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FBC—A Commitment to the Future

Coal may have to provide up to 70% of the nation’s total
electricity generation by the end of this century. In the face of
this growing reliance, the utility industry stands at a threshold

of fundamental change in its technologic base for coal-fired
generation. The present commercial technology is nearing the
end of its development potential and is hard-pressed to respond
to the rapidly changing requirements being placed on the
industry. New options that can meet increasingly stringent siting
and environmental demands and can be rapidly constructed in modular fashion over a
range of unit sizes are particularly in demand.

One of the new technologies expected to help provide this capability is
fluidized-bed combustion (FBC), a technique that is already well-applied in the industrial
sector and will be in commercial demonstration on the scale of utility steam-generating
units later this decade. As this month’s cover story explains, FBC technology has matured
in parallel with the growth of EPRI over the last 10 years, advancing from small engineering
test and pilot-scale efforts to the full-scale projects that are now being implemented.

FBC'’s principal appeal is that it directly addresses the major factors affecting
coal-fired power generation—notably, environmental controls. FBC tackles the pollutant
emissions produced from burning coal precisely where they are formed—in the furnace.
This approach is inherently less costly and more efficient than technologies that remove
such pollutants from the flue gas. In addition, FBC reduces the sensitivity of boiler design
and operation to fuel quality. This flexibility permits the user to operate in a buyer's market
for fuel, thus substantially reducing operating costs.

The confidence with which FBC’'s commercial availability can be foreseen in the
near term also provides an effective alternative for an industry facing the possibility of
mandated additions of flue gas desulfurization systems to current coal-fired capacity. For
example, proposed acid rain control requirements that would retrofit flue gas scrubbers on
up to 100,000 MW of existing, high-sulfur coal-fired generating capacity would cost the
nation at least $200 billion over the remaining life of the affected plants. This is equal to
about half of the utility industry’s net total plant assets today.

A more effective alternative would be the introduction of new, clean coal
technologies, such as FBC, that offer greater emission control efficiency and improved
generation productivity. If the $200 billion necessary to implement the scrubber retrofit
strategy were instead spent for plants using advanced coal technologies, it would provide
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about half of the new generating capacity the nation is likely to require between now and
2015. Such an investment would at the same time provide superior environmental control,
not only for sulfur dioxide but for nitrogen oxides and solid waste as well, while also
improving the productivity and cost of power generation.

FBC technology also provides an option for addressing another critical need of
an industry constrained by the high cost of capital for construction and uncertain demand
growth—smaller unit sizes that can be built as modules in factories and brought on-line in
less time to more closely follow lower growth rates. This can produce the equivalent of a
25% saving in capital investment. Compact pressurized-fluidized-bed plants promise such
modularity without sacrificing the economies of scale of today’s large plants. This approach
to FBC may also be used to rapidly repower the latent capacity available in many existing
steam turbines at a cost per kilowatt of one-half or less that for a new power plant.

The utility industry will face a major challenge in the 1990s to keep abreast of
even modest growth in electricity demand. A successful strategy to meet this challenge
will require the balanced contribution of new generating capacity, conservation and
end-use management, and increased productivity from existing capacity.

EPRI has been pleased to serve as both a partner and a catalyst over the
past decade in accelerating technical opportunities for resolving the new demands and
uncertainties facing utilities. FBC is one of the major accomplishments of this sustained
industry commitment.

Successful development and demonstration, however, is only part of the
challenge in transferring such options as FBC to broad commercial application. Each utility
should aggressively commit now to a comprehensive program that applies these options
in the most cost-effective combination. Time is critical if the industry is to stay ahead of the
events that are inevitably shaping the years ahead.

i £ fap

Kurt E. Yeager, Vice President
Coal Combustion Systems Division
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Authors and Articles

lean combustion of coal, if thermally

efficient as well, should be more
economical and more dependable than
any cleanup system that relies on ex-
haust gas filters and scrubbers for envi-
ronmental compliance. That’s the prom-
ise of fluidized-bed technology, mostly
developed during the past 15 years and
soon to be demonstrated for power gen-
eration by the electric utility industry.
This month’s lead article, Achieving the
Promise of FBC (page 6), is by Taylor
Moore, Journal senior feature writer, who
draws extensively from the work of four
research managers in EPRI’s Fluidized
Combustion Program.

Shelton Ehrlich, who heads the pro-
gram, has specialized in fluidized-bed
R&D since 1967. Before coming to EPRIin
September 1975, he was with Pope,
Evans & Robbins, Inc., for eight years as
director of combustion research. Before
that, he worked for four years as a nu-
clear engineer; and in still earlier work
for Pope, Evans & Robbins, he was a
project engineer on steam power plant
betterment studies.

Callixtus Aulisio, an EPRI project man-
ager since February 1978, also formerly
worked for Pope, Evans & Robbins, first
in the design of fluidized-bed units and
later as engineering supervisor during
the startup of a 30-MW demonstration at
Rivesville, West Virginia.

Steven Drenker came to EPRI in Aug-
ust 1978 as a project manager and now
focuses on R&D of pressurized fluidized-
bed systems. He was formerly with Bab-
cock & Wilcox Co. as a field service en-
gineer for the startup of utility power
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plants and industrial process steam sys-
tems.

William Howe joined EPRI in August
1978 as a project manager. He came from
Radian Corp., where he worked on the
conceptual design of a 600-MW fluid-
ized-bed boiler. Still earlier, he was with
Pope, Evans & Robbins as part of the
startup team for the Rivesville fluidized-
bed demonstration.

Easily seen in terms of new materials,
machines, and apparatus, R&D re-
sults are difficult to comprehend when
they remain in the abstract form of com-
puterized analyses and mathematical
simulations. EPRI Software for Utility
Needs (page 16) describes the rapidly
expanding effort to make EPRI computer
codes available in consistent form for
electric utility economists, planners, re-
searchers, engineers, plant operators,
and maintenance managers. Science
writer John Douglas tells the story with
information obtained principally from
EPRI's Walter Esselman and Kathy Kauf-
man, but with details from software spe-
cialists in a number of EPRI divisions.
Esselman, director of engineering as-
sessment and analysis, chairs the inter-
divisional Software Product Develop-
ment Advisory Committee. Esselman
has worked in EPRI's technology anal-
ysis and R&D planning since he came to
the Institute on loan from Westinghouse
Electric Co. in 1974; he has been a staff
member since August 1975. Formerly
with Westinghouse for 35 years, Essel-
man helped organize the Westinghouse

Astronautics Laboratory in 1959, directed
the company’s Hanford Engineering De-
velopment Laboratory in the early 1970s,
and thereafter was named to guide
Westinghouse strategic planning for nu-
clear energy systems.

Kaufman was a secretary when she
joined EPRI in March 1980, becoming an
assistant to Esselman nearly a year later.
As EPRI’s software development and dis-
tribution coordinator, she also acts as
staff to the interdivisional software com-
mittee. Kaufman’s background includes
a degree in law and professional work as
a writer.

uccessful demonstration of a 45-MW

binary-cycle geothermal power plant
in southern California’s Imperial Valley
will double the size of the useful geother-
mal energy resource in the United States.
Heber: Key to Moderate-Temperature
Geothermal Reserves (page 24) is Na-
dine Lihach’s account of this important
resource and technology development.
The Journal’s senior feature writer turned
to EPRI’s John Bigger for technical back-
ground.

Now manager for the Heber demon-
stration project, Bigger has been with the
Geothermal Power Systems Program
since January 1983. For nearly 7 years be-
fore that, he was a project manager for
solar-thermal energy R&D. Bigger came
to EPRI in May 1976 from the Los An-
geles Depart. of Water & Power, where
he had worked for 10 years, first in trans-
mission design and construction and
later in resource planning, with particu-



lar emphasis on waste heat, solar, and
geothermal energy.

ubtle radio-frequency emanations

from electric power machinery are
turning out to be the telltales of specific
phenomena, some of them precursors of
equipment failure. Advance Notice of
Generator Failure (page 30) reviews an
EPRI-sponsored development and sev-
eral adaptations conceived by utilities.
The article was written by Nadine Li-
hach, aided by research managers of
EPRI's Electrical Systems and Nuclear
Power divisions.

James Edmonds is a project manager
in the Plant Electrical Systems and
Equipment Program, concerned with the
phenomena and mechanisms of elec-
trical and physical stress on generator ro-
tors and related components. At EPRI
since November 1978, he was formerly
with American Electric Power Service
Corp. from 1968 to 1977, ultimately as
staff electrical engineer responsible for all
rotating electrical machinery on the AEP
system.

Gordon Shugars is a project manager
in the Engineering and Operations De-
partment of the Nuclear Power Division,
specializing in methods and instruments
for plant performance diagnosis. Shu-
gars joined the Institute in September
1977 after three years with Bechtel Power
Corp., where he held field and office
positions in power plant design, con-
struction, and testing. Earlier, he was in
the Navy for five years, most of that time
assigned to the Office of Naval Reactors.
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Achieving the
Promise of FBC

Already in wide use in other industries, fluidized-bed combustion (FBC) is achieving its
promise as an environmentally acceptable successor to conventional coal-fired technology.

6: <: ‘ — Tennessee Valley Authority plans
| < a 160-MW FBC unit, to be built by
| | ~ Combustion Engineering, Inc., at TVAs
Shawnee steam plant near Paducah,
X Kentucky. The new boiler, a bubbling-
= 14 type AFBC with an underbed feed
<‘ \ system, is scheduled for startup in
( ] 1988 or 1989.

~

Northern States Power Co. plans
to retrofit a 125-MW bubbling-bed AFBC
boiler made by Foster Wheeler Energy
Corp. to an existing unit at the Black
Dog station near Minneapolis. The Black
Dog retrofit, planned for startup next
year, will use an overbed feed system.
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Colorado Ute Electric Associa-
tion, Inc., chose a 110-MW circulating
FBC boiler designed by Pyropower Corp.
for repowering its Nucla generating
station. Startup is scheduled for 1987.

ifteen years ago, a few dozen re-

search scientists and engineers

gathered at Hueston Woods,
Ohio, to hear exciting promises for the
future of a technology that many be-
lieved represented the most significant
innovation in coal combustion in over a
century. The promise of fluidized-bed
combustion (FBC) indeed seemed
bright. By mixing coal with limestone
and burning it as a suspended mass
atop a cushion of air, the energy in coal
of nearly any grade could be released
with few of the troublesome pollutants
and greater efficiency than obtained in
conventional boilers. The prospect of a
cheaper, cleaner way to burn coal ap-
peared on the horizon as a saving grace
for a fuel that was steadily declining in
market appeal in competition with oil
at $3/bbl.

Today, the economic context is dra-
matically different, but the promise of
FBC has been largely achieved and its
advantages confirmed. Fluidized-bed
boilers are operating on coal, wood
waste—and even municipal waste—in
a variety of industries worldwide. In
the United States, plans are being laid
for the final phase of over a decade of
intensive R&D aimed at demonstrating
FBC technology on the scale of large
utility steam generating plants. Three
utilities, with EPRI support, have
launched their own commercial demon-
strations of FBC systems.

“When we look at the predictions
that were made and compare them
with where the technology stands
today, we can definitely conclude that
fluidized-bed combustion is achieving
its promise,”” says Shelton Ehrlich,
manager of FBC in the Coal Combus-
tion Systems Division. “The pioneers
didn’t realize how tough it would be,
how long it would take, and how much
it would cost.

“Not all the predictions for FBC have
yet been realized, and many of the
cautions put forth then have proved
to be on target,” notes Ehrlich, “but
fluidized-bed combustion is now an
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established steam-generating technique.
Although EPRI’s role in perfecting FBC
technology for industrial-scale applica-
tion has been limited to support R&D,
its role in utility-scale application has
been recognized as vital.”

Before this decade is over, at least
three utility boilers in the 100-200-MW
capacity range will be in commercial
operation, demonstrating FBC tech-
nology at a scale sufficient to confirm
its role as one of the successors to con-
ventional pulverized-coal-fired plants.
Such a scale not only signals the real-
ization of FBC's promise as a major
generation expansion option for the
future but also provides an option for
meeting incremental utility capacity
needs for the short term within the
financial and environmental constraints
now confronting the industry.

Redeeming the promise

For electric utilities, fluidized-bed com-
bustion is a new technology, involving
a different firing system than conven-
tional pulverized-coal boilers. The con-
cept of turbulent mixing of solid par-
ticles to accelerate reactions was taken
up by the petroleum industry in the
1940s and 1950s to promote catalytic
cracking of feedstocks.

In the early 1960s government energy
research agencies in Britain and this
country launched pilot plant projects
that added a new twist to the fluidized
bed: injection of limestone along with
coal to react with and remove sulfur
dioxide. Still, FBC technology remained
little more than an engineering curi-
osity until the mid 1970s, when oil
price shocks ushered in a new era
that favored domestic resource devel-
opment and increased sensitivity to
the environmental impacts of energy
conversion.

As Ehrlich recalls, enough was
known about FBC in 1970 to prompt
several experts to make some rather
bold predictions about its future. The
technology, they forecast, would have
unprecedented fuel flexibility, high heat
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release rates, exceptional heat transfer,
better combustion efficiency, reduced
fouling and corrosion, high thermal
storage for rapid load pickup, low
emissions of sulfur and nitrogen oxides
without expensive flue gas treatment,
and the potential for compact, shop-
assembled units.

The experts believed heat release
rates of over one million Btu an hour
per square foot of boiler cross-sectional
area were achievable. And utility-scale
systems of 1000-MW capacity with
boiler efficiencies of over 90% were
thought possible.

Based on these promises, EPRI un-
dertook a step-by-step research pro-
gram to develop utility-scale FBC. In
1977 EPRI built a 2-MW pilot plant that
would simulate a 600-MW FBC boiler.
“This was important because in the
early 1970s there had been a couple of
false starts with people short-circuiting
the development process to exploit the
oil crisis,”” Ehrlich remembers.

After the data at the 2-MW scale
were fully evaluated, EPRI and TVA
began design of a 20-MW pilot plant.
“The people who discussed the prom-
ises of FBC in 1970 knew it would take
a lot of hard work to redeem their
promises,” Ehrlich added.

Have the promises been realized in
the intervening decade and a half? Not
all of them, according to Ehrlich, but
enough that FBC has reached commer-
cial acceptance for both industrial and
utility applications. Some 50 companies
offer FBC boilers for sale in 25 coun-
tries; unit capacities range from 1 MW
(th) to over 100 MW (th), and larger
units, up to 480 MW (th), are being
built in the United States and else-
where. “Industrial-scale FBC boilers
have made a real impact. Over 40
units are now operating or under
construction in this country,” reports
Ehrlich, adding, “FBC has clearly
achieved its promise in the industrial
boiler field.”

Utility-scale systems have advanced
as well, although as Callixtus Aulisio,

EPRI’s manager for the world’s largest
FBC unit, points out, “We cannot yet
design a 1000-MW FBC boiler that will
achieve a thermal efficiency of over
90% on bituminous coal. We will,
however, see a 160-MW unit with over
87% boiler efficiency operating on the
Tennessee Valley Authority [TVA] sys-
tem in less than five years. We found
that increased residence time for gases
and solids was needed to reach this
level of performance. This was achieved
by enlarging the furnace space over the
bed and by recycling some of the par-
ticles that blew out of the bed. These
concepts were brought to maturity in
progressively larger pilot plants. And
our experience operating progressively
larger prototype units shows perfor-
mance improving with size.”

Most of the early forecasts for FBC
have been realized through the compre-
hensive pilot development program for
utility-scale systems. Current FBC de-
signs include about 10-15% more heat
transfer surface area than a comparable
conventional boiler—the result, not of
a technical difference, but rather, ac-
cording to Aulisio, of “a natural conser-
vatism by manufacturers when a first-
of-a-kind boiler is tendered with strict
performance guarantees.” FBC super-
heater sections, constructed of costly
stainless steel, average 24% less area
than those in conventional boilers,
however.

To limit pollutant emissions and
maintain high boiler efficiency, FBC
units must operate within a narrow
temperature range (1500-1600°F; 816—
871°C), making load turndown difficult.
This was the focus of a major devel-
opment effort that resulted in load-
following capability at least equivalent
to that of a conventional plant. In addi-
tion, the heat retained in the bed per-
mits startup directly on coal after over-
night shutdown. This should enhance
the cycling capability of FBC.

Particulate emissions control also pre-
sents a challenge; electrostatic precip-
itators (ESPs) have a harder time cap-




The amount of sulfur that can be retained during fluidized-bed combustion depends on the ratio of
limestone sorbent to feed coal, as well as on the specific coal that is burned. This graph indicates
sulfur reduction levels achieved in tests at both the EPRI 2-MW FBC test facility and the TVA-EPRI
20-MW pilot plant. A low-sulfur subbituminous coal was tested for Northern States Power Co. in the
20-MW plant; high-sulfur Kentucky No. 9 coal was burned at the 20-MW plant, using two different
coal feed systems. The bands show that higher fly ash recycle rates improve sulfur reduction.

Sulfur Reduction With Fluidized-Bed Combustion
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FBC’s Fuel Flexibility

Fluidized-bed combustion offers unprecedented flexibility in the
choice of fuel that can be fired, including coals of high ash and
sulfur content. Listed are low-grade fuels considered for use in
commercial FBC boilers that have been successfully test-fired in

pilot plants.

Anthracite culm Tree bark

Coke breeze Cow manure
Industrial sludge Lignite

Oil shale Peat

Petroleum coke Sewage sludge (dry)

turing FBC dust because it has higher
electrical resistivity than dust from
burning pulverized coal. To the extent
that early utility experience with FBC
involves conversion of existing boilers
that already use ESPs, FBC retrofit with
ESPs will continue to command R&D
attention. Baghouses will normally be
used on new units, however.

The method by which coal and lime-
stone sorbent are introduced in the
boiler is a major area of engineering
focus. “It has always been the make-or-
break issue,” explains William Howe,
who has been responsible for 2-MW
and 20-MW pilot plants where solu-
tions were sought and found. Both
underbed and overbed feed systems
have been developed and tested. The
underbed approach forces coal and
limestone in several streams under
pressure through the bottom of the
boiler; overbed feed uses spreader-
stokers to throw the coal over the top
of the bed, where furnace pressure is
neutral.

Both approaches have their advan-
tages and drawbacks. Underbed feed-
ing is susceptible to plugging, while
overbed systems may require a means
of controlling the coal fines to maintain
comparable combustion efficiency with
coals of lower reactivity. “Both types
have been tested in FBC pilot plants
and both will be given the final test in
the upcoming utility demonstration
projects,” adds Howe.

A winning score

Most of the early promises have turned
up on the plus side of the FBC R&D
scorecard. Pilot tests have confirmed
remarkably little fouling or corrosion in
the furnace. Fuels of such low quality
as coal waste, cow manure, sewage
sludge, and tree bark have been suc-
cessfully test-fired, confirming the
promise of unprecedented fuel flexi-
bility. The number of coal and sorbent
feed points required in an FBC boiler
has been steadily reduced. And re-
search has proved that the energy
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stored in a hot fluidized bed permits
rapid and trouble-free load increases.

Limestone sorbent has been shown
very effective in capturing sulfur diox-
ide as dry waste, eliminating over 90%
in combustion. Efforts to reduce the
sorbent-to-sulfur ratio to the minimum
effective level continue because of the
effect of limestone costs on overall
plant economics. Sorbent requirements
have been reduced through an im-
proved understanding of sulfur capture
by limestone, but the best wet scrub-
bers on pulverized-coal plants can re-
move equal amounts of sulfur with
about half the raw limestone.

Unlike FBC sorbent injection, how-
ever, wet scrubbers entail substantial
maintenance costs and operating effi-
ciency penalties, and they produce a
wet sludge that presents disposal prob-
lems. FBC systems also generate large
amounts of spent sorbent as waste, but
the material is dry and disposal is thus
simpler and cheaper. FBC waste is
proving useful as a construction aggre-
gate and agricultural fertilizer.

The mechanism by which nitrogen
oxides are formed in an FBC boiler is
similar to that in a pulverized-coal
boiler—as a function of the coal type,
excess air, and temperature. But the
lower combustion temperatures in an
FBC boiler inherently limit NO, forma-
tion. Pilot tests at the 20-MW scale
show NO, levels well below the U.S.
Environmental Protection Agency’s
New Source Performance Standards.
Two-stage FBC firing offers the poten-
tial of even lower NO, emissions.
Howe comments, “Late last year, in
tests cosponsored with Consolidated
Edison Co. of New York, we achieved
NO, levels of about one-third the EPA
standard, and we get regular reports
from our friends in Japan showing even
lower NO, values with two-stage air
addition.”

Recycling fly ash is the major factor
influencing carbon combustion; efficien-
cies approaching 99% can be achieved
at recycle ratios of 2:1. An innovation
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FLUIDIZED BED UNDER PRESSURE

he fuel flexibility, internalized

emissions control, and higher
heat transfer of FBC open the way
for packaging a power plant in small
(150-250-MW), compact designs that
could be shop-fabricated, shipped by
barge, and installed as incremental
capacity to closely match a utility’s
load growth.

In response to industry interest in
modular plants, EPRI is supporting
development of a type of fluidized
bed in which the furnace is pressur-
ized to 1.0-1.5 MPa, or 10-15 atm.
PFBC promises shorter construction
time and the lowest busbar energy
cost of any coal-fired power gener-
ation option now under development.

Until recently most conceptual
designs for PFBC focused on high-
temperature, combined-cycle opera-
tion, in which the hot (1500°F; 816°C)
gases from the boiler are used to drive
a gas turbine before passing through a
waste heat steam generator to run a
conventional steam turbine cycle. This
approach, however, may require de-
velopment of new gas cleanup tech-
nology because of the potential for the
high-temperature flue gas to foul and
corrode the gas turbine.

Another PFBC approach identified
in an EPRI study by Brown Boveri
Corp. cools the gas in a convection
pass above the fluidized bed to about
800°F (427°C) before it enters the gas
turbine. The lower inlet temperature
allows the adaptation of state-of-the-
art particulate removal systems (ESP
or baghouse) to minimize gas turbine
blade erosion and the need for high-
temperature piping. Power from the
gas turbine is used only to drive the
boiler’s air compressor, while a con-
ventional steam cycle generates all the
electricity for transmission.

The projected overall system effi-

ciency of such a turbocharged PFBC is
37%—about 2% less than combined-
cycle PFBC. But the turbocharged
PFBC’s lower technical risk, greater
expected reliability and availability,
reduced capital cost, and earlier ex-
pected commercial availability make
it a more-attractive near-term alter-
native to combined-cycle operation.
EPRI is sponsoring a design and cost
estimation study of a modular 250-
MW turbocharged boiler that when
completed early this year should pro-
vide a confident basis for comparing
capital costs of a four-unit turbo-
charged PFBC plant with a conven-
tional 1000-MW pulverized-coal plant
with flue gas scrubbers. Project par-
ticipantsinclude Brown Boveri; boiler-
makers Foster Wheeler Energy Corp.
and Combustion Engineering, Inc.,
plus Lurgi Corp.; Research-Cottrell,
Inc.; and Fluor Engineers, Inc.

Considerable R&D is still required
before the commercial potential of
turbocharged PFBCs can be realized.
EPRI’s effort has emphasized materi-
als evaluation and hot gas cleanup, as
well as development of a design base
for the heat transfer tube bundle
within the pressurized bed.

The principal engineering devel-
opment facility for PFBC R&D in the
years ahead is the 25-MW (equivalent)
test rig at Grimethorpe, England. Sup-
ported, until recently, by the federal
energy agencies of the United King-
dom, United States, and West Ger-
many, activity at Grimethorpe will
continue under sponsorship of En-
gland’s National Coal Board and the
Central Electricity Generating Board,
with some support from EPRI and
DOE.

The Institute has dedicated sub-
stantial funding support over the
next three years for a number of test




#‘,_

programs at Grimethorpe, including
high-temperature in-bed tube erosion
studies, advanced hot-gas filter tests,
and continuing materials evaluation
for high-temperature gas turbines.

In recent years several utilities have
indicated particular interest in PFBC.
One of them, American Electric Power
Co. (AEP), is working with ASEA
PFBC Ab (a European joint venture) to
develop a combined-cycle PFBC sys-
tem. ASEA PFBC operates a 15-MW
(th) pilot plant in Malmo, Sweden.
Positive results from testing there
could lead to a realization of AEP’s
plan to build and operate a 70-MW
combined-cycle demonstration plant
by 1990.

Florida Power & Light Co. (FP&L)
has evaluated the turbocharged PFBC
for repowering a retired 80-MW oil-
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fired unit at its Palatka station near

Jacksonville. The EPRI-sponsored
study, which included General Elec-
tric Co. and Babcock & Wilcox Co. as
participants, concluded the project
could be built for about $51 million
($660/kW), not counting certain first-
time design and test costs. Results
have led to follow-on sorbent and
boiler tube erosion tests by FP&L in
England at the National Coal Board’s
Leatherhead laboratory, as well as ex-
panded experiments by General Elec-
tric on gas cleanup technology.

In addition, in 1984 FP&L commis-
sioned Sargent & Lundy to do an engi-
neering design and cost assessment of
a new 800-MW turbocharged PFBC
plant at FP&L’s Martin County gener-
ating station. The assessment is based
on initial construction of a steam tur-

bine generator unit of 800-MW capac-
ity, with phased construction of four
200-MW turbocharged boilers over a
period of several years. Studies have
indicated that such an approach yields
certain cash-flow benefits, as well as
capital construction costs 10-15% less
than for equivalent pulverized-coal
capacity with flue gas desulfurization.

Because of its lower expected unit
cost and shorter construction lead
time, EPRI believes the turbocharged
PFBC to be an end in itself for near-
term utility application of FBC tech-
nology. But successful development
of this approach could help pave
the way for the ultimate FBC devel-
opment, one that has long been a
goal of power engineers: a highly effi-
cient, direct coal-fired combined-cycle
system. ]
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developed in the United States and
now applied in Japan reduces the de-
gree of fly ash recycle required for high
efficiency by providing additional fur-
nace area for carbon burnup. The con-
cept appears applicable to larger FBC
designs.

The promise that fluidized-bed boil-
ers could achieve energy release rates
of over one million (10°) Btu an hour
per square foot of boiler surface has
been redeemed with a variation on the
classic atmospheric FBC design known
as circulating fluidized bed.

The prediction that fluidized-bed de-
velopment would provide the neces-
sary technical stimulus for advanced,
highly efficient generating plants that
could be shop-assembled and installed
as small, compact units is approaching
fruition through a variant of FBC tech-
nology known as pressurized-fluidized-
bed combustion (PFBC). Although not
as far along in development as the
atmospheric-type FBC design, PFBC
designs could lead to the ultimate po-
tential FBC development: a direct, coal-
fired combined-cycle system operating
at advanced steam temperature and
pressure conditions.

Utilities take the plunge

Conversion of existing industrial or util-
ity coal boilers to fluidized-bed designs
was seen by the prognosticators at
Hueston Woods as an attractive first-
generation application of the fledgling
technology. The first effective industrial
boiler conversion was of a 13.5-MW (th)
unit in 1975 at Renfrew, Scotland, by
British Babcock Limited. This conver-
sion was successful as a pioneer test
and development effort.

The first electric utility retrofit of FBC
was made in 1981 at a 15-MW unit at
Northern States Power Co.’s French
Island station in Wisconsin. Built in
1948 to burn coal but later converted to
oil-firing, the unit now operates with
FBC on low-cost waste wood. An ex-
perimental test-firing of shredded solid
waste in 1983 was a modest success
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despite the lack of a nearby source of
the fuel. NSP has proposed to build a
refuse-derived fuel (RDF) plant nearby
and retrofit a second 15-MW unit at
French Island with FBC. Both units
would then burn a blend of 25% RDF
and 75% waste wood.

NSP, EPRI, and other project par-
ticipants have now joined forces to
retrofit a much larger unit with FBC—
a 100-MW pulverized-coal boiler at the
Black Dog power plant near Minne-
apolis. When the 30-year-old boiler is
converted to fluidized bed, it can con-
tinue burning the subbituminous coal
that had previously forced derating of
the boiler to 85 MW. The FBC conver-
sion, expected to be operational next
year, will not only recapture the lost
megawatts but will add another 25 MW.
Foster Wheeler Energy Corp. is de-
signing the Black Dog FBC boiler.

According to Ehrlich, several factors
make the Black Dog project ideal as
the first large-scale conversion to FBC.
There is strong community support,
including that of environmentalists; up-
rating the boiler by 25 MW will account
for only a fraction of the overall $50
million project cost; related improve-
ments to extend the boiler life will allow
full recovery of the new investment;
the unit will burn 100% subbituminous
coal while meeting federal New Source
Performance Standards for both SO,
and NOy; and the FBC furnace will fit
well within the existing space.

To meet a stringent particulate emis-
sion standard (0.04 1b/10° Btu), NSP
plans to modernize the existing ESP
and limit flue gas volume by cooling
the gas and controlling air preheater
leakage. EPRI will sponsor a $3.5 mil-
lion planned test and documentation
program for the boiler conversion.

“Conversion of Unit 2 at the Black
Dog plant from pulverized coal to
AFBC operation should provide a tech-
nical and economic basis for respond-
ing to the acid rain issue in the upper
Midwest,” comments Jerry Zylkowski,
NSP’s project manager for the Black

Dog conversion. “The key issues for us
were the ability, with FBC, to burn a
high-fouling coal, to increase existing
capacity, and to extend the life of the
plant.”

Judging from the factors that make
the Black Dog project an ideal retrofit
application, EPRI believes there are
many other similar opportunities where
environmental requirements, power
plant life extension, and increased
boiler capacity are high priorities. On
the basis of a screening survey of units
ordered between 1945 and 1965 and
sized between 30 and 300 MW with
heat release rates under 1.5 million Btu
an hour per square foot of plan area,
EPRI estimates about 200 pulverized-
coal boilers in the United States are
candidates for FBC retrofit, represent-
ing an aggregate generating capacity of
20,000 MW. Some of these boilers may
be more difficult to convert than Black
Dog, but they will have the benefit of
NSP’s experience.

In 1970 optimism about FBC was so
high it was even thought that large
numbers of operating boilers would be
replaced with new fluidized-bed boilers
because of the high cost of retrofitting
those conventional plants with wet
scrubbers to meet emissions limits.
“Today it does not seem likely that
wholesale replacement will be the gen-
eral case,” says Ehrlich, “but the larg-
est of the three planned utility FBC
demonstrations follows precisely the
approach predicted—it will replace a
pulverized-coal boiler that has been
operating since 1955 with a new FBC
boiler.”

This is the $220 million FBC demon-
stration planned by TVA, Duke Power
Co., the state of Kentucky, and EPRI
at TVA’s Shawnee steam plant near
Paducah, Kentucky. Combustion
Engineering, Inc., will supply the new
160-MW FBC boiler, which will be in-
stalled adjacent to the existing Shawnee
power house, replacing one of ten
1950s-vintage pulverized-coal boilers.
EPRI has committed up to $75 million




More than 40 small fluidized-bed boilers are being used for indus-
trial applications in a number of industries. Shown is a Pyropower
Corp. unit recently installed at California Portland Cement Co!s
Colton plant.

for the first-of-a-kind technical and eco-
nomic risks of the project, including
$20 million for a 10-year test program.
The new FBC boiler is expected to be
placed in service in 1989.

A key factor in TVA’s decision to
replace a boiler that has given good
service for 20 years with a new FBC
design is the fuel flexibility offered by
fluidized bed. To meet environmental
emissions limits, TVA recently switched
the Shawnee units to a higher-cost,
low-sulfur coal instead of the locally
mined, high-sulfur coal. The ability to
burn high-sulfur coal in the FBC boiler
could mean a very substantial fuel cost
reduction.

According to Michael High, director
of the federal utility’s Division of En-
ergy Demonstration and Technology,
“TVA had counted on nuclear power to
meet virtually all future load growth.
Now, it looks as if our next large unit
will be an FBC boiler. The 160-MW
demonstration is the key to proving
that FBC is reliable in utility-scale appli-
cations, as well as efficient and clean.”

The TVA project represents the con-
cluding phase of a development pro-
gram that has progressed from engi-
neering test and pilot facilities to the
current full-scale demonstrations. The
effort on large-scale FBC began with
construction and limited operation of a
30-MW AFBC boiler at Rivesville, Vir-
ginia, under DOE sponsorship in the
mid 1970s. This plant highlighted key
concerns for utility application but was
shut down in 1979 and later dismantled.

The 160-MW FBC plant will join a
20-MW TVA FBC pilot plant that has
operated at the Shawnee station since
1982. A four-year TVA-EPRI test plan
at the 20-MW pilot continues with per-
formance evaluations of full-scale FBC
components and auxiliary equipment,
load control approaches, and coal feed-
ing methods. Design of the 160-MW
unit is intended to fully apply the en-
gineering experience gained from the
pilot plant.

EPRI's FBC effort also continues to
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SCALING UP FBC: A CASE STUDY

he technical basis for many of the

design features of utility FBC
demonstration projects now planned
grew from insights gained in operat-
ing progressively larger engineering
units. These include the EPRI 2-MW,
6-by-6-ft process development facility
builtin 1977 and the TVA-EPRI 20-MW
pilot plant completed in 1982. The se-
lection of coal feeding systems for the
160-MW TVA and 125-MW Northern
States Power Co. (NSP) demonstra-
tions illustrates the value of a substan-
tial process and reliability data base in
assessing various design trade-offs.

A major area of engineering devel-
opment with FBC focused on evalu-
ation of the two current options for
feeding coal into the boiler: a pneu-
matic underbed feed system and a
mechanical overbed coal spreader.
Despite a simplicity of design that
should result in high reliability for the
overbed system, there has been con-
cern that this might be offset by per-
formance penalties associated with
combustion efficiency losses and in-
creased limestone sorbent require-
ments.

To assess these trade-offs, design
coals for the TVA and NSP demonstra-
tions were tested in both overbed and
underbed feed systems. High-sulfur
Kentucky No. 9 coal for the TVA dem-
onstration was tested on the 20-MW
plant, while a Wyoming subbitumi-
nous coal was tested for NSP on the
6-by-6-ft facility. Data from these tests
were applied in evaluating designs for
the TVA and NSP projects last year;
economic penalties were assigned to
plant costs for process performance
and reliability as a result.

Although comparable combustion
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efficiency was achieved with the two
feed methods once enough fly ash re-
cycle was established, sulfur capture
efficiency was significantly impaired
for the Kentucky No. 9 coal during
overbed feed tests because of the sub-
stantial release of SO, in the freeboard
above the fluidized bed. In addition,
variability in the amount of the coal
fines (particles of less than 500 pm in
diameter) and problems with ash ac-
cumulation required washed coal for
the overbed tests.

For NSP’s subbituminous coal,
however, there was no difference in
sulfur capture efficiency between the
overbed and underbed systems, nor
were there problems with rocks or
fines.

One conclusion from the tests was
that for an overbed system to be eco-
nomical with the Kentucky No. 9 coal,
the coal preparation system should be
designed to control rocks and fines.
Two such coal preparation schemes
were evaluated by TVA; both included
complicated features. But a reliability
assessment using the EPRI-developed
UNIRAM model, based on equipment
outage data from the 20-MW plant
and other facilities, showed that the
integrated overbed coal preparation
and feed system would be less reliable
than the underbed feed system that
TVA later selected.

Thus, while overbed systems may
initially appear to be the simplest and
most reliable FBC feeding method,
selection of the best method for a
specific application must take into
account coal properties, combustion
and sulfur capture efficiency, and the
feed system’s overall reliability when
integrated with coal preparation. [

make use of a 2-MW process devel-
opment facility at Babcock & Wilcox
Co.’s Alliance (Ohio) Research Center.
Funded by EPRI and completed in 1977,
the 2-MW plant has provided critical
input to the design of both the 20-MW
and 160-MW facilities. Insights resulting
from the 2-MW scale include the addi-
tion of a fly ash recycle system for
greater combustion efficiency.

A different type of atmospheric FBC
design that has found wide acceptance
in the industrial boiler field will also
be in utility-scale demonstration by de-
cade’s end. Colorado Ute Electric Asso-
ciation, Inc., plans to install a 110-MW
circulating fluidized-bed combustion
(CFBC) boiler at its Nucla generating
station.

In a CFBC design the fluidizing air
velocity is typically 20 ft/s (6 m/s),
twice that of the conventional bubbling-
type AFBC. A dust collector yields a
solids recirculation rate of over 99%,
promising improved carbon burnup,
greater NO, reduction, and reduced
limestone requirements.

EPRI and Colorado Ute cosponsored
a design study for the Nucla CFBC.
Colorado Ute selected Pyropower
Corp., which uses a design developed
in Finland by Ahlstrom Co., to supply
the new boiler. The 25-year-old Nucla
plant’s generating capacity will be in-
creased from 36 MW, its three stoker-
fired coal boilers have already been
retired because of high operating and
maintenance costs.

The utility determined that the $86
million CFBC retrofit could be accom-
plished at about one-third the capital
cost of building new pulverized-coal
capacity. The difference, however, does
not reflect the existing general plant
equipment and site costs that would be
associated with an entirely new FBC
construction project.

“Our existing 36-MW plant at Nucla
was too expensive to keep in service,
but we needed a source of power at
that point in our system—the next
closest plant is 300 miles away,”” ac-




cording to Theodore Rosiak, executive
assistant to the president of Colorado
Ute and manager of the Nucla FBC
project. “We bought a 110-MW fluid-
ized-bed boiler and are uprating our
old plant—all for about $840/kW. We
think it’s a good idea for our customers,
but we also think that we and EPRI can
help the vendors scale up the technol-
ogy to meet our needs for larger units
in the 1990s.”

Colorado Ute and Pyropower plan to
join with EPRI in a comprehensive test
program to explore scale factors and
determine whether cost-effective CFBC
plants at the 500-MW scale and greater
can be designed. The program will ad-
dress key technical uncertainties associ-
ated with scale, including horsepower
requirements, process performance,
startup and transient operation, and
overall reliability.

FBC economics

Completion of the three key utility
demonstration projects will represent a
major step toward establishment of the
technical, performance, and economic
basis for confident large-scale applica-
tion of FBC as a commercially com-
petitive technology. It is unrealistic

to expect that any new generation
technology will supersede conven-
tional pulverized-coal plants overnight.
Rather, FBC development has reached
the point where it is at least com-
petitive in performance and shows
specific advantages in first-generation
applications.

For example, the opportunities to
eliminate the wet scrubbers associated
with conventional plants and to build
more-economic, smaller generating
units with FBC remain important cost
and operational advantages of the first-
generation FBC demonstrations.

The levelized cost of electricity from
fluidized-bed plants still promises to be
about 10% less than that from con-
ventional coal-fired generation because
of the influence of another major com-
ponent of total cost: fuel. As the TVA

demonstration project suggests, the
economic difference between the flex-
ibility to burn high-sulfur coal—or vir-
tually any other fuel—and the require-
ment to fire more-expensive low-sulfur
coal can tip the balance in FBC’s favor,
depending on site-specific factors.

It appears likely, given the utility in-
dustry’s present financial constraints
and FBC technology’s economic status,
that a utility’s decision on whether to
adopt FBC will be favorable when con-
ditions resemble those that applied to
the three planned FBC demonstrations:
the need to increase capacity and ex-
tend the life of existing plants, and the
need to burn lower-cost fuels without
adding flue gas desulfurization systems
while still complying with environmen-
tal regulations.

“Perhaps most important, as a newly
developed technology, FBC has the po-
tential for continued refinement of
these advantages as its commercial
application matures,” comments Kurt
Yeager, EPRI vice president and direc-
tor of the Coal Combustion Systems
Division. “In contrast, conventional
technology is nearing the end of its de-
velopment potential. Building any kind
of power plant today is expensive and
constrained by the high cost of capital,
so not many plants are being built. FBC
is an option with the potential to fun-
damentally change the role of utilities
in today’s fuel market. FBC’s insensi-
tivity to fuel type allows utilities to
operate more in a buyer’s market than
in a seller’s market; they can easily
switch fuels, depending on availability
and price, without regard for fuel
quality. Thus, they’re not locked into
one type of coal because of emissions
limits.”

An enduring promise

FBC has matured as a utility generating
technology somewhat in parallel with
the growth of EPRI over the last de-
cade. And according to Yeager, the in-
dustry can take a lot of credit for that.
“The technology would not be where it

is today had not the utility industry,
with EPRI, made the commitment,
brought in people with the needed
expertise, and had the patience and
persistence to carry it through the de-
velopment cycle. Through EPRI, the in-
dustry has carefully advanced FBC—it
hasn’t oversold the technology, and it
hasn't tried to make it commercial be-
fore its time.

“But we’re now at the point where
FBC is being seriously considered for
commercial application,” adds Yeager.
“The confidence that has been gained
in the operation of the 20-MW pilot
unit in the last two years, and now the
beginning of the demonstration phase,
has already led to a commitment by
several utilities to commercially apply
FBC. When these demonstration
projects are completed, FBC systems
will stand as one of the keystones of
advanced coal technology that will
permit utilities to rely on the nation’s
abundant coal resources long into the
future in an environmentally acceptable
manner while also improving the pro-
ductivity and lowering the cost of
power generation.”

Further reading
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EPRI Software

for Utility Needs

In response to a growing need for software in utility operations, EPRI is working with the
industry to ensure the quality and usability of its computer codes.

oftware development for the elec-

tric power industry has acceler-

ated greatly in recent years as
new computer technology has become
available and utilities have required new
analytic tools for coping with vast quan-
tities of data. In response to utility needs
for new codes, EPRI’s role in developing
software for electric power applications
is growing rapidly. Over the last two
years the number of EPRI codes available
to member utilities has more than dou-
bled, and the rate of licensing and distri-
bution of these codes has expanded at
least as rapidly.

In addition, an increasing proportion
of EPRI's R&D results are now being
made available to utilities in the form of
software. Computer codes make new
knowledge available in a way that util-
ities can use most easily. When new tech-
niques or results of experiments, tests,
and analytic studies are made available
as reports or data bases, much time can
elapse before they are put into practice.
Incorporating such information into a
computer code, however, accelerates
technology transfer.

Development of sophisticated soft-
ware means that utilities are better able
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to use the latest computer technology for
meeting a variety of practical needs. Ap-
plications range from nuclear reactor de-
sign to automated plant operations and
economic projections. “You can’t run a
modern, large electric utility without a
significant amount of software,” says
Thomas Bishop, manager of the En-
gineering and Scientific Systems Divi-
sion of Pennsylvania Power & Light Co.
and a member of the EEI Engineering
and Operations Computer Committee.
“There’s a need for a tremendous
amount of computing tools in a host of
areas—commercial, scientific, and fore-
casting.”

To make sure that new codes ade-
quately meet utility needs, EPRI's senior
management has instituted a series
of initiatives to formalize various soft-
ware responsibilities. EPRI established
an interdivisional committee in 1982 to
facilitate communication about software
around the Institute. Basic software poli-
cies have been published to ensure con-
sistent quality of EPRI codes. A new
center for verifying, distributing, and
supporting the installation of codes has
been established. And new ways are be-
ing explored to improve code mainte-

nance and enhancement through utility
user groups and cross-licensing agree-
ments with software vendors.

“We're taking a team approach,” ex-
plains Walter Esselman, director of Engi-
neering Assessment and Analysis. “EPRI
and the utilities are combining their tal-
ents to develop a significant number of
useful software packages. Important util-
ity contributions are made at each step of
code development. The utility advisory
structure is involved in the initial deci-
sion to create a new code. An industry
task force then works with the project
manager in defining objectives for the
code. Finally, before a code is released,
its usefulness must be demonstrated by a
group of utilities—usually 6 to 15 utili-
ties—on their own computer systems.”’

The software challenge

Developing large computer codes is
an expensive, tedious business. Electric
power system codes tend to be highly
specialized and thus require highly la-
bor-intensive, custom programming. Be-
cause a typical code requires several
years to develop, a team approach be-
tween utility advisers and EPRI staff is
essential to make sure it will provide




Definition

Utility technical problem requires soft-
ware program to enhance member
utilities’ ability to plan, design, or oper-
ate their systems. A software approach
is conceived and proposed.

F zzy
objectives

The idea is developed and reviewed by
advisory committees. The contents of
the program are defined, and a request
for proposal is prepared.

R 4

practical utility use. Extensive tests must
be made against experimental data, and
demonstration of the code in a utility
environment usually requires several
months of effort.

Because software development is so
complex, the spectacular growth of EPRI
codes has not come without problems.
Initially, software was treated like other
products of R&D, with policies and pro-
cedures left up to each division. This
meant that no uniform requirements
were established for a production-grade
code—that is, one ready for general dis-
tribution and immediate use. There was
concern that a utility might order a new
EPRI code only to find out that the code
would not work on its particular kind of
computer or that the code would not
solve its particular engineering prob-
lems. The degree of testing and valida-
tion varied widely among individual
codes. Documentation was not standard-
ized. Provision for code maintenance
was irregular, and the previous distribu-
tion center could not provide adequate
support for code installation.

The requirements of the EPRI software
development and distribution systems
are unique. Codes must be thoroughly

The software development process involves many steps,
many people, and many pitfalls.

tested, and feedback from users must be
incorporated continually to correct errors
and make codes easier to use. For some
codes, new information must be period-
ically inserted to keep them up to date.
Documentation must be accurate and
clearly written to satisfy the needs of a
variety of users. Software packages must
be created for different computers and
operating systems. Distribution of soft-
ware packages must be timely, and ser-
vices must be provided that range from
helping with installation to correcting er-
rors in the code or in the documentation.

Meeting the challenge

In October 1981 EPRI Vice President
for Research and Development Richard
Balzhiser requested each division to ap-
point a representative to serve on a com-
mittee that would draft recommenda-
tions on how to improve all phases of
EPRI software development and distri-
bution. The committee’s recommenda-
tions were approved by senior manage-
ment in April 1982 and embodied in
the document titled EPRI Computer
Code Development and Distribution,
Principles and Policies, published in
September 1983. The Software Product

Transpor
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The proposals are reviewed and a
contractor selected. The contractor is
briefed further on the statement of
work.

Development Advisory Committee has
continued to function as a group to for-
mulate code-related policies and proce-
dures.

The purpose of the software Principles
and Policies is to establish a set of broad
guidelines that can improve the overall
quality and usability of EPRI’s computer
codes, while still allowing each division
to specify more detailed instructions to
meet its particular needs. The emphasis
is on promoting a team approach and
maintaining orderly procedures to pro-
vide vital information that can be used
throughout the life of a code, long after
the original project manager may have
changed assignments or a different con-
tractor may have been selected to make
modifications. Most codes have a useful
lifetime of a few years. A small percent-
age, however, may be used for a decade
or more, during which time many en-
hancements will have to be made.

Principles and Policies recognizes two
general grades of EPRI codes, which re-
flect different user needs and develop-
ment priorities. A research code is gener-
ally designed to test a particular R&D
concept. Distribution is usually limited to
researchers who are aware of the code’s
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Design and development

The project manager and the contrac-
tor's team develop a detailed under-
standing of the program content. The
requirements for program verification
and validation, test programs, and
documentation are specified.

specific features and limitations. No test-
ing is required beyond making sure that
the code runs.

A production code is designed for gen-
eral distribution to EPRI member utili-
ties. It must undergo a complete cycle of
testing and demonstration, and EPRI is
responsible for maintenance and support
for a specified time period. Some re-
search codes may be upgraded to pro-
duction codes, a process that requires
additional testing and demonstration.
Upgrading also usually involves the ad-
dition of user-oriented features, such as
easier-to-use input/output formats and
provisions for running on different kinds
of computers.

Stages of development

Before it can be released for general dis-
tribution, a production code must pass
through three development stages. In
the first, the definition stage, utility
needs are identified and incorporated
into an overall project strategy. Specific
software compatibility requirements are
set so a code will be transportable from
one kind of computer to another, and
necessary user-oriented features are
planned. This stage ends when a vendor
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A mathematical formulation and
design features are developed for the
code. The code is written, and the test
plan, verification, and validation
sequence is outlined in greater detail.

is selected and the project plan is for-
malized in a contract.

Next, a code is designed and pro-
grammed by the contractor. During this
second stage, the code is also verified
(checked to make sure the programmed
equations are solved correctly) and vali-
dated (given a test problem whose re-
sults can be compared with data avail-
able from experiments, other calculation
techniques, or system tests). In the third
stage, a code must be demonstrated—
evaluated by a group of member utilities
using their own data on their own com-
puters.

The utilities volunteering to demon-
strate a software package make a major
contribution to the technical adequacy
and usefulness of the final product. They
also have a unique opportunity to test
newly developed software on practical
problems in a realistic utility environ-
ment. In addition to checking the tech-
nical capabilities, some demonstrations
allow codes to be run on various comput-
ers and operating systems so that oper-
ational problems can be corrected before
release. The demonstration phase is crit-
ical to the team approach in computer
code development because it allows us-

Verification and validation tests are

run to ensure that problem results
agree with test or field information.

ers to interact freely with the developer
and the EPRI project manager to ensure a
quality product.

Inevitably a utility involved in testing a
code before its official release will en-
counter some difficulties. Steps are then
taken to correct the code and to share
information about it with the demonstra-
tion participants. For some larger codes,
user groups have been formed. This aids
the EPRI project manager by ensuring
that efficient feedback exists among vari-
ous utilities and between potential users
and the developer. Only after the perfor-
mance of a code has been demonstrated
successfully is consideration given to its
formal release.

Following its successful demonstration
a production code is released through
the Electric Power Software Center
(EPSC), operated by UCCEL Corp. in
Dallas, Texas. The center is responsible
for making a final verification test on the
code, preparing a complete code package
for distribution, processing most types of
license agreements, and providing users
with installation assistance. Within EPRI
itself, the Technical Information Division
of the Industry Relations and Informa-
tion Services (IRIS) group has responsi-




Demonstration
The demonstration plan is prepared,
and software packages are distributed
to utility test participants. Participants
are reminded that the code is still in
the development stage.

bility for software distribution and over-
seeing the operation of EPSC.

For users who do not have the nec-
essary computer facilities or personnel

to run a particular code, or who do not
wish to obtain the code permanently
for other reasons, UCCEL also operates
the Electric Power Service Bureau
(EPSB). Through EPSB, either a user can
provide data for a code to be run by the
bureau staff on a computer in Dallas, or
the code can be run remotely over a time-
sharing system. EPSB also provides com-
puter resources for EPRI seminars and
workshops. Other service bureaus are
operated by Babcock & Wilcox Co. and
by Control Data Corp. More than 100
EPRI production codes are now available
through EPSC, EPSB, B&W, and Control
Data.

Software products around the Institute

The role of software varies greatly among
the various divisions of EPRI, as well as
between individual projects within each
division. A small code may require only a
few hundred lines of programming; large
codes contain more than a hundred
thousand lines. Some codes—Ilike those
exercising on-line control of plant opera-

Configuration control procedures are instituted to
ensure that all demonstration participants are using
the same version of the code and that program changes

The demonstration is completed and
errors are corrected. The final tape is

have been incorporated.

AT 11 v

are recorded in an orderly and uniform manner.

tions—are designed to run continuously.
Others may be run only occasionally by
utility users or contractors but solve
some problem of vital importance to the
industry. In these cases, the value of just
a few applications may far outweigh the
cost of developing a code.

Many of the largest codes are those in
the Nuclear Power Division. If a nuclear
code is to be applied to reactor safety and
licensing, the code documentation must
be extensively verified and validated
against actual plant data. For one code
alone—RETRAN, which analyzes possi-
ble changes in a reactor’s steam supply
system—EPRI member utilities have
spent millions of dollars on experimental
validation, with results incorporated into
the code documentation. This process
has also helped users understand how to
use the code for better plant operation
and for providing information when they
appear before the Nuclear Regulatory
Commission. Generally two versions of a
nuclear code are required so it can be run
on both International Business Machine
(IBM) and Control Data (CDC) comput-
ers. Results of test calculations from the
two versions of a code must generally
agree to five significant figures. (His-

torically, most utilities have purchased
IBM computers but many nuclear codes
were originally written for CDC comput-
ers.) The division has formed user
groups to provide utilities with a forum
for discussing plant problems and ex-
changing information on how best to use
a code.

The Electrical Systems Division is an-
other major producer of codes, some of
which are very large because of the need
to model complex power systems. The
ETMSTAB code, for example, must use
special techniques to solve the thousands
of differential equations involved in ana-
lyzing the stability of a large system of
interconnected generators and trans-
mission lines. TLOP (transmission line
optimization program), which recently
became available to utility designers, will
search through hundreds of design pos-
sibilities, check each to see if it meets the
utility-specified criteria, and then iden-
tify which design will provide the lowest
initial or lifetime cost. To promote greater
utility involvement, a users group has
been established for the EGEAS (electric
generation expansion analysis system)
code, which provides several methods
for analyzing future capacity expansion
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EPRI Software Available Through EPSC

Advanced Power Systems Division

UNIRAM—Powergeneration system availability assessment
model (1)*

Coal Combustion Systems Division

AGDOPP—Air/gas system dynamics of power plants (V)
ASHDAL—Ash disposal cost estimating model (I)
CLGTWR—Cooling tower process model (C, I)
COJOUR—Dynamic coefficients for fluid film journal bearing (1)
DRIVER—Cooling tower chemical equilibrium model (C, I)
FAN—Fan-foundation-soil dynamic response prediction (C)
FANTEST—ASME large fan field test (l)

FEATURE—Finite element analysis tool for utility rotor dynamics
evaluation (1)

FGDLIQEQ—FGD liquid equilibrium (PC)
SACTI—Cooling tower plume dispersion model (1)

SLUDGECOST—Cost prediction model for FGD sludge disposal
systems (1)

VERA2D—Performance model for evaporative cooling towers (C, I)

Electrical Systems Division

ACPIPE—Powerline-induced ac potential on natural gas pipelines
for complex rights-of-way (I)

AESOPS1—Low-frequency eigenvalues basic (1)
AESOPS3—Low-frequency eigenvalues expanded (C, I, P)
AGGCSIM1—Area control simulator (l)

BCAB—Cable faults and potentials (I)
BRODI2/BROFLX—Transmission line broken wire (I)

CABLPUL—Maximum pulling lengths for solid dielectric insulated
cable (I)

DLFTM—Distribution load forecasting model ()
DYNEQ1—Dynamic equivalents (1)

DYNEQ3—Extended dynamic equivalents (l)
EGEAS—Electric generation expansion analysis system (1)
ETMSTAB—Transient/midterm stability/ PFLOW (I)

FATIGUE—Torsional fatigue strength of large turbine generator
shafts (I)

FULSCH—Fuel and generation scheduling (1)

GATL—Grounding analysis of transmission lines (C, 1)
GPUC—Generating unit commitment and production costing (l)
HARMFLO—Harmonic power flow program (1)
HVDCHARM—HVDC-AC systems interaction from ac harmonics (1)

MULTI-FLASH—Multiple phase lightning flashover of transmission
towers (I)

PADLL—Drilled pier foundation analysis and design (C, I)
POLEDA-80—Single unguyed transmission pole design (C, 1)

PRAM/HISRAM—Distribution system reliability and risk analysis
model (C, )

SCALE—Simplified calculation of loss equations (, P)
SCENDATA—Synthetic utility systems scenario data ()
SGA—Substation grounding analysis (C, 1)
SHORT—Transient temperature of URD cables (l)
SWAP—Statistical weather analysis program (I)
SYREL—Transmission system reliability methods (|, P)
TLOP—Transmission line optimization program (I)
TRADE—Transfer capability objective (, P)
UDPM—Distribution planning ()

*Machine compatibility: | = 1BM, V = VAX, C = Control Data, PC =18M
Personal Computer, P = PR1ME, G = Generic.
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Energy Analysis and Environment Division
ADEPT—Acid deposition decision tree (G)
CMCM—Coal mine cost model (I)

COMMEND—Commercial sector end-use energy demand
forecasting model (G)

DETGEN—Decision tree generator model (G, PC)
ELM—End-use load modifier (1)

FAST—Decision framework for ambient air quality standards (G)
HELM—Hourly electric load model (G)

ILWAS—Integrated lake-watershed acidification study (l)
LHS—Local host system (G)

LMSTM—Load management strategy testing model (l)
LSFM—Load shape forecasting model (G)

OVER/UNDER—Cost and benefits of over versus under capacity
in electrical power system planning (G)

POWRSYM—Power system production costing model (G)
TCM—Technology choice model (G)
TELPLAN—Integrated utility planning model (G)
UPM—Utility planning model (1)

Energy Management and Utilization Division
COPE—Cogeneration options evaluation (1)
DEUS—Computer evaluation of dual energy use systems (1)
EMPS—EPRI methodology for preferred systems (1)
LOADSIM—Load shape simulation (G)

Nuclear Power Division

ABAQUS-ND—Finite element code for nonlinear dynamic
analysis (C)

ARMP—Advanced recycle methodology (C, I)
ATHOS—Thermal-hydraulic analysis of steam generators (C, I)

COMCETHE—Predict mechanical and thermal performance of fuel
pin (G, 1)

COPHIN—Data transformation (C, 1)

DATATRAN—Database management/executive system (C, I)
DRIVE—Stress-intensity factors for surface cracks in pipes (G)
ERUDITE—Utility transient fuel behavior data information source (C)
GO-2—System reliability/availability code (C, I)
MANAGE—Multicycle fuel management (C)

MMS—Modular modeling system (C, I)

PSMS—BWR hybrid power shape monitoring system (P)
F((:E'{)RAN-02—One-dimensiona| transient thermal-hydraulic analysis
SIMULATE-E—Three-dimensional steady-state analysis of LWR
power reactor (C, I)

SPDS—Data library (C, 1)
SPEAR-BETA—LWR fuel performance estimation code (C, I)

STEALTH-GEN—Explicit finite difference code for solids, structural,
and thermal-hydraulic analysis (C, I)

STEALTH-PIPING—EXxplicit finite difference code for
piping flow (C, I)

TORMIS-2—Quantifies effect of tornado-generated missile to
nuclear power plant safety (1)

VIPRE1—Thermal-hydraulic analysis code (C, I)
WAMBAM—Fault tree evaluations, probabilistic (C, |)
WHAMSE—Three-dimensional nonlinear structural dynamics (C)

Planning and Evaluation Division

COMPETE—Competitive analysis of electric power generation
options over time (l)

CONFIG—Configuration and availability analysis of future power
generation units (I)




PRI codes provide utilities with

tools for solving a wide variety of
analytic problems. The range and
power of these codes is evident from
the brief examples that follow.

Advanced Power Systems

UNIRAM (unit reliability and main-
tainability) evaluates the availability of
new or existing power generating
units. Utilities use the code to assess
availability improvement programs
and plant life extension plans before
implementing them, as well as to eval-
uate new plant designs. The code was
intended for application to individual
generating units, but it is sufficiently
general for users to evaluate both
plant components and systems. It
provides a more quantitative, rigorous
approach to the evaluation of benefits
than previously available.

Coal Combustion Systems

MMS (modular modeling system),
developed jointly with the Nuclear
Power Division, simulates the dy-
namic performance of both fossil fuel
and nuclear plants. A user can choose
plant components from a library of
over 40 modules to assemble a specific
plant configuration for analysis.

FEATURE (finite element analysis
tool for utility rotor-dynamics evalu-
ation)is an interactive code for analyz-
ing, troubleshooting, and evaluating
rotor bearing vibrations in turbine
generators, pumps, motors, and fans.
A users group of 15 licensed utilities
has been formed.

Two related computer models have
been developed to simulate cooling
tower water system and process
chemistry (CLGTWR, DRIVER). So
far, approximately 18 licenses of these
two codes have been granted.

Electrical Systems

SGA (substation grounding analysis)
helps a utility design a substation
grounding system that will ensure

NEW TOOLS FOR UTILITIES

safe conditions for operating person-
nel. Specifically, the code can analyze
a substation ground grid, given the
design of the grounding system and
the total current to be injected, or it
can analyze the current distribution
among various grounded structures
to determine possible fault condi-
tions. Previously available approxi-
mate methods often called for excess
conductors for grounding, which can
now be eliminated. Currently 55 util-
ities have received the SGA code.

Another code, PADDLL, provides the
optimal length for a drilled pier founda-
tion of a given diameter in order to sus-
tain designated loads from transmission
towers. Savings of 14-20%, compared
with costs of previous methods, were
projected; the code has been distributed
to more than 100 utilities.

Energy Analysis and Environment
TELPLAN (electric utility planning
model) is a new code that integrates
power system expansion and opera-
tion, probabilistic seasonal production
costs, and financial simulations into a
single computer program. It is unique
in its ability to account for the impact
of pollution control technologies and
regulations. The design of the TEL-
PLAN code emphasizes quick turn-
around times, which facilitate the gen-
eration of many scenarios needed to
evaluate the medium- and long-term
planningissues. After two years of us-
ing TELPLAN, Consolidated Edison
Co. planners concluded that the hun-
dreds of simulations they had run
would not have been possible by us-
ing traditional analytic methods and
that the code was saving the company
as much as $200,000 a year in compu-
tation costs alone.

Another code, COMMEND, pro-
vides utilities with detailed informa-
tion on the size, growth, and behavior
of key commercial market segments.

Energy Management and Utilization
COPE (cogeneration options evalua-
tion model) and DEUS (dual energy
use system) provide two ways of de-
termining the likely impact of cogen- |
eration systems. COPE analyzes the |
financial effects of proposed cogen-
eration ventures and evaluates their
impacts. DEUS gives a site-specific
analysis of cogeneration facility de-
sign, costing, performance, and eco-
nomic benefits; it may be used to
screen potential cogeneration applica-
tions and to select specific equipment
and configurations.
Another code, LOADSIM, provides
an engineering model of HVAC elec-
tric demand in a residential building.

Nuclear Power

The analysis of thermal shock to a re-
actor pressure vessel during a small-
break loss-of-coolant accident (LOCA)
provides an example of how computer
codes contribute to the resolution of a
major industry problem. Extensive
data on radiated pressure vessel mate-
rial properties had been collected for
many years, but systems analyses
were needed to determine whether
excessive stresses would occur. To
address this problem, the RETRAN
reactor transient code was used to de-
termine the flows, pressures, and
temperatures that result from a small-
break LOCA. The output of this anal-
ysis was then fed into three other
codes to calculate three-dimensional
flow patterns and relevant stresses.
The results of this project helped
several utilities relieve concerns with
reactor vessel materials.

The Nuclear Power Division is cur-
rently coupling most of its large pro-
duction codes into the reactor analysis
support package (RASP). RASP builds
on existing EPRI best-estimate meth-
odology to extend the range of appli-
cations in logical steps. m|

EPRI JOURNAL January/February 1985 21



@4y, Distribution
The software package, including tape
and documentation, is sent to EPSC
for a final check.

plans. This users group, which had more
than 100 members by mid 1984, provides
aforum for communication among the 64
organizations that have so far received
copies of the EGEAS code.

Codes in the Energy Analysis and En-
vironment Division range widely in their
applications, from end-use forecasting
and corporate planning to risk-benefit
decision making, engineering simula-
tion, and models of environmental phe-
nomena. Policy assessment tools, like
ADEPT (acid deposition decision tree
model), can bring a measure of objectiv-
ity to national deliberations. Models of
physical phenomena, like PMV&D (for
plumes) and ILWAS (for lake acidifica-
tion), represent important tools for util-
ities to use in licensing and policy for-
mation.

Coal Combustion Systems Division
codes generally concentrate on helping
utilities improve day-to-day plant oper-
ations. Some of these codes, like MMS
(modular modeling system), tell an oper-
ator how a plant will respond if he
changes certain conditions and variables,
like shutting down a pump. FEATURE
(finite element analysis tool for utility
rotor-dynamics evaluation) can trouble-
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EPSC distributes packages to users,
who have been licensed through indi-
vidual agreements or member utilities’
master licenses.

shoot vibration problems in rotating tur-
bines, fans, and pumps. Other codes
help in planning new plants by allowing
a utility to evaluate various design op-
tions for, say, reducing fuel costs.
Advanced Power Systems Division
codes also stress plant performance and
reliability, but in the context of longer-
range development. Such codes are par-
ticularly useful during cost estimation
and preliminary engineering design of
new plants. One production-grade code
is now available, UNIRAM (unit relia-
bility and maintainability), which can be
used to evaluate the reliability and avail-
ability of different kinds of power plants.
Codes developed by the Energy Man-
agement and Utilization Division can
help utilities select the preferred strate-
gies for implementing new end-use de-
vices. Using LOADSIM (load shape sim-
ulation), for example, a planner can
simulate a large number of load manage-
ment or conservation strategies and pre-
dict the effects of each on customer com-
fort and utility load shape. The division’s
cogeneration codes—DEUS (dual energy
use system) and COPE (cogeneration op-
tions evaluation model)—can help both
a utility and its generating partner to de-

Support

sign a cogeneration facility and to evalu-
ate the impact on both parties.

The Planning and Evaluation Division
offers two codes of production grade.
COMPETE (competitive analysis of elec-
tric power generation options), which
performs an economic analysis of new
generator options, and CONFIG (config-
uration and availability analysis of future
power generation units), which calcu-
lates availability models for individual
generating units.

Remaining issues

Until about five years ago the rights to
use EPRI software were provided rela-
tively freely to all utilities, whether they
were EPRI members or not. Now, to re-
cover development costs from all soft-
ware users, more-formal procedures and
an equitable fee schedule have been in-
stituted by Patents and Licensing, Office
of Corporate Affairs. EPRI members in
good standing can enter into a master
licensing agreement that enables them
to obtain all production codes not con-
taining proprietary information. Special
license arrangements and fees are used
for other organizations and for utilities
that are not EPRI members.

EPSC provides user support in the
areas of user communication and feed
back, distribution records, installation
assistance, and problem/error logging




The EPRI project manager also par-
ticipates by obtaining user feedback,
correcting errors, and passing along
suggestions on program enhance-
ments.

Because the majority of the released
codes are relatively new, EPRI experi-
ence with the cost of supporting the use
of software is limited. Hence, the cost of
maintaining some major codes has not
been determined. A related considera-
tion being addressed is how to accommo-
date the computer hardware and oper-
ating system changes resulting from new
computer purchases by member utilities.
The increasing use of personal comput-
ers and workstations, for example, sug-
gests that a significant number of EPRI
codes will eventually be designed for
smaller computers. One code being dis-
tributed for use on a personal computer
is FGDLIQEQ, a Coal Combustion Sys-
tems Division code that gives chemical
properties of a flue gas desulfurization
system from analysis of liquid samples
obtained from various points in the sys-
tem. The Energy Analysis and Environ-
ment Division has one code available for
personal computers, DETGEN (decision
tree generator model); and one main-
frame code, ADEPT (acid deposition de-
cision tree model), is now being adapted
for use with personal computers. The
Electrical Systems Division has spon-
sored development of a minicomputer-

based workstation software package
designed for structural analysis of trans-
sission towers. And the Energy Man-
agement and Utilization Division’s
LOADSIM is undergoing final tests for
use in personal computers.

Although most of the earlier problems
with code development and distribution
have been resolved, the rapidly expand-
ing diversity and scale of EPRI software
continues to require new management
initiatives. Current attention is being fo-
cused on technology transfer in its
broadest sense—maximizing the useful-
ness of software to member utilities.
With most administrative problems asso-
ciated with software distribution out of
the way, the questions that now arise
concerning EPRI software focus on the
technical content of various codes.

This trend reflects the growing use of
EPRI codes by utilities, so new ways of
obtaining user feedback are being tested.
The Electrical Systems Division, for ex-
ample, is sending a survey form to each
new code user, asking for comments on
the organization’s experience with the
code. Similarly, the Member Services re-
gional managers are working with mem-
ber utilities to obtain feedback about
their experiences with EPRI codes.

A number of code commercialization
concepts are being considered—for ex-
ample, granting a private vendor a non-
exclusive license to market an EPRI code
in return for providing maintenance and
enhancement. “We're just beginning to
struggle with the issue,” says Milton
Klein, vice president for the Office of
Special Projects, which handles commer-
cialization. The problem is how to find
ways to have private companies share
some of the expense of supporting a
code, while EPRI still maintains quality
control.

The primary responsibility for technol-
ogy transfer of software still lies with the
project managers in charge of individual
code development. Several technical di-
visions, however, have recently ap-
pointed technology transfer administra-
tors, who will help utilities recognize the

growing importance and diversity of
EPRI software available to them.

“I believe we’ve made good progress
in coping with the rapid growth of soft-
ware,” affirms Esselman. ““The new poli-
cies adopted by EPRI management and
the new activities inaugurated by each of

the divisions have done much to ensure
the uniform quality of code development
and ease of distribution. In the future we
will be addressing other issues that must
be resolved to be certain that EPRI soft-
ware continues to meet the needs of
member utilities.” [}

This article was written by John Douglas, science writer.
Background information was provided by Walter Esselman
and Kathy Kaufman, Engineering Assessment and Analysis.
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Heber: Keyto

Moderate-Iemperature
Geothermal Reserves

Binary-cycle technology offers a way to unlock moderate-temperature geothermal brines,
effectively doubling the geothermal resources available for development through the year
2000. EPRI’'s 45-MW Heber demonstration plant in California’s Imperial Valley will prove the
technology for large-scale power production.

24 EPRIJOURNAL January/February 1985




etting energy out of the earth is

never easy. Sometimes, nature

cooperates: A few geothermal
reservoirs vent steam ready-made to turn
the turbines of power plants, and many
more reservoirs yield brines so hot that
when pumped to the surface and depres-
surized they instantly flash into steam.
But more often, geothermal fields pro-
duce moderate-temperature brines of
150-210°C (300-410°F), not nearly hot
enough for efficient direct power gener-
ation. Now there is a new power plant in
the Imperial Valley of California that will
demonstrate a commercial-scale technol-
ogy for coaxing electricity out of these
reluctant brines.

The technology is the binary cycle, and
the plant is the 45-MW Heber binary-
cycle geothermal demonstration, sched-
uled to begin operation early this year.
Sponsored by EPRI, DOE, San Diego Gas
& Electric Co. (SDG&E), Southern Cali-
fornia Edison Co., the Imperial Irrigation
District, the California Department of
Water Resources, and the state of Califor-
nia, the $122 million projectis expected to
demonstrate by 1988 that the binary cycle
is technically and economically ready to
generate large-scale power from moder-
ate-temperature geothermal brines.

The secret for extracting electricity
from moderate-temperature brines lies
in Heber’s working fluid. Unlike direct-
flash geothermal technology, which uses
steam flashed from reservoir brine as its
working fluid, the binary-cycle method
uses a hydrocarbon fluid that boils at
a lower temperature than water. This
means that less energy is required to pro-
duce the vapor that spins the plant’s tur-
bines. Because the binary-cycle system
yields the same amount of electricity as
the direct-flash system with only two-
thirds the amount of geothermal brine,
fuel costs are lower, making it possible
to develop moderate-temperature re-
sources that would otherwise be uneco-
nomic. (The Heber binary-cycle plant is
not to be confused with a 47-MW Heber
flash plant being constructed about a
mile away by Heber Geothermal Co.)

Because moderate-temperature brines
are at least 50 times more common than
dry steam and 4 times more common
than high-temperature brines, the Heber
binary-cycle project is expected to open
up new geothermal resources for devel-
opers. “By making these brines econom-
ically recoverable, binary-cycle systems
could double this country’savailable geo-
' says Vasel Roberts,
manager of the Geothermal Power Sys-
tems Program at EPRI. He estimates that
moderate-temperature hydrothermal re-

thermal resources,’

sources represent a potential generating
capacity of 100,000 MW for at least 30
years, possibly 10 times that capacity in
the long run.

EPRI has been working toward this
goal since the Institute’s first geothermal
workshop in 1974. The site in the Impe-
rial Valley was selected from among 18
candidates in the western United States
because it had typical hydrothermal tem-
peratures and pressures and because ex-
tensive drilling and resource assessment
were already available in the Heber geo-
thermal field. Under a purchase agree-
ment with Chevron Geothermal Co. of
California and Union Oil Co. of Califor-
nia, hot brine will be pumped up from 13
different wells and piped to the plant at
182°C (360°F). There the brine will be sent
through a series of tube-and-shell heat
exchangers where the earth’s energy will
be transferred to the hydrocarbon work-
ing fluid. The hydrocarbon fluid will boil
into a 152°C (305°F) vapor that will spin
the plant’s turbine. The power generated
will be shared by several of the project
participants, and after a three-year test
and demonstration period, the plant is
scheduled to go into commercial service,
operated by SDG&E to produce power
for the participants.

From small to large

Small-scale binary-cycle systems ranging
from a few hundred kilowatts to a few
megawatts in capacity have been used
for many years in industrial applications,
such as waste-heat recovery. The binary
cycle has even been used experimentally

in a few small power plants, including a
10-MW plant built by Magma Power
Co. in 1979 in the Imperial Valley. But as
the binary cycle’s first large-scale test,
45-MW Heber has to prove itself before
utilities and geothermal developers will
buy the technology.

To help reduce the cost and perfor-
mance uncertainties that would-be de-
velopers worry about, Heber is equipped
with an extensive data acquisition sys-
tem that will measure overall plant per-
formance as well as the performance of
major subsystems and equipment. Test-
ing will start when brine delivery begins
in early 1985. By 1986, after a year of test-
ing, brine delivery will be brought up to
100%, and the plant will swing into a
two-year demonstration period, includ-
ing further tests. Data collection, evalu-
ation, and documentation will occur on a
continuing basis from the beginning to
the end of the project, and the results
will be available to interested parties.

Utilities will be closely watching Heber
during this test and demonstration pe-
riod. They want to know, for example,
what it is like to use hydrocarbon work-
ing fluid on a large scale. Plain old water
has always been the working fluid for the
utility industry’s coal, oil, nuclear, and
hydroelectric plants, and uncomplicated
air is the working fluid in gas turbine
plants. But Heber’s flammable 90%
isobutane—10% isopentane mix demands
different designs and operation and
maintenance procedures. “These sub-
stances are already widely and safely
used in large petrochemical and refinery
plants,” explains John Bigger, EPRI's
project manager for Heber, “but the
Heber turbine, rated for a gross output of
70 MW, is three times larger than the
largest hydrocarbon turbines built to
date for any other purpose. Over eight
million pounds of working fluid move
through the plantin an hour—that’s alot
of hydrocarbon fluid to have rolling
around.” Heber will demonstrate the
safety of the binary cycle and give engi-
neers the opportunity to develop O&M
guidelines that will ensure that safety.

EPRI JOURNAL January/February 1985 25




Another unknown that Heber is ex-
pected to clarify is the effect a large
power plant has on the production capa-
bilities of a moderate-size geothermal
reservoir. Brine in a binary-cycle system
is circulated through a closed loop, and
the spent brine is returned to the reser-
voir unchanged except for lowered tem-
perature. Once back in the natural
reservoir, the brine will eventually be re-
heated and ultimately reused. Reinjec-
tion of spent brine at Magma’s small
10-MW binary-cycle plant has had no ap-
parent effects on reservoir performance
or capability, but Heber is much larger
than previous facilities, taking in about
945 kg/s (2083 Ib/s) of brine. Scientists
and engineers have developed models
that predict the effects of the plant on the
reservoir, but, acknowledges Bigger, “we
can’t model a geothermal reservoir with
absolute accuracy just yet.” Engineers
will study Heber to learn how reservoir
and power plant interact and how to uti-
lize the geothermal resource for maxi-
mum efficiency.

To ensure that the closed brine and hy-
drocarbon systems are kept separate, the
Heber plant includes a full complement
of leak-detection sensors. Sensors on the
brine side of the heat exchangers, for ex-
ample, will detect any hydrocarbon fluid
that has found its way into the brine, so
the plant can be repaired to prevent loss
of hydrocarbon inventory. Similarly, sen-
sors on the hydrocarbon side will alert
operators to any brine leaks.

Corrosive brew

Yet another area of effort at the Heber
binary-cycle project is corrosion control.
Because geothermal brines brew at high
temperatures and pressures under-
ground, most brines have significant
mineral content. Some brines are so
saturated with corrosive, erosive, and
scaling materials that when pressures
and temperatures drop suddenly in the
process of heat extraction, the dissolved
minerals precipitate out, causing scaling.
This can hurt performance and even
damage such equipment as turbines in
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The Inside Story on

the Heber Binary-Cycle Demonstration Plant

Out on the production island, a small
area at the surface from which wells
are directionally drilled to tap different
parts of the reservoir, 182°C (360°F)
geothermal brine is pumped up from
four production zones ranging from
2000 to 10,000 ft (610-3050 m) deep.
Each of 13 slant-drilled wells delivers
76 kg/s (600,000 Ib/h) of brine at a
pressure of 1.72 MPa (250 psia) to
the plant’s heat exchangers.

\
\
":

I\,

Hot geothermal

"\ brine flows

through two
parallel brine-
hydrocarbon heat
exchanger trains
of four units
each. There the
hydrocarbon tluid
is heated from a
38°C (101°F)
liquid to a 152°C
(305°F) super-
critical vapor.

| plant perform-

- Out in the switch-

> tion system for

Heber’s comput-
erized central
control system
has state-of-the-
art monitors,
controls, and
data acquisition
equipment to
help evaluate

ance, operability,
and reliability.

yard, the plant’s
electrical output
is transformed
from 13,800 Vac
to 34,500 Vac and
connected to the
Imperial Irrigation
District’s distribu-

delivery to
customers.




Inside Heber's
special hydrocar-
bon turbine, the
superheated
hydrocarbon
vapor spins the
turbine that
drives the 70-MW
electric generator.

The 44-ft-diam
(13.4-m) carbon
steel hydrocar-
bon storage
sphere can hold
the entire hydro-
carbon inventory

V' when the plant

is not operating.
§ When the plant
is running, the
sphere is about
10% full.

wae In the condensers,

the hydrocarbon

| vapor is
. condensedto a

liquid and cooled,

| then pressurized

in the hydrocar-
bon circulation
pumps and sent
back to the heat
exchangers for
reheating.

The nine-cell
cooling tower

"~ reduces the
§ temperature of

the cooling water,
which circulates
in the two
condensers at
140,000 gal/min
(8830kg/s),

from 36 to 24°C
(96 to 76°F).

steam or direct-flash plants and heat ex-
changers in binary-cycle plants. To avoid
this, steam is purified before reaching
the turbines of dry steam or direct-flash
systems. At Heber the brine side of the
binary system will be pressurized to 1.7
MPa (250 psia) to reduce mineral precip-
itation, as well as to keep the brine from
flashing into steam.

Even so, Heber will have so much
brine coursing through its heat exchang-
ers that it will be shut down periodically
for preventive maintenance. A good part
of the Heber project involves studying
how long corrosion, erosion, and scaling
problems take to develop, under what
circumstances they develop, and how
they can be resolved. Material test sta-
tions located throughout the plant will
help detect problems, and engineers will
experiment with various materials and
techniques for preventing and removing
mineral deposits.

When results come in

The Heber binary project will have com-
pleted its test and demonstration pro-
gram by early 1988. Data from the project
should reassure utilities and other pro-
spective developers that large-scale bi-
nary-cycle technology is ready to open
up the moderate-temperature reserves of
the western states. Utilities may not be
the only organizations to develop mod-
erate-temperature geothermal plants:
third-party developers are also inter-
ested. Under PURPA regulations, util-
ities are required to buy any electricity
that independent developers are willing
to sell, and under other federal and state
regulations (some soon to expire), devel-
opers also receive tax credits for devel-
oping renewable resources. A number of
third-party developers are already mak-
ing the most of this situation to build
geothermal, wind, and solar plants.
John Cummings, director of EPRI’s Re-
newable Resources Systems Depart-
ment, feels certain that even when the
tax credits run out geothermal will be
here to stay: “How fast binary-cycle geo-
thermal plants move depends on the al-
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ternatives. Coal, oil, and gas prices are
bound to go up, but the cost of the geo-
thermal resource is not expected to rise
as fast.” In the long run, it seems, geo-
thermal cannot help but prevail. Full-
scale binary-cycle geothermal plants will
probably be built in Heber-size units of
about 50 MW. Plants much larger than
that are unlikely because geothermal
fluids would lose too much heat if they
had to be pumped long distances over
geothermal fields to a central plant.

For more cautious developers who
may not want to invest in a large-scale
geothermal plant right away, EPRI and
others in the geothermal industry are de-
veloping small wellhead power plants of
about 3-8 MW capacity. A standardized,
shop-fabricated plant could be quickly
installed at an individual well to convert
thermal energy into electricity right at
the wellhead. Such plants would allow
developers to conduct a longer-term test
of the field and earn some revenue at the
same time. “As the field proves its
worth, more wellhead plants can be
added,” explains Evan Hughes, EPRI
project manager. “Eventually, all the
wells could be connected to a larger cen-
tral plant of 50 MW or so, and the original
wellhead units disconnected and moved
to other test fields.”” Wellhead plants can
also permit utilities to pace geothermal
development to slow or uncertain load
growth.

EPRI'’s first wellhead system was a 1.6-
MW rotary separator—turbine unit origi-
nally designed as a prototype for im-
proved direct-flash technology. Now
EPRI plans to develop a binary-cycle
wellhead system that uses Heber tech-
nology but on a much smaller scale.
Binary wellhead plants in moderate-
temperature fields might be expected to
have capacities of 3—8 MW.

Heber’s contribution

Getting energy out of the earth is not
easy, but the Heber binary-cycle project
is doing its part. “Heber will demon-
strate that a binary-cycle geothermal sys-

’

tem works on a significant scale,” con-
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High-temperature geothermal resources (those greater than 210°C) have been readily
recoverable for years by flashed-steam technology, but the number of such known
resources is relatively small. Successful development of binary-cycle technology, which
cantap energy from moderate-temperature wells (150-210°C), will make about four times
as many resource systems available for electricity generation, almost doubling the power
generation potential of identified geothermal resources.

Flashed-Steam Technology

170 190
Resource Temperature (°C)
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Heber Binary-Cycle Project: Vital Statistics

Key Project Dates

December 1980

Project participation agreements signed

May 1983  Approval by California PUC
June 1983  Site construction begun

April 1985  Turbine roll

April 1988  Completion of demonstration

Geothermal Brine Characteristics

Production depth

2000-10,000 ft (610-3050 m)

Supply temperature  360°F (182°C)
Supply pressure 250 psia (1.72 MPa)
Flow rate 7.6 x 10¢Ib/h (960 kg/s)
Reinjection temperature  162°F (72°C)
Reinjection pressure  320-595 psia (2.2-4.1 MPa)
Total dissolved solids 14,500 ppm

Power Plant Parameters

Capacity (net)

Heat rate (net)

Resource utilization
Hydrocarbon circulation
Cooling water circulation

466 MW ()

29,620 Btu/kWh

6.8 Wh/Ib brine (3.1 Wh/kg brine)
8.4 x 10° Ib/h (1060 kg/s)
140,000 gal/min (8830 kg/s)

330




WHAT THE EARTH HOLDS

immering under the earth’s sur-

face are many quadrillion (10)
Btu of geothermal energy. In the
United States alone, there are more
than 220 quadrillion Btu of known
heat deposits within reach of current
drilling technology of sufficient qual-
ity to produce electricity, most of them
in the western states. Geothermal en-
ergy is reliable and apparently inex-
haustible, but developers have to get
it out of the ground first.

Most geothermal energy is destined
to remain underground for a long time
to come because the drilling and ex-
traction techniques for bringing it to
the surface are too costly for commer-
cial ventures. Developers are able to
extricate the energy from hydrother-
mal systems, where hot water or
(more infrequently) steam fills the
pore spaces in a reservoir of sand or
rock. But these techniques are not
suitable for geopressured systems,
which contain hot water and natural
gas trapped securely at high pressure
between layers of impermeable shale,
or petrothermal systems, which are
beds of magma and hot, dry rock,
warmed by volcanic activity or the
movement of the earth’s crust.

That leaves only hydrothermal res-
ervoirs within the reach of today’s de-
velopers, yet even that one small part
of the geothermal resource has kept
them busy. Today there are some 3825
MW of installed geothermal capacity
worldwide, according to Ronald Di-
Pippo, engineering professor with
both Southeastern Massachusetts and
Brown universities and long-time ob-
server of geothermal trends. In the
United States alone there is a total of
1509 MW of geothermal generating
capacity. The first U.S. plant went into
operation in 1960, an 11-MW unit at
The Geysers in northern California.

The Geysers has since expanded to
become the largest dry steam devel-
opment in the world, with a capacity
of more than 1400 MW. In southern
California’s Imperial Valley, three
10-MW  hydrothermal
direct-flash and one binary-cycle—
have been operating since 1980. In
Mammoth, two 3.5-MW binary-cycle
units are being constructed. Numer-
ous other projects—some
binary-cycle, some direct-flash—are
being planned and built elsewhere in
California, Nevada, Oregon, Utah,
and Hawaii. All told, there are about
55 MW on-line in the United States
outside of The Geysers, and perhaps
444 MW could be operational by the
end of the decade.

Geothermal development is also
proliferating overseas, according to

plants—two

small

DiPippo. In the Philippines there are
now 781 MW of capacity from 19 units
at four fields. Some 2266 MW are
planned by 1990. Geothermal energy
nowaccounts for 20% of the total elec-
tricity generation in that country.
When two 110-MW units are com-
pleted at Cerro Prieto III this year,
Mexico will have 645 MW of geother-
mal capacity, and further develop-
ment should bring the total to 1085
MW by the early 1990s. In Japan there
are eight plants in operation—one dry
steam and seven direct-flash—for a
total of 215 MW, and another 108 MW
arein the planning stages. Other coun-
tries with geothermal plants planned,
under construction, or up and run-
ning include China, El Salvador, Ice-
land, Indonesia, Italy, Kenya, New
Zealand, Nicaragua, the Soviet
Union, and Turkey. Even though geo-
pressured and petrothermal reserves
remain locked inside the earth for
now, there are enough geothermal re-
sources to keep developers busy. [J

cludes John Bigger. “It will identify the
performance characteristics of a specific
reservoir and demonstrate the accuracy
of our reservoir and plant models. Heber
will also act as a kind of pathfinder for
regulatory, legal, and institutional as-
pects of binary-cycle geothermal devel-
opment that may not have been thought
of yet. The project will give the financial
community a basis to estimate the risks
and benefits associated with geothermal
investments. And Heber will show that
binary-cycle technology is an environ-
mentally, socially, and economically ac-
ceptable way to generate electricity.”
With results like these, EPRI’s binary-
cycle geothermal program can crack re-
serves wide open that once weren’t
worth tapping.

Further reading

Proceedings: Eighth Annual Geothermal Conference and
Workshop. Prepared by Altas Corp., August 1984. EPRI AP-
3686

Charlson, Michae!l. - “Geothermal: New Potential Under-
ground.” EPR{ Journal, Vol. 6, No. 10 (December 1981), pp.
18-25.

Whitaker, Ralph. “Tapping the Main Stream of Geothermal
Energy.” EPR! Journal, Vol. 5, No. 4 (May 1980), pp. 6-15.

U.S. Department of Energy. Sourcebook onthe Production of
Electricity From Geothermal Energy. Washington, D.C.. GPO,
March 1980. DOE/RA /40511

Heber Geothermal Demonstration Power Plant. Final report
for RP580-2, prepared by Fluor Engineers and Constructors,
Inc., June 1979. EPRI ER-1099.

This article was written by Nadine Lihach. Technical back-
ground information was provided by John Bigger, John Cum-
mings, Evan Hughes, and Vasel Roberts, Advanced Power
Systems Division.
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Advance Notice of
Generator Failure

C A T

A monitor that picks up radio-frequency signals caused by abnormal arcing within a
deteriorating generator gives operators extra time to avert equipment failures.
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tilities are eavesdropping on their

electric generators with a piece of

EPRI-developed equipment, and
what they’ve been hearing may save
them millions of dollars. The equipment
is a radio-frequency monitor developed
under contract with Westinghouse Elec-
tric Corp. The device picks up radio sig-
nals caused by abnormal arcing within a
deteriorating generator and warns plant
operators that a failure may be coming.
By alerting operators well in advance,
the monitor can save a utility as much as
seven months out of service for major
generator repair. About 50 Westinghouse
monitors are now being used by utilities,
and other utilities are adapting the tech-
nique for their own purposes.

Early warning

Advance notice of generator failure is es-
pecially important in the utility industry,
where the cost of power to replace the
output of a downed unit ranges from
$250,000 to $1,000,000 a day. Utilities
have been using a variety of devices to
protect and monitor generators, but with
mixed success. Most utilities monitor
electric current at the line end and the
neutral end of each of the three phase
windings in the generator; a current im-
balance instantly trips the generator out
of service. Utilities also use gas-condition
monitors that measure particulates in the
generator’s cooling gas; increasing num-
bers of particulates signal overheating.
The warning that these devices pro-
vide is welcome, but it sometimes comes
only after some damage has been done to
The radio-frequency
monitor can alert operators to a deterio-

the generators.

rating condition inside the generator
much sooner. Arcing between the ends
of broken copper conductor strands or
from imperfections in conductor insu-
lation produces radio-frequency signals
that emanate from the source of arcing in
much the same way as a radio signal em-
anates from an antenna. (In fact, in the
early days of radio, transmitters were es-
sentially small generators that produced
arcs; the arcing, tuned by coils and capac-

itors, was the radio’s signal.) EPRI re-
search, begun in 1977, showed that these
radio-frequency signals could be de-
tected in the generator neutral lead.

Success from the start

EPRI and Westinghouse decided to as-
semble a prototype monitor to see how
well the technique worked in power
plants. The device did not keep them
waiting long before it proved its worth.
While developmental testing was being
conducted in 1979 at Texas Utilities Gen-
erating Co.’s Martin Lake station, abnor-
mal arcing was discovered in two gener-
ators. The generators were taken out of
service, and cracked and broken copper
conductors were the problem. Savings in
repair costs were estimated at $500,000.

Testing continued, revealing arcing
from broken conductors as well as from
bearings and seals in several generators
at other plants. By 1980 Westinghouse
and EPRI were satisfied with the proto-
type. “Westinghouse assembled a com-
plete commercial package that included
the basic monitor, data recording equip-
ment to keep track of trends, and alarm
circuitry to alert operators to emergen-
says Gordon Shugars, who man-
aged the original project in EPRI's Nu-

cies,”’
clear Power Division. By monitoring
signals over a period of time, a utility can
spot a deterioration trend and either take
the unit out of service for immediate at-
tention or plan on doing so at the next
scheduled outage.

Since the monitor was first introduced,
some 50 systems have been sold to util-
ities anxious to forestall generator fail-
ures. Texas Utilities alone has ordered
systems for full-time monitoring at seven
generating units; the cost of the monitors
will be more than recovered if the warn-
ing system prevents just a single major
generator failure. Another satisfied user
is Maine Yankee Atomic Power Co. The
utility uses the Westinghouse monitor to
check continuously on the generator at
its Maine Yankee plant in Wiscasset.
Data from the monitor are fed directly
and continuously into the plant’s central

computer, averaged, printed out daily,
and reviewed by Roger Jutras, Maine
Yankee’s lead electrical engineer. In Sep-
tember the radio-frequency monitor
spotted what looked like trouble in the
generator. Inspection during a subse-
quent scheduled outage revealed a prob-
lem, which was fixed, although it was
not clear that that was the source of the
arcing. Nevertheless, Maine Yankee ap-
preciated the advance warning. The
monitor adds another degree of security
to the continued reliable operation of the
generator.

The monitor was recognized as one of
the 100 most significant technologic ad-
vances of 1980 when Industrial Research
& Development magazine awarded it the
IR-100 Award in 1981, but James Ed-
monds, project manager in EPRI’s Elec-
trical Systems Division, points out that
the Institute’s radio-frequency technique
has even more potential. For example,
the Westinghouse monitor is tuned to
pick up signals at 1000 kHz, a common
arcing frequency. Yet an ailing generator
may emit signals at other frequencies as
well. EPRI and Westinghouse are now
modifying the monitor to pick up a
broader range of frequencies, according
to Edmonds.

The monitor may also be used to pick
up signals from other plant equipment,
many of which emit identifiable radio
frequencies. By using spectrographic
analysis devices to “’fingerprint” the sig-
nals of individual pieces of equipment,
experienced operators can more closely
pinpoint the source of a problem before a
unit is taken down for repairs, saving
utilities even more time and money.

Frequency fiddling

Some utilities have been so fascinated by
the monitor’s seemingly limitless possi-
bilities that they are doing some tin-
kering on their own to develop plant-
specific systems based on EPRI’s original
technique. Union Electric Co., for exam-
ple, was interested in trying out the mon-
itor on a few of its generators, but a local
radio station used a 1010-kHz frequency,
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When one of the many copper conductors that makes up a generator winding snaps from fatigue, a
small electrical arc bridges the break. In time, more conductors may break, and the arcing increases
until the generator fails. Fortunately, any arcing produces identifiable radio frequencies, and the
EPRI-developed monitor can pick up these SOS frequencies and warn operators that a failure may be
coming.
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and the utility felt that was too close to
the monitor’s 1000-kHz band for comfort.
So, under the direction of the late Wil-
liam Henne of Union Electric’s power
operations department, the utility de-
signed its own radio-frequency monitor
to pick up frequencies from 150 kHz to 25
MHz. With assistance from Hewlett-
Packard Co., Union Electric built and in-
stalled this monitor in early 1983 at its
Rush Island plant; the company later in-
stalled another system at its Labadie
plant.

Union Electric is trying to correlate
the various frequencies that appear on
the monitor’s spectrum analyzer with
specific problems at the plants. David
DeSpain, a Union Electric special-proj-
ects engineer, says that the monitor has
identified at least three problems so far,
none of them the generator arcing that
the original EPRI monitor was designed
to detect. In one case the monitor de-
tected noise that turned out to be a loose
exciter connection; in two other cases,
the rotor on a generator had lost its
ground.

Up in Canada, Ontario Hydro is using
a radio-frequency monitor to detect co-
rona discharges in motors instead of arc-
ing in generators. Corona discharges are
the tiny sparks that occur when highly
stressed insulation deteriorates. These
discharges are smaller and harder to de-
tect than arcing, but they can also lead to
machine failure. Using some of the EPRI
techniques, Ontario Hydro developed a
broad-band monitor that picks up fre-
quencies in the 1-30-MHz range. The
monitor’s data are periodically recorded,
according to Mo Kurtz, senior dielectrics
engineer with Ontario Hydro. If a sus-
picious new trend is spotted, Ontario
Hydro performs spectrum analysis to try
to pinpoint the trouble.

In an effort similar to EPRI’s, American
Electric Power Co., Inc. (AEP), has de-
veloped an on-line radio-frequency mon-
itor that is now being used to observe
generator voltages on nine units and
brush arcing on two units. If trouble is
detected, AEP brings in a van that it has

equipped with additional sophisticated
detection equipment to isolate the prob-
lem. AEP offers this detection service to
other utilities as well. “To date,” reports
AEP staff engineer James Timperley, “we
haven’t found any steam turbine gener-

ator problems, but we have identified
problems in transformers, exciters, ca-
bles, and other equipment.” Frequency
fingerprints seem to be the key.

The next version

Westinghouse and EPRI are continuing
to develop the radio-frequency monitor
to expand its capabilities. A new proto-
type that offers broad-band frequency
detection and automated spectrographic
analysis is now being tested at West Penn
Power Co.’s Harrison station in Hay-
wood, West Virginia, and development
should be completed by mid 1985. The
monitor will be commercially available to
utilities shortly thereafter. With trouble-
detection devices like these around
the plant, utilities can breathe a little
easier. [ ]

This article was written by Nadine Lihach. Technical back-
ground information was provided by James Edmonds, Elec-
trical Systems Division, and Gordon Shugars, Nuclear Power
Division.
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WASHINGTON REPORT

OTA: Technical Guidance
for Congressional Decisions

The Office of Technology Assessment (OTA),
situated just six blocks from Capitol Hill, helps
guide Congress on scientific issues by performing
objective analyses in a wide range of

ongress created OTA in 1972 to

meet its need for a source of tech-

nical information that is nonparti-
san, objective, and anticipatory. The of-
fice has been fulfilling this directive since
it opened in 1974. In a recent interview
John H. Gibbons, OTA’s director, dis-
cussed the range of technical studies the
office has undertaken during its first de-
cade, and provided insight into the tech-
nical issues Congress will be grappling
with in the coming years.

Gibbons was a professor of physics at
the University of Tennessee and the di-
rector of its Energy, Environment, and
Resources Center before returning to
Washington to direct OTA in 1979. He
had originally come to Washington in
1973 to organize the first energy conser-
vation activities for the federal executive
branch. Before that he had spent 19 years
at the Oak Ridge National Laboratory,
beginning as a research physicist and
eventually directing ORNL’s environ-
mental program. Gibbons has published
on topics ranging from experimental nu-
clear physics to the influence of energy
price and technology on future energy
demand.

technical areas.

What motivated Congress to
create OTA?

Since I have directed OTA for only the
past five years and the agency was a year
old before I was even aware of it, let me
tell you the history as I have learned it. In
the late 1960s and early 1970s, Congress
was receiving advice and so-called expert
information on some very technical is-
sues both from the executive branch and
from outside witnesses, and many of
these experts were absolutely disagree-
ing with each other. Members of Con-
gress began to wonder whom to believe
as an expert because it appeared that
there were experts on all sides of an is-
sue. It became obvious that Congress
needed its own source of nonpartisan,
in-house technical analytic help. As a re-
sult, Congress passed Public Law 92-484,
which formed OTA to be an aid in the
identification of technology applications.
The legislation creating OTA was passed
in 1972 and the agency actually got under
way in 1974, so we are now completing
our first decade. The first OTA director
was Emilio Daddario, and the second
was Russell Peterson. They headed the
agency during the first five years.

What were some of the first
studies that Congress requested
from OTA?

Because the office was formed in the
early 1970s, when congressional concern
with technical issues was overwhelm-
ingly focused on energy issues, probably
50%, if not 75%, of OTA’s early activity
was devoted to energy assessment. Thus
OTA was primarily an energy-focused
agency for the first five years. Its energy
studies looked at both supply and con-
servation issues. The agency did a great
deal of work helping Congress think out
how the Department of Energy ought to
be organized and what a federal role in
energy should consist of. And there have
been many OTA studies on energy-
related legislation; for example, we have
been working for several years on an as-
sessment of what should be done with
commercial high-level nuclear waste.
Our initial work in this area was used as
a basis for the passage of the 1982 Nu-
clear Waste Policy Act.

Early OTA studies provided an assess-
ment of such energy issues as coal slurry
pipelines, solar energy, residential en-
ergy conservation, biomass, nuclear
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power plant standardization, and the di-
rect use of coal, to name a few. In more
recent years we have published assess-
ments on industrial energy use, potential
U.S. natural gas availability, the federal
coal leasing program, cogeneration, syn-
thetic fuels and increased automobile
fuel efficiency, acid rain, responses to a
long-term energy shortfall, and the fu-
ture of nuclear power. All these OTA
publications are available to the public.

The only way we canundertake a study
is through a request from a congres-
sional committee—an individual mem-
ber of Congress cannot request an as-
sessment from us. The committees that
originally made the most requests were
the energy and environment, science
and technology, and commerce commit-
tees, but by the end of the 1970s, more
and more committees began turning to
us for technical advice. We now get re-
quests from the finance, budget, appro-
priations, judiciary, rules, and govern-
ment operations committees, to name a
few. As a result, studies are now spread
across a broader range of issues, and en-
ergy now plays a continuing but rela-
tively minor role—about 10% of our as-
sessment agenda.

Are there any energy studies that OTA
is currently undertaking?

Yes, there are afew, and two in particular
may be of interest to your readers. We
have under way an assessment of load
management and generating technolo-
gies for electricutilities that discusses the
constraints and opportunities utilities
will face in choosing generating tech-
nologies in the 1990s. It is obvious that
utilities are avoiding commitments to
large new power plants because of the
financial and regulatory problems associ-
ated with long lead times. OTA’s assess-
ment is attempting to determine if util-
ities perceive that other, smaller-scale
technologies—such as fuel cells, photo-

Gibbons

voltaics, wind, low-head hydro, and util-
ity-controlled load management—will
provide important options for future util-
ity systems. We hope to issue the final
report this summer.

The other energy-related assessment
in process is on the availability of U.S.
natural gas and its potential for reducing
the nation’s dependence on oil imports.
The purpose of this study is to determine
domestic onshore natural gas supplies
over the next few decades and to look at
any factors that may affect availability.

How is OTA structured to carry out
these technical studies?

The OTA staff is relatively small. There
are approximately 100 professionals and
40 support staff. About half of the in-
house staff are trained in science, en-
gineering, and medicine, and the other
half are trained in social science, law,
economics, political science, and sociol-
ogy—thus we have a very interesting
mix of people. In addition to the in-house
staff, we use an average of 50 contractors
and consultants for each study, who
come and go as the projects change.

We receive our funding from annual

legislative appropriations, and our cur-
rent budget is about $15 million. I would
say that an average assessment costs
about $500,000. We are now conducting
some 30 assessments, and we take on 15
to 20 new projects each year.

Because of the variety of requests we
receive from Congress, the organization
of the agency constantly changes. We
typically Have nine program areas (under
three divisions), each of which encom-
passes a major subject area—for exam-
ple, energy and materials, oceans and
environment, and food and renewable
resources. I would say that on the aver-
age about one program a year changes its
name to better reflect changing emphasis
in some subject area. As a result, OTA
staff members must have the ability to
move from one subject to another and
feel comfortable with it. We find that
bright people who are oriented toward
problem solving and quantitative anal-
ysis do pretty well at OTA, particu-
larly those who enjoy variety and new
challenges.

I have found that there are two things
that really keep the staff on their toes
around here. One is the great variety of
work and the extremely tight demands
for quality control; the second is the
enormous flow of people and ideas
through the place because of all the out-
side involvement. In addition to the out-
side experts and contractors that we use,
we also establish an advisory panel for
each study we undertake.

What is the function of these panels?

The advisory panels are asked only to tell
us what we are doing right or wrong
with our studies and to guide us along
the way. The 12-18 members that typi-
cally make up these groups are chosen to
represent a broad diversity of perspec-
tives and backgrounds; they all come
from outside the government, usually
from universities, private firms, or re-
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search groups. For example, EPRI Presi-
dent Floyd Culler was a member of the
advisory panel for commercial high-level
nuclear waste assessment.

Advisory panels usually meet three to
five times over the course of a two-year
period, which is the typical length of our
projects. In a panel’s final meeting, it re-
views and criticizes the draft report. We
don’t ask the members to formally ap-
prove or disapprove the report; we sim-
ply want to know what they think of it.
We also do not want the advisory panels
to be passive or disinterested bodies. We
want them to forcefully express their
opinions so that we hear a variety of
viewpoints. We always pay a tremen-
dous amount of attention to what they
say; yet the advisory panels do not dic-
tate to us. The final product must be
ours, for we are the ones who send it to
Congress.

How does OTA decide which congres-
sional requests warrant assessment?

Thankfully, we have the Congressional
Technology Assessment Board, a group
of six senators and six representatives
appointed by their leadership to review
all the committee requests we receive.
The board sets OTA’s policies, selects its
director, and is the exclusive governing
body for its activities. The board is strictly
bipartisan in that half of the members are
Republican and half Democratic. The
chairman and vice chairman are the se-
nior person from the majority party in
one house and the senior person from
the minority party in the other house; the
chairreverses every two years, with each
change of Congress.

In the new 1985 Congress, the chair-
manship moved from the House to the
Senate; Ted Stevens (R-Alaska) is the
new chairman and Morris Udall (D-
Arizona) the new vice chairman. Other
board members from the Senate are Or-
rin Hatch (R-Utah), Charles Mathias
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(R-Maryland), Edward Kennedy (D-Mas-
sachusetts), Ernest Hollings (D-South
Carolina), and Claiborne Pell (D-Rhode
Island). Other members from the House
are George Brown (D-California), John
Dingell (D-Michigan), Larry Winn (R-
Kansas), Clarence Miller (R-Ohio), and
Cooper Evans (R-lowa). Winn is retiring
from the House this year, and a replace-
ment to the board will be named.

All board members must agree on ev-
ery new assessment that OTA under-
takes. Although they may disagree on
specific issues—sometimes rather force-
fully—or have different points of view
about the studies, what the members
have in common is a sense that nonpar-
tisan analytic work is a very important
thing for Congress to have available.
Therefore, we find strong and continued
bipartisan support for the work that OTA
undertakes. And that’s a great help to us.

At every quarterly board meeting,
there are generally five separate requests
from congressional committees for new
assessments. The OTA staff will have al-
ready had extensive contact with each
committee initiating a request to discuss
the extent of the analysis needed and the
timing of delivery. On the basis of these
discussions, we present to the board a
work strategy for each request. First the
board will look at which committees are
requesting studies to be certain that the
issues are properly within their jurisdic-
tion. Then it will consider a particular
study, comparing it with other issues in
terms of importance, and either approve
or disapprove the request. Every now
and then a request may come in that the
board believes is not really a matter of
technology; such a request would likely
be passed over.

Does the board have to approve every
report that OTA releases?

They approve the release of a report, but
they don't take sides on whether they

agree with the findings. They simply say
that they have examined the process that
OTA has gone through to carry out this
study and they approve it for release.
What the board wants to see is how we
performed the work, how we construc-
ted our advisory panel, who reviewed
the work, and how we responded to
those reviews. They want to know that
we have gone through a stringent pro-
cess to be certain that the work is of
high quality and is as free of bias as we
can get it.

Is there other oversight of OTA’s
work?

Yes, in addition to the board there are
committees in both the House and the
Senate that are charged with periodic re-
view of the agency. Every few years, one
or the other will hold an oversight hear-
ing where we and others are called to
testify. Outside witnesses, not only from
Congress but also from universities and
industry, are asked to tell what they
think of OTA as an institution and how
relevant its work is to their needs. Over-
sight is also provided by OTA’s Tech-
nology Assessment Advisory Council,
made up of 12 eminent intellectual lead-
ers from universities, private industry,
research companies, and other federal
bodies.

In terms of the assessments
themselves, is it difficult to keep the
studies relevant when you are working
in a two-year time frame?

Usually the assessments we undertake
are so complicated and broad that the is-
sues will be with Congress for long peri-
ods and therefore will not lose relevance
by the time the results are published.
When a committee requests a study, the
chairman tells us when the information
would be most useful, and we match our
response to that time request. On the
other hand, sometimes if a committee



member needs the information promptly
and there is not enough time to do a full
assessment, we do what we call a special
response. This is a more limited study
tailored to what we can provide given the
time constraints. We also provide interim
reports, which can take a variety of
forms, such as technical memoranda,
background papers, case studies, brief-
ings, and staff testimony.

The typical assessment, however, in-
volves a complex issue. We have been
working on acid rain, for example, for
the past three years. We prepared several
dozen special analytic papers during that
time before publishing the final report,
Acid Rain and Transported Air Pollutants:
Implications for Public Policy, in June 1984.
Since Congress is still pondering this is-
sue, our work will probably go on for
another year or two.

The information we are working on
usually gets to Congress fairly quickly—
within six months after we begin re-
searching an assessment, we are often
testifying before or briefing a committee
on what we have learned. On the aver-
age, we testify about 50 times a year. In
many cases a hearing will be organized
around the completion of an assessment.

When the assessments are
completed, does OTA make specific
recommendations or advocate any
position that the committee should
consider?

In the typical assessment we tell the com-
mittee what informed people generally
agree on about the issue, that is, what
can be stipulated. Next we try to explain
why people disagree with each other—
why various experts come in with such
disparate views on the same subject.
Then we try to explain what options
Congress has in light of what is agreed
on, and which productive steps it could
take if it chooses to do anything.
Sometimes, though not very often, we

don't have that many different options to
present in a study. Nuclear waste is a
good example. In our assessment to Con-
gress we said, you can choose to ignore
this issue, but that isn’t going to work.
After listening to a variety of opinions
and conducting our analysis, we finally
said, if you want to do something about
nuclear waste, here are the specific steps
that will have to be taken to solve the
problem. This assessment was rather un-
usual in that we were not able to give
Congress a lot of options.

An example of a more typical assess-
ment is a recent one on commercial bio-
technology, in which we pointed out
how the United States compares with
other countries in the development of
biotechnology. We discussed this coun-
try’s relative strengths in the field and
analyzed the role of government vis-a-vis
the private sector in R&D and the com-
mercialization of biotechnology. Our as-
sessment suggested that if Congress
feels it is important to give further en-
couragement to the development of bio-
technology, there are certain steps that
should be taken. Conversely, if Congress
feels that the development is going too
fast, there are some other steps that
could be taken to constrain the activity.
So we present all sides of an issue, and it
is up to each individual congressperson
to vote on the options. It is not our role to
tell them how to vote. We simply provide
the relevant facts and our analysis of
available policy options.

You mentioned that energy is no
longer the main topic of interest to
Congress. What are the issues being
addressed by current requests?

We receive a steady, perhaps increasing,
number of requests in the environmental
area. | think this reflects a strong Ameri-
can consensus that it is possible to have
environmental quality as well as the nec-
essary goods and services for a strong

economy—that technologists can be
clever enough to give us both. Some of
our current environmental projects in-
clude analyses of the environmental
compatibility of the federal coal leasing
program, the cleanup of controlled haz-
ardous waste sites, and ocean dumping
of wastes.

Another area where there is tremen-
dous interest from a variety of commit-
tees is the impact of telecommunications,
microelectronics, and automation on such
areas as privacy, intellectual property,
regulation, international
ness, banking, personal lifestyles, em-
ployment, and education. Since the sub-
ject is so broad, an enormous number of
committees are interested in its various

competitive-

aspects. Another large issue we are
called on to investigate is the implication
of the further development and use of
sophisticated medical diagnostic equip-
ment and life-sustaining techniques. This
subject encompasses the dilemma of un-
limited medical costs and the often con-
flicting goals of wanting to encourage the
development of improved medical tech-
niques to help people live fuller lives and
yet, at the same time, not wanting to
overcommit resources to extend a life
that is no longer worth living. The ques-
tion of medical ethics must be considered
as well as medical technology. The health
area is probably our largest program area
at the present time. In fact, health and
bioapplication issues are two of several
areas in which we receive far more re-
quests than we can handle.

To give some perspective on OTA’s
first decade, would you say the office
has been able to adequately handle the
technology assessment needs of
Congress?

The sense we get is that they are gener-
ally pleased with what we are doing. I
think they always hope to have more re-
search for less money. Yet it is difficult to

EPRI JOURNAL January/February 1985 37




determine how completely we are ful-
filling the original act that set up
OTA—for the act is very brief and simply
states that we should look at the impli-
cations, both positive and negative, of
existing and emerging technologies in
terms of their social, physical, biological,
political, economic, and other impacts.

I also firmly believe that the need for
technology assessment is growing be-
cause the great and vexing problems
Congress has on its hands are driven in
large measure by technology change—
whether it be defense, employment, in-
ternational competitiveness, or environ-
mental issues. As long as that is the case,
the members and committees of Con-
gress will require some thoughtful anal-
ysis. They will need an organization and
a process they can trust, a place where
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the gathering and distillation of national
wisdom occurs.

And this is what I see as our continu-
ing role in the future: to be a reliable and
credible source for Congress. Also, I've
found that to help Congress the most,
you have to understand exactly what
its needs are and tailor your delivery
because it does not have the time for
translation. You have to be very client-
oriented if you hope to connect with this
specific group of people.

If T had to define a particular task
ahead of us, it would be to carry our anal-
ysis a little further beyond the technical
side and a little closer to specific policy
options. I think that sometimes we don't
get close enough to what the committees
and members of Congress need in terms
of specific information to make their

decisions. One reason is that although
most of the people at OTA are highly
trained in various disciplines, they are
not that experienced in the legislative
process. Conversely, the committee staff
members are very close to the policy pro-
cess but not to the technology issues. So
what we try to do is to become attuned to
what the committee members and staff-
ers really need. This means there must be
a great deal of communication between
our professionals here at OTA and the
staff members of the committees. And
thatis a key reason why we must be close
to Congress, but not too close. Being
housed six blocks away is just about
right.

This article was written by Christine Lawrence, Washington
Office.




AT THE INSTITUTE

EPRI Product
Licensing Increases in 1984

New agreements make the LOMI solvent
process and acoustic holographic imaging
technology available for commercial

PRI's goal of getting its research
Eresults into the hands of electric

utilities made significant strides in
1984—the number of licenses issued by
the Institute in the first three quarters of
1984 was more than the total issued in
1983. Through October EPRI had granted
44 licenses for hardware products, in ad-
dition to 9 commercial computer soft-
ware licenses.

“Utilities, faced with today’s squeeze
of uncertain fuel supplies and rising
costs, have a pressing need to obtain
technical solutions without delay,” says
Don Erickson, EPRI’'s manager for Pat-
ents and Licensing. “Licensing, which
gives utility suppliers the right to manu-
facture and sell EPRI-developed tech-
nology, is a vital step in providing new
equipment and techniques to the
industry.”

Recent agreements on licensing rights
with organizations outside EPRI have
opened up two especially important
technologies for future commercial de-
velopment. The first of these gives the

development.

Institute the right to license the low
oxidation-state metal ion (LOMI) solvent
process to chemically decontaminate
water-cooled reactors.

Initially, EPRI joined forces with En-
gland’s Central Electricity Generating
Board to develop the LOMI solvent.
When EPRI'’s funding ended, CEGB con-
tinued work on the project and found a
way to apply the solvent. EPRI now
owns the patent on the product and
CEGB, the application method.

Negotiations with CEGB on how com-
mercial licensing agreements would be
offered involved more than two years of
transatlantic letters and telexes after the
solvent and process had been discov-
ered. According to the new agreement,
EPRI is now the licensor of both the EPRI
and the CEGB patents in the United
States. This enables EPRI to license any
qualified U.S. organization to market the
LOMI process to utilities for decon-
tamination services.

Another agreement, with the Gas Re-
search Institute of Chicago, Illinois, is

also an important one for the electric util-
ity industry, as it allows EPRI to offer
licenses on an acoustic holographic imag-
ing technology. EPRI and GRI had sepa-
rate research contracts with Spectron De-
velopment Laboratories to investigate
this technology, which is able to make
clear, life-size images of flaws in metal
pieces, such.as pipes, nozzles, and pres-
sure vessels. The device, applicable to
both electric and gas utilities, can also be
used to map underground piping and
evaluate stress concentrations.

When the research ended, EPRI and
GRI decided to combine the results of the
contracts into one package because this
approach offered the best opportunity
for commercial development. The agree-
ment gives EPRI the right to offer li-
censes for the technology. In return for
assigning its rights to EPRI, GRI will re-
ceive 25% of the royalties EPRI derives
from third-party licensing arrangements.

EPRI’s royalty income from this and all
other licensing agreements is put into the
general R&D fund.
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Workshop on PCDFs,
PCB Fluids

More than 50 scientists and engineers
from universities, government, and the
utility industry participated in a three-
day workshop on polychlorinated di-
benzofurans (PCDFs) sponsored by EPRI
in early December. The purpose of the
workshop was to give utility personnel a
better understanding of the issues and
questions surrounding PCDFs. Small
amounts of PCDF congeners have been
detected in insulating fluids containing
polychlorinated biphenyl (PCB) fluids af-
ter fires in electrical equipment. Some,
but not all, of the PCDF compounds have
been found to be physiologically active in
animal tests.

Because of current EPA regulations
and public pressure, many utilities have
replaced the PCB in their transformers
and other electrical equipment with new
insulating fluids. However, traces of the
old insulating fluid that remain inside
the equipment can bring the PCB level of
the replacement fluid up to 2-5%. “In
such cases, the new insulation is still le-
gally considered a PCB fluid,” explains
Project Manager Gilbert Addis, who was
cochairman of the workshop with Project
Manager Ralph Komai.

Sessions at the workshop were held on
analysis of PCDF; pyrolysis and com-
bustion of PCBs; documentation of fires,
spills, and clean-up; and risk assess-
ment. Transmission Department Director
Narain Hingorani presented a back-
ground paper on EPRI’s Interdivisional
Task Force, which is directing research
into the chemistry of PCB fluids. One of
the featured panelists at the workshop
was Christoffer Rappe from the Uni-
versity of Umea, Sweden, who is recog-
nized as one of the world authorities on
PCDFs.

EPRI is currently funding two projects
involving PCDF, and reports on these
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were included in the workshop. In the
first study, researchers at the New York
State Health Department are examining
the oxidation characteristics of PCB
fluids during normal combustion and
during pyrolysis (a fire that takes place
under low-oxygen conditions). Under
the contract with EPRI, scientists are try-
ing to learn the rate at which PCDFs are
created from PCBs in retrofilled trans-
formers involved in fires.

In the second project, scientists are
evaluating and improving techniques to
analyze the various PCDF congeners in
insulating fluids used by electric utilities.
“Following development of an improved
analytic technique, a broad sampling of
utility fluids will be analyzed so we will
have a more detailed understanding of
PCBs and how they relate to PCDFs,”
says Komai.

Energy Technology
Conference
Convenes in March

The 12th Annual Energy Technology
Conference and Exposition (ET '85)—
one of the nation’s largest annual energy
forums—will be held March 25-27, 1985,
at the Sheraton Washington Hotel in
Washington, D.C. Designed for electric
utilities and their industrial and commer-
cial customers, ET '85 will offer 80 confer-
ence sessions with more than 250 speak-
ers. This year’s meeting will focus on
issues between the utility and the indus-
trial customer.

There will also be more than 250 ex-
position displays on energy technology
applications and developments through-
out the United States, Canada, and the
world. EPRI will join many leading com-
panies in the energy industry with a dis-
play of its research innovations and ap-
plications and will sponsor a film/video
theater on the results of its research pro-
grams.

John R. Miller, president of Standard
Oil Co. of Ohio (Sohio), will present the
1985 State of Energy message to keynote
the conference on Monday morning,
March 25. The conference will conclude
Wednesday afternoon, March 27, with an
energy prospectus session chaired by
EPRI Vice President Richard Rudman.
This closing session will feature a talk by
C. Fred Fetterolf, president of Alcoa, and
a talk by a representative from the En-
ergy Information Administration.

A number of EPRI staff members will
participate in ET ’85, either as speak-
ers or session chairmen, on such topics
as fluidized-bed combustion research,
power plant life extension, improved
combined-cycle
power plants, electrotechnologies and

plant  performance,
electrification, utility automation and
load management technology, demand-
side management options, supply and
reliability, commercialization of new en-
ergy technologies, and acid rain control
technologies.

Participating on the ET ‘85 program
advisory committee are Rudman and
Michael Tinkleman of the Washington
Office. Christine Lawrence, communica-
tions supervisor in the Washington Of-
fice, is coordinating publicity.

Full details are available from Govern-
ment Institutes, Inc., 966 Hungerford
Drive, No. 24, Rockville, Maryland
20850. The telephone number is (301)
251-9250.

Guidelines for
Control Room
Computer Displays

The Nuclear Power has
published a two-volume study to help
utilities design and evaluate computer-

Division

generated information displays in nu-
clear power plant control rooms. Entitled
Computer-Generated Display System Guide-
lines (NP-3701, 2 vols.), the set provides a



step-by-step procedure for designing
and testing display systems before in-
stalling them in nuclear power plants.

“Computer-generated displays can
help improve the flow of operating infor-
mation between the operator and plant,”
explains John O’Brien, project manager.
“Their flexibility in terms of display for-
mat and information organization cannot
be approached by hard-wired instru-
ments. They also offer display system de-
signers new opportunities for creative
solutions to control room information
problems.”

For such systems to be effective,
O'Brien cautions that the correct infor-
mation about the plant must be pre-
sented to the operator at the right time,
and the displays must be easily read and
understood. Therefore, the report em-
phasizes human factors in designing and
evaluating displays. In addition, the
study gives special consideration to ret-
rofitting computer-generated displays
into control rooms where hard-wired
analog instrumentation is the primary
means of information display.

“EPRI published the report because
the method of sending operation infor-
mation to the plant operator is in a state
of transition,” says O’Brien. “Conven-
tional hard-wired meters and dials are
slowly being supplemented—in a few
cases even supplanted—by video dis-
play terminals.” This transition has been
accelerated as more utilities decide to use
video display screens to satisfy NRC re-
quirements for a safety parameter dis-
play system. For the future, suppliers are
marketing advanced control room de-
signs with video display screens as the
primary way to send information to the
operator. One such advanced control
room is now operating at the Susque-
hanna plant of Pennsylvania Power &
Light Co.

For more information, contact O’Brien
at (415) 855-2214.

CALENDAR

For additional information on the EPRI-
sponsored/cosponsored meetings listed
below, please contact the person indicated

JANUARY

16-17

Regional Conference: Compressed-Air
Energy Storage

New Orleans, Louisiana

Contact: Robert Schainker (415) 855-2549

29-30

Workshop: Hazards Program

Denver, Colorado

Contact: Carl Stepp (415) 855-2103

FEBRUARY

4-6

Seminar: Nuclear Safety Control Technology
Palo Alto, California

Contact: Murthy Divakaruni (415) 855-2409
or K. H. Sun (415) 855-2119

26-27

Continuous Emissions Monitoring,
Guidelines Manual

Atlanta, Georgia

Contact: Charles Dene (415) 855-2425

MARCH

6-7

Seminar: Maintaining Equipment Qualification
Houston, Texas

Contact: Robert Kubik (415) 855-8905

20-21

Continuous Emissions Monitoring,
Guidelines Manual

Denver, Colorado

Contact: Charles Dene (415) 855-2425

APRIL

9-1

Seminar: Power Plant Digital Control

Using Fault-Tolerant Computers

Phoenix, Arizona

Contact: Murthy Divakaruni (415) 855-2409
or K. H. Sun (415) 855-2119

14--19

Conference: Coal Gasification and Synthetic
Fuels for Power Generation

San Francisco, California

Contact: Sy Alpert (415) 855-2512

16-17

Seminar: Maintaining Equipment
Qualification

Washington, D.C.

Contact: Robert Kubik (415) 855-8905

30-May 2

Hydro O&M Workshop and Seminar:
Dam Safety

Boston, Massachusetts

Contact: James Birk (415) 855-2562

MAY

6-9

1985 Joint Symposium on Stationary
Combustion NO, Control

Boston, Massachusetts

Contact: Michael McElroy (415) 855-2471

7-8

Seminar: Maintaining Equipment
Qualification

Chicago, lllinois

Contact: Robert Kubik (415) 855-8905

12-18

Workshop: Exploratory Research on
Amorphous Materials

San Diego, California

Contact: Robert Jaffee (415) 8565-2453

14-15

Regional Conference: Compressed-Air
Energy Storage

Chicago, lllinois

Contact: Robert Schainker (415) 855-2549

JUNE

18-21

Symposium: Condenser Biofouling Control
Orlando, Florida

Contact: Winston Chow (415) 855-2868

26-27

Seminar: Maintaining Equipment
Qualification

Palo Alto, California

Contact: Robert Kubik (415) 855-8905
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Pollution Control
Hotline Lowers Fuel
Costs at Lilco

potentially expensive emissions prob-
lem at Long Island Lighting Co.s
(Lilco) Northport plant has been avoided
with the aid of the Quick Response Inquiry
(QRI) pollution control consulting service
managed for EPRI by Battelle, Columbus
Laboratories. Complaints about sulfurous
odors from the plant raised the possibility
of an expensive switch to low-sulfur fuel oil
to avoid SO, production. But QRI staff
helped Lilco environmental engineers trace
the odor to H,S or COS. By avoiding an
expensive plume-chasing program and by
allowing Lilco to continue using high-
sulfur oil, QRI helped to save the utility
an estimated $261,000. m QRI Hotline:
Joseph Oxley at Battelle, Columbus Labo-
ratories (614) 424-7885 W EPRI Contact:
Charles Dene (415) 855-2425

Stack Design Guidelines
Save LADWP $4.5 Million

Guidelines on the design and operation
of wet-stack systems, developed for
EPRI by Dynatech R/D Co., can help utili-
ties reduce costs by avoiding liquid re-
entrainment in the most efficient way.
Sometimes a flue gas reheat system can be
eliminated altogether. When Los Angeles
Department of Water & Power (LADWP)
was designing its Intermountain Power
Project generating station, for example, the
guidelines provided critical parameters re-
lated to design of the stack. LADWP

42 EPRI JOURNAL January/February 1985

TECHNOLOGY
TRANSFER
NEWS

learned that the Intermountain stack
would not be compatible with wet opera-
tion unless it was redesigned to a larger
diameter, which was not feasible. The util-
ity thus chose to incorporate moderate
stack gas reheating to maintain a dry stack.
By optimizing the system, LADWP was
able to avoid probable corrosion problems
and an expensive retrofit for a saving of ap-
proximately $4.5 million in capital and op-
erating costs. M EPRI Contact: Charles
Dene (415) 855-2425

Cost of Fuel Channel
Replacement Cut in Half

Fuel bundles in a boiling water reactor
(BWR) are held in place by rectangular
Zircaloy channels, which deform slightly
because of pressure differentials and irradi-
ation. These channels have a design life-
time that coincides with replacement of the
fuel bundles (about four or five years), but
inspection of the channels suggested to
Commonwealth Edison Co. that some
channels could be reused for a second fuel
load. Using channel management methods
developed for EPRI by Dominion Engi-
neering, Inc., the utility measured channel
regularity and estimated future deforma-
tion. This work showed that about one-
third of the channels could be reused and
that the cost of channel replacement could
be cut roughly in half. Commonwealth
Edison estimates a saving of approximately
$371,000 for each of its BWR units, plus
further saving from reduction of irradi-
ated materials that need disposal. B EPRI
Contact: Joseph Santucci (415) 855-2011

Miniature X-Ray
System Speeds
BWR Weld Inspection

hiladelphia Electric Co. has used a

newly developed miniature X-ray sys-
tem to perform otherwise unachievable
weld inspections at its Peach Bottom Unit 3
BWR. The portable X-ray head is sensitive
enough to allow inspection of welds in
large-diameter pipes without draining
cooling water, saving time during fuel re-
placement outages and money for replace-
ment power. The new system, a further
refinement of the Minac miniature linear
accelerator, was developed under an EPRI
agreement by Schonberg Radiation, Inc.
The unit consists of a detachable, portable
X-ray head attached to Minac by a flexible
waveguide. With it, personnel are able to
inspect piping welds in the restricted areas
close to the reactor pressure vessel. Phila-
delphia Electric estimated that without
the device a recent in-service weld inspec-
tion would have taken an additional two
days and cost an extra $1 million for re-
placement power. B EPRI Contact: M. E.
Lapides (415) 855-2063

New Analysis
Methods Enhance
Substation Safety

mproved safety and lower costs—these
are the benefits cited by Arizona Public
Service Co. (APS) from use of a new set of
analysis techniques for designing substa-
tion grounding systems. Developed at
Georgia Institute of Technology’s Electric



Power Laboratory, the new methods go be-
yond the limitations of the IEEE Standard
80 guidelines used previously. The system
uses advanced analytic methods, graphic
techniques for common design problems,
and computer-based solutions for complex
structures, and it combines these elements
into an analysis package for design engi-
neers. APS engineers say the system en-
ables more-accurate design, providing
greater confidence in the safety of the
ground system and requiring less use of
copper than older, more-conservative
methods. Design is faster, too, allowing
APS to reanalyze existing stations. Alto-
gether, APS estimates the improved meth-
ods will save $82,000 over the next 10 years
in material costs alone. But they add the
money is not as important as the improved
safety for operating personnel. B EPRI
Contact: John Dunlap (415) 855-2305

Static VAR
Generator Helps Supply
Remote Load

]’:rge, isolated loads can pose serious
stability problems for transmission
systems, but a new static VAR compensa-
tor designed by Westinghouse Electric
Corp. under EPRI contract helped Plains
Electric Generation Transmission Coopera-
tive, Inc., solve just such a problem re-
cently. Plains saved $22 million by using
the new compensator to help supply a 50-
MW load at an oil-field compressor station
in a remote area of New Mexico. The new
load was 90 miles (145 km) from the nearest
115-kV substation, but without the VAR
compensator, Plains would have been
forced to build a new 200-mile (322-km),
345-kV line from its system to meet the
startup demand. Instead, Plains was able
to use the compensator and meet the load
from the closer substation with a $6 mil-
lion, 115-kV line. Overall saving—$22 mil-
lion, and Plains engineers say the added
compensation provides more stability to
the whole transmission system. B EPRI
Contact: Gilbert Addis (415) 855-2286

Texas Facility
Provides Sophisticated
Tower Testing Capability

he Transmission Line Mechanical Re-

search Facility (TLMRF) in Haslet,
Texas, is a sophisticated facility dedicated
to determining all structural aspects of
tower performance. It can also be a cost-
competitive way of evaluating new tower
designs, as Public Service Co. of New Mex-
ico (PSNM) discovered when it was de-
veloping a new series of structures for a
216-mile (35-km) 345-kV line. PSNM esti-
mates saving $30,000 because TLMRF al-
lowed it to keep to a tight schedule. At the
same time it gained higher-quality data on
tower design and was able to avoid reliance
on the vendor’s test facility. TLMRF is one
of several technology transfer centers
launched by EPRI in recent years, using in-
formation gained with its state-of-the-art
instrumentation to build a reliable data
base on all types of tower designs. By mak-
ing that information available to utilities,
TLMREF is contributing to improving de-
signs and cutting costs for future transmis-
sion projects. W EPRI Contact: Paul
Lyons at TLMRF (817) 439-5900

System Simulation
Model Saves Time,
Money atCon Ed

Asophisticated new fast-turnaround
system planning computer model is
saving Consolidated Edison Co. of New
York (Con Ed) about $200,000 per year in
planning study costs. With TELPLAN, a
computer model developed by TERA
Corp. under EPRI contract, Con Ed can
run a complete generation addition simula-
tion in one day. This allows the utility’s
planners to model hundreds of scenarios
with varying cost, environmental, and fi-
nancial factors. By performing these simu-
lations in-house and at this speed, Con Ed
can do scenario analysis of a type that was
impossible using older, slower techniques.
“Thereis not even a comparison with other

systems,” says Wayne A. Vanderschuere of
Con Ed. TELPLAN uses state-of-the-art
probabilistic production cost methods,
simulates the entire power supply system,
and integrates the results with financial
plans and pollution control constraints.
The model is largely machine-independ-
ent and can run on PRIME, VAX, CDC,
and IBM computers. B EPRI Contact:
Dominic M. Geraghty (415) 855-2601

Cilco Improves
Scrubber Performance
for NSPS Compliance

here can utilities turn for informa-

tion when new flue gas desulfuriza-
tion (FGD) equipment fails to perform
adequately? EPRI’s continuing research on
FGD chemistry may be able to provide
some answers on how to improve both pol-
lution abatement and system reliability.
Central Illinois Light Co. (Cilco), for exam-
ple, found help in solving problems at its
new Duck Creek Generating Station,
where a wet-limestone FGD system could
not consistently meet the New Source Per-
formance Standard (NSPS) for sulfur diox-
ide removal. In addition, the scrubber was
experiencing mist eliminator scaling and
low limestone' utilization. Using informa-
tion from ongoing projects and working
with EPRI contractor assistance, Cilco ad-
justed the limestone particle size and added
relatively small amounts of dibasic acid to
meet NSPS requirements while increasing
system reliability to over 95% and reduc-
ing maintenance labor requirements by
30%. m EPRI Contact: Dorothy Stewart
(415) 855-2609

Editor's Note

We have launched this new depart-
ment as part of EPRI’s growing com-
mitment to technology transfer. It

will focus on applications of EPRI-
sponsored research, new commercial
products, and new licensees. We want
this department to evolve in ways that
best meet your needs, and we would
appreciate hearing from you.
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FUSION BLANKET ENGINEERING TESTS

In first-generation fusion power systems as
now conceived, the fuel would be a combina-
tion of deuterium and tritium, two isotopes of
hydrogen. Eighty percent of the energy pro-
duced by “burning” the fuel will be in the form
of kinetic energy of neutrons. It is proposed
that this energy be converted into thermal en-
ergy in a blanket surrounding the fuel. In addi-
tion, neutrons are to be absorbed in lithium in
the blanket to produce replacement tritium for
the primary fuel. To date most fusion research
has been concerned with producing burning
conditions in plasmas. The next advance
would involve transforming the fusion energy
captured in a blanket into useful heat.

A major issue in work on blanket systems will
be the blanket’s ability to breed tritium for fuel
supply self-sufficiency. The TFTR (tokamak fu-
sion test reactor) facility at the Princeton
Plasma Physics Laboratory offers the first op-
portunity to examine this issue experimentally
with burning fusion fuel (Figure 1). This DOE
facility, which has been operating with proton-
based hydrogen since December 1982, will
begin using deuterium late this year. Under a
contract with Princeton (RP1748) and in coop-
eration with DOE, EPRI has initiated a project
to conduct lithium blanket engineering tests at
the facility. A prototypical blanket module for
the tests is under construction at General
Atomic Co., a project subcontractor.

The TFTR, which has a toroidal (doughnut-
shaped) fuel chamber, is designed to burn
deuterium-tritium (D-T) fuel and is capable of
producing tens of megawatts of fusion power
for approximately one second. It will have a
geometrically extended neutron source and a
neutron spectrum similar to that expected in an
ultimate fusion power system. Even during op-
eration with deuterium only, the neutron spec-
trum can be useful in determining the ability of
ablanket module to breed tritium. Todate com-
plex neutron scattering and absorption calcu-
lations provide the only estimates of this ability.
In the absence of corroborative measure-
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ments, there are large uncertainties in the esti-
mates of breeding ratios because of the com-
plex geometry and codes involved. At this
time, the overall breeding rates in the central
rods of the lithium blanket module (LBM) can
be calculated to 12% accuracy, but there is no
experimental verification. EPRI initiated the
LBM experiment to develop data to minimize
these uncertainties and evaluate the ability of
fusion systems to be self-sufficient in tritium.
The central activity of this program is the ir-
radiation of a lithium-containing assembly rep-
resentative of a fusion reactor blanket module.
Measurements of neutron fluence and energy
distribution throughout the LBM, as well as
of tritium production, wil be compared with

predictions by three-dimensional neutronics
codes. These comparisons will indicate the ef-
fectiveness of currently available analytic tech-
niques and physical models in describing the
performance of single blanket modules in to-
roidal reactors and will identify needed im-
provements.

Another program objective is to obtain, for
the first time, hands-on experience in several
critical areas of fusion blanket technology, in-
cluding the fabrication of breeding elements,
blanket dosimetry measurement in a tokamak
reactor environment, the electromagnetic iso-
lation of blanket modules from the pulsed
tokamak fields, and the integration of a blanket
module into a test reactor.

Figure 1 The TFTR at the Princeton Plasma Physics Laboratory. This large DOE fusion facility began oper-
ation in late 1982 and is now being modified to use deuterium with neutral beam heating.




Test equipment

During deuterium operation at the TFTR, the
LBM will be positioned close to the reacting
toroidal chamber. An engineering test stand
has been constructed for this purpose. The
LBM will not be attached to the TFTR, and no
interference with other facility activities is ex-
pected. The LBM will be placed on a movable
pallet on the test stand, which will permit lim-
ited.remote manipulation.

The blanket module (Figure 2) features an
array of approximately 920 cylindrical breeder
rods oriented radially to the plasma surface.
Each rod, a stainless steel tube with an outer
diameter of 2.54 cm and a wall thickness of 0.3
mm, contains 22 or 23 lithium oxide (Li,O) pel-
lets. The rod assembly consists oftwozones. A
central zone 19 cm in diameter contains 37
rods and 25 dosimeter wire bundles; 13 of the
rods are instrumented and can be removed
individually from the back of the module. A
buffer zone contains the main body of rods,
approximately 900, and serves to isolate the
central zone from scattered neutrons entering
the sides of the LBM. This zone is lightly instru-
mented, and selected rods are removable.

There were several reasons for deciding to
orient the rods radially to the plasma. Many
LBM program objectives can be defined in
terms of breedingalong a single rod. Also, this
arrangement lends itself to a reactor-relevant
cooling system, wherein gas or water coolant
would flow to the front face of the module (the
region of highest power deposition) and then
flow back between the breeder rods. Finally,
the arrangement facilitates equipment han-
dling. Test personnel can easily install or re-
place radiation dosimetry wires in the chan-
nels between rods; remove breeder rods from
the back of the LBM to retrieve test pellets and
dosimetry packets; and replace central-zone
rods with rods containing different materials.

The rods are tightly arranged so that groups
of three form channels 6 mm in diameter. Neu-
tronics calculations have determined that neu-
tron streaming along these tricusp channels
will have an insignificant effect on spatial neu-
tron flux and tritium production.

Li,O was chosen as the breeding material
for the LBM because of its potential for ade-
quate tritium breeding without a neutron multi-
plier and because its physical and chemical
properties are acceptable for reactor use, at
least up to 600°C. Pellet fabrication involves
weighing Li,O powder and loading it in a die,
cold-pressingitat pressures as high as 20,000
psi (138 MPa), and then sintering the pressed
pellet in a vacuum at 1000—1200°C for up to 12
hours. After fabrication, pellet microstructure
and impurity content (mainly carbon dioxide
and water) are characterized. Researchers
have found that pellets of about 80% of the-

Figure 2 Lithium blanket module. Such a module, measuring 76 by 79 by 89 cm, is being built for use in
tritium-breeding experiments at the TFTR. The module’s 920 breeder rods, each filled with Li,O pellets, will

be oriented radially to the TETR plasma.

oretical density can be obtained by cold-
pressing the powder at just 10,000 psi (69
MPa) and sintering the cold-pressed pelletin a
vacuum at 1200°C for 12 hours. Metallographic
examination has indicated that the micro-
structure of these pellets is uniform and repro-
ducible.

Procedures have been developed for mass-
producing Li,O pellets 2.45 cm in diameter
and 2.54 cmlong, and some 25,000 pellets are
now being manufactured for assembly into the
LBM. The process features an automated
press with a hopper-feed capability and a
tungsten carbide die for cold-pressing and a
cold-wall vacuum furnace for sintering. Strict
control of the Li;O powder size distribution is
essential to ensure that the sintered pellets
meet the specifications for density and
diameter.

Some 900 LBM prototype breeder rods have
been fabricated from type-316 stainless steel
tubing 0.3 mm thick. The rods were assembled
in airand were determined to be leak-free after
welding. Tests have shown that the rate of

moisture and carbon dioxide pickup by the
sintered Li,O pellets under ambient conditions
(50% relative humidity) is so small that it is fea-
sible to load and seal the breeder tubes in air.

It is estimated that 24 hours after the LBM
has been exposed to the radiation from the
neutron fluence in the highest-power D-T
case at the TFTR (10" neutrons/cm? per run
of 10 shots), the activity on the LBM front grill
plate will be about 4 mrem/h. The activity of a
single breeder rod will be much less than 1
mrem/h and will continue to drop rapidly with
time. Thus remote handling equipment will not
be necessary for working with the test rods.
After a 48-hour cooldown period, it will be per-
missible to remove the LBM from the engi-
neering test stand with manually operated
cranes and a forklift.

Measurement and analysis program

Measurements from the LBM engineering tests
will be compared with predictions from neu-
tronics analyses. Project personnel will monitor
dosimeter activations at various positions in-
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side the LBM and on its surface, and will mea-
sure tritium production at various positions in-
side the LBM central region. Parameters that
can be derived from these measurements in-
cludethe local tritium breeding ratio, the tritium
production ratio, total neutron fluence and its
gradient, and (by use of the FERRET adjust-
ment code) the fluence and gradient for each
neutron energy group.

The MCNP code, developed by Los Alamos
National Laboratory, and the ENDF/B—V point-
wise cross sections have been used to carry
out detailed three-dimensional Monte Carlo
simulations of the TFTR—LBM system for both
D-T and deuterium-only toroidal neutron
sources. The use of specialized techniques in
the MCNP model (e.g., 45° reflection planes)
and of conservative variance reduction tech-
niques (e.g., geometry splitting and survival
biasing) allows meaningful statistical accuracy
(+10% or better) to be obtained for parame-
ters for the entire LBM by calculating 20,000
neutron histories. The overall uncertainty in cal-
culating the gross tritium breeding ratio for a
central-zone LBM rod is approximately +12%;
this figure takes into account the Monte Carlo
calculation statistics, the TFTR and LBM mod-
eling, the cross-section uncertainties, and the
independent systematic uncertainty in the
neutron source configuration.

A dosimetry qualification program has been
conducted at EG&G Idaho, Inc. Feasibility
demonstration experiments have been per-
formed with dosimeter foils irradiated in the
CFRMF (coupled fast reactivity measurements
facility) to simulate the neutron spectra in the
LBM during deuterium-only operation of the
TFTR plasma. To investigate candidate dosim-
etermaterials for D—T operation of the plasma,
EG&G used a blanket simulation facility fea-
turing a 14.1-MeV point neutron source and a
lithium carbonate and stainless steel mockup
of the LBM.

In the tests at the TFTR, the activation levels
of foils and wires will be evaluated after each
run by gamma-ray spectrometers using ger
manium or lithium detectors, sodium iodide
well detectors, and sodium iodide scanners.
The unique dependence on energy of the acti-
vation cross section for each material allows
the fluence of each neutron energy group to be
determined by an adjustment (unfolding)
code, such as FERRET. Taking into account
uncertainties in cross sections and in counting
rates, the dosimetry demonstration experi-
ments showed that the fluence of the source
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Figure 3 Thermal extraction method for collecting tritium bred in Li,O pellets. The pellets are heated in a
furnace tube at 700—1000°C for 4—6 hours in a stream of hydrogen. The tritium boils off and is carried by
the gas into a second furnace, containing copper oxide heated to 500°C. There tritium and hydrogen oxi-
dize to form water vapor, which is then condensed in a cold trap (— 60°C). By measuring the amount of
water that forms and its activity, tritium production can be determined to about +6%.
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neutrons (i.e., the 14-MeV group) can be deter-
mined to =9% or better if their fluence at the
measurement position is at least 5 x 10'°
neutrons/cm? per run. For lower-energy neu-
trongroups, fluences can be measured to bet-
ter than =20% at positions on or near the LBM
surface and to =30% at positions throughout
the LBM, provided that certain conditions re-
garding total neutron fluence per run and do-
simeter retrieval are met.

Three methods of extracting tritium from the
LBM pellets have been evaluated analytically:
aqueous dissolution, flux extraction, and ther-
mal extraction. The study predicted that the
thermal extraction method (Figure 3) would re-
sultin the lowest uncertainty in determining the
small tritium concentrations generated in the
LBM breeder pellets after each deuterium or
D—T run (0.1 to 10 nCi per gram of lithium, or
10'°to 10'2 atoms of tritium per pellet). A tritium
assay laboratory that will use the thermal ex-
traction technique is being assembled at
Princeton.

The ongoing tritium analysis qualification
program indicates that the systematic error in-
curred in extracting and counting tritium from
Li,O pellets can eventually be reduced to ap-
proximately +4%. The combined random un-
certainty for the analysis of a single pellet is
about *4.6%; this can be halved by analyzing
four pellets at comparable positions and with
the same radiationexposure. Then the total un-
certainty in the tritium measurements (i.e., the
sum of the systematic and random errors) can
conservatively be taken as about +6.3%. As
noted earlier, the overall uncertainty associ-

ated with predictions of tritium production is
+12%.

Project status

The engineering test stand has been con-
structed and is ready for installation at the
TFTR. Module construction and pellet fabrica-
tion are under way, and the LBM is expected to
be completed for delivery to Princeton in May
1985. The original TFTR schedule called for
deuterium operation to begin in the summer of
1985 and for the use of tritium to be phased in
during 1986, concluding with 10 shots of 50%
D-Tinlate 1986. However, recent federal pro-
gram changes may delay tritium use until late
1988.

The effect of this delay on the LBM project
has notyet been fully evaluated. However,
there are several project options. One is to fol-
low the current schedule through deuterium
operation of the TFTR, during which prelimi-
nary tritium production datawould be obtained
and compared with calculations, and then
store the LBM until tritium is used at the facility.
A second, less desirable option is to test the
LBMinanotherfacility during 19851986 while
the TFTR prepares for tritium use. A third op-
tion is to complete the module and mothball it
until the federal program initiates a tritium bum
inthe TFTR.

Inview of the delay atthe TFTR, itis fortunate
that preliminary data can be obtained during
deuterium-only operation. However, the logical
completion of the LBM project depends on the
use of tritium as a fuel in that or another fusion
facility.  Program Manager: F. R. Scott
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COAL CLEANING TEST FACILITY

The broad mission of EPRI's Coal Cleaning
Test Facility (CCTF) in Homer City, Pennsyl-
vania, is to advance state-of-the-art coal-
cleaning technology. Characterizing the ef-
fects of coal cleaning on major U.S. steam
coals and in developing and demonstrating
coal-cleaning equipment, CCTF is a proving
ground for coal-cleaning and dewatering tech-
nologies, instrumentation and process control
strategies, and ancillary equipment. Each year
EPRI's Fuel Quality Program management and
CCTF advisory committees—composed of
representatives from tilities, coal companies,
architect /engineers, universities, and govern-
ment—review CCTF objectives and plans. Two
earlier status reports describe the capabilities
and operation of the facility (EPRI Journal, De-
cember 1982 and December 1983).This report
focuses on CCTF’s contributions to the ad-
vancement of the overall understanding of
coal and coal-cleaning technology.

Coal cleanability characterizations

Since beginning operation in late 1981, CCTF
has characterized the effects of coal cleaning
on 15 bituminous and 2 subbituminous coals.
A coal cleanability characterization (a series of
tests that quantifies a coal's susceptibility to
physical coal-cleaning processes) allows a
utility or coal company to design better clean-
ing plants, operate existing plants more effi-
ciently, and make timely, sound decisions
aboutcoalqualityand combustionalternatives.

These characterizations, which are a major
part of CCTF work, have already benefited util-
ities. Pennsylvania Electric Co. and New York
State Electric & Gas Corp., two of CCTF's co-
funders, estimate that by supplying engi-
neering data and test results that are directly
applicable to their full-scale cleaning plant at
Homer City, CCTF will save them $68.7 million
in revenue requirements over the next 30
years. The utilities owning the Conemaugh
power plant (which include seven EPRI mem-
bers) affirm that CCTF information allowed
them to bring their plant on-line sooner at a
savings of $3.75 million.

There are four parts to determining a coal's
cleanability: characterizing the raw coal, in-
vestigating impurity liberation, evaluating the
coal-cleaning processes, and comparing
combustion characteristics.

Characterizing raw coal defines the as-
received quality of a coal. Physical and chem-
ical analyses provide the information for as-
sessing the theoretical cleanability of the coal
in its raw state. These comprehensive data
have many uses beyond improving the accu-
racy of cleaning-plant design by determining
the quantities of various sizes of coal that must
be treated in separate cleaning circuits within
the cleaning plant. For example, summaries of
the coal size distributions have influenced the
design of coal feed systems for fluidized-bed
combustors, and proximate analyses of coals
tested at CCTF have been used in a study of
precipitator performance.

Investigating impurity liberation defines how
much of a coal's ash and sulfur particles is
freed as the coal is crushed to progressively
finer top sizes. Crushing tends to unlock the
impurities from the coal particles, thereby in-
creasing the effectiveness of physical coal
cleaning. Data obtained from the liberation test
matrix allow any potential user of a coal to se-
lect the top size that best meets quality and
size requirements. In tests of a representative
sample from a 560-ton lot of lllinois No. 6 seam
coal, CCTF showed that crushing run-of-mine
coal to Y4-in top size can reduce the sulfur di-
oxide emission potential of clean coal from 5.0
to 45 Ib/MBtu at a constant 95% energy
recovery. However, CCTF tests on Stockton-
Lewiston seam coal from Kanawha County,
West Virginia, reveal that the sulfur is so finely
dispersed in this coal's particles that crushing
the coal to s-in top size does not free addi-
tional sulfur.

Evaluating the coal-cleaning processes
(flowsheet tests) assesses the performance
of commercial-scale coal-cleaning equipment
and the changes in coal characteristics
brought about by cleaning. Flowsheet tests
allow engineers to determine empirically the
effectiveness of the flowsheet and the cleaning

and dewatering equipment. Simulating fine
(—%4-in top size) coal-cleaning flowsheets at
CCTF gave Buckeye Power, Inc., accurate
equipment performance data and coal sample
analyses for verifying a proposed cleaning-
plant design. Flowsheet tests also provided
Cincinnati Gas & Electric Co. the necessary
data for assessing the benefits of cleaning one
of its coal supplies, and similar tests gave the
Tennessee Valley Authority the information
needed to improve the performance of an ex-
isting cleaning plant. In addition to these ben-
efits, flowsheet tests also supply large, repre-
sentative samples of coal cleaned to different
quality levels for laboratory studies, com-
bustion tests, and other research.

Comparing a coal's combustion characteris-
tics measures changes in combustion-related
parameters from the coal's raw state through
liberation and cleaning to various quality lev-
els. This evaluation, which assesses coal's
expected combustion performance, can be
valuable in identifying potential problems for
utilities. Although commonly used indexes and
combustion performance precursors are in-
complete and lack precision, they do allow a
fairly accurate comparison of different coals
and different quality levels of cleaned coal
derived from a given raw coal. For example,
pilot-scale- combustion tests verified CCTF
combustion data on lllinois No. 6 seam coal,
demonstrating that slagging was progres-
sively reduced when coal was cleaned to two
different quality levels.

Table 1 lists the 1984 coal cleanability tests
as well as each test's objectives. Member util-
ities are the primary source of coals tested at
CCTF. A utility typically donates 1000 tons of
coal for characterization, development, and
demonstration, as well as for additional tests
specifically designed to satisfy that utility’s ob-
jectives. Using the annual CCTF test plan as a
guide, the utility and CCTF staff design a test
program for each coal to meet both CCTF and
utility objectives. Each test program is then
systematically conducted to obtain reliable,
accurate data. For each coal characterization,
CCTFissues an informal report of results tothe
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Table 1

CCTF 1984 COAL CLEANABILITY CHARACTERIZATION TESTS

Test Period Coal Seam (state)

January and February Lower Kittanning

(Pennsylvania)

March and April Kittanning C-split

(West Virginia)

May and June Kentucky No. 9

(Kentucky)

July and August Lower Freeport

(Pennsylvania)

September Hub
(Nova Scotia)

September and October Pittsburgh

(Ohio)

November and December
(Pennsylvania)

sponsoring utility, and EPRI publishes the
more formal Campaign Report for the electric
utility industry.

Development and demonstration

Each year CCTF staff evaluates potential coal
cleaning and dewatering, instrumentation,
process control, and associated projects on
the basis of each one’s potential benefits, inter-
est to utilities, probability of success, and com-
patibility with CCTF's fundamental objectives
and available resources. They develop a test
matrix for each selected project and then
refine the matrix on the basis of initial testing
experience.

In many cases the test objective is to char-
acterize the performance of a given piece of
equipment to a level of detail adequate for de-
veloping a model to fully understand its oper-
ation. For example, CCTF is conducting more
than 30 tests to assess the dewatering per-
formance of a high-g centrifuge (Figure 1). The
tests measure moisture reduction and power

Lower and Middle Kittanning

Coal Supplier

Pennsylvania Electric Co.
New York State Electric &
Gas Corp.

Boston Edison Co.

Tennessee Valley Authority

Pennsylvania Electric Co.
New York State Electric &
Gas Corp.

Canadian Center for Mineral
and Energy Technology
and the International Energy
Agency

Cleveland Electric
llluminating Co.

Boston Edison Co.

Major Objectives

Determine heavy-media
cyclone performance as a
function of mounting angle

Compare two-stage water-
only cyclone performance in
rewash and secondary
overflow recirculation
configurations

Determine heavy-media
cyclone performance as a
function of magnetite grade

Conduct flowsheet tests on
actual coal blocks sampled
extensively by both core and
channel sample methods

Investigate separately the
maximum suifur reduction
and maximum energy
recovery possible in
heavy-media flowsheets

Investigate sulfur reduction
potential by cleaning both
crushed and natural raw coal
fines

Investigate relationships of
clean coal sulfur and ash
versus product yield

Coal Supplier Benefits

Determine whether the dry
volatile content of the coal
can be increased from 16 to
20% by preparation

Provide coal quality and
handling data for use in
coal-purchasing decisions

Demonstrate fly-ash-derived
magnetics and yield-quality
relationship at three sulfur
levels

Provide data needed to
develop models for
predicting raw and clean
coal characteristics from
core hole data

Provide samples of raw and
clean coals for combustion
tests

Evaluate coal cleanability to
meet current and proposed
emissions standards

Develop a strategy for
optimizing SO, scrubber
operating costs and coal
costs

Eddy- Gear
current box
backdrive
LY
Liquids
discharge

Slurry l

n

‘Solids
discharge

consumption in relation to throughput capac-

, : N Figure 1 High-g (force) centrifuge, as depicted by Sharples Division of Pennwalt Corp. During operation the
ity, feed size distribution, and feed ash con-

conveyor rotates slightly slower than the bowl.

48 EPRI JOURNAL January/February 1985



tent. Eventually such tests will be used to pre-
dict the performance of the elements that
make up coal-cleaning flowsheets and will
lead to the development of accurate flowsheet
models. Predictive models may improve
equipment and flowsheet designs and result in
lower costs, improved vyield, and higher en-
ergy recovery in commercial cleaning plants.

Other development and demonstration
work at CCTF is improving laboratory coal-
screening procedures. Accurate size distribu-
tion data are fundamental to the design of
modern coal-cleaning plants because such in-
formation dictates the size of equipment, the
number of required circuits, and the overall
process conditions. The common laboratory
procedure used to determine size consist for
coal is to screen air-dried coal over several
preselected sieves. Several previous studies
have shown that dry screening is not always
accurate for fine size separations below 28
mesh. CCTF experience with low-rank coals
and high-clay coals led to the observation that
the dry-screening method for coarse coal may
also be inaccurate in some cases.

To define the limitations of present labora-
tory dry-screening techniques and to quantify
and qualify the differences between wet and
dry screening, CCTF initiated a project to com-
pare wet- and dry-screening methods on five
coals: Kittanning C-split (West Virginia), Ken-
tucky No. 9 seam (Kentucky), Lower Freeport
seam (Pennsylvania), Pittsburgh seam (Ohio),
and Lower and Middle Kittanning seams
(Pennsylvania). Each coal will be dry-screened
at seven sizes and its weight percent re-
corded. The dry fractions will then be individu-
ally wet-screened at all sizes less than their top
size and the weight percent recorded. Ash
content will be determined on all wet-screened
fractions and the results evaluated. Data from
this comparison are expected in mid 1985.

Some instrument development and demon-
strations are ongoing; others are specific tests
scheduled and conducted as part of the test
plan. These tests are separate from the routine
calibrations and verifications of CCTF equip-
ment. During 1984 CCTF compared a slurry
mass flowmeter with a standard slurry density
gage and a volumetric flowmeter to determine
accurate mass flow rates. In addition, CCTF is
demonstrating the use of in-line differential-
pressure transmitters on pressurized pipes to
measure the density of coal-magnetite-water
slurries. These transmitters would replace nu-
clear density gages, which are sensitive to
changes in the magnetite-to-coal ratio. The
CCTF experience with state-of-the-art instru-
mentation and computers combined with new
instrumentation applications will result in better
process control and improved efficiency of
coal-cleaning plants.
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The CCTF Coal Quality Data Base contains
information on coal cleanability characteriza-
tions and development and demonstration
projects. The data base, currently in hard-copy
form, is available to interested utilities, univer-
sities, and other research organizations. In the
future the data base will be computerized and
used to compare the following.

0 Raw-coal characteristics, impurity libera-
tion, and cleaning potential of various coals

o Flue gas emission potential
o Equipment performance

The data base will also be valuable in devel-
oping computer models; designing alternative
handling, cleaning, and combustion tech-
niques; and reviewing the implications of pro-
posed regulations.

Concurrent innovations

To obtain accurate and precise data, the CCTF
staff must frequently modify equipment and
procedures. These modifications, which are
coincidental to the facility’s test plan, produce
innovations beneficial to utilities in a number of
areas, including coal sampling, gravity frac-

tionation, and adiabatic calorimeters.

With 54 automatic coal samplers, CCTF has
excellent facilities to demonstrate and improve
sampling technology. A computerized bias test
data-reduction program developed by CCTF
engineers has been used for more than 30
bias tests of CCTF samplers. Several utilities
are currently using this CCTF software to eval-
uate their coal samplers, and this statistical
evaluation method is saving time and elimi-
nating human error that can occur in manually
reducing data. Further, it identifies question-
able data and quantifies the expected bias at
several confidence levels.

The results of CCTF tests indicated un-
acceptable bias levelsin many of the samplers
tested. CCTF staff selected a worst-case slurry
sampler for detailed examination to determine
if its bias could be reduced to an acceptable
level and if the sampler's reliability could be
improved. The staff believed the sampler char-
acteristics that were generating bias were cut-
ter shape, speed, acceleration, and decelera-
tion; nonuniform slurry flow; and splashing.
They made a series of mechanical changes to
remove these bias generators and improve
sampler reliability (Figure 2).

Flow
straightener (b)

Pneumatic-drive
cylinder

Opposing-acting
dampener (b)

b: modified to reduce bias
r: modified to improve reliability

Sample
cutter (b)

Lirnit
switch (r)

Sample
hose (b, r)

Figure 2 Gravity-flow slurry sampler. Engineers at CCTF modified the sampler to reduce bias and improve

reliability.
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Gravity fractionation is a laboratory proce-
dure for measuring mineral distribution in dif-
ferent specific gravity fractions of pulverized
coal; it attempts to simulate coal firing in a
power plant. It helps quantify impurity libera-
tion and may more accurately predict the po-
tential for coal ash slagging and fouling in a
utility boiler.

Staff at the Homer City Coal Laboratory
(HCCL), which is under contract to analyze
CCTF coal samples, have implemented de-
tailed gravity fractionation test procedures.
Others developed the process, but a stan-
dardized test procedure has not been gener-
ally adopted. To rectify this, CCTF and HCCL
have developed and implemented a detailed
test procedure on several coals. They are re-
viewing the results to verify the procedure and
assess the usefulness of gravity fractionation
data in coal cleanability characterizations.

The procedure and results are being pre-
sented to boiler manufacturers, consultants,
and others interested in gravity fractionation in
a series of meetings that should help promote
a standardized procedure and effective use of
CCTF results.

Laboratory technicians determine the heat-
ing value (Btu content) of a coal sample by
means of an oxygen bomb calorimeter en-
cased in an insulating water jacket. Although
these adiabatic calorimeter systems make few
experimental errors, their results can be bi-
ased by undetected equipment failures. HCCL
has developed several troubleshooting tools
(control charts, quality control logs, and main-
tenance logs) that detect and resolve common
problems before such problems upset a sys-
tem. An HCCL supervisor described these
tools and their use at the International Coal
Testing Conference. Utilities and others can
use this information to ensure accurate analy-
ses and reduce laboratory costs by eliminat-
ing unnecessary restandardizations and by
reducing equipment downtime.

Technology transfer

CCTF Campaign Reports, Updates, and tech-
nical papers report CCTF test program results
and progress in concurrent innovations. Cam-
paign Reports are available from EPRI (Tech-
nical Information Services), and Updates and
technical papers are available from CCTF.

By donating coals for testing and by working
closely with the CCTF staff during testing,
member utilities gain a deeper understanding
of state-of-the-art coal-cleaning technology,
and they obtain detailed analyses of their coals
for future planning and decision making. A
successful CCTF test program is not only of
significant and immediate value in solving a
particular utility’s problem or verifying a spe-
cific cleaning plant design, but it can also be
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beneficial in the longer term by adding to the
Coal Quality Data Base, which is beneficial to
all EPRI members.

Looking ahead

In 1985 CCTF will be adding to its capabilities
toaccommodate a Department of Energy dem-
onstration of advanced physical coal-cleaning
processes. Projects in clean-coal dewatering,
coal weighing, and sulfur removal by froth
flotation represent the balance of the pro-
posed 1985 test plan, in addition to eight more
coal cleanability characterizations. Project
Managers: Clark Harrison and James Hervol

POWER PLANT COOLING

This status report reviews heat rejection re-
search in progress or planned by the Heat,
Waste, and Water Management Program. The
projects include each of the principal types of
cooling systems for steam-electric power gen-
eration: evaporative cooling towers, water-
conserving systems, once-through cooling,
and cooling ponds and lakes.

Evaporative cooling towers

More than 80% of the steam-electric power
plants now under construction will use evapo-
rative cooling towers. As a result, much of the
heat rejection R&D centers on closed-cycle
wet cooling. Its main focus is the prediction,
testing, and improvement of the thermal per-
formance of evaporative cooling towers. A
second research area, of environmental im-
portance, is the prediction and measurement
of the tower effluent's spatial distribution, prin-
cipally the visible plume and cooling-tower
drift.

Improving the thermal performance of
wet-cooling towers reduces turbine exhaust
pressure and substantially improves plant effi-
ciency and economics. In RP2113 a well-
instrumented pilot-scale test facility was con-
structed to assess the thermal and hydraulic
performance of a variety of cooling-tower
packings. (The packing, or fill, is the material
within the tower that promotes evaporation and
thus heat rejection.) Construction of the facility
was completed in July 1984 (Figure 3). Shake-
down tests and facility calibration are com-
plete, and fill performance tests began in
January. The 1.5-MW (th) facility, located at
Houston Lighting & Power Co.'s W. A. Parish
plant, cantest all fill types in either a cross-flow
or counter-flow configuration. To help select
fills for testing at the facility, EPRI screened
a limited number of fills in mid 1984 at the
Thermatec facility in Santa Rosa, California
(RP1260-48).

Related full-scale tests were begun in a ded-
icated counter-flow cell at HL&P's Clark plant

Figure 3 Thermal and hydraulic performance tests
are in progress at this 1.5-MW (th) facility, located at
Houston Lighting & Power Co.s W. A. Parish plant.

last fall. These full-scale counter-flow tests, to-
gether with full-scale cross-flow tests planned
for 1985 at the Parish plant, will provide data
needed to validate performance prediction
methods being developed in this effort.

These performance prediction methods in-
clude three computer codes: VERA2D-84, de-
veloped by CHAM of North America, Inc.
(RP1262-1); TEFERI, developed by Electricité
de France; and FACTS, deveioped by the
Tennessee Valley Authority's (TVA) Norris En-
gineering Laboratory. In arelated effort, Robert
D. Mitchell, an independent consultant, is eval-
uating the VERA2D-84 model for its accuracy
and input data sensitivity (RP1260-46). EPRI
and a utility consortium—HL&P; Indianapolis
Power & Light Co.; Pacific Gas and Electric
Co. (PG&E); Public Service Co. of Oklahoma;
Southern California Edison Co.; Southern
Company Services, Inc.; and TVA—are fund-
ing this research. The consortium is seeking
additional, utility participants. Current plans
call for expanding the test program, as well as
studying such topics as icing, fill degradation,
fan performance, wind effects, measurement
of air flow rate, and measurement of water flow
rate in large-diameter pipes.

Contractors in the project, responsible for
design, construction, operations, testing, and
data analysis and interpretation, include Bat-
telle, Pacific Northwest LLaboratories, Environ-
mental Systems Corp., and TVA's Norris En-
gineering Laboratory. In addition, John F.
Kennedy Consultants, Inc., is independently
reviewing the objectives and scope of this mul-
tifaceted project (RP1260-47).

Studies on the environmental effects of
evaporative cooling towers focus on the visible
plume (a source of shadowing, icing, and fog-
ging) and saline drift droplet deposition (a
source of corrosion and potential harm to veg-
etation). Argonne National Laboratory, the Uni-
versity of lllinois, and the University of Chicago
have developed a computer code capable of
predicting both trajectories of visible plumes
and patterns of saline drift deposition from sin-




ge and multiple towers (RP906). Project re-
ports describe the model and its validation
(CS-1683, five volumes, and CS-1683-SY); a
user's manual is also available (CS-3403-
CCM). A follow-on effort to assist users, docu-
ment user experience, and update the model
as required is in progress.

Water-conserving systems

EPRI is also sponsoring research to identify,
assess, and demonstrate dry and dry-wet
cooling technologies that offer substantial eco-
nomic benefits over commercial systems for
utilities that must use water-conserving sys-
tems. The principal effortis a demonstration of
an ammonia phase-change heat rejection sys-
tem: the 17-MW (th) Advanced Concepts Test
(ACT) facility at PG&E's Kern station in Bakers-
field, California (RP422). EPRI and another
consortium—PG&E, Southern California Edi-
son Co., Los Angeles Dept. of Water & Power,
and the Salt River Project—are sponsoring the
project. Battelle, Pacific Northwest Laborato-
ries is operating and testing the facility, with
assistance from Union Carbide Corp.

Battelle has tested two air-cooled heat ex-
changers augmented by water during peak
load, as well as a steam condenser—ammonia
reboiler with enhanced heat transfer surfaces.
Both the Curtiss-Wright Corp. (dry, with a sep-
arate evaporative cooler) and the Trane (water-
deluged) air-cooled heat exchangers perform
as predicted. The steam condenser—ammonia
reboiler did not meet original performance es-
timates, but the impact of lower performance
on overall system economics, a 5% increase in
total costs, was not significant.

In addition, a capacitive cooling system for
peak shaving that operates without water aug-
mentation is being tested at the ACT facility.
Testing of the capacitive system, designed
and built by Chicago Bridge & Iron Co., began
in July 1984. The system performed as pre-
dicted. Limited dispatch of the host station and
a variety of mechanical problems in the ACT
facility have delayed the test program, but test
results suggest commercial feasibility. (An am-
monia phase-change cycle of 5 MW [e] ca-
pacity was put into commercial operation in
1983 near Calgary, Canada.) EPRI has also
been exchanging information on this technol-
ogy with Electricité de France, which will begin
demonstrating a 20-MW (e) steam-ammonia
bottoming cycle near Paris this year. Con-
struction of the bottoming cycle, described in
CS-3254-SR, is nearly complete, and EDF is
preparing to load the ammonia charge.

In other work on water-conserving cooling,
Dynatech R/D Co. has assessed the potential
use of nonmetallic materials in corrosion-
resistant, low-cost, air-cooled heat exchang-
ers for dry-cooling or plume abatement appli-
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cations (RP1260-29). In Europe, utilities and
other commercial concerns are already using
smooth-tube plastic heat exchangers suc-
cessfully.

Dynatech has developed enhanced tube
configurations, such as low-profile fins, that
may offer better performance and lower cost
than smooth-tube exchangers (CS-3454). Dy-
natech plans to verify the predicted perfor-
mance of these configurations in laboratory
tests. EPRI plans to discuss demonstration of a
plastic heat exchanger in a plume abatement
or dry-cooling application with utilities and
manufacturers.

Once-through cooling

A primary concern in once-through cooling
systems is the entrainment and impingement
of fish at the cooling-water intake. To minimize
adverse environmental effects, federal regula-
tions require that intake systems be equipped
withthe bestavailabletechnology (BAT). Since
1982 EPRI and an ad hoc committee of inter-
ested utilities have been organizing research
on cooling-water intake systems. As a resullt,
EPRI has undertaken three projects.

The first project is developing a computer-
ized data base of engineering, biologic, and
operation and maintenance information for in-
take systems at approximately 300 power
plants (RP2214-1). Data compilation and verifi-
cation for the Intake Structure Data Base
(ISDB) began in 1982 and wil continue
through 1985. A statistical analysis of the final
ISDB will be completed this year, and the data
base will be available on magnetic tapes for
mainframe computers and on diskettes for
microcomputers. The ISDB should be a very
useful information resource for utilities pre-
paring for power plant permit reviews and
modifications.

The second research project thoroughly re-
viewed and assessed intake structure designs
to identify proven and promising applications
(RP2214-2). The results of this evaluation, sum-
marized in a recentreport (CS-3644), indicate
that combinations of behavioral barriers may
perform as well but at a lower cost than phys-
ical barriers, which have been accepted as the
BAT standard. For power plant permit renew-
als, acceptance and use of behavioral barriers
could mean a substantial savings.

The third project has produced a manual de-
scribing available intake structure test facilities
(RP2214-3). Fact sheets summarize important
characteristics of each test facility, such as in-
take technology, source water, and aquatic
species. This manual will help EPRI select po-
tential field test sites and provide utilities with
additional field performance data on specific
intake structures.

Based on recommendations from RP2214-2,

Figure 4 Researchers observe the hot (70°C) dis-
charge from the cooling system during preparation
for testing at the Savannah River plant.

future research will focus on developing field
performance data for behavioral barrier com-
binations. Field testing of these barriers at four
sites is planned for 1985-1988. Three types of
behavioral barriers (bubble curtain, pneumatic
poppers, and strobe lights) will be tested at
each site. The four sites will be representative
of different water bodies (lake, river, estuary,
and marine) and their associated fish species.
Ontario Hydro's Pickering Generating Station
has been selected as the first site. EPRI, Cen-
tral Hudson Gas & Electric Corp., Ontario Hy-
dro Research, and Southern California Edison
Co. are funding these field tests. The con-
sortium is seeking other participants.

Cooling ponds and lakes

Current EPRI research on cooling ponds and
lakes aims to improve hydrothermal perfor-
mance through a better understanding of
evaporation and through better geometric de-
sign (RP2385). Using a variety of techniques,
Massachusetts Institute of Technology and a
team of other investigators measured evapo-
ration from a small experimental pond of 2-MW
(th) heat duty . Data from this and other field
studies indicate that existing formulas are ade-
quate to correlate evaporation rate data when
appropriate mathematical models are used in
analysis and interpretation of field test data
(CS-2325). During the fall of 1984 researchers
conducted field tests aimed at extending the
applicability of existing evaporation rate for-
mulas, in hot (up to 70°C) ponds of unique,
simple geometry at DOE’'s Savannah River
plant in Aiken, Georgia (Figure 4). In addition,
MIT is conducting laboratory-scale experi-
ments and corresponding mathematical stud-
ies of improved discharge and intake designs.
These studies are expected to help decrease
construction and operating costs as well as
increase pond siting flexibility. Subprogram
Manager: John A. Bartz, Project Manager:
Wayne C. Micheletti
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POWER SYSTEM
PLANNING AND OPERATIONS

Fast voltage estimation

Unlike the calculation of power system thermal
limits, which are linear in nature, calculation of
voltage limits is not as amenable to computer
processing and therefore rapid calculation.
Hence, the objective of this project is to pro-
vide utility operators and planners with im-
proved computer tools for quickly calculating
voltages that may be degraded by contin-
gencies, shifts in generation patterns, or
power interchanges (RP2148).

The project goal is to develop and test a
method that will estimate the voltages for a
group of contingencies (1) in one-tenth the
time of the fastest method now available (fast-
decoupled power) and (2) within 2% error as
measured against a power flow result. After
examining many innovative approaches, a
group of methods was chosen that will achieve
these objectives when working together in a
chainlike fashion. The sequence firstexamines
each scenario posed and sifts out those that
definitely do not violate any limits. Next, a lin-
ear voltage calculation method called adjoint
network sensitivity is used to determine volt-
age changes at all buses for each remaining
contingency. If the contingency is so severe
that it is beyond the calculating ability of the
adjoint network method, a fast-decoupled or
coupled load flow is used.

Results thus far on a small, 39-bus test sys-
tem show that an 8.5-fold speed-up has been
achieved within the specified error limits.
Further tests are under way to gauge perfor-
mance on a 500-bus test network. Conceptual
questions, such as how to decide a scenario is
beyond the calculation ability of the adjoint
network method, must be answered.

Availability of software for utility testing and
adaptation is planned for late 1985. Exten-
sions to the method to more accurately in-
corporate VAR limits and HVDC in the adjoint
sensitivity method may be added if utility ex-
perience with the method justifies this work.
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Incorporation of these results into other EPRI
software is also contemplated. Systems Engi-
neering for Power, Inc., and Carlsen and Fink
Associates are the contractors.  Project Man-
ager: J. V. Mitsche

UNDERGROUND TRANSMISSION

Watersaw* abrasive
water-jet cutting system

Excavation is one aspect of underground ca-
ble installation that is labor intensive, and the
water-jet technology offers a method for cut
ting pavement that is cleaner, faster, quieter,
and more economical than conventional tech-
niques. The objective of this project was to
design, fabricate, and test a prototype water-
jet-equipped vehicle that is mobile, selif-
contained, and operable in city streets
(RP7860-3).

Historically, water-jet cutting devices have
operated at very high pressure, with no addi-
tives or abrasives in the water. This research
effort resulted in an abrasive-water mixture
operated with relatively simple, lightweight
equipment.

The EPRI Watersaw, developed by Fluidyne
Corp.,, is a versatile cutting system designed to
meet the needs of the utility industry. Watersaw
will be manufactured and marketed as a com-
plete concrete-cutting package for the utility
industry. The major components of this total
system are readily available from several U.S.
suppliers. Whenever possible, proven con-
struction equipment and machine parts were
used to give improved field serviceability and
reliability. Also, because commercial equip-
ment composed approximately 90% of the
total cutting package, system cost was drasti-
cally less than for R&D-generated, fully proto-
typed systems.

Watersaw operates at a water pressure be-
tween 10,000 and 20,000 psi (69 and 138
MPa), using red garnet or silica sand abrasive

*Watersaw is an EPRI trademark.

to enhance cutting. The pressure and flow rate
determine the required horsepower from the
diesel drive motor (Figure 1), and flow rate is a
function of engine rpm and nozzle orifice size.
The maximum horsepower of the trailer-
mounted diesel engine (Figure 2) is 120 hp
(89.5 kW), and the maximum pressure out of
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Pressure (psi x 103)

Figure 1 The relationship of horsepower to flow
rate and pressure. The circles indicate certain oper-
ating points for the Watersaw.




Figure 2 The trailer-mounted power package in the rear supplies the high-pressure water and comprises a
diesel engine (left), triplex pressure pump (center), and a water tank/filter system (right). The water is car-

ried to the nozzles by means of the high-pressure flexible hoses seen in front. At front right a shroud cov-

ers the high-pressure nozzles. The canister at the rear of the tractor is the abrasive supply tank. The front

end is the hydraulic cutting assembly with the nozzles inside the square black box.

— . )

the pump is 20,000 psi (138 MPa). This power
package is commercially available from con-
struction equipment manufacturers. The cut-
ting nozzles, abrasive tank, and hydraulic pos-
itioning assembly are mounted on a garden
tractor for mobility and ease of operation when
cutting long lengths of roadway. These fixtures
can be mounted on any tractor having a low-
speed hydraulic drive system.

Cutting rate and efficiency, of course, de-
pend on concrete strength, as well as on sys-
tem operating parameters. Water pressure, hy-
draulic horsepower, water flow and abrasive
flow rates, distance from the surface (stand-
off), and traverse rate are all factors affect-
ing cutting depth. The Watersaw accepts
up to three nozzles at the present time, each
nozzle producing six jets that converge to a
point for greater abrasive entrainment and
effectiveness. The amount of water and abra-
sive used varies with the amount of horse-
power; however, in most cases when a single
nozzle is used, 4.5 gal (17 L) and 1.5-35 Ib
(0.68-1.6 kg) per minute are good starting
parameters.

Performance to date has been very encour-
aging. At 16,000 psi (110 MPa), 3.5 Ib/min
(0.026 kg/s) of abrasive, and 4.5 gal/min

(0.284 L /s) of water, high-strength concrete—
6000 psi (41 MPa) compressive strength—
has been cut to a depth of 6 in (15 cm) in a
single pass. The equivalent traverse rate is 15
in/min (38 cm/min) and the cut width, approx-
imately % in (0.9 cm).

The Watersaw has many useful attachments
for doing other highway jobs. One such device
is a rotating manifold containing two or more
nozzles for removing (scarifying) road sur-
faces where weakened or damaged concrete
exists. Another device is a handheld cutter for
sidewalk cutting and/or vertical walls.

During the last quarter of 1984 this equip-
ment was field-tested to get a realistic view of
its performance. Utility demonstrations should
commence by mid 1985. Project Manager:
Thomas Rodenbaugh

OVERHEAD TRANSMISSION

Wind-induced conductor vibration

When aedlian vibrations cause minimal dam-
age (from one to four strand breaks) to over-
head transmission lines, utility engineers must
decide what action to take. Phases 1 and 2 of
RP1278 addressed this issue and found that

adding vibration dampers to such minimally
damaged lines arrests further deterioration
and allows the lines to achieve their full design
life. These results were quantified both analy-
tically and experimentally and the results were
reported in EL-1946 and EL-3297. Also in-
cluded in these reports are guideline curves
(dynamic bending stress versus number of cy-
cles of vibration), which can be used in the
aeclian fatigue design of overhead trans-
mission lines.

Phase 3, which is just concluding, accom-
plished the following.

o Experimentally evaluated the effect of static
bending and suspension clamp radius

o Experimentally verified fatigue predictions
for a common conductor size (4.03 cm?-795
kcmil-26/7 Drake ACSR)

0 Experimentally evaluated and defined the
range of validity of Miner's cumulative damage
hypothesis in predicting ACSR strand fatigue
life

o Developed a probabilistic aeolian fatigue
design model for ACSR designs

Phase 3 results are expected to be pub-
lished by mid 1985.

Phase 4, which is just beginning, will build
on the previous work to quantify the major de-
sign parameters affecting aeolian vibration.
Modification factors to quantify the effect of
various terrain, windspeed, line conditions,
conductor types, line sag angles, line tension,
and suspension hardware (armor rods) will be
evaluated. The modification factors, in con-
junction with the base curves developed in
phases 1-3, will allow the transmission line de-
signer to generate design curves that are ap-
propriate for a given line in a given setting. The
design curves can then be used with the
probabilistic design methods identified in
phase 3 to accomplish aeolian fatigue design
of overhead lines in amore rigorous and cost-
effective manner than has been possible to
date. Phase 4 is expected to be completed in
the fourth quarter of 1986. Project Manager:
Joseph W. Porter

Transmission line design wind speed

Transmission lines must be designed to with-
stand a number of mechanical loading condi-
tions. Wind on both towers and conductors
causes some of the more significant loads. De-
termining the design wind speed is an im-
portant aspect of the transmission line design
engineer’'s work.

Typically, the design wind speed is specified
as a 50-year or 100-year mean recurrence in-
terval (mri) wind. The design wind speed can
be determined either exclusively from data or
from a probabilistic model of wind speed ap-
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plied to some set of data. Analysis based ex-
clusively on data is generally not practical be-
cause of excessively large data requirements.
For example, data are required for a period
about 10 times the length of the recurrence
interval—that is, a 500-year period of record is
needed to determine a 50-year mri wind.

Shorter periods of record are needed when
probabilistic models are used. For example,
accurate design wind speed estimates are
now commonly obtained from a 20-30-year
period of record by fitting the annual maxima
to an extreme value type | distribution (so
called by statisticians). This project shows that
the period of record needed for these esti-
mates can be reduced to 3-5 years by using
monthly maximafitted to an extreme value type
| distribution.

Records from 42 weather stations across the
United States were used to verify this method
for extreme wind speed prediction. The data
from these weather stations were evaluated by
comparing the 50-year mri wind obtained in a
conventional manner with that obtained by us-
ing 3-year samples by the new method.

It has been demonstrated that for areas not
subject to hurricane-type extreme winds the
proposed prediction method can be used for
reliable design wind speed estimation. In fact,
the 50-year mri wind speed predicted by the
proposed method has an average error of less
than 1% when compared with the “true” de-
sign wind speed determined by the con-
ventional method.

Application of this estimation method will
provide transmission line design engineers
with more line-loading information from less
data than was previously deemed necessary.
Project Manager: Vito J. Longo

Polysil developments

Orne of the most promising applications for
Polysil material is to develop transmission line
or substation structures that do not require
added insulators (because Polysil is itself an
excellent insulating material). We know that
Polysil is, in general, stronger mechanically
than portland cement and electrically equiv-
alent to porcelain. The challenge remains to
devise a structure that will combine these fea-
tures yet compete in price with conventional
structures, including the added insulators.
Any Polysil licensees or EPRI member util-
ities who wish to apply their ideas to new de-
signs by using this material may obtain a
limited-distribution final report from the EPRI
project manager in the spring of 1985. This re-
port resulted from RP2015, which was cospon-
sored by Florida Power & Light Co. It will de-
scribe the electrical and mechanical strength
of Polysil members fabricated in representa-
tive sizes typically found in structures. In-
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cluded will be contaminated flashover tests,
puncture tests, and tests on nonconductive re-
inforcement in Polysil beams. The report will
contain documentation of the design of one
concept consisting of a single-shaft, 138-kV
pole with no insulators. Although this particular
designturned out to be more expensive thana
conventional pole with added insulators, the
concept remains viable for other designs. It is
hoped that the knowledge gained in this
project and the design data obtained will pro-
vide impetus for more cost-competitive de-
signs in the future.

In the first quarter of 1985 the report on the
first three years of the Polysil 69-kV insulator
field tests (RP1281) will also be available. The
objectives of these tests were twofold: to ob-
serve how Polysil performs under actual ser
vice conditions, and to see how variations in
shape, material, coating, and electrical grad-
ing affect the performance of the insulators. In
general, the performance of the Polysil insu-
lators was as good as or maybe better than
thatof the standard 69-kV porcelain post insu-
lator installed on each test rack. And the un-
coated, ungraded design appears to be the
best selection for most service applications.
Utilities interested in pursuing the possible
cost savings of Polysil insulators may be par-
ticularly interested in the details of the field
tests contained in this report. Project Man-
ager: John Dunlap

Subsynchronous
resonance damping scheme
In the November 1982 EPR/ Journal, a new
subsynchronous resonance (SSR) damping
scheme, referred to as the NGH—SSR damp-
ing scheme, was described (RP1504-3). The
scheme consists of a back-to-back thyristor
switch in series with a resistor, which is con-
nected in parallel with a series capacitor. With
special thyristor firing controls, it is possible to
suppress subsynchronous electrical torque on
the generator shaft, damp subsynchronous
oscillations, reduce stresses on the series
capacitor, and protect the series capacitor.
After successful simulation tests, it was de-
cided to build and demonstrate a prototype
NGH-SSR device for one series capacitor
module on Southern California Edison Co.'s
Mojave-Lugo 500-kV line. Significant financial
contributions were made by EPRI, SCE, and
Siemens, and smaller financial contributions
by Arizona Public Service Co., the Los Angeles
Dept. of Water & Power, Nevada Power Co.,
Salt River Project, San Diego Gas & Electric
Co., Tucson Electric Power Co., and the West-
ern Area Power Administration. A contract was
awarded to Siemens-Allis Corp. to design,
manufacture, and deliver a prototype scheme
to Lugo for one 9.5-ohm series capacitor seg-
ment for installation and testing by SCE. The
installation was completed by March 1984.
As shown in Figure 3, the SSR device for

!

Figure 3 NGH-SSR damping scheme installed at Southern California Edison Co.’s Lugo substation,
terminus of the Lugo-Mohave 500-kV transmission line.




each phase consists of three cabinets located
at the end of each series capacitor platform.
The largest cabinet houses the 60-kV thyristor
switch, with 18 thyristors in series for each
polarity. An adjacent box contains the 2.65-
ohm resistor and a small inductor. The box on
top of the thyristor switch houses the current-
and voltage-monitoring devices. The control
and protection electronics are located at
ground level and connected to the platform
equipment by fiber optics.

During August and October 1984 a variety of
tests were carried out, which consisted of the
capacitor insertion, capacitor bypass, line
switching, and line short-circuit tests. As pre-
dicted by the simulation studies of the test
cases, the tests showed that the SSR scheme
removed the capacitor's dc bias on insertion,
suppressed electrical oscillations at sub-
synchronous frequencies, reduced voltage
stresses on both the SSR and non-SSR capac-
itor segments during their insertion, reduced
the subsynchronous torgue and twist of the tur-
bogenerator shaft, and withstood the line
short-circuit duties.

The SSR scheme was also tested for protec-
tion of the series capacitor by being pro-
grammed to fire at a voltage slightly lower than
the protective gap sparkover. The SSR scheme
fired correctly, thus protecting the capacitor
while suppressing the oscillations and elimi-
nating the need for the protective gap to
sparkover.

The prototype has now been put into service
for field evaluation by SCE.  Project Manager
and Department Director: Narain G. Hingorani

Transmission line optimization

Decisions concerning transmission line design
are much more complex today than they were
a dozen years ago. Intervenors are having
more to say about line routing, appearance,
and influence. Scarcity of capital is prompting
increased efforts at cost reduction. Energy
costs are such that it is now mandatory for de-
signers to factor the cost of electrical losses
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into their evaluation. However, the larger con-
ductors called for by the loss evaluation also
reduce the corona effects (audible noise and
radio interference), and corona is no longer a
design-limiting factor. Likewise, these same
large condtctors operate cooler so temper-
ature is probably not limiting. As a result, line
design is a new game with new rules and a lot
more of them. Designers need much more
analytic power at their disposal to cope with
both existing and evolving demands.

In RP2151, EPRI's contractor, Power Tech-
nologies, Inc., is developing an extremely
powerful and easily used computer program
called TLOP (transmission line optimization).
Version 1.2 of this program was reviewed with
industry leaders in 1983, and their input led to
version 1.3, which has now been released.
Three optimization seminars were held in 1984
for utility engineers. Attendees came from as
far away as Spain and Taiwan, and their re-
sponse was overwhelmingly favorable.

TLOP can be used to compare thousands
of combinations of conductor systems, span
lengths, rightof-way widths, environmental
criteria, loading criteria, cost factors, and per-
formance requirements. Transmission line de-
signers can now easily study these thousands
of possibilities and base their decisions on
supportive evidence. The final decisions, of
course, still fall to the designers and their man-
agement. Not every factor influencing line de-
sign can be included in a computer program,
but at least decision makers will have enough
cost data at their command to make informed
decisions.

Besides the obvious usefulness of TLOP to
the designer, the program is useful to the re-
searcher as well. Many runs of the program are
being made to determine sensitivity of costs to
various parameters. Such a search reveals
areas ripe for future research. Expert design-
ers have known for a long time that higher
everyday conductor tensions can reduce line
costs if there are not too many angles in the
line, but higher everyday tensions bring poten-

tial problems with vibration. Now we have the
ability to determine how much we stand to
save and, consequently, how much we can af-
ford to spend on research to solve the vibration
problem.

Individuals and companies often bringideas
to EPRI for improvements in materials or hard-
ware. For example, two organizations have
come to EPRI with ideas for improving trans-
mission line conductors. These suggestions
have been evaluated and the developers were
encouraged to pursue them a little further to
better determine their usefulness. Another firm
has won a DOE contract to develop a device
that will limit the impact stress on a tower
caused by a breaking conductor. TLOP will be
used to evaluate this development.

It is one thing to study potential cost-saving
ideas on a computer, and something else to
demonstrate these ideas. As part of RP2151
EPRI plans to schedule full-scale demonstra-
tions to prove as many promising ideas as
is practicable. Full-scale tests of the impact-
limiting device mentioned above will be con-
ducted on the 2-mi-long research line No. 1 at
TLMRF. Research lines 1 and 2 will be used to
test many innovative ideas developed by oth-
ers.The second line will be built almost entirely
from contributed components, of which only
the conductors are conventional. Many of the
structures will be constructed from innovative,
cold-formed shapes that have potential for
economy. By installing some of these towers
we can assess their construction and mainte-
nance costs; we can monitor their vibration be-
havior; and we can test them for responses to
static and dynamic loads. In a sense, we can
“kick the tires” before we make a down pay-
ment.

Optimization means many things to many
people, and in RP2151 we are taking the
broadest possible view to spot promising sub-
jects for further research. At the same time we
are giving transmission line designers a valu-
able tool that they can use to solve today's
problems. ProjectManager:Richard Kennon
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René Malés, Vice President

PCB RISK MANAGEMENT METHODOLOGY

Managing risks from utility equipment contain-
ing polychlorinated biphenyls (PCBs) requires
decisions by EPA, local regulators, and util-
ities. These decisions address what PCB-
containing equipment to phase out and over
what schedule, what substances to use in the
replacement equipment, what procedures to
apply in cleaning up spills, and to what extent
spills should be cleaned up. The decision-
making process must weigh concern about
public health, the large investment required to
replace existing PCB-containing equipment,
the high cost of cleanup, and the potential for
utility liability. Reaching consensus is particu-
larly difficult because of the high stakes and a
lack of solid information. Analytic tools can
help integrate available information and or-
ganize itin a way that clarifies options for deci-
sion makers. Under RP2595 EPR! is spon-
soring work on a PCB risk management
methodology to meet the need for such tools.

The goal of RP2595 is to develop methods for
evaluating alternatives for PCB risk manage-
ment. The methods can be used to address
decisions at the national level (e.g., an
EPA-required phaseout of all PCB trans-
formers in buildings by 1990) and decisions at
the individual company level (e.g., an earlier
voluntary phaseout of PCB transformers in
buildings).

To date, the work has focused on health risk
management decisions at the national level. A
model known as TRIM (transformer/capacitor
risk management) has been developed for
cost-benefit analysis of regulatory proposals
for dealing with PCB equipment. The TRIM ef-
fort was closely coordinated with other PCB-
related research by the Energy Analysis and
Environment, Coal Combustion Systems, and
Electrical Systems divisions. In an early appli-
cation of the model, the Utility Solid Waste Ac-
tivities Group (USWAG) used a prototype ver-
sion in commenting to EPA on the relative costs
and benefits of various transformer fire risk
management strategies.
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TRIM consists of submodels in four areas:
PCB equipment, spill and accident incidents,
exposure, and health and environmental ef-
fects. As shown in Figure 1, these submodels
are integrated into a comprehensive analytic
tool for evaluating regulatory options. The
model's structure enables it to represent deci-
sions affecting the replacement of PCB-
containing equipment, the chances of acci-
dental releases, and the amount of human
exposure during and after incidents. These
decisions influence the number and severity of
incidents, the extent of exposure to PCBs and
other substances (in terms of both number of
people and dose), ecological effects, and the
number of potential severe health effects re-
sulting from the human exposures.

The equipment use and replacement sub-
model provides a detailed inventory of the PCB
equipment under consideration at any time,
given a particular regulatory environment. The
model tracks equipment use in various loca
tions and accounts for the removal of units
from service and the installation of different
units. It also calculates the costs of phasing
out and replacing equipment and of any spe-
cial risk management activities.

The spill/accident incident submodel spec-
ifies the amount of PCB material released
during different types of incidents defined
by the user; the frequency of occurrence of
these incidents; the production of any by-
products, such as polychlorinated dibenzo-
furans (PCDFs) and polychlorinated dibenzo-
dioxins (PCDDs), during the incidents; and the
residual concentration of the material after
cleanup.

Given the type and location of a spill or
accident, the human exposure and deposi-
tion submodel calculates for each user-spec-
ified population group the number of people
exposed to PCB material and the average life-
time deposition. Exposure is calculated both
for the short period during the incident and
cleanup and for multiyear periods after clean-
up is completed. A parallel submodel deter-
mines environmental exposure, including the

exposure of other organisms.

The human health effects submodel calcu-
lates the occurrence of potential serious health
effects due to exposure to PCBs and any by-
products or contaminants for each of the
specified population groups. Likewise, the en-
vironmental effects submodel estimates the
ecological damage stemming from the acci-
dental releases calculated in the incident sub-
model.

A key point of many decision issues is un-
certainty. TRIM can explicitly represent such
uncertainties as those governing the rate of
spills, the degree of human exposure, and
dose-response relationships. The model com-
bines discrete probability distributions with a
probability tree structure that expresses the
possible outcomes and their likelihood of
occurrence.

The initial application of TRIM by USWAG
illustrates the model's scope and capabilities.
In response to EPA's March 1984 Advanced
Notice of Proposed Rulemaking Concerning
PCBs, USWAG sponsored an analysis of the
following six policy options for controlling the
risk from transformer fires.

o Normal equipment-replacement schedule
o Voluntary equipment phaseout

o Accelerated phaseout (by 1995)

o Highly accelerated phaseout (by 1990)

o Risk reduction measures (e.g., outfitting
transformers with a device for automatic shut-
offin case of fire)

o Risk reduction measures plus a program to
notify firefightersin advance about the location
of PCB equipment

The USWAG analysis covered one type of
equipment (PCB transformers) in three loca-
tions (utility substations, buildings with a low
exposure risk, and buildings with a high ex-
posure risk) for three types of incidents (small
leaks and spills, large incidents without fires,
and incidents with fires) and four population
groups (office workers, utility workers, emer-




Figure 1 Structure of the TRIM (transformer/capacitor risk management) model for cost-benefit analysis of
regulatory options involving PCB equipment. In determining the costs and the health and environmental
effects of alternative proposals, the model brings together information from diverse sources.
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For each population group, TRIM calculated
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for incident cleanup. All results cover the pe-
riod 1985-2010. The analysis indicated that
the alternatives to a voluntary equipment
phaseout involve significant additional costs
(ranging from $15 million to $822 million) and
produce negligible results in terms of reducing
total health effects. The TRIM findings were
submitted to EPA as part of the industry's com-

ments on the rulemaking notice.

RP2595 initially focused on the development
and testing of TRIM for analysis at the national
level. Work is now under way to adapt and doc-
ument TRIM for risk management decisions at
the individual utility level. In this form TRIM will
help users evaluate the costs and health
benefits of voluntary or locally mandated pro-
grams to replace PCB-containing equipment
on a company basis.

Versions of TRIM have been developed for
both mainframe and personal computers that
are compatible with the IBM PC. It is important
to note that RP2595 is limited to methods de-
velopment and testing; actual applications are
outside the project’s scope. To assist users two
documents have been prepared—a final re-
port describes the model in detail, along with
application procedures, and a user notes doc-
ument provides information about preparing
data sets and running the model. The software
and supporting documentation are now avail-
able from the EPRI project manager.

In other work under RP2595, researchers
will be developing tools that wil help utilities
manage the risks associated with PCB and
PCB-contaminated mineral oil equipment.
Also, industry advisers have expressed a
strong need for tools to address PCB spill
cleanup issues and to evaluate PCB replace-
ment equipment. Plans are being made to
develop such toals in this year. Project Man-
ager: Victor Niemeyer

TOXICOLOGY OF CHEMICALS
IN THE UTILITY WORKPLACE

Toprovidefor effective exposure control, utility
managers need information about the chem-
icals used in the utility workplace—their ex-
posure potential, their fate in the environment,
and their potential to" cause long-term health
effects. Concerns in all types of industries
about diseases caused by occupational ex-
posure to chemicals have led to a proliferation
of state and municipal chemical labeling and
worker rightto-know legislation. These mea-
sures require, among other things, disclosure
of the chemicals to which workers may be ex-
posed and the possible health consequences
of such exposures. As a first step in ensuring
that utility managers have the information they
need, a project was initiated to assess the lit-
erature on chemicals in the utility workplace
(RP2222). The assessment focuses on identi-
fying what chemicals are used by utilities and
what information is available regarding their
toxicity and their potential for causing long-
term health effects. The objective is to provide
utility health and safety personnel with a
readily accessible resource on the potential
hazards of chemical exposure.
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The firsttask in this project was to construct a
master inventory of chemicals used by utilities.
Questionnaires were sent to 94 utilities repre-
senting a cross section of the industry in terms
of generating capacity, type of power gener-
ation, number of employees, and geographi-
cal location. The utilities were asked if they
maintain a list of the chemicals they use or
generate. Of the 94 contacted, 24 were able to
provide such a list.

From these lists the project team compiled a
master inventory of about 750 individual chem-
icals and 4500 chemical products in use. The
formulations of some 1500 trade name chem-
icals have been identified from information
from the utilities, available data bases, or the
manufacturers or vendors. The inventory cov-
ers a wide range of chemicals, from complex
organicsto simple inorganics. Among the sub-
stances included are herbicides, pesticides,
biocides, wood preservation agents, and
chemicals used in treating boiler water.

Next the master inventory was reviewed by a
panel of toxicologists, who identified those
chemicals not considered to have adverse
health effects (such as sodium chloride) and
thus not requiring toxicity evaluation. This
screening eliminated about 150 chemicals
from the list. Project personnel then reviewed
the scientific literature to produce a hazard
profie for each of the remaining chemicals.
The primary sources were computerized data
bases (e.g., MEDLARS) and standard refer-
ence sources. In collecting this information,
the researchers emphasized data on long-
term toxicity (e.g., carcinogenicity, mutagenic-
ity, teratogenicity, and reproductive toxicity).

To supplement the information from the sur-
vey questionnaire, project personnel visited a
number of utilities. They obtained additional in-
formation on exposures and work practices
and also asked the utilities to estimate the
number of employees assigned to each of five
job classifications: operation, maintenance,
construction, administration, and other.

The next step was to develop a prioritized
list based on the following: chemical exposure,
physicochemical properties, amounts used,
protective measures taken, and the number of
workers exposed. Panels of toxicologists and
industrial hygienists assigned numerical val-
ues to the biologic risks for particular chemical
exposures. These values were assigned
according to a predetermined scheme. For
carcinogenic risk, for example, a high value
was given if a chemical is a known carcinogen
in animals or humans or tested positive in a
battery of laboratory tests. A lower value was
assigned when the scientific evidence for car-
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cinogenicity was less compelling. When no
scientific data on carcinogenicity were avail-
able for a chemical, it was given a high score,
especially if it belonged to a class of known or
suspected carcinogens.

Allchemicals were scored for carcinogenic-
ity, teratogenicity, mutagenicity, reproductive
toxicity, and subchronic effects. A similar scor-
ing system was used to calculate an exposure
index for each chemical on the basis of such
factors as the likelihood and magnitude of po-
tential exposure. This effort produced several
lists—lists for carcinogenicity, teratogenicity,
and total toxicity, as well as an exposure
index—that can be used for a priority ranking
of the chemicals.

Some 400 chemicals associated with wide
differences in biologic endpoints (e.g., car-
cinogenicity versus teratogenicity) are now to
be ranked so that chemicals with a higher bio-
logic risk can be segregated from those that
are less hazardous. About two dozen ranking
systemshave been developed and used in the
past two decades by government agencies,
the chemical industry, and others. Although
these systems have certain characteristics in
common in that they all apply mathematical
formulas (or algorithms) to normalize the po-
tential health risks from exposure, there are
considerable differences in their requirements.

Selecting a ranking system that meets the
needs of electric utilities was the subject of a
workshop held in May 1984. Utility representa-
tives and EPRI staff reviewed existing ranking
systems and evaluated the one proposed by
the contractor for RP2222. The system se-
lected emphasizes three key elements:
chronic toxicity, potency of the chemical, and
exposure. Each element consists of several
factors, each of which is assigned a numerical
score. These factors are as follows.

o Toxicity: carcinogenicity, mutagenicity, re-
productive toxicity, other chronic health effects

o Potency: concentration, time, carcinoge-
nicity
o Exposure: chemical use, controls, fre-

quency of use, population at risk

Toxicity is derived by adding together the
scores for the four listed factors. Each of the
first three is assigned a value from O (no bio-
logic activity) to 4 (unequivocal activity in hu-
mans). The fourth factor, other chronic health
effects, is scored from 0 (no effects) to 3 (lethal
effects or a high probability of irreversible ef-
fects). Weighting factors are applied in the
summation to reflect that carcinogenicity and
reproductive toxicity are considered more im-

portant, and mutagenicity less important, than
other chronic health effects.

The potency of a chemical, or its ability to
cause adverse effects, is also derived by add-
ing the scores for the listed factors. The con-
centration (or dose) is the amount, i mg per
kg of body weight, required to cause adverse
effects; it is scored from 0.1 (more than 500
mg/kg) to 3 (less than 1 mg/kg). The second
factor, time, refers to the interval between ex-
posure and the observation of adverse effects
(1 = 90 days or more, 3 — 30 days or less). A
value of 1 is added if the chemical has been
demonstrated to be, or is suspected of being,
a carcinogen in animals or humans.

The exposure score is the product of three
factors—chemical use, frequency of use, and
population at risk—with the chemical use fac-
tor weighted for controls. A value of 1to 10 is
assigned for chemical use: 1 = lowest possi-
ble exposure (only small amounts being used
routinely), 5 = median exposure (e.g., ap-
plying herbicides), and 10 = highest exposure
(e.g., spray painting). The control factor indi-
cates the extentto which exposureis mitigated
(1 = no controls, 2 = highly effective controls
with a mitigation of 50% or better). The factor
for frequency of use is scored from 1 (one day
peryear) to 5 (full-time use). The factor for pop-
ulation at risk is the logarithm of the number of
potentially exposed workers.

Itis clear from the foregoing discussion that
ranking systems in general, even though
based on the best available technical informa-
tion and judgment, are relatively crude meth-
ods for assigning priorities to large numbers of
chemicals. However, past applications—for
example,«in government toxicity-testing pro-
grams—have demonstrated their value and
validity. The application of the proposed rank-
ing system to the 400 chemicals listed by the
utilities is expected to identify those to which
utility management should pay most attention.

Detailed monographs describing toxicity will
be developed for the chemicals of greatest
priority. Sample monographs are being pre-
pared and will soon be made available to utility
participants for comment. In addition, a toxicity
profile for each chemical will be incorporated
into a computerized information system for util-
ity use. The format will closely resemble that of
the Occupational Safety and Health Adminis-
tration's Material Safety Data Sheets. This sys-
tem will be linked to a trade name data base so
that trade name formulas and toxicity informa-
tion on individual ingredients can be readiy
retrieved. The results and products of this
project should be available in late 1985.
Project Manager: Walter Weyzen
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Fritz Kalhammer, Vice President

DESIGN AND ANALYSIS
OF DISTRICT HEATING SYSTEMS

In 1983 a methodology for assessing the tech-
nical and economic feasibility of district heat
ing systems was developed, and site-specific
system designs for three U.S. utilities were
evaluated (RP1276-5). This research, which in-
cludes an assessment of European district
heating technology, was conducted by Burns
and Roe, Inc., of New Jersey, and is part of
EPRI's ongoing investigation of alternative dual
energy use systems (DEUS) and their potential
application in the United States (EPRI Journal,
November 1981, p. 53, and June 1983, pp.
56-57). District heating systems burn sub-
stantially less fuel than individual oil- or gas-
fired boilers in commercial and residential
buildings. As alternatives to heating systems,
they offer the potential of lowering fuel con-
sumption and cost and of reducing the levels
of waste heat and combustion-related air pot
lutants released into the atmosphere.

European district heating

District heating has long been practiced in Eu-
rope, particularly in Denmark, Germany, Swe-
den, and the USSR. To determine the tech-
nology’s potential effect on U.S. electric
utilities, this study began with an assessment
of the four critical components of European
district heating systems: turbines, piping, con-
sumer connections, and thermal energy stor-
age (RP1276-5).

The most critical component of a district
heating system is the turbine. Large amounts
of steam are extracted from the turbine and
usedtoheatwater thatis pumped through the
piping network. Large cogeneration turbines
with condensing tails are currently used and
manufactured in Europe. These turbines are
capable of increased electric generation in the
summer (when electricity demand peaks) and
of satisfying the wintertime heating demand.
This type of turbine is considered to be most
applicable for U.S. utilities because peak de-
mand for electricity often occurs in summer,

when electricity is needed for air conditioning.
District heating turbines should also be spe-
cially designed to meet variable heating and
electricity loads. Maximum combined electric
and heat generation efficiency is achieved
when the turbine is designed to match heating
demand.

European network piping technology in-
cludes the following important characteristics:
the use of low-temperature hot water systems
(220-250°F [104-121°C] in the supply line;
110-160°F [43-71°C] in the return line), min-
imal trench depths, installation of piping be-
neath sidewalks, optimization of concrete cul-
vert design, reduction of carbon steel carrier
pipe wall thickness, and the use of sinusoidal
curve pattern designs and piping prestressing
techniques, which reduce the need for expan-
sion devices and loops. Because piping sys-
tem cost is an important factor in the economic
viability of district heating systems, planning of
U.S. piping systems would benefit by careful
consideration of European design features.

Individual buildings are connected to the
district heating network either directly or indi-
rectly. In a direct system, primary water from
the power plant flows directly into the build-
ing’s space heating elements. In an indirect
system, each building has a heat exchanger
that heats water to be used for space heating.
The domestichot water supply in both types of
system may be taken directly from the primary
water supply (open variation) or routed through
a separate heat exchanger (closed variation).
Direct and indirect systems with closed do-
mestic hot water supply are generally used in
western Europe.

Because heat and electric loads vary daily
and seasonally, thermal energy storage (TES)
systems, such as those using large insulated
steel tanks for short-term storage of hot water,
are often used to optimize district heating
design. Long-term storage to compensate
for seasonal variation in thermal energy re-
quirements would substantially improve the
economics of district heating systems, but

long-term TES is generally uneconomic and
low-cost approaches are still in the develop-
ment stage (EM-2864).

Evaluating potential U.S. sites

The viability of a district heating system at a
particular U.S. location is influenced by tech-
nical, economic, environmental, and institu-
tional (regulatory) considerations. The evalu-
ation methodology developed in this study
identifies attributes essential to profitable
district heating sites, describes the evaluation
of heat load and heat source characteristics,
recommends appropriate piping systems,
reviews plant operation procedures, points
out environmental effects, and outlines the
economic factors to be considered in system
planning.

The key to economical district heating is the
concentration of users in residential, commer-
cial, or industrial districts with a minimum heat
load density of 60-90 MW/mi? (23.4-35.2
MW/km?). Significant fuel cost savings are fea-
sible only where coal or refuse-derived fuels
are used and distances between the heat
source and the heat load are short enough for
efficient heat distribution. Gas-fired high-
temperature hot water boilers can also be con-
sidered for initial, peaking, and backup
capacity. The best heat source alternative de-
pends on the size of the district heating load,
funds available for system installation, and
other concerns specific to the district.

For efficient district heating, peak electric
load should occur in the summer, with max-
imum heating load and reduced electricity de-
mand occurring in the winter. Also, because
installation of these systems can be expen-
sive, economic viability is improved by step-
by-step development in areas where the heat
load is expected to increase. Many urban
areas in the northeastern United States meet
these two criteria and serve as the best candi-
dates for development of this type of DEUS.

The analysis of heat load characteristics
identifies the most suitable site for district heat-
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ing within the area of investigation. Information
necessary for this evaluation includes the sys-
tem design temperature, peak and annual
heatloads for each customer and for the entire
system, and the system load duration curve.

The system design temperature is the lowest
daily average temperature that has occurred
for a span of 3—5 days during the last 15 years.
Peak and annual heat loads for each customer
are based on historical fuel consumption data
and several site-specific parameters, includ-
ing indoor design temperatures. Customer
peak heat loads are based on the heating de-
gree days and adjusted to account for site-
specific parameters. The peak load of the sys-
tem is determined by combining the peak
loads of all potential district heating custom-
ers. The load duration curve is determined
from outdoor temperature statistics for the
area.

The most economic heat source for a district
heating system is a coal-fired electric gener-
ating station that can be modified to provide
district heat along with electricity. There are
four primary alternatives for the conversion of a
single-purpose power plant to cogeneration
district heating: direct use of cooling water
from an existing condenser; use of low-pres-
sure feedwater heaters; extraction of low-
pressure turbine steam; and installation of a
new district heating turbine.

Direct use of cooling water from an existing
condenser minimizes requirements for costly
turbine modifications. However, this alternative
provides relatively low-temperature supply
water that requires additional heating. Low-
pressure feedwater heaters can be removed
from the power generation cycle, and district
heating water circulated through them instead.
This results in some reduction in the tem-
perature of feedwater entering the boiler, and
less electricity generated. Steam can be ex-
tracted from low-pressure sections of the tur-
bine, routed to heat exchangers that heat
district water, and returned to the power gen-
eration cycle as condensed steam. This heat
source alternative only slightly reduces elec-
tric generation potential but requires expen-
sive turbine modifications. Installation of a new
district heating turbine in the existing power
plant is the most efficient and reliable heat
source alternative. However, it is the most ex-
pensive and requires a large heating demand
to cover the capital investment.

Piping system design alternatives are also
considered during the evaluation of potential
district heating sites. Construction of the pip-
ing system in stages designed to coincide with
development of the heat source is usually the
mostefficient approach. Economics of the sys-
tem's power plant must also be considered
during the analysis. For example, piping sizes
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are determined by the heat load and the water
temperature drop between supply and return
lines. A large temperature drop minimizes the
necessary flow rate of circulating water, piping
size, and pumping power, but high-tem-
perature supply water requires higher steam
extraction pressure and reduces plant electric
generation. Other factors of concern in the
design of an appropriate piping system in-
clude corrosion protection, leak detection,
maintenance, insulation, pipe routing, and
installation.

Plant dispatch is determined by heating de-
mand, electricity demand, and incremental
generation costs for each proposed district
heating power plant. Because heating de-
mand is directly affected by outdoor temper-
ature, system operation can be expected to
vary throughout the year. Summertime loads
are likely to represent about 15% of district
heating system capacity, while wintertime de-
mand could reach 65% of capacity, or more. A
100% heating load requires maximum steam
extraction and brings plant electricity gener-
ation to a minimum. As the heating load de-
creases, less steam is extracted for district
heating, and electricity generation increases.

When a district heating system uses existing
coal- or refuse-fired power plants to replace
heat generated by individual boilers that burn
oil or gas, a favorable effect on air quality can
usually be predicted. Lowered condenser flow
in cogeneration turbines reduces the amount
of waste heat rejected into the environment.
Additionally, eliminating boilers that supply
heat to individual buildings not only lessens
waste heat but also reduces the levels of
combustion-related air pollutants released into
the atmosphere.

Economic evaluation indicates that phased
development of district heating systems will
distribute capital expenditures over the devel-
opment period, allowing the system to begin
generating revenues to offset expenditures.
Beginning development with an inexpensive
retrofit designed to supply a high-load-density
area near the plant will minimize both initial
cash outlay and the time between cash outlay
and revenue generation. Economic analysis
also includes methods for the determination of
district heating rates and calculation of the pe-
riod in which district heating customers can
expect to recover retrofit expenses.

Case studies

Potential district heating systems in Lansing,
Michigan; Providence, Rhode lIsland; and
Springfield, Massachusetts, were designed by
using the methodology developed in this
study. The Lansing system was designed in
cooperation with the Lansing Board of Water
and Light and was planned fordevelopmentin

five phases over a 10-year period. Two coal-
burning power plants located in the downtown
area currently produce steam for district heat-
ing as well as electricity, although the steam for
district heat is not produced by cogeneration.
The objectives of the design are to add cogen-
eration capabilities to the downtown power
plants, convert three steam heating districts to
hot water, and add two new hot water heating
districts.

The proposed design begins with a low-cost
modification of the existing steam system at
one of the power plants. This involves the addi-
tion of a heat exchanger to convert steam to
hot water and the distribution of this heat to
current steam users in a high-load-density
area close to the plant. This initial phase is de-
signed to establish the feasibility and economy
of converting a steam system to hot water.
Subsequent design phases require further
plant modifications to allow steam extraction
and the addition of distribution piping. After
completion of al five phases, the district
heating system rating capacity would be a
planned 153.2 MW (th), supplying a total peak
thermal demand of 132 MW (th) and reducing
electric output by 28.6 MW (e). Annual utility
heat sales estimates range from 13,650 MWh
(th) after the first phase of implementation to
487,950 MWh (th) after installation of all
phases of the system.

Economic analysis of this design indicates
that a hot water district heating system will
supply heatat a lower costthan individual boil-
ers fired with oil or gas and will also permit
expansion of district heating to areas in Lan-
sing that cannot be reached by a steam sys-
tem. Figure 1 illustrates cost comparisons for
the Lansing study.

The city of Springfield, served by Northeast
Utilities, has embarked on a revitalization effort
designed to attract commerce and residents
toits downtown area. Consequently, heat load
density in the district is expected to increase.
Three potential heat sources that can be lo-
cated in the downtown area have been used in
the system design: natural-gas-fired high-
temperature hot water (HTHW) boilers in-
stalled in an existing boiler plant, a planned
solid-waste energy recovery facility (SWERF),
and a coal-fred steam turbine generating
system.

The Springfield district heating system is de-
signed for development over a nine-year pe-
riod. Revenues generated in the initial phases
of implementation would provide capital for
further development of the system. Initial in-
stallation of three HTHW boilers, with piping
connections to a portion of the downtown ser-
vice area, would supply a heating system ca-
pacity of 35.16 MW (th). Annual sales are esti-
mated to be 76,490 MWh (th). Additional heat-




Figure 1 Projected consumer heating costs for hot water district heating,
compared with costs (at projected oil/gas cost escalation rate) for individual
oil- or gas-fired boilers in Lansing, Michigan.
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Figure 3 Projected consumer heating costs for hot water district heating,
compared with costs (at projected oil/gas cost escalation rate) for individual
oil- or gas-fired burners in Providence, Rhode Island. Piping costs for this
system design represent 81% of total system cost.
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Figure 2 Projected consumer heating costs for hot water district heating,
compared with costs (at projected oil cost escalation rate) for individual oil-
fired burners in Springfield, Massachusetts.
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Figure 4 Projected consumer heating costs for hot water district heating,
compared with costs for individual oil- or gas-fired burners in Providence,
Rhode Island. Piping costs for this system design represent 89% of total sys-
tem cost.
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ing sources, the SWERF and coal-fired steam
turbine power plants, would be brought on-line
asthe district heatload increases. After instal-
lation of the entire system, the two power
plants would serve as baseload energy
sources, and the HTHW boilers would supply
backup and peak loads. The complete system
would have a maximum heat load of 98.64 MW
(th) and total estimated heat sales of 322,157
MWh (th).

As shown in Figure 2, this system will
significantly reduce consumer heating costs
when compared with costs for individual oil-
fired burners. Analysis also indicates that pay-
back of retrofit costs for most consumers will
take place in from three to six years.

The Providence district heating system was
designed in cooperation with Narragansett
Electric Co. In this plan, an oil-fred power
plant scheduled for conversion to coal and lo-
cated in the downtown area is intended as the
heat source for five downtown districts.

Development of the system would begin by
replacing a second-stage feedwater heater
with a district heat exchanger to be used dur-
ing district heating operation only. This modifi-
cation would provide a thermal capacity of ap-
proximately 15 MW (th) to a portion of district
customers, and it would bring the system to a
point of revenue production with minimal in-
vestment. The remaining three development
phases, planned totake place over a nine-year
period, involve the addition of a second district
heat exchanger, installation of a district heat-
ing turbine, and addition of a third district heat
exchanger to provide peak capacity. The com-
pleted system would have a peak load rating
of 102 MW (th) and estimated annual sales of
292,500 MWh (th).

Figures 3 and 4 illustrate heating cost sav-
ings (calculated for two cases with different
piping costs) resulting from implementation of
the Providence design. In both cases, long-
termsavings for district heating customers are
indicated. Results of a consumer retrofit pay-
back analysis show that most prospective cus-
tomers would recover their conversion costs
within three to seven years. Environmental
analysis indicates that all three systems will
improve local air quality by reducing levels of
waste heat and combustion-related air pollut-
ants that are released into the atmosphere.

Implementation of findings

In cooperation with Northeast Ultilities, the city
of Springfield is using study results to initiate
a more detailed analysis of district heating
feasibility. It will then decide whether to begin
construction. The Lansing Board of Water and
Light plans to implement district heating for
the downtown area, using the design which
resulted from this study. In Providence, the
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Narragansett Electric Co. was investigating
district heating in conjunction with plans to
convert the heat source power plant to coal
firing. These coal conversion efforts have
been suspended because of economic con-
siderations.

District heating has the potential to become
a large nationwide industry Systems are cur-
rently being implemented, and public aware-
ness of district heating and its benefits is in-
creasing. These systems are being financed
and operated by private investors and munic-
ipal utilities. Investor-owned electric utilities
currently operate the majority of large thermal
heat sources that have district heating poten-
tial, and they have in place the structure and
expertise required to develop district heating
as amajor industry. However, for utilities to be-
come more involved, economic regulation,
taxation, and fuel availability issues must be

- resolved. Project Manager: S. David Hu

FUEL CELL USERS GROUP

Established almost five years ago to help ex-
pedite the commercialization of phosphoric
acid fuel cells, the Fuel Cell Users Group
(FCUG) has grown from 37 charter members
to over 60 members today. Recent efforts have
focused on the following activities: under-
standing the applications and benefits of fuel
cells for electric utility application; understanad-
ing the impact of fuel price and availability on
fuel cell use; identifying the engineering and
operating issues in early commercial plant de-
signs, and rallying the industry to support initial
purchases of prototype and first commercial
units. In 1985 at least one manufacturer is ex-
pected to announce an offering of market entry
fuel cell power plants. These market entry units
will have most of the characteristics of the ultr
mate commercial plants but will cost more.
Therefore, one key goal of FCUG is to commu-
nicate the results, conclusions, and recom-
mendations of its application studies to those
utilities considering the purchase and applica-
tion of fuel cells on their systems. This will help
utilities overcome any cost barriers to these
initial purchases. The background ofthe FCUG
and EPRI role inthese activities was described
in previous EPRI Journal articles, the most re-
centin October 1983, p. 55.

Applications and benefits

In July 1984 EPRI and FCUG jointly issued the
System Planners’ Guide for Evaluating Phos-
phoric Acid Fuel Cell Power Plants (EM-3512).
Thisguide was developed by system planners
for use by system planners. The guide pre-
sents a description of the fuel cell, provides
current technical and cost data needed by util-
ity planners to properly evaluate fuel cells (and

other modular technologies), suggests various
approaches to be used in the evaluation pro-
cess, and provides examples of benefit calcu-
lations. It is intended to help system planners
better understand the fuel cell and some of its
unique characteristics and to better calculate
its associated benefits. FCUG's System Plan-
ning Subcommittee advised EPRI in all phases
of the endeavor—from selecting the con-
tractor to reviewing the work—and approved
the final form of the guide for release to the
utility industry.

Some utilities have already performed plan-
ning studies that include fuel cells as an option
for their systems. Four FCUG utilities pre-
sented the results of their studies to the sub-
committee, and several more studies are ex-
pected to be available in the near future. The
common thread in each study was that fuel
cells could play an economic role in these util-
ity systems whenever coal plant capital costs
exceed $1500/kW (1984 dollars).

None of these studies covered special
benefits, such as short lead time, modularity,
and dispersed siting. Therefore, FCUG formed
a task force to assess the financial and strate-
gic benefits of these fuel cell characteristics.
The members of the task force represent all
sectors of the utility industry and have ex-
pertise in system planning, financial planning,
utility financing, and corporate planning.
Through case studies of a utility system, this
group hopes to better understand and share
with the industry how the fuel cell’s short con-
struction lead time and modularity might affect
a utility’s financial and strategic plans for the
future. For example, the task force will investi-
gate how.the use of fuel cells might affect a
utility’s interest coverage ratio, external financ-
ing requirements, the quality of earnings, and
net cash flows, and it wil assess the impor-
tance of being able to adjust those values by
using fuel cells (RP1677-12).

FCUG recently reviewed its 1983 Fuels Re-
port in order to update the original findings
(EPRI Journal, October 1983, p. 57). Although
some of the details have changed, the Fuels
and Fuel Processing Subcommittee finds that
on the basis of projected availability and price,
natural gas remains the most likely fuel cell fuel
in the near term. The subcommittee’s original
conclusion—that dual-fuel capability (natural
gas and a liquid fuel, such as naphtha) may
allow some utilities to readily take advantage
of changing fuel price swings—remains im-
portant. Propane continues to show real price
stability and may become more attractively
priced than other fuel cell fuels in the late
1980s and beyond. However, additional in-
vestigation is necessary to determine its use
as a utility fuel. Methanol, typically made from
natural gas, continues to be priced above all




other fuels that are suitable for fuel cell appli-
cation. FCUG has issued an addendum to its
1983 report covering these points.

To further implement its role in technology
transfer, FCUG also presented the fuel cell
story to utility chief executives from investor-
owned, public, and cooperative utilities at their
respective annual meetings in early 1984. This
was accomplished through the cooperation of
the American Public Power Association, the
Edison Electric Institute, and the National Rural
Electric Cooperative Association, all of which
are represented on the FCUG Board of Direc-
tors. Subsequent contacts with many of these
chief executives indicated that a significant
number of non-FCUG member utilities found
the fuel cell of interest and wanted to become
more informed about the technology. As a re-
sult, FCUG invited representatives from over
200 utilities to one of four regional briefings
held in the spring of 1984 with the following
objectives.

o Communicate the fuel cell's status and its
commercialization challenge to utilities

o Increase utility interest in fuel cell applica-
tions

o Encourage utilities to include the fuel cell op-
tion in expansion planning studies

o Provide technical or other assistance to any
utility requesting it

o Increase the number of potential near-term
fuel cell purchasers

Over 50 utilities participated, and five joined
FCUG to learn more about fuel cells. But more
important, at least nine utilities decided to per-
form in-house planning studies that would in-
clude the fuel cell as an option.

Early power plant issues

FCUG has also formed a utility task force to
assess the accomplishments of the 4.5-MW
demonstrations in New York City and Tokyo,
Japan. This task force will review the techni-
cal, siting, regulatory, design, construction,
startup, and operation of each unit in order to
provide the industry with a utility perspective
on what these two demonstrations have ac-

complished and to suggest issues that it be-
lieves remain to be resolved. Although the New
York fuel cell was successfully sited amid
some opposition by city officials and residents,
it has not yet generated electricity (“Fuel Cells
for the '90s," EPRI Journal, September 1984).
However, representatives of Tokyo Electric
Power Co. reported to FCUG in March 1984
that its 4.5-MW unit had been generating
power since April 1983 and would begin a six-
month endurance test programin mid 1984, As
both units were supplied by the same manu-
facturer and are virtually identical (except that
improved technology fuel cell stacks are em-
ployedinJapan), FCUG believes itis appropri-
ate to combine the results and lessons learned
from each activity to properly assess what has
been accomplished and what remains to be
resolved before proceeding with commercial
prototype power plants. The task force's report
should be completed in early 1985.

Fuel cell commercialization

Many utilities today are projecting the need for
new electric generating capacity in the early to
mid 1990s. To meet these dates, conventional
central station plants with 8—12-year lead
times have to be on the drawing board today.
But we know that utilities are not currently com-
mitting to new capacity additions; some ex-
pect to manage their future loads, while others
expect to draw on short lead time technologies
as the future draws near and as uncertainty
diminishes. The question is, will fuel cells, as
an environmentally benign, modular, and short
lead time technology, be commercially avail-
able to help utilities satisfy their needs in the
early 1990s?

FCUG recognizes this question and be-
lieves that the manufacturers’ current commer-
cialization plans to meet this need can be suc-
cessful. But this success depends on the
support of the utility industry and its creativity
in finding ways to overcome the cost barriers
that exist. For example, manufacturers plan to
offer a few initial commercial prototype power
plants soon, but their price wil be relatively
high because they wil be the first of a kind.
Subsequently, a limited number of commercial

entry units will be offered at a lesser price as
mass manufacturing begins, but this price
may still represent a cost premium. As the
manufacturers continue to drive costs down
and see utility confidence in the fuel cell and a
continuing market, commercial units will be of-
fered at competitive prices in the early 1990s.

Utilities may be hesitant to purchase these
early units because of their cost and a lack of
current capacity need. Further, utilities may
want to wait until the fully commercial units are
available and their own needs are better es-
tablished. Yet the manufacturers are unable to
assume all the risks of building new production
facilities to drive costs down until the early
units have been purchased and delivered,
thereby establishing both the production cost
and the utility market. A final complication is
that the market introduction phase of the man-
ufacturers’ commercialization programs must
begin today to meet the expected market need
in the early 1990s.

FCUG recognizes this catch-22 situation
and is attempting to resolve it in several ways.
First, FCUG is continuing to investigate the
benefits of fuel cell applications and to share
this information with the utility industry. Sec-
ond, FCUG is sharing the commercialization
problem with utility chief executives and senior
management to build the high level of support
and encouragement needed to overcome this
problem. Third, FCUG's regional briefings
have encouraged more utility investigations of
the role and value of fuel cells in individual
utility systems. These studies, combined with
utility management's support of fuel cell com-
mercialization, may cause individual utilities to
begin to step’ forward and seriously consider
early purchases.

Commercializing these new technologies in
today's environment is a major challenge.
FCUG has responded well to this challenge,
and by working with utilities, DOE, EPRI, and
manufacturers, FCUG plays an important role
in advancing fuel cell commercialization. Until
commercialization is assured, FCUG will con-
tinue to be a focal point for utility industry inter-
est in this new advanced technology. Project
Manager: David M. Rigney
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R&D Status Report

NUCLEAR POWER DIVISION

John J. Taylor, Vice President

TRAINING PROGRAM FOR IGSCC SIZING

The through-wall depth of an intergranular
stress corrosion crack (IGSCC) in a welded
joint of a boiling water reactor (BWR) recir-
culation piping system is important in fracture
mechanics analysis, which determines the ef
fects of such cracks on the structural integrity
of the system. Analysis of shallow cracks may
show them as having no adverse effects on
structural integrity, deep cracks may require
the application of weld overlay to preserve the
needed margin of safety. The development of
ultrasonic inspection techniques for sizing of
crack depths and the training of inspectors
to apply the techniques successfully have
been the focus of a lot of attention in nuclear
utility and regulatory circles during the last
two years. This report describes some of
the background to the inspection problem
and illustrates the results of EPRI research on
an issue that affects the reliability and avail-
ability of nuclear power plants (RP1570-2).

IGSCC of BWR recirculation pipes, even
though not a safety issue, has nevertheless
been a major factor affecting the availability of
BWR plants. When inspectors find a cracked
pipe joint, they use fracture mechanics anal-
yses to determine how significant the crack is
to system integrity and choose appropriate
remedies. These remedies may range from no
action to the application of full structural weld
overlays to maintain the required margin of
safety.

Widespread IGSCC in the recirculation pip-
ing of Niagara Mohawk Power Corp.'s Nine
Mile Point plant and the concern over the re-
liability of inspection practices prompted NRC
to issue IE Bulletin 82-03 in October 1982,
which required BWR operators to demonstrate
the effectiveness of their inspection proce-
dures for IGSCC detection. This bulletin was
followed by IE Bulletin 83-02 in early 1983,
which extended as well as upgraded the ear-
lier requirements. As the concerns over the re-
liability and the effectiveness of ultrasonic
techniques (UT) for the detection of IGSCC be-
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gan to subside, the long-held concern over the
capability of UT to size crack depth began to
surface. This concern, expressed by both the
utilities and NRC, resulted in the sizing round
robin in the spring of 1983.

At its NDE Center in Charlotte, North Caro-
lina, EPRI conducted a round robin to deter-
mine the state of practice at the time and to

define areas that needed new techniques
and/or additional emphasis on the training of
inspectors. The results of this round robin sur-
prised the industry. Round robin results, in
general, demonstrated inadequate inspector
performance and, in particular, showed that
practitioners had difficulty distinguishing reli-
ably between deep and shallow cracks and
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that many inspectors seriously underestimated
the depth of deep cracks.

In response to the sizing round robin results,
EPRI brought to the NDE Center an interna-
tional team of experts from Japan, Switzerland,
and the United States who demonstrated that
(1) physically based techniques exist that ac-
curately size cracks and (2) the sizing method
used by the majority of U.S. in-service in-
spectors at the time of the round robin was
ineffective regardless of who applied it. This
demonstration was comforting, not only be-
cause it explained poor performances but also
because it showed that performances could
be improved.

The international team tested ultrasonic siz-
ing techniques on a collection of machined
notches of known depths. The techniques
ranged from those that were known to be ef-
fective to those that were used by the majority
of the round robin participants. Figure 1 shows
the experts' data; UT depth estimates ob-
tained by each of two approaches of crack tip

diffraction techniques and amplitude drop
technigues are plotted against the true notch
depth. The solid line with the 45° slope repre-
sents the ideal case along which all perfect UT
estimates would fall. Note that (1) the poor data
points were obtained by the amplitude drop
technique, which the majority of the round
robin participants used, and (2) the crack tip
diffraction method and its variations give accu-
rate sizing estimates.

The experts’ findings are the basis of a for-
mal course on crack depth sizing at the NDE
Center. Now offered regularly, the course is
one week long and consists of lectures, labo-
ratory demonstrations, and exercises followed
by a practical six-hour crack-sizing exam-
ination. Each student's performance is evalu-
ated by the following criteria.

o Slope of the linear regression line
o Correlation coefficient

o Mean of deviations

o Absence of critical undersizing

100 -
Ideal
80
z
'ig.
B
= 60f
&
"
g
e Average performance e
o September 1984 L
g “or -
s ,_,.f"“'/ﬂ Average performance
= = August 1983
= /
20F
l b 1 1 |
0 20 40 60 80 100

Crack Depth (% through wall)

Figure 2 Improvement in IGSCC depth sizing. Linear regression slopes show the average performance of
those who are now passing the training course (color) and of those who participated in the 1983 round
robin (gray), reflecting the improvement in IGSCC depth sizing. The 45° line (black) represents perfect

sizing.

Dramatic improvements in the perfor-
mances of inspectors who have successfully
completed the NDE Center course are best
highlighted by comparing them with the per-
formances of round robin participants. Fig-
ure 2 compares each group's linear regres-
sion line, which represents the average of
that group's UT estimates. The 45° line is the
ideal performance—perfect sizing. Although
a group's performance trend does not guar-
antee an individual inspector’s level of perfor-
mance, it nevertheless illustrates the tremen-
dous improvement that has been achieved by
the industry in just one year.

As a result of EPRI's rapid and effective re-
sponse in helping the BWR utilities meet NRC
demonstration requirements and the estab-
lishment of the NDE Center IGSCC training
and testing program, EPRI, the BWR Owners
Group, and NRC established a coordinated
plan governing the training and qualification of
NDE personnel. This agreement is an im-
portant and unprecedented one among the
three parties. It not only endorses the training
programs of the NDE Center but also recog-
nizes that successfully passing the center's
practical examination is the only adequate
means of meeting the NRC's capability dem-
onstration requirements.

Although the coordinated plan was initially
drawn to cover the qualification of UT inspec-
tors for IGSCC detection, it has been ex-
panded to include the testing and qualification
for UT crack sizing as well. The NRC'’s en-
dorsement of the sizing course and its exam-
ination represents an amazing turn of events. A
year ago NRC had no confidence in any in-
spector's ability to size the through-wall depth
of an IGSCC; as of December 1984, more than
45 UT inspectors met the NRC's acceptance
standards, and the number has been growing
In general, 35% of those who take the sizing
course pass its practical examination. This low
percentage results mostly from the rigor of the
examination and the inability of many students
to unlearn their previous biases in favor of
the effective new techniques shown in the
course. Program Managers: M. Behravesh
and Gary Dau

SIMPLIFIED PIPING DESIGN

Nuclear power plants have a vast number of
pipes of different sizes and classifications.
Class 1 piping is part of the primary pressure
boundary;, class 2 and class 3 piping comprise
various cooling and process systems that
carry out general power plant functions. Be-
cause of the large number of class 2 and 3
system pipes, especially those of smaller
diameter, and the large number of supports
they require, designers have developed so-
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called simplified piping methods over the
years. These methods have generally been
tailored for specific projects and are pro-
prietary, so utilities do not have access to the
best available simplified methods. To provide
utilities with a qualified simplified piping hand-
book suitable for small-diameter piping (=4
in), EPRI developed a simplified piping anak
ysis (RP2227). This project was begunin 1982
at the request of the Structural Mechanics
Subcommittee, which represents various util-
ities. The first two phases of this threephase
project have been completed, including the
development of a preliminary handbook and
the evaluation of several piping systems using
the new handbook. One way to make the most
of a handbook is to use its contents as input to
piping optimization computer programs, such
as HANGIT. Phase 3 work, which is now in
progress, will produce a theoretical manual, a
final version of the handbook, and a verifica-
tion manual.

Small-piping handbook

EPRI developed the Small-Piping Handbook
to address explicitly the ASME Code service
level B and D design conditions and to con-
sider implicitly the normal and emergency
conditions (service levels A and C). These con-
ditions cover the pressure, thermal expansion,
and seismic loading of any pipe configuration,
including branched piping. The handbook
presents a progressive method for locating
pipe supports throughout the system. It con-
tains worksheets that can later be assembled
as quality assurance records. In addition to
locating supports, users can develop support
loads with this document.

Designers locate supports by using simpli-
fied hand calculations that check for stresses
resulting from thermal expansion. The hand-
book provides alternative methods to lead de-
signers through support modifications that will
satisfy the thermal expansion requirements.
Next, simple hand calculations and prepared
tables, which make possible a complete de-
scription of snubber and weight support
needs, cover weight and dynamic seismic
conditions. The method checks for deflections
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and prescribes alternative methods for mod-
ifying snubber locations if stress requirements
are not satisfied.

Of course, using simplified formulas to sat-
isfy weight, thermal expansion, and seismic
loading cannot produce as accurate an evalu-
ation as can a computer analysis of the piping
system, so the simplified formulas and tables
must include some conservative features. The
significance of this conservatism is that some
designs that do not pass all the handbook re-
quirements may still actually be acceptable if
checked by computer analysis. Computer
verification suggests that if designers use the
handbook as a tool for preliminary support and
snubber layout, they can then use a modern
piping program to fine tune or optimize the de-
sign if necessary. Consumers Power Co. has
used the handbook in this way with a computer
analysis. Such an approach can significantly
reduce the use of seismic snubbers.

Utility verification

Toverify the approach, assess its ease of oper
ation, and obtain a second-party review, EPRI
contracted with Duke Power Co. and North-
east Ultilities to analyze 10 existing small-bore
piping systems both by the handbook method
and by vigorous computer analysis. Utility per-
sonnel carried out the analyses, an essential
part of the project, which was initiated as a
result of strong utility urging for a simplified
process that utility staff members could use.
The handbook, which provides piping support
loads and locations, was designed to ensure
that the requirements of ASME and ANSI
codes and standards are met. On the basis of
vigorous computer analysis, the utility review
verifies that use of the handbook rules satisfies
stress requirements.

Many utilities do nothave the in-house capa-
bilities for such computer analysis, so they will
be interested to learn that this verification pro-
duced three conclusions.

o Handbook design is generally conservative,
compared with computer analysis.

o Conservatism in seismic supports leads to
augmented thermal stresses.

o Seismic support loads are generally exces-
sively conservative.

Project results were presented at a utility
workshop cosponsored by Duke Power on
June 30, 1983. The workshop was designed to
obtain feedback from the nuclear utilities on
the use of the simplified analysis methods.
Participants had several recommendations
and conclusions.

a A companion theoretical manual is needed.

a Skill and quality assurance levels were
adequate.

olocal training workshops would be de-
sirable.

o Handbook procedures should be auto-
mated.

o Utility use of the handbook method should
be evaluated to establish a trial piping design
and minimize the number of supports by
means of a commercially available support
optimization program.

The decision to computerize the method has
to be evaluated on the basis of anticipated util-
ity use. More than 40% of utilities attending
indicated a plan to use the handbook. Con-
sumers Power will evaluate utility use of the
handbook.

From the 10 piping systems analyzed by the
handbook and verified by computer analysis,
sixvery diverse systemswere chosen thatrep-
resent different routing, materials, and design
requirements. The results of the evaluation in-
dicate that support systems designed by the
handbook method generally tend to have more
supports than are required tomeet a given set
of analysis or design limits. However, hand-
book support locations seem to be a good
basis for minimizing support.

The first two phases are now complete, and
evaluation shows that a theoretical manual
would considerably enhance the acceptance
and use of the simplified piping handbook. In
1985 Duke Power will produce the required
theoretical manual and publish the handbook,
together with its manuals, for general utility
use. Project Manager: Robert E. Nickell




New
Technical
Reports

Each issue of the Journal includes information on
EPRI's recently published reports.

Inquiries on technical content may be directed
to the EPRI project manager named at the end of
each entry: P.O. Box 10412, Palo Alto, California
94303; (415) 855-2000.

Requests for copies of specific reports should
be directed to Research Reports Center, P.O.
Box 50490, Palo Alto, California 94303; (415)
965-4081. There is no charge for reports re-
quested by EPRI member utilities, government
agencies (federal, state, local), or foreign
organizations with which EPRI has an agree-
ment for exchange of information. Others in the
United States, Mexico, and Canada pay the
listed price. Overseas price is double the listed
price. Research Reports Center will send a
catalog of all EPRI reports on request.

EPRI also has a report summary program avail-
able without charge to members and by subscrip-
tion to nonmembers. Each summary provides a
concise one-page description of the published
report. For information on how to order report
summaries, please contact the EPRI Technical In-
formation Division, P.O.Box 10412, Palo Alto, Cali-
fornia 94303, (415) 855-2411.

ADVANCED POWER SYSTEMS

Coproduction of Methanol and Electricity
AP-3749 Final Report (RP2029-1, -2); $19.00
Contractors: Burns and Roe—-Humphreys and
Glasgow Synthetic Fuels, Inc.; General Electric Co.
EPRI Project Manager: B. Louks

Fuels- and Combustion-Related
Problems of Oil- and Gas-Fired

Utility Boilers: An EPRI Workshop
AP-3753 Proceedings (RP1897-2); $8.50
Contractor: Energy Systems Associates
EPRI Project Manager: W. Rovesti

COAL COMBUSTION SYSTEMS

Utility FGD Survey: April-September 1983
CS-3369 interim Report (RP982-32); Vol. 3, $23.50;
\Vol. 4, $28.00

Contractor: Pedco Environmental, Inc.

EPRI Project Manager: C. Dene

Coal-Water-Slurry Evaluation:

Burner Test Results

CS-3413 Final Report (RP1895-3), Vol. 3; $10.00
Contractor: Babcock & Wilcox Co.

EPRI Project Manager: R. Manfred

Nondestructive Examination of Steam
Turbine Blades: An Assessment
CS-3675 Final Report (RP1266-24); $14,50
Contractor: Reinhart & Associates, Inc.
EPRI Project Manager: A. Armor

Proceedings: Eighth

Symposium on Flue Gas Desulfurization
CS-3706 Proceedings (RP982-31); Vol. 1, $41.50;
\Vol. 2, $41.50

Contractor: Research Triangle Institute

EPRI Project Manager: T. Morasky

Biofilm Control Studies

Using Ferrate and Sulfur Dioxide
CS-3708 Final Report (RP1261-3); $11.50
Contractor: University of Miami

EPRI Project Managers: W. Chow, M. Miller

Operation and Design of FGD Dampers
CS-3709 Interim Report (RP2250-1); $22.00
Contractor: Black & Veatch Engineers-Architects
EPRI Project Manager: T. Morasky

Laboratory Evaluation of

Modifications to the Resox Process
CS-3710 Final Report (RP784-4); $17.50
Contractor: Foster Wheeler Development Corp.
EPRI Project Manager: T. Morasky

Sodium Conditioning for

Improved Hot-Side Precipitator Performance
CS-3711 Final Report (RP724-2); Vol. 1, $13.00;
Val. 2, $10.00

Contractors: Southern Research Institute; Stearns
Catalytic Corp.

EPRI Project Manager: R. Altman

Composition and Leaching of

FBC Wastes at the Alliance Test Facility
CS-3715 Final Report (RP1260-39); $13.00
Contractor: Radian Corp.

EPRI Project Manager: D. Golden

Assessment of Fossil Steam Bypass Systems
CS-3717 Final Report (RP1879-1); $28.00
Contractor: Power Dynamics, Inc.

EPRI Project Manager: T. McCloskey

Continuous Emission Monitoring Guidelines
CS-3723 Interim Report (RP1961-3); $35.50
Contractor: Kilkelly Environmental Associates, Inc.
EPRI Project Manager: C. Dene

Fabric Filter Technology for Utility
Coal-Fired Power Plants: Articles

From the Journal of the Air Pollution
Control Association, January—June 1984
CS-3724-SR Special Report; $10.00

EPRI Project Manager: R. Carr

Coal-Waste Artificial Reef Program, Phase 4B
CS-3726 Interim Report (RP1341-1); $22.00
Contractor: New York State Energy Research and
Development Authority

EPRI Project Manager: D. Golden

ELECT Groundwater Transport Research Code
CS-3738 Final Report (RP1406-1); $10.00
Contractor: Battelle, Pacific Northwest Laboratories
EPRI Project Manager: D. Golden

Aqueous Discharges From

Steam-Electric Power Plants: Trace

Metal Sampling and Analysis Reference Guide
CS-3739 Final Report (RP1851-1); $22.00
Contractor: TRW, Inc.

EPRI Project Manager: W. Chow

Materials Testing in

Synthetic FGD Environments

CS-3740 Final Report (RP1871-2); $17.50
Contractor: Battelle, Columbus Laboratories
EPRI Project Managers: C. Dene, B. Syrett

Aqueous Discharges From
Steam-Electric Power Plants:

Data Evaluation

CS-3741 Interim Report (RP1851-1); $19.00
Contractor; TRW, Inc.

EPRI Project Manager: W. Chow

Symposium on State-of-the-Art Feedwater
Heater Technology

CS/NP-3743 Proceedings (RP1887-2); $37.00
Contractor: Heat Exchanger Systems, Inc.
EPRI Project Managers: R. Coit, N. Hirota

Aqueous Discharges From
Steam-Electric Power Plants:

Data Evaluation

CS-3741 Interim Report (RP1851-1); $19.00
Contractor: TRW, Inc.

EPRI Project Manager: W. Chow

ELECTRICAL SYSTEMS

Reliability Calculations for

Interdependent Plant Outages

EL-3669 Final Report (TPS81-793); $11.50
Contractor: Energy Management Associates, Inc.
EPRI Project Manager: N. Balu

Radio Interference From

HVDC Converter' Stations

EL-3712 Final Report (RP1769-1); $26.50
Contractor: International Engineering Co., Inc.
EPRI Project Manager: W. Blair

Optimization of Reactive Volt-Ampere (VAR)
Sources in System Planning: Solution
Techniques, Computing Methods, and Results
EL-3729 Final Report (RP2109-1), Vol. 1; $19.00
Contractor: Scientific Systems, Inc.

EPRI Project Manager: N. Balu

Field Determination of PCB in Transformer Oil
EL-3766 Final Report (RP1713-1); Vol. 1, $10.00;
Vol. 2, $8.50

Contractor: General Electric Co.

EPRI Project Manager: V. Tahiliani

Proceedings: Parallel Processing for
Power System Planning and Operations
EL-3775 Proceedings (WS79-179); $25.00
EPRI Project Manager: J. Lamont

Load Transfer Mechanisms

in Rock Sockets and Anchors
EL-3777 Final Report (RP1493-1); $13.00
Contractor: Cornell University

EPRI Project Manager: V. Longo
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NEW TECHNICAL REPORTS/RNEW .-

ENERGY ANALYSIS
AND ENVIRONMENT

Integrated Lake-Watershed

Acidification Study: Summary of

Major Results

EA-3221 Final Report (RP1109-5), Vol. 4; $19.00
Contractor: Tetra Tech, Inc.

EPRI Project Manager: R. Goldstein

Geohydrochemical Models for

Solute Migration: Preliminary

Evaluation of Selected Computer Codes
EA-3417 Final Report (RP2485-2, RP1619-1), Vol. 2;
$28.00

Contractor: Battelle, Pacific Northwest Laboratories
EPRI Project Manager: |. Murarka

Linking Market Planning to

Corporate Objectives: Utility Case Study
EA-3736 Final Report (RP1634); $10.00
Contractor: Booz, Allen & Hamilton, Inc.
EPRI Project Manager: D. Geraghty

Coal-Cleaning and Coal Slurry
Wastewater: Literature Review
EA-3770 Final Report (RP2377-1); $14.50
Contractor: University of Tennessee
EPRI Project Manager: |. Murarka

ENERGY MANAGEMENT
AND UTILIZATION

500-kW Lead-Acid Battery for Peak-Shaving
Energy Storage Testing and Evaluation
EM-3707 Interim Report (RP2123-2); $10.00
Contractor: GNB Batteries Inc.

EPRI Project Manager: W. Spindler

NUCLEAR POWER

Evaluation of Alternative Alloys

for PWR Steam Generator Tubing

NP-3703 Final Report (RP1450-1); $16.00
Contractor: Inco Alloy Products Co. Research
Center

EPRI Project Manager: C. Shoemaker

Generation and Behavior of Metal
Oxide Colloids in PWR Steam Systems
NP-3718 Topical Report (RP966-2); $10.00
Contractor: Calgon Corp.

EPRI Project Manager: T. Passell

Analysis of the Browns Ferry

Unit 3 Irradiation Experiments
NP-3719 Final Report (RP827-1); $13.00
Contractor: Science Applications, Inc.
EPRI Project Manager: T. Passell

Proceedings: Technology Transfer Seminars
NP-3721-SR Special Report; $16.00
EPRI Project Manager: G. Dau

Guidelines for PWR Pressure
Protection System Optimization
NP-3734 Final Report (RP2007-1); $22.00
Contractor: Westinghouse Electric Corp.
EPRI Project Manager: B. Brooks

68 EPRIJOURNAL January/February 1985

g

OFTWARE

New
Computer
Software

The Electric Power Software Center (EPSC) provides
a single distribution center for computer programs
developed by EPRI: The programs are distributed
under license to users. No royalties are charged to
nonutility public service organizations in the United
States, including government agencies, universities,
and other tax-exempt organizations. Industrial orga-
nizations, including nonmember electric utilities, are
required to pay royalties. EPRI member utilities, in
paying their membership fees, prepay all royalties.
Basic support in installing the codes is available at
no charge from EPSC; however, a consulting fee may
be charged for extensive support.

For more information about EPSC and licensing
arrangements, EPRI member utilities, government
agencies, universities, and other tax-exempt organi-
zations should contact Sally Hartzell, Electric Power
Software Center, UCCEL Corp., 1930 Hi Line Drive,
Dallas, Texas 75207; (214) 655-8883. Industrial orga-
nizations, including nonmember utilities, should con-
tact EPRI's Patents and Licensing directly—P.O. Box
10412, Palo Alto, California 94303; (415) 855-2866.

ACPIPE—Powerline-Induced Ac
Potential on Natural Gas Pipelines
for Complex Rights-of-Way

Version 1.1 (IBM)

Contractor: Science Applications, Inc.
EPRI Project Manager: John Dunlap

BRODI2/BROFLX—Transmission
Line Broken Wire

Version 2.2 (IBM)

Contractor: GAI Consultants, Inc.
EPRI Project Manager: Paul Lyons

CMCM—Coal Mine Cost Model
Version 3.0 (IBM)

Contractor: NUS Corporation

EPRI Project Manager: Jerome Delson

DETGEN—Decision Tree Generator Model
Version 1.0 (generic use)

Contractor: Battelle, Columbus Laboratories
EPRI Project Manager: Lewis Rubin

ELM—End-Use Load Modifier
Version 1.2 (IBM)

Contractor: Decision Focus, Inc.

EPRI Project Manager: Victor Niemeyer

HELM—Hourly Electric Load Model
Version 1.0 (generic use)

Contractor: Battelle, Columbus Laboratories
EPRI Project Manager: Ahmad Faruqui

SYREL—Transmission System
Reliability Methods

Version 1.2 (PRIME)

Contractor: Power Technologies, Inc.
EPRI Project Manager: Neal Balu
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Dec?2, 6
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Progress on Significant R&D Projects Mar 39

PWR. See Pressurized water reactor.

J/F 46; J/A 53

Radioactive waste disposal J/F 63; J/A 38
Nov 61; Dec 39

Radiofrequency interference, from transmission
lines J/A 51

Radionuclide, in low-level nuclear waste
Nov 61
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REEPS. See Residential end-use energy
planning system.

Remaining-life assessment, of power plant
components Jun 24

Research Results and Applications Mar 39

Residential end-use energy planning system
J/A 28; Dec 12

Residential energy use, simulation of J/A 59
Residue gasification Nov 46

RETRAN computer code Nov 34
Rettenmaier, Louis J/F 4

Risk assessment
of acid deposition Mar 50
of ambient SO, and particulates
J/A 56
problems of Dec 26

Ritter, Don Dec 33

Roberts, Adrian Sep 4; Nov 4
Robotics technology Nov 2, 6
Rodenbaugh, Thomas Oct 5
Rothman, Stanley Dec 33
Rusche, Bernard C. Dec 39
Russell, Milton Dec 30

Sagan, Leonard J/A 4

Santoro, Peter F. Oct 24

Schneider, Thomas R. Jun 2; Oct 2, 4
Schurr, Sam Oct 4

Seal reliability, in nuclear main coolant pump
Mar 58

Searl, Miton Oct 4

Seismic hazard analysis, in nuclear plants
Sep 55

Shimshock, John J/F 4

Shula, Wiliam Nov 4

Slagging and fouling, boiler Nov 52
Smith, Sherwood H., Jr. Oct 40

Sodium conditioning for ESP performance
Sep 29

Soil, thermal stability of J/F 49; Oct 28

Solid waste disposal
in artificial reefs J/F 35
environmental studies of
management of Sep 40

SO,. See Sulfur dioxide.
Source-term tests  J/F 34; Jun 61
Spencer, Dwain F. May 2

Spindler, William J/F 4

Spray drying, for SO, control May 48
Starr, Chauncey J/F 34; Dec 45
Stator slot wedge Dec 56

Mar 52
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Steam generator, corrosion damage in
Oct 20

Substation o .
advanced switching device for
control and protection system for

Sulfur dioxide
in-furnace control of Mar 43
postcombustion control of Mar 14; May 48
risk assessment of J/A 56

Sulfur meter, for coal analysis Nov 51
Sullivan, Charles Mar 4

Superconducting magnetic energy storage
May 59

Switching device, advanced Mar 46

Mar 46
May 51

Tackaberry, Robert Oct 4
Tahiliani, Vasu Mar 5
Taper, Scott J/F 4
Taylor, John Nov 2
Technical reports, data base for
Technology transfer J/F 2, 6, 22
Thermal analysis, of soils Oct 28
Thermal stability, of cable backfill J/F 49
Thermomechanical bending, in pipe-type cables
Mar 49
Thilly, William Dec 30
Thompson, Grant May 28
Thyristor

light-triggered  Jun 44

static induction Dec 46
Torsional vibration monitoring J/F 28; Oct 49
Trace metals, in wastewater May 44
Transfer capability May 53; Jun 44
Transformer

amorphous metal for May 52; Oct 50

electrohydrodynamic cooling system for

May 47

nontoxic, nonflammable Oct 16

oilless Oct 50

PCB detectionin  May 50

pyrolysis of J/A 50
two-phase cooling in  Oct 16

Transient
simulation of in nuclear plants Nov 34
transmission line J/F 52; Dec 55

Transmission line
electromagnetic effects of J/A 14
optimization program for Mar 48
radio frequency interference from J/A 51
transient in J/F 52; Dec 55
unexplained outages on Mar 48

Transmission Line Mechanical Research Facility
J/F 7, 14, May 53; Jun 37

Transmission tower, tests on May 39, 53
Trona Mar 14

Mar 37

Turbine
gas Jun 38; Oct 42; Dec 47
for underground pumped storage Sep 52
wind May 2, 6, 41; Nov 44, 46

Underground Cable Test Facility J/F 7, 12

Underground obstacle detection and mapping
system May 52

Underground pumped storage, high-head
pump-turbine for Sep 52
University monograph series Oct 40

U.S. Department of Energy
coal cleaning tests Nov 42
electric vehicle research Jun 32
fusion program Sep 32
nuclear waste disposal program Dec 39

Utility investment, methods for allocation of
Nov 58

Utility planning
demand-side May 56; J/A 28; Dec 2, 6
fuel use Jun 48
investment Nov 58
for weather Nov 18

Utility Planning Model Sep 47
Utility survey, of end-use projects J/A 61

VAR power optimization Sep 42
Visibility research Jun 50
Viswanathan, Ramaswamy Jun 4

Voltage, effect of on energy consumption
Jun 46

Waste disposal
radioactive J/F 63; J/A 38; Nov 61; Dec 39
solid J/F 35; Jun 42; Sep 40

Wastewater, monitoring and treatment of
May 44

Water chemistry
in BWRs Jun 58; Sep 14
in PWRs Oct20

Water electrolysis Sep 50
Weather, effect of on utility operations Nov 18
Weather normalization of sales Oct 52

Wind turbine
cost estimate for large-scale May 41
evaluation of Nov 44
midsize design May 2, 6

Wong, Frank Dec 5

Wood, Christopher Jun 4

Woodson, Herbert Horace Oct 40

Ziemer, Paul D. Jun 37
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