set

Centractor: Radian Cerp

Business Unit; Environmental Control

EPRI Project Managers: D Owens, R. Moser

1994 EPRI Heat-Rate Improvement
Conference, Vols, 1-4
TR-104241-V1-V4 (RP1711-13); $1080
Contractor: Encor-America, Inc.
Business Unil: Fossit Pewer Plants
EPR) Project Manager E. Petrill

Fieid Chemical Emissions Monitoring
{FCEM) Generic Sampling and Analytical
Plan

TR-104863 Final Repon (RP3177-1): $200
Contractor Radian Corp

Business Unit Environmenital Control

EPRI Project Managers; B Nott. P Chu

W. Chow

Benefits and Detriments of Deploying
Geneticaily Engineered Woody Biomass
Crops

TR-104836 Final Report (RP3407); $10,000
Contractor. Bruce E Haissig Co

Business Unit: Renewables & Hydro

EPR! Project Manager: J. Turntull

Proceedings: Effects of Coal Quality on
Power Plants—Fourth International
Conference

TR-*04982 Proceedings (RP2258-8), $10.000
Contractor- Reaction Enginesring Internationat
Business Unit: Fossil Power Plants

EPRI Prejec! Manager: A. Mehta

Operating Practices Guidebook {OPG)
TR-105102 Final Report (W02831);, $10.000
Cantractaor: Stralegic Power Systems, Inc.
Business Unit- Fossil Power Plarts

EPRI Project Manager- R. Fuschmuth

Advanced Coal Feeder Tests at Sunbury
Station

TR-105290 Final Report (RP1408-22): $10.000
Contractor. CQ Inc

Business Unil: Fossil Power Mants

EPRI Prgject Manager D O'Connor

Proceedings: 1995 EPRI/GRIVDOE/PG&E
Small Gas Turbines for Distributed Generation
Workshop, Vols. 1 and 2

TR-105293-V1 TR-105293-V2 Proceechngs
{RP1677) 200 each volume

Contractors: Gearge Hay. Sargent & Lundy
Business Unil: Advanced Fessil Power Systems
EPRI Projecl Managers: A. Cohn, D Rasller

NUCLEAR POWER

Guidelines for Development of In-Cabinet
Seismic Demand for Devices Mounted in
Electrical Cabinets

NP-7146-SL-R1 (RP2925-7); ficense required
Cantractor Stevenson & Associates. Inc
Business Unit- Nuclear Fewer

EFRI Project Manager: R. Kassawara
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Guidelines for the Verification and Validation
of Expert System Software and Conventional
Software, Vols. 18

TR-103331-V1-V8 Final Report {RP3093-1); $200
each volume

Conltractor: Science Applications International
Corp

Business Unit Nuclear Power

EPRI Prolect Manager J Naser

Turbulence and Fluidelastic Excitation of

a U-Tube Bundle

TR-103503 Final Report (RPS410-5); $200.000
Conltractor: ABB Combuslion Engineernng, Inc.
Business Unit Nuclear Power

EPRI Project Manager: D. Steininger

Alloy 690 Qualification: Corrosion Under
Prototypic Heat Flux and Temperature
Conditions

TR-104064 Final Report (RPS408-6). $500
Conlractor- Westinghouse Electric Corp.
Business Unit* Nucear Power

EPRI Project Manager: A Mcllree

Evaluation of Shielding Analysis Methods
in Spent Fuel Cask Environments
TR-104329 Final Report (RP3290-2), $200
Contractor. Oak Ridge National Laboralory
Business Unit: Nuclear Power

EPRI Project Manager R Lambert

Calvert Cliffs Nuclear Power Plant Life Cycle
Management/License Renewal Program:
Reactor Pressure Vessel Evaluation
TR-104509 Final Report(RP3343-1), $5000
Contraclors: Baltmore Gas and Electric Co
Failure Analysis Associates, Inc.: Grove Engineer
ing, Inc

Business Unil. Nuclear Power

EPRI Project Manager: J. Carey

EPRI Fatigue Management Handbook,
Vols.1-4

TR-104534-V1-V4 Computer Manual (RP3321-1),
license required

Conltractor- Strucltural Integrity Assoctales, inc
Business Unit: Nuclear Power

EPRI Project Manager: S, Gosselin

Calvert Cliffs Nuclear Power Plant Life
Cycle Management/License Renewal
Program: Nuclear Plant Asset Management
Case Study

TR-104615 Final Report (RP3343- 15): $5000
Contraclors: Baltmore Gas and Electric Co
Janus Management Associales, Inc.

Business Unil, Nuclear Power

EPRI Project Manager J Carey

Operating Nuclear Power Plant Fatigue
Assessments

TR-104691 Final Report {RP3321): $500
Business Unit; Nuclear Power

EPRI Project Manager-S Gosselin

Utility Activities for Nuclear Power Plant
Life Cycle Management and License
Renewal

TR-104751 Final Report {(RP2643-35); $5000
Contractor: Grove Engineering, inc
Business Unit: Nuclear Power

EPRI Project Manager: J. Carey
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Decommissioning Economic Risk Advisor:
DERAD Version 1.0 User’'s Manual
TR-104785 FinalReport (RP3171-4) $20,000
Contraclor Decislon Focus Inc.

Business Unil: Nuclear Pewer

EPRI Project Manager: C, Wood

PWR Primary-to-Secondary t eak Guidelines
TR-104788 Final Reporl (RPS550), $200
Conltraclor: PWR Primary-to-Secondary Leak
Guidelines Commitee

Business Unit: Nuclear Power

EPRI Préect Manager: R Thomas

Generic Seismic Technical Evaluations of
Replacement Items for Nuclear Power Plants
TR-104871 FinalReport (RP3186 31) $25 000
Contractor EQE, Inc

Business Unit: Nuciear Power

EPRI Proect Manager L Loflin

Use of Flaw Aspect Ratios for Pressurized
Thermal Shock Evaluations

TR-104894 Final Report (RP3757-3); $200
Contractor: Sartrex Corp

Business Unit: Nuclear Power

EPRI Project Manager: R Carler

Users Manual: WASTECOST DAW Module,
Version 1.0

TR-104926 Final Report (RP2412). $10,000
Contraclors. Management Resource International,
Nosh Produclions, Inc

Business Unit: Nuclear Power

EPRI Project Manager C Hornibrook

Stress Corrosion Cracking of Alloys 600 and
182 in BWRs

TR-104972-V1-V3 Interim Repori (RP2293-1
RPC101-21); license required

Contractor: ABB Alom AB

Business Unit Nuclear Power

EPRI Project Manager: J Nelson

Axial Cracking Phenomena in Burnable
Poison Rods

TR-104979 Final Reporl (RP3609-3); $20.000
Contractor ABB Combuston Engineerning Nuclear
Operations

Business Unit- Nuclear Power

EPRI Project Manager: B Cheng

The Status of Nuclear Industry Cost
Beneficial Licensing Actions {CBLA)
Activities

TR104987 Final Report (TC3719-3) $200
Contractor, Alan M, Ross, Consultant
Business Unit. Nuclear Power

EPRI Project Manager' F Rahn

Proceedings: 1994 ASME/EPRI Radwaste
Workshop

TR-105133 Praceedings (RP241i4) $200
Contractor: Paul Williams & Assoctates
Business Unit-Nuclear Power

EPRI Project Manager C Hornibrook

Proceedings: 1994 EPRI International Low
Level Waste Conference

TR-105134 Proceedings (RP24 14); $200
Contractor: Paul Willams & Associales
Business Unit: Nuclear Power

EPRI Project Manager C Hornbrook

User's Guide for Steam Generator Analysis
Package: SGAP Version 1.0

TR-105253 Final Report {(RPS415:2. RPS541-1);
license required

Business Unit: Nuclear Power

£EPR Project Manager: G Snkastiah

POWER DELIVERY

Assessment and Inspection Methods (AIM)
Field Experiment, Vols. 1 and 2

TR-104449-V1 TR-104449:V2 Final Report
(RP3621-1), $5000 for set

Contractor Engineering Data Management. Inc.
Business Unit Transmission

EPRI Project Manager: P. Lyons

Conductor Wind Loading: Results of EPRI
Field Validation Studies

TR-104480 Final Report (RP3748). $5000
Conltractor Sverdrup Technology—TLMRC
Business Unit: Transmission

EPRI Project Manager: P. Lyons

Low-Voltage Secondary Network Cable
Reliability Study

TR-104863 Final Report (RP3127-4) $5000
Conlractors: University of Conneclicut;
HulsbellKerile Co., Inc.

Business Unit- Distrbution

EPRI Proect Manager B Bernstein

Switching Transient Effects on High-Voltage
Current Transformers

TR-104961 Final Report (RP3320 1) $5000
Contractor BOM Federal, Inc

Business Unit' Substalions, System Operations &
Slorage

EPRI Project Manager: S. Lindgren

Flow-Induced Electrification of Liquid-
Insulated Electrical Equipment

TR-104973 Fina! Report (RP3334-1) $5000
Contraclor: Massachusells Institute of Techriialogy
Business Unil* Substations, System Operations &
Storage

EPRI Project Manager. S Lindgren

PowerTransforsmerTank Rupture:

Risk Assessment and Mitigation

TR-104994 Final Report (RP3212-1): $5000
Contractor, Westinghouse Electric Corp
Bustness Unit. Subslations, System Operations &
Slorage

EPRI Project Manager: S Lindgren

Experimental Study of Undrained Behavior
of Drilled Shafts During Static and Cyclic
Inclined Loading

TR-104999 (RP1493-4) $5000

Conltractor Cornell University

Business Unit Transmissien

EPRI Project Manager: A. Hirany

Reliability-Based Design of Foundations
for Transmission Line Structures
TR-105000 {RP1493 4): $5000

Contractor: Cornell University

Business Unil; Transmission

EPRI Project Manager: A, Hirany



Hybrid Filters for Power System

Harmeonics

TR-105008 Final Report (RF1426-5): $5000
Coriractor- University of Minnesota

Business Unit: Substations, System Operations &
Storage

EPRI Project Manager: A Edris

InteliCAD: Software to Enhance CAD and
Database Management Systems for Power
System Operations

TR-10508G Final Remport (RP3573-14) $5000
Business Unit: Substations. System Operations &
Slorage

EPRI Preject Manager D. Scbayc

Prototype On-Line Dynamic Security
Assessment (DSA) Program: User's Guide
TR-105082 Firal Report {RF3103-2}; $5000
Conlraclor: ABB Systems Control

Business Unit: Substalions, System Operations &
Slorage

EPRI Project Manager: P. Hirsch

Power System Transient Stability Assessment
Using Vector Processor Supercomputers
TR-105166 Finai Report (RP8010-20}) $5000
Contractor Universily of Minnesota

Business Unil: Substalions, System Operations &
Slorage

EPR! Project Manager: D. Maratukulam

STRATEGIC R&D

Reference Manual for On-Line Monitoring of
Water Chemistry and Corrosion

TR-104928 (RP8@44), $400

Business Unit: Strategic R&D

EPRI Project Manager B. Syrett

Structural Change in the Coal Industry:
Coal Industry Concentration Trends,
1970-1994

TR-105026 Final Report (RP3448-5), $195
Coniracior: Energy Ventures Analysis. inc
Business Unit: Stralegic R&M

EPRI Prajeci Manager. J. Plat!

Study of Multi-Element Diffusion Coatings
TR-105062 Final Report (RP2742-1), $200
Contractors. University of Pittsburgh. Demartmant
of Melallurgical and Materials Enginesring;
Lockhead Missiles & Space Co. Inc

Busingss Unit Sirategic R&D

EPRi Preject Manager: W Bakker

Proceedings: Shape Memary Alloys for
Power Systems

TR-105072 Praceedings (RP3000). $200
Cantractor- Memiy Corg.

Business Unit: Sirategic R&D

EPRI Froject Manager: V. Viswanathan

Development of Advanced High-
Performance Thermoplastic Coatings for
Distribution Cable Moisture Protection
TR-105073 Final Report (RF8007-19). license
required

Contractor Faster-Miller. Ing.

Business Urit. Strategic R&D

EPRI Project Manager B. Bernstein

New
Computer
Software

Orders for EPRI-developed software should be di-
rected to the Eisctric Power Sollware Center, 1830
Hi Line Drive. Dallas, Texas 75207; (800) 763-3772
EPRI memhers can receive, free ol charge, soft-
ware developed by the business units lo which they
subscribe @thers should contact EPRI's Licensing
Office at {415) 855-2974

ASAPP™; accounting Software
Application for Pollution Prevention
Version 1,1 {(PC-DOS)

Contractor: Radan Corp

Business Unit: Environmental Control
EPRI Project Manager Mary McLearn

C2ALM: Control Center Advisor for

Load Management

Version 1 0 (FC-DOS)

Contractor: TASC, inc.

Business Unit. Subslabons, System Cperations &
Storage

EPRI Project Manager: Ram Adapa

CLEAN: Comprehensive Least

Emissions Analysis

Version 2.0 (PC-DOS)

Conlraclor- Science Apglications Internationai
Corp

Business Unit Marketing Tools & DSM

EPRI Project Manager. Perry Siosharisi

Compact Simulator™

Version 1 0BA (PC-0S/2)
Contraclor. TRAX Corp

Business Unil: Fossil Power Plants
EPRI Project Manager Roy Fray

Compact Simulator™

Version 1,0MI (PC-0S/2)
Contracter: TRAX Corp

Business Unil: Fossil Power Plants
EPRI Projecl Manager. Roy Fray

Compact Simulator™

Version 1 OWE (PC-0S/2)
Contractor' TRAX Corp

Busingss Unit Fossil Powar Plants
EPRI Project Manager: Roy Fray

EA Manager™: SO, Compliance

and Emission Allowance Strategy

Planning

Version 1.5 (PC-DOS)

Contractor Decision Focus inc

Business Unit; Environmental & Health Sciences
EPRI Project Manager: Gordon Hesler

Fatigue Management Handbook

Version 1 0 (PC-DOS)

Contractor: Nondestructive Evaluatien Centar
Business Unit: Nuclear Power

EPRI Project Manager Steve Gosseln

HELM-PC: Hourly Electric Load Model
Version 2 1 (FC-DOS)

Conlracter ICF Rescources, Inc
Business Unil* Marketing Tools & DSM
EPRI Project Manager: Paul Meagher

MarketTREK™: Market Penetration

Forecasting Tool

Versien 2.0 (PC-DOS)

Conlractor: Research Triangle instituts
Business Unil: Marketing Tools & DSM
PRI Project Manager: Paul Meagher

MOV: Motor-Operated Valves
Version 1.0 (PC-DOS)

Contractor: MPR Assaciales
Business Unit: Nuclear Power

EPRI Project Manager’ John Hosler

RateManager

version 2.0 (PC-DOS)

Contractor: Electric Power Software
Business Unit: Markating Tools & DSM
EPRI Project Manager: Peiry Sioshansi

RETOU-WIN: Residentiai Rasponse to
Time-of-Use Rates

Verston 1 0t (PC-DOS)

Contractor: Christensen Associates
Business Unit: Markaling Tecls & DSM
EPRI Project Manager: Perry Sioshans

SGWorkstation: System Grounding
Workstation

Version 2.0 {PC-DOS)

Coniraclor: 8SG Alliance/I T

Businass Unit: Substations. System Operations &
Storage

EPRI Project Manager' Jerry Melcher

UTWorkstation: Underground Transmission
Workstation

Version 2 0 (PC-DOS)

Contractors Power Technologies, Inc..

BSG Allianced!T

Business Urut' Transmission

EPRI Project Manager, Tom Rodenbaugh

WASTECOST DAW

Vetsion 1.0 (PC-D@S)

Centractor: Management Resources
Business Unit. Nuclear Power

EPRI Project Manager Carei Hornibroek
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EPRI Events

NOVEMBER

1-3

PWR Plant Chemists Meeting

Orlando, Florida

Contact: Barbara James, (707) 823-5237

5-9

1995 Performance Measurement
Workshop

Denver, Colorado

Centact: Lynn Storie, (214) 556-6529

6-8

Radiation Field Control Conference
and Decontamination Seminar

Tampa, Florida

Contact. Lori Adams, (415) 855-8763

6-8

6th Conference on Decision Analysis

for Utility Ptanning and Management

San Diege, California

Centact: Charmaine Glenn, {415) 926-9227

7-9

Distributed Control Systems Retrofit
Workshop

Knoxville, Tennessee

Contact: Christine Lillie, (415) 855-2010

8-9

Control Coordination Between Power
Plants and Energy Contral Centers
Knoxville, Tennessee

Contact: Susan Bisetti, (415) 855-7919

8-10

Equipment Qualification Data Bank
{EQDB) Annual Meeting

Tampa, Florida

Contact: Fran Rosch, (704) 547-6073

13-14

Transmission Line Outage Workshop

New QOrleans. Louisiana

Contact: Mike McCatfferty, (817) 439-5900

1417

Motor Monitoring and Diagnoestics

Palo Alto, California

Centact: John Niemkiewicz, (610) 595-8871

15-16

Opportunity Knocks: The Changing
World of Energy Services

Palm Springs, Catifornia

Contact; June Appel, (610) 667-2160

28-30

1995 EPRI Internationat Clean Water
Conference

La Jolla, California

Contact: Christine Lilie, (415} 855-2010

28-30
Utility Motor and Generator Predictive
Maintenance and Refurbishment

Odando, Florida
Contact; Susan Bisetti, (415) 855-7919

28-December 1

Maintenance and Repair of Tubular Heat
Transfer Equipment

Eddystone, Pennsyivania

Contact: John Niemkiewicz, (610) 595-887 1

DECEMBER

4-7

Reliability-Centered Maintenance

Newport Beach, California

Corttact Denise Wesalainen, (415) 855-2259

5-6

Vitrification of Low-Level Waste:

The Process and Potentiat

San Antonio, Texas

Contact: Christine Lillie, (415) 855-2010

6-8

Meeting Customer Needs With Heat Pumps—
1985

St Louis, Missouri

Contact: Linda Nelson, (415) 855-2127

6-8

Polymer Technolegy Waorkshop

Palo Alto, California

Contact: Bruce Bernstein, (202) 293-7511

6-8

Seminar on Resource Planning in a
Competitive Environment

Phoenix, Arizona

Contact: Elliot Boardman, (407) 361-0023

1112

Transmission Line Grounding Workshop
Location to be announced

Contact: Mike McCafferty, (817) 439-5900

12-14

North American Electric Vehicle and
Infrastructure Conference

Atianta, Georgia

Contact: Lori Adams, (415) 855-8763

FEBRUARY 1996

§-7

Substation Equipment Diagnostics
Conderence IV

New @rleans, Leuisiana

Contact: Denise Wesalainen, (415) 855-2259

20-21

Center for Materials Production Industrial
Minerals Workshop

Ontario, California

Contact: Joe Goodwill, (412) 268-3435

29-March 1

1996 Power Delivery issues Meeting
Location to be announced

Contact: fon Ferguson, (817) 438-5900

MARCH

19-20

Managing for Biodiversity: Emerging ldeas
for the Electric Utitity Industry
Williamsburg, Virginia

Contact: Christine Lillie, {(415) 855-2010

September/October 1985

27-29

1996 Innovative Electricity Pricing

San Diego, California

Contact: Lori Adams, (415) 855-8763

APRIL

911

The Future of Power Delivery
Washington, D.C.

Contact: Lori Adams, {415) 855-873

9-11

1996 Electric Food Service

Symposium

Nashville, Tennessee

Contact: Susan Bisetti, (415) 855-7919

10-12

Pollution Prevention Seminar

Denver, Colorado

Contact: Linda Nelsen, (415) 855-2127

MAY

810

CEM {Continuous Emissions Monitoring)
Users Group Meeting

Kansas City, Missouri

Contact; Linda Neison, (415) 855-2127

22-24

1996 Heat Rate Improvement Conference
Dallas, Texas

Contact: Susan Bisetti, (415) 855-7919

JUNE

113

Interaction of Non-Iron-Based Materials
With Water and Steam

Piacenza, ltaly

Contact; Linda Nelson, (415) 855-2127

17-18

Gith International IS A POWID/EPRI
Controls and Instrumentation
Conference

Bailtimore, Maryland

Contact: Lori Adams, (415) 855-8763

JULY

22-24

1996 International Low-Level-Waste
Conference

New Orleans, Louisiana

Contact: Linda Neison, (415) 855-2127

24-26

ASME/EPRI Radwaste Workshop

New Orleans, Louisiana

Contact: Linda Nelson, (415) 855-2127

29-August 1

Fossil Plant Maintenance Conference
Baltimore, Maryland

Contact: Lori Adams, (415) 855-8763
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