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PRODUCTS

Polluﬁon Prevention Report

Voluntary pollution prevention programs not only minimize the
production of noncombustion wastes from power plant auxil-
iary operations but can also reduce disposal
costs, avoid future liability, and

kicep electric utilities one step =

ahead of environmental regula- '
tions. This report (TR-104111) -
details a six-step process EPRI has ’ =
developed for pollution prevention
programs—a process consistent

with total quality environmental
management—and highlights cawe
studies of successful utility programs
that followed the process. Included in
the report are lessons learned from the
rase studies, which involved such wastes
as used antifreeze, oily shop towels, and empty containers.
For more inforuation, contact Mary McLearn, (415) 855-2487.
To order, call the EPRI Distribution Ceiter, (518) 934-4212.
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EPRI-sponsored deliverables now available to ufilities and their customers

Ncc pevice

EPRI research indicates that a significant source of
residential magnetic fields is ground currents—cur-
rents from a home's electrical grounding system that
can wind up on its water piping system and travel to
nearby homes via the municipal water supply lini.
EPRI hat developed a device that virtually eliminates
these stray, or “net,” currents and the magnetic fields
they generate. Called the net current control (RCC)
device, this tool is installed along the service drop to

a customer s house to redirect the flow of current,
encouraging it to return to the distribution system
through the home’s service line rather than through
water pipes. The MCC device also reduces stray cur-
rents coming from neighboring homes or other sources.
Unlike otheer techniques for reducing ground currents,
the mCC deviar does not interfere with thie safety and
effectiveness of a home’s grounding system.

For nore infornation, contact Lecka Kieifets, (415) 855-8976.
To order, call David Fugate al Electric Research and Manage-
ment, (412} 826-3222.




Fielhind Opaerasicy,
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Maintaining a low-cost inventory of power plant fuel without creating
an excessive risk of depleting supplii= is the kew to skillful fuel inventory
management. The Utility Fuel Inventory Model (LFIM) was developed
to help electric utilities with coal-fired power plants achieve this optimal
balance. Version 3.11 of LIFIM uses analytical techniques to accuunt for
the types of buel invenbory problems commonly faced by utilities, such as
dizruptions in fuel supply delivery, unexpected variations in fuel burn, and srasonal impacts on coal supply. The model
also helps decision makers use plant dispatch puslicy as a means of contrelling fuel inventory during shortage periods.
For more information, contact Susan Marsland, (415) 855-2946. To order, cafl the Efectric Power Software Center, (800) 763-3772.

VAR, w | No, tuning Guide

Federal and state negulations requine electric utilities to reduce

emisstons of nitrogen oxides (%0,) from their coal-fired power plants.

This guidis (TR-105109) lay= out siquential procedures that enable

utility managers and enginiers to plan and conduct %O, emissions

testing programs for these plants, to evaluate and interpret the

resulting data, and to design 0O, reduction programs using combus-

tion tuning. The combustion-tuning atrategy can reduce %0
= emissions by 10-30% while optimizing boiler operation and
improving heat rate. For boilers only marginally above

NO, emissions limits, this strategy mav @liminate

the need for low-NO, hardware retrofits, saving

$10-520/kW. Even power plants that must retrofit

low-MO, burners 10 achieve reductions can cut costs

: through combustion tuning.

,’ For more information, contact Jeff Stallings, (415) 855-2427. To order, call the
EPRI Distritnition: Ceiter, (510) 934-4212.

I.ow-Cost Radio

Many electric utilities recognize the benefits of distribution automation
technology, which automatically alerts atilities to outages and other
disturbances on the electrical distribution system. However, the high cost
of thiz tachnology has preventisd many power companies from dieploy
ing it. Mow there i= a low-cost radio available that substantially reduces
the capital costs of implementing distribution automation systems.
Duveloped jointly by EPRI, Southern Califor-
nia Edison, and Metricom, the spread spec-
trum packet radio is a modified version of an
garlier Metricom radio and =ells for about
half the cost of the original. The radio is
spexifically designed for distribution automa-

tion and remote meter reading applications.
For more infornation, cantact Ashok Sundaran af EPRI, (415) 855-2304, or Bob Yinger at 5CE, (818)
812-7336. To order, call Desutis Perrone at Metricont, (408) 399-8216.
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DISCOVERY

o centuries, scientists have speculated
ossible effect of sunspots on global

t the mechanism that might be involved
hed a matter of considerable controversy.
I question is how total solar irradiance
bunt of energy received by the earth from
ted by sunspot activity, which follows an 11-

B'been commonly assumed that total solar irradiance
1 decrease as the number of dark sunspots increased. Di-
rect satellite measurements of irradiance, however, have shown
just the opposite to be the case. This means that given more
sunspots, more energy is delivered to the atmosphere and
global temperatures should rise. Build-
ing on this new understanding, recent
research, sponsored in part by EPRI,
indicates that looking at the combined
effects of changes in solar irradiance
and increases in atmospheric green-
house gases offers the best explanation
yet for the observed rise in average glob
al temperature over the last century.

According to current theory, sun-
spots occur in pairs as magnetic distur
bances in the convective plasma near
the sun’s surface. Magnetic field lines
emerge from one sunspot and reenter
at the other spot. During periods of
increased magnetic activity, the sun is
brighter and more charged particles are
emitted from the solar surface.

Not only does the increased bright-
ness of the sum tend to warm the earth,
but also the solar wind shields the
atmosphere from cosmic rays, which
produce carbon 14. Because of this
effect, measuring carbon 14 in tree
rings offers a way of inferring the sun’s
magnetic history. Studies of changes in both the magnetic field
coverage and the brightness of nearby stars have also pro-
vided a better understanding of the connection between the
sun’s magnetism and changes in its irradiance.

Using this information and a global climate model based
on energy conservation, Sallie Baliunas and Willie Soon of the
Harvard-Smithsonian Center for Astrophysics and Eric Posmen-
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Basic science and innovafive engineering at the cufting edge

imate Change: Sunspots Revisited

tier of Long Island University constructed a profile of atmo-
spheric climate “forcing” due to combined changes in solar
irradiance and emissions of greenhouse gases between 1880
and 1993. They found that the temperature variations pre-
dicted by their model accounted for up to 92% of the tempera
ture changes actually observed over the period—by far the
closest match yet achieved. Their results also suggest that the
sensitivity of climate to the effects of solar irradiance is about
27% higher than its sensitivity to forcing by greenhouse gases.
An intriguing sidelight to this discovery is the implica-
tion that, at times, the sun’s influence on climate may be
dramatically greater. Studies of the sum and other stars show
that they spend about a quarter of their time in a magnetically

Sunspots mark changes in the sun's magnetic activity.

quiescent state with very few sunspots. The last such event on
our sun occurred in the late seventeenth century and was
associated with an extended period of unusually cold temper
atures known asthe Little Ice Age. No one has yetfound a
way to predict when such an episode might recur.

w For inere information, contact John Mautbetsch, (415) 855-2438.



Genetic Engineering Holds Promise for Affordable Biomass

n recenl years, genetic engineering has been used to extract herbicide-resistant genes from an entirely different

produce tastier tomatoes, virus-resistant squash, and cotton organism. At Oregon State University, researchers ant work-

plants that can kill insects. Mow, with support from EPRI ing with a gene found in Agrobacteriitin, a genus of natural soil
and others, this relatively new realm of science could also bacteria commonly found around plants. Some strains of
help make biomass—in the form of poplar tres=—an afford- Agrobacteriunt can thrive in the presence of very high concen-
able power plant fuel. trations of Roundup. The herbicide-resistant gene is extracted

Funded by EPRI, the U.S. Department of
Energy, and a number of pulp and paper compa-
nies, researchers at Oregon State University are
genetically engineering poplar trees to increase
yields and reduce the costs associated with 3 ” L v
biomass production. Energy crops generally cost - ﬁ
between $2 and $3.50 per million Btu, compared ' ’
with lesz than $2 per million Btu for natural gas ’
and about $1 per million Btu for coal. “For electric \

utilities facing increased compelilion, the vost ‘
difference is enough to discourage the use of these
new crops even though they offer significant envi- % ‘
ronmental benefits,” says Evan Hughes, EPRI's -fg
manager for the project. These benefits include the
absorption of carbon dioxide by the crops, which
offsets emissions of tossil-fuel-generated CO,, and
a reductian in emissions of s ulfur oxides and
possibly even nitrogen oxides.

A major thrust of the university’s current research is

Transgenic poplar shoots arising in tissue culture

making the poplars resistant lo Roundup, a widely used from the bacteria in the laboratory on a cellular level, and its
herbicide. “Controlling weeds is particularly critical for the DA is engineered to resemble a plant gene so that it can
success of poplar plantations,” say= Stevi= Strauss, a forestry carry out its herbicide-resistant function in poplar cells. In
science professor at Oregon State Univirsity and the director addition, the researchers insert a gene that actually degrades
of the university’s Tree Genetic Engineering Research Cooper- the herbicide. The engineered genes are introduced to the
ative (TGERC), which is conducting the jointly sponsored poplar cells in a petri dish.
research. “Ettective weed contrel enables the trees to grow At this writing, the university researchers are applying
more rapidly and reduces costs.” The use of less-effective Roundup to poplar plantations containing trees that have
herbicides entails higher costs because they must be applied been genetically engineered to resist the herbicide.
more frequently and because any remaining weeds must be Resirarchites will clesely monitor the trees’ growth ta deter-
removed mechanically. mine the success of the experiment. They are using similar
Before the advent of genetic engineering, the only way to genetic engineering techniques to encourage insect resistance
produge an herbicide-resistant poplar was to search through and sterility in poplar plantations. Developing poplars that
milliens of existing poplars to locale those with the most don't produce seeds will prevent them from crossbreeding
resistance, says Strauss. Buds or cuitings from those trees with native tree= in surrounding areas and will preserve more
could then be used to propagate new trees. But the selection of the poplars’ energy for growth.
and breeding processes are very time-consuming, and the TCGERC, which EPRI joined last year, was established in
rissults are far from certain, Hence, concludes Strauss, “this 1994 and is expicted to continue at least until 1999, The iffort
method is, for all practical purposes, impossible." builds on knowledge gained by the pulp and paper industry.
In contrast, genetic engineering enables scientists to w For more information, cointact Evan Hughes, (415) 855-2179.
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coming increasingly aware of the value of diverse ecosystems, and a num- =

)

- ber of power companies have initiated programs designed specifically to ‘
: ]

~ preserve and enhance biodiversity. Such programs go beyond traditional

environmental efforts: they account for the well-being of entire habitats -

rather than focusing strictly on individual species. As representatives at '
EPRI's recent biodiversity conference stressed, this broader mission calls for

~ arange of expertise that can only be acquired through partnership. Indeed, . "

a variety of stakeholders—including industry, conservation groups, govern-

§ ment agencies, and community members—are teaming up on the biodiver-

: sity issue. Some are calling on utilities to take the lead.
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hen John Sawhill, presi-
dent and CEO of the Ma-
ture Conservancy, gave a

speech on biodiversity to
an electric utility audience five years ago,
he says he got a lot of blank looks. Times
have certainly changed. Sawhill recalled
this observation at a recent conference on
biodiversity sponsored by EPRI on behalf
of its electric utility members—an event at
which he praised utilities for their efforts
on thie issue. Held this March in Williams-
burg, Virginia, the two-day conference,
ralled Managing for Biodiversity,* was a
milestone for utility involvement in biodi-
versity. But perhaps just as significant was
the fact that the conference drew together
leaders from academic, government, con-
servation, and industry groups to collabo-
rate on an issue that once sett them apart.
It may seem odd for the industry to ad-
dress biodiversity at a time when increased
iompetition is diémanding attention to the
bottom line and foriing many companies
to trim back environmental budgets. But a
number of utilities share a different per-
spective. Many of them have found that the
working relationships they’ve established
with government agencies and environ-
mental groups have enabled these entities
to better understand the constraints of the
utility industry. Others say their environ-

mental programs not only have made their
‘A stﬁmary of Ihe conference and some 20 peer-reviewed pa-
pers presented \here will be published In a special issue of Envi-

ronmental Managemen! (Volume 20, Number 6, November/De-
cember 1996).
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companies look good but also have saved
money and helpied avoid litigation. Still
others sprrak of thir industry’s responsibil-
ity for environmental stewardship, given
its n-ignificant land holding'-, itw large water
use, and it= ability to have a major impact
in this area. This responsibility was under-
scored by James Pipkin, counselor to the
secretary of the interior and a keynote
speaker at the biodiversity conference: elec-
tric utilities, he said, “manage facilities that
literally rirach into eviry housshold and
every business in the nation. 4s an indus-
try, they wield far-rraching iconomic, so-
cial, and pelitical influence.”

But beyond these reasons for getting in-
volved in biodiversity is what many in the
electric utility industry consider the biggest
reazon of all: if the industry misses its op-
portunity to get involved at this early stage,
it runa the risk of its conuerns being over-
looked when relevant environmental regu-
lations—such as carbon emissions limits or
revisions to thit Endangered Species Act—
are discussed. “Electric utilities can sit on
the sidelines, watch what happens, and re-
act, or they can be proactive, get a seat at
the table, and work with people to comis up
with policies and regulations that take the
industry’s concerns into account,” says

Jack Mattice, a manager with EPRI's Envi-

THE BENEFITS OF BIODIVERSITY Although aesthetics

and recreation are the most widely recognized advantages

of diverse and healthy ecosystems, biodiversity serves a
more fundamental role in our everyday lives. For instance,
natural processes such as water filtration and pollination
work to clean and replenish vital natural resources. And
diverse plant species provide critical ingredients for about

a third of today's prescription drugs.

ronment Group and one of the organizers
of the conference. Indeed, as Sawhill put it,
getting involved now is a way for the util-
ity industry to “contral its own destiny.”

What is it anyway?

Biodiversity is a term that has emerged in
recent years to describe the rich variety of
plant and animal species in a natural re-
gion. Wide use of the word in the popular
prese—particularly since the 1992 Earth
Summit in Rio de Janeiro—has practically
made it a household term, alerting society
at large to thet urgency of the issuir,

Why is preserving biodivarsity so im-
portant? Liks the threads of a spider’s web,
individual species within an ecosystem ari:
interdependent. Just as the destruction of
individual threads within the spider’s web
can weaken connecting threads and—if

even thrizaten the

enough threads are lost
integrity of the entire web, the disappear-
ance of individual species from an ecosys-
tem can harm the species that rely on them
for survival and ultimately weaken the
entire ecosystem. Productive ecosystems
teeming with wildlife are not only impor-
tant in terma of aesthetic and recreational
benefita, Diverse and healthy ecosystems
also provide critical ecological benefits,
such as plant pollination, freshwater sup-




plies, soil generation, and
maintenance of the at-
mosphere’s appropriate
chemical  composition.
Diverse species have also
been a boon o modern medicine. For ex-
ample, cyclmsporine, developed from a soil
fungus, revolutionized heart and kidney
transplant surgery by suppressing thi im-
mune reaction. In fact, according to this Wi-
ley Encyclopedia Series in Environmental
Science, ongt in ten plant species contains
some type of anticancer substance and
about a third of all modern prescription
drugs contain compounds from plants
ciompounds that the plants developed to
defend themselves against various dis-
vams. Al this ime, stientists know only a
small fraction of these valuable species,
some of which are lost every year.

All facets of the daily operations of elec-
tric. powar companiss—from water dis-
charges: and  atmospheric emissions  to
dams and transmis-
sion line  rights-of-
way—can negatively
affect biodiversity. The
construction of facili-
ties necessary for the
generation and deliv-
ery of electricity re-
quires that lands bi
cleared of vegetation
and—intherase of hy-
dropower—that river
flows be altered by
dam= But since the
induslry is undertak-
ing fewer construction
projects at this time,
the primary focus for
electric utilities involved in bio-
diversity i=on activities related
to thi# operation and mainbe

nance of existing facilities, such

as power plants, dams, and clectricity trans-
mission and distribution systems. Integral
to this focus is the creative management of
the extensive land and water resources that
utilities requive for their daily operations.
Relevant lands include right-of-waw swaths,
the buffer zones of undeveloped land sur-
rounding power plants, and siles pur-
chased for power plants and other projects
never built. Water resources include utility
reservoirs, water used in power plant oper-
ations, and water that turns hydroelectrii
turbines, which supply 10% of the foun-
try’s electricity. Mattice stresees that aquatic
specii= should not be overlooked in the bio-
diversity equation, since about 45% of the
endangered and threatened species in the

United States an aguatic.

New sensitivities

iFver the years, a numbier of electric utilities
havie sought te alleviate or oftsst the envi-
ronmental impact of their businesses not
just by mecting ckisting environmental
regulations but also through voluntary
programs to preserve and enhance the nat-
ural environment. These programs have
ranged from tree-planting ventures to en-
ergy efficiency measures. The most recent
programs reflect an increased sensitivity to-

ward preserving biological diversity and

are characterized by a more holistic foius.

During the winter, endangered manatees are drawn to the warm-
water discharge at Tampa Electric's Big Bend station. The utility
operates an environmentat education center where the public can

view the manatees.

Rather than targeting individual species,
such programs consider habitats and eco-
systems; inatead of eramining individual
rivers and lakes, they consider entite wa-
tershirds

A recent survey of utilities in the Unitied

States and Lana-

Duke Power's operation of

da confirms that

the Wylie hydro plant on

utilities are begin-
ning to pay atten-
tion to biodiver-
Conducted

by the Southern

it Piedmont spider lily to
sity.

the dam.

Lompany, L aro-
Power &

Light, and ke

lina
Power, the sur-
viey showed that
54% of the re-
pondents
-.id.-rbiudi\'er--ity

an issue for their

ron-

companies, 39%

have designated

a person to track
the issue, and 19% are invalved in rissarch
on the issuis. Bime 75% kaid that biodiver-
sity should be a goal for utility resource
management, and 59% feel that the indus-
try should bit more involved with biodiver-
sity research. At this tinwe, only 24% of the
respandents have environmental paolicies
that address biodiver-
sity. “While biodiver-
sity may not b spe-
cifically mentioned in
utilities” environmen-
tal policies, natural re
source pnhancement
or wildlife conzerva-
tion i= generally in-
cluded and may be
interpreted as biodi-
versity by some but
not by others,” says
Laary Breece, assistant
to the wvice presidient
of environmental pol-
icy at the Southern
Company. The survey
drew responzes  from 64
utilities in the United States
and Canada. The 59 U5
utilities that ri=ponditd rep-
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the Catawba River in South

Carolina enables the native

thrive downstream from



resent about 64% of the electricity gener-
ated and some 60% of the area served by
the electric utility industry in this coumtry
The 5 Canadian utilities represent over half
of that country’s electricity generation and
service area.

An increased sensitivity toward biologi-
cal diversity involves paying close atten
tion to the potential for ecosystem impacts.
Ear instance, some utilities have tradition
ally stocked transmission corridors with

PARTNERSHIPS FOR PRESERVATION
Voluntary partnerships with environmental
groups like the Nature Conservancy have
helped electric utilities ensure that they
properly address the complex and varied
needs of native species and their habitats.

Public Service Electric and Gas
of New Jersey is working with
the conservancy to restore the

health of the Delaware Bay.

wild turkeys, quail, and other game species,
just as they have stocked rivers and reser-
voirs with fish like salmon and bass. Al-
though these practices appear to be a posi-
live slep for recreational hunting and fish-
ing, they should be exercised with caution,
since they can pose a threat to the “less
charismatic” species and could even push
such species out of their native environ
ments. “There is a clear need for informa-
tion and further research on the response of
native or endemic biota to such introduc-
tions,” says Maltice.
“At this time we do
not know all the an-
swers.”

This concern also
extends to plant spe-
cies that utilities in-

While en-
vironmentalists have

troduce.

praised the electric utility industry’s use of
biomass to fuel power plants because it is a
renewable fuel source, there is a concern
that the large-scale planting of renewable
biomass crops in biologically diverse ter
rain will drive out species that are native to
the area. For this reason, it is important for
biomass crops to be planted on already ho-
mogeneous, idle land, such as sites for
merly used for intensive agriculture.

Partnering for a purpose

Because of the sensitivities involved in the
biodiversity issue, it's important that utili-
ties communicate with a broad range of e x
perts. This is largely why callaborative re-
lationships among utilities, environmental
organizations, government agencies, and
community groups are becoming mare
common in environmental planning. In-
deed, partnerships of this kind are forming

the foundation of the biodiver-

Baltimore Gas and Electric has worked

with the conservancy to monitor

endangered tiger beetles that live in

sity movement currently under
way. Not only do the partner
ships tap the valuable knowl-

the beaches and dunes around the

edge of the various experts in-

utility’s Calvert Cliffs nuclear plant.
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volved in the biodi-
versity issue, they also
distribute the finan-
cial burden of biodi-
versity efforts among
many participants, cut
down on duplicate re-
scarch efforts, and re-
duce the risk of con-

JAMES T DRSPOLL

flict later on.

Utilities have teamed up with knowl-
edgeable partners on a wide range of
projects, from routing transmission lines
around sensitive areas to managing the
flow of water through dams. Several such
efforts were highlighted by John Sawhill
at the biodiversity conference. For exam
ple, Baltimore Gas and Electric has worked
with the Nature Conservancy at the Cal-
vert Cliffs nuclear plant, located in a region
that supports 90% of the population of the
endangered puritan tiger beetle. Together,
the utility and the conservation organiza-
tion developed a monitoring program to
ensure that the beetle will continue to
thrive. in another effort, Public Service
Electric and Gas of New Jersey and the
conservancy are jointly managing 15,000
acres of utility-owned land along the
Delaware Bay to improve the health of the
Delaware Estuary by restoring tidal flow to
areas that have been diked and drained.
And several years ago, Duke Power came
to the conservancy for help in siting a
transmission line through Panthertown
Valley, North Carolina—an ecologically
valuable region. The utility was able to
engineer a route for the power line that
avoided regions inhabited by endangered
species as well as scenic ar
eas popular with the public.
Duke even installed transmis
sion towers by helicopter to
avoid disturbing habitat by
road cutting.

Often utilities and their
partners share valuable infor-
mation and in-kind services,
as was the case when Geor
gia Power assisted the Na-
ture Conservancy with a ma-
jor mapping project on the
Altamaha River. In return,

COURTESY NIASARA MOHAWK

theconservancy provided the

power

company with

something it needed—
biological inventories on
company-owned proper-
ty along the river. Pro-
tecting the natural envi-
ronment of scores of na-
tive and often rare spe
cies, from the peregrine
falcon and the manatee
to the Piedmont spider lily and the Karner
blue butterfly, has been thefocus of numer
ous collaborative effortsinvolving utilities.
Utilities have also opened up ecologically
significant land within their service territo-
ries to share with the public, establishing
nature trails and natural history museLtms.
Community members have responded en
thusiastically to such efforts and encourage
utilities that cannot afford a significant fi-

nancial commitment to consider other types

GOOD RELATIONS The SaltRiver Project collaborates
with state and federal agencies and Native Americans to
protect desert-nesting bald eagles in Arizona. When a
major rock slide occurred at the utility’s Morse Mesa Dam
some 200 feet below the nest of a pair of eagles, SRP
worked with wildlife experts from these groups to deter-
mine how best to resolve the problem. Agreeing to hold
off on blasting and to operate heavy eQuipment carefully,
the utility was able to enter the area to clear the site.

of assistance, such as the provision of a
meeting place or even refreshments. As Jo
Clark of the Western Governors’ Associa-
tion puts it, “A cup of cotfee goes a long
way.”

Working in partnership with a broad
range of interests isn't always easy, but
many power companies are finding the ex-
tra effort worthwhile; not only does such
collaboration help utilities understand the
needs of other stakeholders, bul the other
stakeholders learn to appre
ciate the pressures utilities
face, too. For example, the
Salt River Project participates
in a voluntary cooperative
effort—involving state and
federal agencies and Native
American tribes—to protect

Niagara Mohawk Power
has funded research on
right-of.way management
practices that support the
endangered Karner blue
butterfly.
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desert-nesting bald eagles in
Arizona. Two years ago, a
major rock slide at one of
SRP’s dams blocked a nearby
road. The incident happened
to occur during the eagles’
fivemonth breeding season,
and one pair of the birds had
established a nest a couple of
humdred feet above the dam.

Government biologists de-
termined that any blasting
in the region was certain to
be disruptive to the eagles
but that the operation of
heavy equipment—if conducted carefuily
—could be undertaken. The utility agreed

Wildlife Service to say, "You can’t get in

there because it's breeding season,’”’ says

=5

MANAGING DIVERSE INTERESTS The
Western Area Power Administration,
which sells and distributes power
produced at the Bureau of Reclamation’s
Glen Canyon Dam, is among an increas-
ing number of utilities that are finding
they need to balance social interests
with environmental and economic
concerns. The adaptive management
process proposed for the dam seeks to
protect the humpback chub, an endan-
gered species native to the Colorado
River, while satisfying the desires of the

I

river's varied stakeholders, including

to hold off on blasting but was able to send
a crew into the area to clear the debris and
secure the rock face. The most rewarding
outcome was that the nest was successful.
“It would have been very easy for Arizona
Game and Fish and the US. Fish and

Teah Nobel, who manages SRP’s involve-
ment with the bald eagle project. “But I
think that because of our cooperative ef-
forts, we were able to get in and take a look
at what we could do.” The collaborative
bald eagle program has been credited as a

white-water rafters, farmers, Native

American groups, and municipalities.

catalyst in the downlisting of the eagle
from “endangered” to “threatened” in Ari-
zona last year.

Utilities Offset Emissions,
Preserve Biodiversity in Central America

ome electric utility efforts to pre-

serve biodiversity have ex-

tended beyond U.S. borders. For
instance, a group of US. power com-
panies is helping to conserve and man-
age a 120,000-acre tropical forest in
northwestern Belize. Called Rio Bravo,
this forest is home to over 380 bird
species and 12 endangered mammals.
All 5 of the Central American cat
species, including the jaguar and the
puma, also live there. Rio Bravo abuts
two other major reserves, creating the
largest remaining block of forest in

Central America.

The keel-billed

toucan, the national

The overall aim of the Rio Bravo

project—sponsored by Wisconsin
bird of Belize, is one

of more than 380

bird species native

Electric Power Company, Detroit
Edison, Cinergy, PacifiCorp, and
UtiliTree Carbon Company, working
to Rio Bravo. ; . 3 :

in conjunction with the Nature Con-
servancy and a nongovemment organization in Belize called
Programme for Belize—is to voluntarily offset some of the
electric utilities” emissions of carbon dioxide, which is believed

to cause global warming. (CO, emissionsarenot yet regulated.)
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The project involves the purchase of a 14,400-acre parcel of
tropical forest, which otherwise would be lost to agricultural
use, and the implementation of a plan for sustainable forestry
on an adjacent 110,000-acre parcel. “In order to protect this
land over thelong term, it has to provide an economic benefit
to Programme for Belize, the owner of the property,” says Noel
Cutright of Wisconsin Electric Power. “Otherwise, the land
will be converted to the highestvalue shortterm economic
use—large-scale intensive agriculture.” The conversion of such
ecologically valuable land to intensive agriculture would de-
stroy the region’s rich mix of animal and plant species, replac-
ing it with an environment that is virtually a monoculture. Pro-
tecting and managing this forested region not only will help
preserve its biodiversity but also will enable the forest to store
some of the CO, that would otherwise escape into the atmo-
sphere. The project is expected to capture more than 5 million
tons of CO, over a 40-year period.

The Rio Bravo project is among the first joint implementa-
tion (JI) projects initiated by organizations from the United
States. A concept introduced during the discussions leading up
to the 1992 Earth Summit, J1 describes a wide range of interna-
tional projects through which organizations in various coun-
tries collaborate to reduce greenhouse gases—particularly CO,.
JI has been formally adopted into the text of the United Na-
tions Framework Convention on Climate Change. O



Regulatory trends

Experts on all sides of the environmental
debate are shifting their focus from indi-
vidual spucies to habitats and ecosystems.
Many have expressed frustration with the
Endangered Species fct (ESA), which was
established to help preserve the earth’s rich
mix of diverse species. A key problem is
that the E5A singles out species rather than
entire communities or habitats, and protec-
tion is sought for thomse =pecies only when
they are on the brink of extinction. As
James Pipkin puts it, “To try to save th
species without dealing with its habitat is
like treating the symptom and ignoring the

illness.” Also, from a private landownir’s

perspective, [ittle incentive exists
to identify rare species on a given
site; rather there is fear thatsuch a
finding could halt existing opera-
tionz or plans for developing the
site. In the words of Mark Sagoff,
a profimsor with the Institute for
Philosophy and Public Policy at
the University of Maryland, this
encourages a mentality of “shoot,
=hovel, and shut up.” Says Sagott,
“The confrontation has got to give
way to cooperation one way or
another.”

Greatir cooperation is exaitly
what is emerging through somi

new regulatory approaches that are biring

introduced—approaches that not only fo-
cls on conserving biediversity by specify-
ing the protection of habitat but alse offer
greater flexibility to landowners. One such

approach involves the establishment of

FOCUS ON HABITAT
Emerging regulations
geared toward presery-
ing biodiversity aim to
protect entire habitats

rather than individual

species and to offer greater flexibility to landowners.
For instance, habitat conservation plans (HCPs) are
long-term agreements for protecting ecosystems while
enabling economic use of private lands. Southern
California Edison is one of 11 landowners participating
in an HCP established to protect coastal sage scrub
habitat and 42 of the species that live there, including
the coastal cactus wren (left), the Calitornia gnat-

catcher (right), and the orange-throated whiptait lizard.

habitat conservation plans (HL Ps)—long-
term agreements aimed at prolecting com-
munities or ecosystems while enabling eco-
nomic use of private lands. “The Clinton
administration has recognized that imple-

mentation of the Endangered Species Act

" can be improved by exercising

s greater administrative flexibility to
minimize socioeconomic effects
and ensure fair treatment for land-

‘ owners,” Pipkin explains. HCPs

: typically specify an approach for

protecting multiple species and

their habitat whilie allowing for
some business activity in a given
region, and they usually involve
some level of financial support
from the landownir. Thoze who
collaborate with government agen-
cies to develop these plans are not
subject fo later demands for more
money or land to conserve the

species. Says Pipkin, “A deal is a

deal, and development can pro-

cired without the prospect of addi-
tional mitigation requirements.”

One of the first HZPs to be

established involves the partic-

§ ip?ltinn of 11 landowners in Or-

ange County, California, in-

cluding Southern Califor-
nia Edison. This HLD, de-
veloped as part of the pilot
pragram of the state’s ™at-

ural Communities Conser-

vation P]anning Act, was
established specifically to
protect coastal sage scrub
habitat and 42 of the spi-
cies that live there, includ-
ing a tiny songbird called
the California gnatcatcher, which
has been listed as threatened since
1993. Approved in July, the pilot pro-
gram westablishes a 39,000-acre re-
serve made up primarily of land
contributed by the participating
landowners. These participants have
alsa contributed a total of £10.6 mil-
lion in mitigation fees that will be
placed in an endowment. Interest
from the endowment will cover the re-
serve's yearly budget for management, in-
cluding a reserve manager and two staff
biologists. A nonprofit board of directors
(composed of representatives of the land-

owners, Orange County, the California De-
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partment of Fish and Game, the U.S. Fizh
and Wildlife Service, and the community)
oversees the reserve’s operation. Land-
owners will receive permits for current and
future projects identified in the HCP. Those
not electing to parlicipate in the program
will have the future option of paying a per-
acre mitigation fee or developing their
own HCP.

The land Southem California Edizon hag
contributed to the reserve includes two
transmission rights-of-way, one of which is
500 feet wide and consists of 94 acres that
are designated to link habitat in the reserve
with another planned conservation area. [n

return, SCE will receive a permit for opera-

Several southeastern utili-
ties have worked with

local conservation &3
departments to
inform the public
that reducing
beach lighting during the
months when sea turties hatch

increasas survival rates.

tion and maintenance activities associated
with this line. The second right-of-way lies
within the reserve and consists of a 105-acre
linear parcel. SCE will get a permit for the
operation and maintenance of existing lines

on this right-of-way and for any impacts

Ve

refated to the installation of
several future transmission
structures associated with a
planned substation to be lo-
cated on property adjacent to
the preserve. Although the
bulk (99 acres) of this parcel
will soon be sold, the utility
has agrewd to sell only to a
party that will keep it in the reserve.

San Diego Gas & Electric created its own
subregional HCI” aimed at protecting biodi-
versity in coastal sage scrub and other habi-
tats, including pine forests. This plan speci-
fies the protection of 110 species throughout
SDG&E's service ferritory, including the Cal-

Research Addresses Biodiversity Needs

etermining how best to

ginning to take shape as a pub-

the Department of Energy,

scientific research could ad-

preserve and enhance
biodiversity in a com-
petitive business environment
is no easy task, Policymak-
ers on all levels—from locat to
regienal to global—need an-
swers to critical scientific ques-
tions in order to make the best
decisions,
Fertunately, research organi-

The Automated Wildlife
Surveyor (AWS], shown here
with an optional photovoltaic

system, uses microphone
technology to monitor witdlife.

zations like EPR! and other
groups concerned about the
biodiversity issue are getting
an early start. “We are at a great
advantage with biodiversity
because thie topic has only re-

cently emerged and is just be-

lic policy isaue,” says Myra
Fraser, EPRI's manager for
wildlife and terrestrial ecology,
who was part of the team that
organized the Managing fer
Bicdiversity conference held in
Williamsburg, Virginia. “This
means we can work to ensure
that biodiversity research ad-
dresses the questions that are
most critical to the needs of de-
cision makers.” Ensuring that
scientific research addresses de-
cision makers” needs is pre-

cisely the goal ef the Biodiver-

A researcher analyzes patterns resulting
from AWS recordings of frogs in the wild.

sity Uncertainties and Research
Meeds (BURM) project, which is
funded by the US. Environ-
mental Protection Agency, the
Bureau of Land Management,
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International Paper Company,
the National Biological Service,
the U.S. Forest Service, and
EPRI.

The BURM project has in-
volved interviews with some
100 decision makers in govern-
ment and nongevernment or-
ganizations operating at local,
state, regional, national, and in-
ternational levels. The group in-
cluded natural resource and
land managers, members of
environmental quality groups,
and policymakers from pub-
lic organizations like
the US. Senate En-
ergy and Natural Re-
sources Committee
as well as private or-
ganizations like the
Environmental De-
fense Fund.

Armed with the
information  gath-
ered on the specific
needs of these deci-
sion makers, the BUR™ project
sponsors  commissioned 30
leading natural and social sci-
entizts to examine the needs

and identify which of the issues

dress. A workshop then
brought the scientists and deci-
sion makers together to exam-
ine the research that would be
required to address decision
makers’ needs and determine
the probability of success. Re-
sults will be published in a re-
port that is expected to be re-
leased this fall and will be
available through EPRI. The
document will serve as a guide-
tine that EPRI, the federal gov-
ernment, and others can use to
help steer the course of biodi-
versity research into the most
useful areas.

In the meantime, research or-
ganizations like EPRI are pro-
gressing with projects already
under way. The following are
just some of the tools EPRI has
developed to assist with the
biodiversity issue.

H Automated Wildlife Sur-
veyor Developed as a more effi-
cient and cost-effective means
than traditional approaches to
monitoring wildlife populations
(such as manual on-site aobser-
vations), this device is designed
to be left unattended at the



ifornia gnatcatcher, the San Diego horned
lizard, and the northern red rattlesnake. Ac-
cording te Don Rose, senior land planner for
the utility, the service territory incorporates
75% of ther country’s remaining coastal sagr
scrub habitat, and this type of vegetation oc-
cupies most of the land that is left to be de-
veleped fer such uses as heusing and utility
projects.

Under the plan, which was approved in
Peocmber and is currently administered by
the U.S. Fish and Wildlife Service and the
California Department of Fish and Game,
none of the regular permits typically re-
quired by the ESA will be necessary. In-
stead, the utility can—over a 25-year pe-

location ef the species being
monitored. An array of sophis-
ticated microphones and a
computer equipped with noise
pattemn recognition software
help gather information up to
24 hours a day on single or
multiple species. The data are
then processed using an artifi-
cial intelligence system.

® RAMAS codes The RA-
MAS library of ecological soft-
ware was developed specifically
to help utilities perform biodi-
versity risk assessments. Users
can consltruct and analyze mod-
els of single and interacting
species populatiens. Applicable
to aquatic and terrestrial plant
and animal species, the seftware
can predict species abundances
and fluctuations, spatial and
temperal population distribu-

riod—disturb up to 408 acres (about half a
square mile) of natural area within its 4000-
square-mile service territory for reutine
projects like the use, maintenance, and re-
pair of mxisting gas and rlectric systems, as
well a= typical expansions of these systems.
To compensate for the areas disturbed in
the course of such routine prejects, SBC&E
has purchased 240} acres of other natural
land that will serve as a “mitigation bank.”
If the utility uses up more than these 240
acres, it must purchase additional mitiga-
tion land. And if any more than 408 acres
of natural area are disturbed over 25 years,
the agreement must be revisited. However,
only 124 acres are expected to be disrupted

This map from RAMAS/GIS shows the distribution of coastal

sage scrub and other vegetation in Orange County, California.

during this time frame.

The plan does not allow for more-signifi-
cant expansions of SDG&E's system, such as
new power plants (which still have to be
evaluated on a case-by-case basis). Since
avoidance of impact is the primary thrust of
the plan, field crews are required te attend
regular classes about werking in environ-
mentally sensitive areas. Also, as part of the
agreement, SDG&E must provide certain
rights-ef-way for use as wildlife cerridors
to connect the region’s conservation areas.
SDG&E considers the HCP approach much
more time-efficient than obtaining ESA per-
mits on a preject-by-project basis. And the
approach offers the certainty that the utility

ada that might be especially
vulnerable te climate change.
The report estimates the mag-
nitude of the threat imposed by
climate change and presents a
means of identifying endan-
gered plant species that might
suffer from increases in mean
annual temperatures. Such in-
fermatien can be used to de-
velop conservation plans to pro-
tect the vulnerable species.

H CompMech models Fx-
pecled Lo be available late this
year, this suite of modeling
teols was developed te help
utilities assess the response of
fish populations to such power
plant impacts as impingement
en intake screens and turbine
blades and exposure to warm-
water discharge. Applicable te
the spectrum of North Ameri-

tions, and extinction probabili-
ties. The series currently in-
cludes three main codes: RA-
MAS/age, RAMAS/stage, and
RAMAS/GIS.

B Watershed Analysis
Risk Management Frame-
work Wetland degradation,
water diversion, urbanization,
and other factors continue to

disturb fish-spawning habitats,
nursery grounds, and the over-
all biological integrity that de-
termines water quality. This
model, a useful aid in water-
shed management, can help
utilities and other stakeholders
identify where and when water
quality problems may occur in
a given river basin. The model

helps users pinpoint causes of
specific environmental prob-
lems and derive cost-efficient,
environmentally effective solu-
tions.

a Climate change report
This EPRI study (TR-103330) rep-
resents a first attempt to iden-
tify the vascular plant species
in the United States and Can-
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can fish species affected by
suich impacts—including striped
bass, trout, walleye, and yellow
perch—the models can be used
to compare the consequences of
alternative power plant operat-
ing scenarios and can even aid
utilities in evaluating the effec-
liveness of various mitigation
measures. El
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will be able to operate and maintain ex-
isting facilities and to build new facili-
ties in protected areas. If all goes well,
SDG&E will be able to renew its permit
for a total of up to 55 years.

Biodiversity—in context

In managing their operations with re-
spect for biodiversity, electric utilities
are finding that they mustalso carefully
consider the social implications of their
plans for a specific resource. One ap-
proach that allows for the consideration
of ecological, economic, and social issues
in utility planning is called adaptive
management. This approach has been
proposed for application at the U.S. Bu-
reau of Reclamation’s Glen Canyon
Dam. While the adaptive management
concept is not new, its application to
hydropower opera-
tions is in its in-
fancy, and its per
formance at Glen
Canyon Dam would
be a significant test
for the process. A fi-
nal decision on the
proposed plan is
expected from the

pas !

simply being careful not to disturb the natural environ-

secretary of the in-
terior by early next ycar

Located on the Colorado River in
Arizona, just north of the Grand
Canyon, the Glen Canyon Dam con-
trols the flow of a water resource
sought by many types of users, in-
cluding white-water rafters, trout
anglers, farmers, municipalities, and Na-
tive American groups. The construction of
the dam has had negative environmental
impacts, including the prevention of big-
river fish species from moving upstrcam.
But there have been some positive results
too, particularly regarding biodiversity. In
fact, significant improvement in biodiver-
sity downstream of the dam was among
the findings reported in an environmental
impact statement released by the Bureau
of Reclamation. For instance, marshland,
which was formerly rare in the Grand
Canyon, has developed downstream of the
dam because of a more stable annual river
flow. And areas once barren because of an-
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Ak : (o A g sity can go beyond

ment. In 1993, American Electric Power built a new
habitat, Gavin wetlands {bottom), to provide a stable home
for various native species. In another case, AEP helped
preserve the Sandusky Bay wetlands (top) by transferring

ownership of that natural habitat to the state of Ohio.

nual spring flooding are now colonized by
vegetation. Because Lake Powell, the reser-
voir above the dam, acts as a sediment
trap, downstream water clarity has in-
creased; this has enabled diverse new
aquatic plants and related insects to estab-
lish themseives, providing a food base for
other insects, lizards, bats, and birds. Some
of these new and diverse species are prey
of the endangered peregrine falcon, which
has as a result become more prevalent in
the Grand Canyon.

The primary aims of the adaptive man-
agement plan for this site are the recovery
of the humpback chub, an endangered fish
species native to the river, and the manage-

CREATIVE RESOURCE
MANAGEMENT
Efforts to preserve

and enhance biodiver-

ment of the many inter
ests in the dam. How-
ever, says Mark Wier
inga, an environmen-
tal protection specialist
for the Western Area
Power Administration,
the utility that sells and
distributes power pro-
duced at the dam, “It
is assumed that if cer
tain natural resources
are protected through
proper management de-
cisions, modified as ap-
propriate through the
adaptive management
then the in-

creased biodiversity of

process,

Glen Canyon and the
Grand Canyon should
be protected as well.”

Under the proposed
plan, those providing
input through the adap-
tive management pro-
cess would include federal and
state agencies, state governors,
Native American tribes, aca-
demic and scientific commu-
nities, environmenta!l organi-
zations, and the recreation in-
dustry. A working group com-
posed of representatives of the
various interest groups would
be responsible for the plan’s
framework and management
direction. A technical group
made up of experts from each of the partic
ipating entities would take the policies and
goals developed by the working group,
translate them into resource management
objectives, and recommend specific actions.
An independent monitoring and research
center administered by the U.S. Geological
Survey would coordinate the monitoring
and research needed to meet the plan’s ob
jectives. Finally, a review panel, also inde-
pendent, would provide a quality check for
the plan.

Adaptive management is attractive be-
cause it emphasizes the role of science as
a basis for decision making. But there are
drawbacks too. After all, science itself can



be subject to interpretation, and conten-
lious issues can remain contentious. The
decision pracess can also be expensive and
time-consuming. Mevertheless, with so
many competing interests for water re-
sources today, a collaborative management
process involving input from various users
is almost mandatory for utilities with hy-
dro plants. Wieringa =ays, “Hydropower
plant operators wha ignone other views
and values in the operation of their facili-
ties risk incurring the wrath of river and
reservoir users, as well as damaging nat-

ural resources.”

Competition factor

A more compelitive business environment
is encouraging utilities to listen closely to
their many stakeholders. “Electric power
providers are not namadic busingsses that
caneasily pick up and move Lo uther parts
of the world. Rather, they depend on long-
term relationships with the communities
they serve—communitiss and consumers
that have a vital interest in the protection of
regional land and water,” says Kurt Yeager,
president and CEO of EPRI. “Especially
when consumers have a choice, as they will
in our increasingly deregulated business
enviranment, energy providers who disre-
gard their environmental stewardship do
20 at their own con=iderable peril.”

In some ca=u=, the pressures of competi-
tion are increasing the incentives for wuiili-
ties to dedicate land to conservation, there
by benefiting biodiversity. Historically,
many companies have maintained vasl
property holdings in order to have land for
future generation projects. In loday’s more
competitive environment, such a land
management strategy is neither practical
nor prudent. Instead, utilities with Jarge
land holdings are seeking ways to imprave
shareholder value through the gradual and
deliberate disposal of these land assits.
Resulting land divestitures include efforts
to protect ecologically diverse and valu-
able property. For instance, Duke Power
worked with the Nature Conservancy to
sell 6000 acres ot Panthertown Valley,
North Carolina, tv the U.S. Forest Service,
helping to ensure that thiz area—somi-
times called thi Yosemite of the East—will
be preserved. In a similar deal, Duke

worked with the North Carolina Wildlife
Resources Commission and the Mature
Conservancy ko sell the commission over
5000 acres along the Green River in upstate
North Carolina—a scenic and biologically
rich natural area.

Despite the incentives that exist for en-
hancing biodiversity, the mounting vom-
petitive pressure forcing electric utilities to
focus on the bottom line is generating some
very real fears that environmental budgets
may shrink significantly. Indeed, many
utilities have experienced drastic cutbacks
in the environmental area. Those involved
in utility environmental programs urge
others to document any savinge resulting
trom their efforts. Dick White, vice presi-
dent for environmental services at TL Elec-
tric, says he has established a system that
encourages his gtaff to report such dollar
savings. Actording to White, records for
1995 show that hi= environmental services
staff saved the company %19.5 million—
nearly $5 million more than the staff’s $15

Georgia Power, Alabama Power, Carolina
Power & Light, and Northermn States
Power are among the wutilities that have
participated in peregrine falcon recovery

programs.

million budget for that wear. “Keeping
track &f whal you do and what the savings
are is something every one of you needs Lo
be doing,” #aid White, addresking utility
representatives at the Managing for Biodi-
versity conference. “You must communi-
cate these savings to the business groups
that you support. They are your clients,
and they need to know that your programs
are cost-effective,”

The support of upper management has
been repeatedly cited as essential to the

toundation of a =uccessful ecological mis-
sion. Dale Heydlauff, vice president for en-
vironmental affairs at American Electric
Power, says that AEP has gone through two
major restructuring periods and in both in-
stances wound up with mare people on its
environmental staff. Heydlauff notes that
eavironmental leadership is one of the
company’s corporate goals. AEP's wide-
ranging environmental projects include a
number that offer direct benefits to biodi-
versity—the creation of new wetlands and
the enhancement of existing ones, for ex-
ample, and the donation of ecologically
valuable land tos conservation organiza-
tions, “Maybi: wir're just lucky that we've
got a CEQ with a high degree of envi-
ronmental consciousness,” says [leydlaufl.
“He puts a high priority on these issues.
Bul [ actually believe this is the prevailing
envirenmental ethic of the industry today.”

Many feel that the current trend toward
cutbacks in the environmental area will be
short-livied, As W. R. Woodall Jr,, vice pres-
ident of environmental policy
at the Southern Company, sess
it, thie public’s high expecta-
tions will help keep the biodi-
versity issue in focus. “Green
awareness for corporations is
still very real and is a goal for
most utilities,” he says. “Utili-
ties are still very concerned
about what the public thinks
af them.”

Regardless of whether indi-
vidual electric utilitie= feel they
can invest in the biodiversity is=ue at this
time, many agree that the industry is well
pusitioned to offer valuable input. “As an
industry, we can shape a truly broad, bal-
anced, rational, and cost-effective reaponse
to environmental challenges,” says Yeager.
"1 think that electric utilities, with EPRI as
the focal paint of the industry’s R&D, will
have to take a position of leadership. It's
going to be up to us to provide the basic
scientific findings needed to reach consen-
sus on how best to meet the demand for
cnergy while maintaining environmental
health and diversity.” .

Background mformaticn lor #1s arficle was provided by
Myra Fraser and Jack Matfice af the Environment Groud
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Cooling

any electric utilities ars
still
nomic impact that re-

feeling the wco-
cent major envirsnmen-
tal initiatives—such as
those rilated to the control of emis=ions
that cause acid rain and to the installation
of continuous emissions monitors—have
had on fosdil power generation. Mow
another wave of legislativir and regu-
latory activity, compliance effort, and
putential cast s on the horizan. The
first major round of rovisions to the na-
tion’s clean water laws in a decade i=
being planned in Congress, at the U.S,
I'nvironmental Protection Agency, and

by regional commissions and individ-

intake structures

ual statie=. What-
evir changes are
eventually en-
acted, they will
almost certainly
extend and tight-
en aquitous pil-
lutant discharge
permit limits and
other rules that
apply mo every
utility facility that withdraws water
from a public source for power plant
cooling or other uses

As with earlier sweeping environ-
mental overhauls, the economic stakes
for utilities—which account for half of
total surface freshwater withdrawal
in the country—are high. Possible
changes include the elimination of the
use of |h||l]'il"l|', chemical di-.charg;-
limits =et at or below detection levels, ne-
viged intake fish protection performance
criteria, and new cooling tower require-

ments to limit thermal discharges. If all the
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praposed or suggesied revisions are ulti-
mately adopted and applied in the most
conservative way, the industry could face
as much as 70 billion in additional costs,
according tis FPRI and industry estimates.

Laws and regulatory programs aimed at
improving water quality and maintaining

safie drinking water standards have become

Wastewater ponds

Cooling towers

WATER RESOURCES CRITICAL TO
POWER GENERATION Electric utilities,
which account for half of total surface
freshwater withdrawal, rely on water
hoth for cooling fossil and nuclear power
plants and for hydroelectric power
generation. In recent years, the focus of
water quality management has shifted

from controlling point-source discharges

of pollutants to managing environmental outcomes and impacts, with trace levels of

toxic substances a key issue. Improved scientific understanding of the environmental

components of the utility water cycle—water sources, power generation process

systems, water impoundments, basins, watersheds, wetlands, streams, estuaries,

and oceans—will help inform ongoing policy and regulatory debates,

a battlisground of congrisssional politics in
recent yiars, Efforts toturn back kety prow-
sions or to restrict the EPA’s autharity Lo
rarry out rispon-
sibilities mandat-
ed by

Congresses

previous
have
muostly been un-
successful. Mean-
while, leégizlation
to update the Safe
Drinking  Water
At was  passed
by Congress and

Water treatment systems

signed by President Llintan in August,
Amendments to the more encompassing
and proscriptive Clean Water Act legisla-

tion, though stalled in the current congres-

sional apssion, are likely to come up for a
viate' next yar.

Owing to two recent triends that repre-
sent something of a departure from the
past, water quality policy issuss are ex-
pucted to continue to evolve in an atmo-
sphire of unecertainty over the next few
yitars, albeit with more-favorable prospiscts
fir incrased regulatory flexibility in imple-
menting new requirements. While rules to
protect aquatic and related #cosystems are
expected to brcomi more restrictive, the op-
portunities to apply risk-based assesament
methods and coat-benefit analyses of miti-
gation measures appear to b improving.

The firat trend i= that, in contrast to the
historically Washington-driven, top-down
nature of the federal water quality laws
and regulatory eslablishment, the momen-
tum behind the upcoming revisions to the
Llean Water Act is largely the product of
a regional, transnational srganization—ths
[nternational Joint Commission on {ireat
Lakes Water Quality. LInder the aegis of the
commizsion—i=tablishisd by a 1974 treaty
bistween Lanada and the United States and
camposed of representatives of the eight
states and two provinces in the Lireat Lakes
Basin—a major review of water quality



standards and requirements for Morth
America's largest freshwater ecosystem
has been taking place for several years.

With the EPA’s encouragement and co-
funding, the review—known a= thir Great
Lakes Water Quality Initialive, or GLI—has
introduced a number of important new
concepts into the framework for protecting
the long-term ecclogy of the Great Lakes.
These concepts are likely to have far-rizach-
ing effects on all industries and municipal-
ities that use the resource. Of paramount
concern to utilities in the region is a goal of
zero discharge of chlorine, whose elimina-
tion az a biofouling contnal agent in power
plants would haye a substantial operating
impact. The initiative ha= also targeted key
hisavy metals like mercury and sélenium,
suggesting pussible discharge limits lower
than can reliably be detected. For mercury,
for example, a discharge limit as low as
0.0013 microgram per liter could be estab-
lished on the basis of water quality criteria
for wildlife protection. The bioaccumula-
tion of various trace chemicals—including
heavy metals and organic compounds—in
the food chain of animals in a watershed
and the quality of bottom sediments far
dawnstream from pollutant
discharges are other new ar-
eas of concern.

“The Great Lakes Initia-
tive’s published intent con-
tains provisions that are
more stringent and go much
further than the proposed r
additions to the Clean Wa- |
ter Act,” says Bob Brock-
scn, EPRI target manager |
for land and water quality, |
health and risk assessment.
“Although the GLI i= cur-
rently intended only fer the h

viewed as a model for other emerging re-
gional water quality initiatives, including
one focused on the Gulf of Mexica,

Seviral states and municipalities in the
Great Lakes region have already launched
tegal challenges to some of the GLI's pro-
pesed revisions to water quality standards
and required practices. But as matters now
stand, the states hawve until March 1997 to
initiate or develop plans for implementing
provisions oullined under the GLI or face
additional EPA mandates, “We're trying Lo
help utilities anticipate these provisions,"”
says Brocksen. “We're develiping analyti-
cal tools and generating information and
data that will help =suppart #fforts to maks
the provisions as practical and achigvable
as possible.”

The second recent trend is the willing-
ness of EPA and even state regulators to
consider risk-based and cost-benefit crite-
ria and to allow their use in discharge per-
mit filings. “The EPA now has a ‘talk to me'
pulicy for permit holders and applicants
that is very different from the command-
and-control, by-the-book approach of the
past,” says Brocksen. “If utililies can pro-

pose acceptablé tools and methrdologius

Utility Concerns
 Plant discharges and distribulions

for risk assessment, the regulators are will-
ing to listen and work with them to reach
solutions. The door is still open for good
science and logical arguments.”

Critical areas of utility concern

If the past is prologue, there is good reason
to expect that many of the GLI's proposed
revisions to water quality rules for the
Great Lakes region could find their way
inter legizlation next year to revise the
Clean Water Act’s national water quality
standards. According to Winston Chow,
EPRI target manager for pollution previn-
tion and waste and water management, the
Joint Commission on Great Lakes Water
Quality teok the lead in the 1970= in identi-
fying and setting threshold concentrations
for somi2 56 priority pollutants, including
chlorine. These were later adopted on tha
federal level by the EPA, and still later the
list was expanded to 126 pollutants. The
commission’s concerns about chlorine led
to a reduction by the EPA of allowable util-
ity residual chlorine discharge concentra-
tion= to 0.2 milligram per liter (for a maxi-
mum of 2 hours per day) under the last
major nevision of thie Clean Water Act, in

EPRI Responses
PISCES database and model

Paliutant measurement and analysis

Fchus on selected metais, metalloids, and
" bioaccumulative chemicals in downstream

'iﬁdirnems

e -
‘Uncertainty of control technology
performance

| —
-rpiEi:harge limits at or below deteclion tevels

'.Wblhods qualification studies
New definitions for compliance monitoring

ﬂ!th Utility Water Act Group)
| Metals speciation methods
emical and biological translators
' General Toxicity Model

QombMe_ch models
E'Tri' ce metals control strategies
 PISCES field test data
| Technology evaluations

--Iﬁegr_ated watershed risk assessmenl

- RIVRISK modet

Great Lakes, most observ-
ers regard it as precedent-

Intake fish protection

i‘Ejlacls of new design requirements for
fish protection on plant operations and
fish poputations

e

L ake structure performance dalabase
Fish protection system studies

|

| CompMech model: fish populations

=etting and believe that the
new requirements, methods,
and procedures it calls for
represent the next genera-
tion of national water qual-
ity regulations.” Indeed, the
GLI’s integrated watershed
managemint approach and
other features are being

" Thermal discharge

- Assessment of impact on downstream
:'ojod‘wersity

T B —
' Potential requirements for new plant

- coaling towers and other cooling options

f hermal discharge database
4
|f:6mpMech model: thermal conditions

KEY REGULATORY ISSUES Several key issues and areas of concern to electric utilities are
emerging in proposed revisions to the Clean Water Act and related regulatory initiatives to tighten
standards for protecting water quality. EPR! has important R&D programs in place and information

products in development that can help utilities respond to the evolving changes.
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New York State Electric &
Gas Corporation’s coal-fired
Kintigh plant on Lake Ontario

1986.

tions of selected heavy metals

Allowable concentra-

spex ie—s=uch as= iron, copper,
chromium, and zinc—in aque-
out discharges wifre alzo re-
ducid at that time.

Now the joint commission
is proposing to effectively ban the use of
chlorine with a zero-discharge limit. The
utility industry has searched extensively
for several vears for an acceptable and
cost-effective subslituie biocide, but o
far without succes=. The unavailability of
chlorine for use in controlling biofouling in
power plant intake pipes could pose sub-
stantial technical difficulties and extra

costs for utilities.

A zero-discharge target for chlorine i= °

only oni of many is=ues that could trans-

late into major new capital and operating

costs for utilities. Another involves so-
called intaki credits for the existing levels
of chemicals in water withdrawals. In a
break with past practice, thisi credits will
apply only under limited circumstances
and criteria. “This means that if a utility
withdraws water already containing 9 parts
per million of copper and the standard is
1 ppm,” say= Brocksen, “the utility has to
trirat the water and reduce the copper level
to mewt the standard prior to discharge.”
The GLI's use of bioaccumulation fac-
tors to derive human health and wildlife
criteria—criteria that are encompassed by
thi integrated watershed management ap-
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proach—can lead to viry restrictivie con-
taminant limits for chloring, for heavy met-
als like mwrcury, and for organic com-
pounds like polycyclic aromatic hydro-
carbons. Moreover, the use of defined mix-
ing zones in which discharges are allowed
to excerd limits briefly before dilution is on
thiz way out. For all bisaccumulative: con-
taminants of concern, there will be an im-
mediati prohibition on thie use of mixing
zones for all new discharges; the use of
zones for existing discharges will be pro-
hibited after 10 years,

GREAT LAKES INITIATIVE: IMPETUS FOR CHANGE
Much of the momentum for revising the federal
Clean Water Act comes from changes already being
adopted regionally under what is widely known as
the Great Lakes Initiative (GLI), The initiative is the
product of the International Joint Commission on
Great Lakes Water Quality, an advisory commission
established by treaty between the United States
and Canada and composed of representatives of the
eight states and two provinces that ring North
America’s largest freshwater ecosystem. Among

other proposed water regulatory changes, the GLI

has set the framework for adopting zero
aqueous discharge limits for toxic sub-
stances that are biologically or environ-
mentally accumulative and for some

metals species.

The GLI proposes three tiers of water

quality and antidegradation criteria, with
different time frames for implemeentation
and compliance. This approach will result
in the listing of moriechemicals, and thecri-
teria for listing will be based to a greater
degree on limited data and the application
of safety factors. “In other words, under
the GiLI, stater regulators can chiose to bre
very consérvative and are not necessarily
going to base criteria on any new science,”
Brocksen izxplains.

An ability to meet a standard implies a



capability of measurement at that lisvel.
The GUI's guidance for miercury is one bil-
lionth of a gram per liter, which experts say
is near or below the limit of dotection, At
PRI, Chew and his group are working to
identify mone-practical detection limits for
regulatory filings and decision making,

Alsin, wildlifie water quality is becoming
a kev factor in deriving water guality guid-
ance, which could lead to a further lowir-
ing of discharge limits to protect particular
threatened species. “Thew’re moving fur-
ther up the foad chain in establishing wa-
ter quality standards,” saya Chow. “Previ-
ously, aquatic life was of primary conaern,
but now included are animals that feed on
aquatic life—migratory birds, for example

so the ramifications are far-
reaching, literally.”

The GLI propeses to set stan-
dards for allowable concintra-
tins af bisaccumulativie chemi-
cals in lake bottom sediments
and banks far downstream frem
discharge sources. Brocksen's
group is working to better un-
derstand this aspect and to pen-
erate data that can support a
ca=: for reasonable regulation.
“In the caze of chlorine, for
example, the bioaccumulative
compounds of concern have not
been detected in receiving water
bodies at levels that are per-
ceived te be a threat,” points
out Brocksen. His and Chow's
groups plan to work together to
obtain sediment samples from
plant water systems, plant dis-

charges, and puini= downstream
for the purpose uf conducting parallel field
and laboratory ecnlogical studies. Thess
studies will assess the bioaccumulative
risks of chemicals in sediments.

The Gl ha= also called on the 'S, and
Canadian governments to develop research
strategies for addressing the air deposition
of toxic substances in the Grsat Lakes Basin
and to expand the definition of persistent
toxics to include radioactivie pollutant spe-
cies emitted by coal-fired piwer plants.

The potential cost of GL1 compliance to
utilities in the Great Lake= Basin was stud-
ied by EN5R Consultants in 1993. The ana-

lysts estimated costs for all the initiative's
tighter standards under a worst-case sce-
nario and tallied the results. For waste
streams other than noncontact cooling wa-
ter, LL] compliance could invelve as much
a $1.4 billion in capital costs and $200 mil-
liom a wear in additional operating and
maintenance costs. For converting once-
through cowvling systems to cooling towers
and treating the blowdown before dis-
charge, capital costs could run as high as
213 billion, with an extra 3890 million a
year in (&M coats. Thee eatimates include
potentially higher regulatory compliance
costs for nuclear as well as fossil plants in

the region.

A proactive EPRI response

As with previous environmental regula-
tory initiatives with potentially major cost
implications for the electric utility industry,
EPRI is mounting a broad, multitargeted
R&D response to the evalving tougher
clean water rules. The response integrates
efforts by two EPRI groups. Work in the
Lieneration Liroup focuses on detecting,
measuaring, and characterizing chemical
discharges in power plant aqueous waste
sircams and on the evaluation and engi-
neering of contral technologies. Work in
the Environment Group foruses on deyel-
oping pri¢dictive analytical models that re-
late utility chemical discharges with down-
stream water quality levels, project the ulti-
mate environmental fate of the discharged
=ubstances, and assess ecosystem impacts.
The groups will gather the data and pro-
duce the analytical tools utilities will need
ti navigate the empectsd murky, choppy
witers of the Clean Water Act revisions
and, eventually, to develop site-specific
compliance plans,

Buyond water toxics, the GLI's integrated
watershed management approach iz also
likiely to be reflected in nméwrites of the
Clean Water Act sections that relate to ther-
mal discharge limits and to fish protigtion
at power plant cooling intake structures.
Significant new requirements in either of
thesi: aras could have major capital and
operating cost implications for utilities.

“It is imperative that EPRI's work pre-
cede the enactment of the various clean
water statute revisions so that electric utili-

tiescan be proactive in responding as legis-
lation taki= shape,” says Chow. “Our R&D
results will help utilities get ahead of the
curve this time around, unlike the case
with some earlier rewrites of environmen-
tal rules.

“We're working hard to ensure that util-
ities can have confidince that the data and
tools we are developing will be applicable
tia =pecific sites and will provide means of
extrapolating and interpreting discharge
and other data in strategically meaningful,
stientifically supportable ways. In part,
that means wit are using data-gathering
methods that will ensure there will be no
argument dver how the data were col-
lectied, only perhaps disagreements about
their interpretation. This was not always
thi= casi in the debates about acid rain or
MCBs and dioxing.”

Additional measurements to quantify
and characterize power plant aqueous
waste streams are planned this fall under
EPRI's PISCES (Power Plant Integrated Sye
tems: Chirmical Emissions Studies) pro-
gram. These plant discharge measurements
will supplement an existing 180,000-record
PISCES database, nearly one-third of which
relates to aqueous waste streams. The new
data will fill kev gaps in knowledge about
the sources, concentrations, amounts, and
particular spezies of chemicals emitted by
utilities in aqueous waste streams, includ-
ing cooling water discharge, ash ponds,
and storm runoff. Related work will qual-
ify applicable sampling and analytical
methods

Such infirrmation will enable the PISCES
power plant cheémical assessment model to
predict the pathway=s of trace chemicals in
power plant process streams and to esti-
mate discharge amounts. These results will
provide utilities with important capabili-
ties for use in reporting aqueous emissicns
under the Toxic Release Inventory rules,
whose exension to electric utilities has re-
cently been propoesed. And utilities can use
these sami¢ tiols for developing pollution
prevention strategiiss and envirenmental
benchmarks for plant operations.

Better data on utility aqueous emissions
—data with known precision and reliabil-
ity—will help improve the realism and
credibility of chemical and bialogical trans-
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PISCES FILLING KNOWLEDGE GAPS Power plant
aqueous discharges contain trace amounts of toxic
substances like metals, acids, and organic compounds,
and stricter proposed regulatory limits will increase the
need to understand the bebhavior, environmental transfor-
mation and transport, and ultimate fate of such sub-
stances in greater detail. EPRI’'s PISCES project is filling

key knowledge gaps by characterizing toxic species in

f il plant pro and waste streams. Since its incep-
tion in 1988, PISCES has amassed an unparalleled body
of information about fossil plant chemicals. It is a
cornerstone of EPRI’s efforts to define the health and
environmental risks of such trace discharges as a basis

for utility risk management and regulatory compliance.

EPRI-developed
laboratory quality
assurance-quality
control design guides
help utilities exert
more control over
subcontractor
analyses and perform S
some sampling and

analysis in-house.

EPAI PISCES Model: Unt 1

I E

Configure Plant Trace Set P Ged Results Cose Serzion
Ar V D Cooling System
3 @ Cooling Towes
1. Fuel Type Treatmenl System ~ C Fieth Once-Tivough
|| T Overafl Plont Intet | C Saline Once-Though
wra A s =]
B B Dometlic Water Diert
{F I Caolimg Water
2. Combustion [™ Tawet Slip Stream | NPDES
B Wastewater C Recovered
‘ | "~ Water Diagram : Cooling Tower

3. Flue Gas Cleanup mLiess

)@ v

4 Water Syslem

5. Waste Diquul

C Plani Di
@ Water l;‘:;:l

The PISCES model enables utilities to predict process

flows and trace discharge rates from input on plant

equipment, fuels, reagents, and makeup water.

PISCES is improving
trace metal measure-

ments through the use
of rigorous sampling
procedures, cleaner
reagents, and more-
sensitive analytical

equipment.

A 180,000-record relational database

lets users explore the correlations

between toxics discharges and differ-

ent fuel and equipment combinations.

24 EPRIJOURNAL  September/October 1996



latar methedologies being developed un-
der Brecksen’s program. As their names
imply, the methodologies can be used re-
spectively to translate discharge concen-
tratiens into downstream water concentra-
tions and to translate chemical concentra-
tions downstream into biological impacts
on aquatic life.

Bioazzay= and animal toxicological stud-
ies yield the dose-response data that pro-
vide the critical hink between environmen-
tal concentrations of chemicals of interest
and balanced assessments of the risks of
aqueous chemical discharges to fish popu-
lations, other aquatic life, and other ani-
mals in a watershed, as well as te human
hizalth. EPRI has prodiiced a number of spe-
cific models for such rizk asses=mientz and
is developing others that will prowide criti-
cal information for evaluating the overall
cconomic costs and benefits of alternative
management strategics and contrel tirch-
nologies.

EPRI is planning the second annual In-
ternational Clean Water Conference fer
March 25-27, 1997, n Baltimorne, at which
progress and early results of the Institute’s
R&® response to anticipated changes in
water quality regulations will be presented.
Hested by Baltimore Gas and Electric
Company and cozponzered by various na-
tional and international organizations, the
conference will stress the need for defensi-
bile scientific atudies as the basts fer water
quality regulation and new technology,
both in this country and abroad.

Suportinity IoeTisk-hased
assessment
The underlying value to utilities of the re-
sults of EPRI's multielement R&D response
is not that they will fend off significant re-
visions to clean water legislation, If the GLI
is indeed a presage, the statute revisions
may well conlain provision= that are not
supported by =olid environmental data or
science, Brocksen warns. But it will be in
the regulatory review and analysix of com-
pliance plans in permit filings that utilities
may hope to find an openness to ratienal
trade-offs among risks, costs, and benefits.
“In the past, the EPA regulated primarily
on the basis of best available control tech-
nology,” says Chow, “but now it"s more

willing to acknowlidge that risk assess-
ment metheds have come a long way over
the years. The agency seems to agree that
we can increasingly rely on these risk mod-
els to give us perspective on the likelihood
of specific events so that we can better un-
derstand their censequences.”

In fact, the EPA recently acknowledged
the validity of EPRI'S rizk azsessment ap-
proach to the development of a chemi-
cal translator fer aque-
ous emisions, which
was, in effect, an im-
proved version of an
earlier approach pub-
lished by the EPA. “We
took what they had and
produced a readable,
uzeful risk assessment

tool for chemigal trans-

HELPING UTILITIES
DEMONSTRATE
COMPLIANCE From
extensive interlabora-
tory validation studies,
EPRI developed
revised definitions for
compliance monitoring

detection levels and quantitation Jevels for trace metals.

Clean Water Act does allow for risk-based
as=essment, then we have many tools that
can help utilities. We still nexd te generate
additienal information in order to make
the assessments more realistic or robust for
a given issue, whather it is of a chemical or
a mechanical nature.

“As the national political debate over
revisions te the Clean Water Act comes to
a head, it's important to remember there

is no evidence at this
that
tric utility operations

juncture elec-
cause acute problems
for the environment
ar human heaith as
a result of aqueous
dizcharges. All of the
renewed ¢oncern s
bazed on
tions

assump-
about long-

term, chronic expo-

sure te substances
eventually  coming
back inte soluble

form. The utility in-
dustry has an oppor-
tunity to make a dif-
ference—with  good

science and defensi-

These definitions reduce the risk of false-positive measure-

ble measurementz—

ments and resulting discharge permit violations, which can

cost as much as $25,000 a day in regulatory penalties. The
projected value of avoided penalties to EPRI members of the

Utility Water Act Group over the next decade is $52 million.

lation for utilities,” say= Brocksen. “Mow, in
an unprecedented develepment, the EPA
has decided to join EPRI and the Litility Wa-
ter Act Group in jointly publishing our im-
proved, accepted methodology.”

Both the House and Senate versions of
legislation revizsing the [Clean Water Act
incorporate the use of risk assessment
methodology inwhich costs as well as ben-
efits are considered. The principal paint of
contention has been the threshold dollar
cost at which projects would require risk-
based assesament.

“l think that in many cases our utility
members are ahead of the curve in water
guality regulation as a result of the werk
that has already been done in term= of both
emissions discharge data and ecological as-
sesaments,” says Brocksen. “If the revised

in the way things ul-
timately work out.
“i_learly, thwere is
strong public sup-
port for maintaining the nation’s water
quality and preventing deterioration that
could threaten aquatic life, wildlife, or hu-
man health,” Brocksen concludes. “Ourjob
&5 ta help the utility industry be responaive
to the public’s expressed desire in a man-
ner that is cansistent with good environ-

mental science.” n

Further reading

Ctaan Waler: Factars That influence its Avaidability Quahty,
artd Use. Edited by Winston Chow, Robert W, Brocksen
and Joe Wisniewski Bordrech! Nathedands: Kluwer Aga-
dsmic Publishers, 1996

Backgreund inlermalion for this article was provided by
Rotert Brocksen of the Environmen! Group and Winslon
Chow af the Generatien Greup.
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H
t ] THE STORY IN BRIEF Assessing the condition and
remaining life of high-temperature power plant
components can help a utility optimize inspection
and maintenance schedules, make replacement de-
cisions, and avoid premature equipment failure.
Recent advances in this field make it possible to
operate some power plants well beyond their nom-
inal design life, with tremendous potential savings.
The first step in conducting life assessment is to
determine the present condition of a component.
EPRI has championed a three-level approach to this
task: calculations to screen for potential damage,
nondestructive evaluation to detect degradation
and cracks, and refined analysis based on destruc-
tive testing. In thin-section components, rupture
results from uniform, bulk damage. In heavy-sec-
tion components, on the other hand, failure results
from cracking in localized regions of stress concen-
tration. For components that are brittle and either
highly stressed or subject to high cycle fatigue,
crack initiation essentially signals the end of life.
However, for components that are stationary or
made from highly ductile steels, crack propagation
can be tolerated up to some critical level, and pe-
riodic inspections can help keep the component in
service. Research on advanced methods for assess-
ing material condition nondestructively and more

accurately is continuing.

by John Douglas




y the year 2000, nearly 70% of
U.S. fossil plants (43% of the na-
tion's fossil generation capac-
ity) will be more than 20 years
old, and many critical compo-
nents will be approaching the
end of their nominal design life.
At the same lime, ulilities are finding it
economically attractive to extend the use of
these plants for several more years, often
under the more severe op-

Work managed by EPRI’s Strategic R&D
staff has improved on condition assess-
ment capabilities by increasing the funda-
mental understanding of several degrada-
tion mechanisms and developing tech-
niques to determine how far degradation
has progressed in specific plant compo-
nents. From this research have come a vari-
ety of guidelines, software, and other prod-
ucts developed by several EPR! business

Life Assessment (CARLA) Support Team
{see sidebar). “Because of recent progress
in this arca, many utilities may be able to
realize the economic benefits of operating
their plants well past their nominal design
life of 30 to 40 years, with accuunulated sav-
ings in the billions of dollars. Over the past
decade, EPRI has emerged as the world
leader in life assessment for high-tempet--
ature power plant components, not only

through its support of pi-

10°

erating conditions associ- L
ated with cycling duty. In L
anticipation of these trends,
EPR1initiated a wide-rang-
ing program of research
nearly 10 years ago to de-
velop new techniques for
assessing the actual remain-

ing life of high-tempera- T

14 years

ture power plant compo-
nents. As a result of this 4
decade-long effort, utilities

6.6 years

have been provided with
new life assessment tools
that can be used not only
to extend the viability of
older plant components but
also to improve the opera-

Time 1o Rupturs [hours)

J ), -
tion and maintenance of 105

new equipment. L

Being able to estimate
more accurately the re-
maining useful life of ma-
jor high-temperature com-
ponents, such as boilers and -
turbines, better enables a
utility to make decisions

oneering research in this
area but also by develop-
ing crossdisciplinary ex-
pertise that is available to
our members through the
CARLA Support Team. This
expertise brings a very
strong value-added com
ponent to what wedo.”

Actual life versus
design life

Although the term design
lifie is often applied quite
loosely to indicate the ex-
pected term of service for
almost any power plant
system, its metallurgical
definition is restricted to
hightemperature compo-
nents subject to creep—
the progressive, timede
pendent deformation and
failure that result from
prolonged exposure to ex-
tremes of heal and slress.

In principle, low-temper-
| |

about when to repair or 101950-
replace various pieces of
equipment, how often to
inspect them, and how
to change plant operat-
ing conditions in order {0
avoid premature failure or
replacement. In addition to
otfering such opportuni-
ties to contain operating and maintenance
costs, life assessment is critical for making
plant-level life extension decisions, which
have become increasingly important as
utilities seek to provide least-cost genera-
tion in preparation for a more competitive
environment.
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EFFECT OF TEMPERATURE The life expectancy of power ptant compo-
nents may be quite sensitive to changes in operating temperature. For
example, at 9.5 ksi stress, a temperature increasgz of only 20°F can
decrease a steam fube's time to rupture from 14 vears to less than 7.

increase in temperature.

groups to support utility decision making
abcut what to do with aging equipment.
“Condition assessment has gained strate-
gic importance in recent years,” says Vis
Viswanathan, manager for materials appli-
cation technhology, Strategic R&D, and
leader of EPRI's Condition and Remaining

1080 ature metal components,
such as water pipes,should
last indefinitely. They are
generally designed on the
basis of simple strength,
and the primary failure
mechanism of concern is
brittle fracture, brought

As a rule of thumb, component life is about halved with each 20°

about by excessive pres-
sure or degradation resulting from cor-
rosion.,

For components that operate above
about 900°F, however, both deformation
and fractwring inherently depend on how
long the components have been operated
under specific conditions of temperature



and pressune. The design

metal, %PE also relies on the

stress of these components is

analysis of deformation and

usttally based on the expec-
tation that they will either
rupturne i reach an allow-
able amount of strain in
100,000 hours. When further
safety factors and service
conditions are considentd,
this figure translates into an

Crack Size

operating life of approxi-
mately 30 to 40 years.

The actuat life of high-tem-
perature components, how-
ever, may be very different

from their initially specified
design life. A component de-
signed to operate at 1000°F
for 40 years, for cxample,
could have its life reduced
to only 57 years if operated
at 1050°F. Othar factors that
can reduce the life expec-
tancy of componints include
increased load cycling, cor-
rosion, embrittlement, and
unanticipated stres=es. Lon-
versely, several factors—
such as generous safety mar-
gins, relaxation of stresses,
good materials properties, and conserva-
tivie operation—may allow a component to
last far longer than its design life,

Given these uncertainties, the central
problema in assessing the life of high-tem-
perature components are how to determine
their present cenditien, estimate how long
they can continue operating reliably and
efficiently under given conditions, and
evaluate the need for replacement or repair.
Lifee assessmint generally requires thrve
kinds of information: the degree of damage
that has already occurred, the current rate
of damage accumulation, and the amount

of damage required to cause failure.

Three-level approach

In order te obtain and analyze the nee-
essary information on high-temperature
power plant components, EPRI research
has developed a three-level approach to life
aszessment. According to Barry Dooley,
Htrategic R&D's manager for boiler and cy-

cle chemistry, “Each level requires more-

—— Crack size at failure
Crack growth

Ductile material

of microstructural changes
by surface replication and
micri=copy techniques. Ad-
vanced NDE methads like
x-ray diffraction, magnatic
measurements, positron an-

nihilation, and hardness-

s
E g and density-based methods

tion. These techniques have
greatly improved the abil-
ity to detect incipient dam-
age befere cracks form.

Service Life

FAILURE SCENARIOS A number of factors must be considered in
assessing the effect of crack growth on the life of thick-section
components. For example, if the metal remains ductile, the compo-
nent may he able to stay in service for its full design life, despite
considerable crack growth {point 4). On the other hand, much
smaller cracks can cause failure in embrittied metal (B), allowing
less crack growth before a component must be retired. Unantici-
pated factors like excess cycling, temperature excursions, or
corrosion can accelerate crack growth, further shortening service
life {C). Conventional nondestructive evaluation (NDE) techniques
are effective in monitoring the growth of a crack once it appears; the
detection of incipient damage requires advanced NDE methods.

accurate data and more-rigorous analysis
than its predecessor and in turn provides a
bitter estimation ol residual life.”
First-level assessment employs caleula-
ticnal methods to scriren equipment for po-
tential damage. The calculations are based
primarily on manufacturers’ design speciti-
cations and on previous ulility operating
experience with the type of component in
question. To add res= the numerous inaccu-
racies inherent in these methods, EPRI re-
searchers hawve developed ways ta check
the validity of the damage rules and to
correct for degradation factors, such as in-
service oxidation and softening,
Mondestructive evaluation (%DE) meth-
ods repredent the second level of life as-
sessment, providing a compromise  be-
tween simple, first-level calculations, on
the one hand, and detailed analysis and
large-specimen testing, on the other. [n ad-
dition to using standard diagnostic tech-
niques, such as ultrasonics and dye pene-
trant, for finding and sizing cracks in

are also under investiga-
_ Third-level assessment in-
T volves more-refined atress
analysis and crack growth
analysi=s and the determi-
nation of actual materials
properties through destruc-
tivie testing. Because such
destructive tests generally
require the removal of sig-
nificant samples from oper-
ating equipment, they are
relatively costly and are
used only when other meth-
ods do not provide enough
information. Research em-
phasis has been placed on developing
ways to miniaturize the =pecimens ra-
quired so that their removal is less costly
and disruptive.

e T G
Once the condition of a power plant com-
ponent has been determined, the xpected
time to failure must be estimated, primarily
in order ta =chedule future maintenance
and inspection activities. [n somat cases,
such as catastrophic fracture or rupture,
equipment failure i= self-evident; but many
times, more-subtle failure criteria must be
applied. Ultimately, component replace-
ment is an economic derision, which
means thal failure must be defined in terms
of the inability of key equipment to per-
form safely, reliably, and cost-effectively.
Clearly, catastrophic failure—such as the
bursting of a steam pipe or the breaking
loose of a turbine blade—can ¢nsate intol-
crable eapense, both in terms of worker

safety and in terms of an extendizd plant
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outage. Each day of farced
outage in a 500-MW power
plant may costas much as
$500,000 to £750,000, and
the failure of a major plant
component can lead to
outages as jong as a year,
Even if catastrophic faituri
is not at issue, however, a
variety of uther considera-
tions may lead a utility to
decide that a piece of
wquipment has failed in
economic terns,

4 traditional, conserva-
tive approach has been to
replace ctitical components
in a plant after 30 or 4
vears, without further sup-
porting evidence of im-
pending failure. In other
cases, a component is con-
sidered to have failed once
the frequency of nepairs or
the loss of operating effi-
ciency has rendered fur-
ther operation uneconom-
ical. Inereasingly, howevar,
utilities are relying on in-
spection-bazed failure cri-
teria or destructive test-
ing to indicate the current
damage state of metals in
high-temperature compo-
nents.

In the most common
scenario, failure occurs lo-

cally at welds and in arcas

CARLA: Life Assessment Expertise On-Call

any life assessment methods use technologies from various dis-
M ciplines, and their application often cuts across traditional utility
boundaries. To help bridge these gaps and aid utility members with spe-
cific problems, EPRI has established the Condition and Remaining Life
Assessment (CARLA) Support Team. To date, the documented savings
by individual utilities from CARLA activities exceed $400 million.

The CARLA Support Team brings together EPRI staff members from
Strategic R&D and the Generation, Nuclear Power, and Power Delivery
Groups to accelerate cross-disciplinary research, coordinate technology
transfer, and provide consulting services to utility members. Team mem-
bers also collaborate with peers around the world to address specific
high-priority issues. In one ongoing program, for example, CARLA sci-
entists are working with colleagues at Electricité de France, ENEL of
ltaly, and Taiwan Power Company to develop advanced weld repair
technology for use in both fossil and nuclear plants.

The team conducts some original in-house research; this has included
the analysis of failure mechanisms in seam-welded piping and the de-
velopment of new techniques for evaluating generator retaining rings. It
also initiates studies by external contractors—for example, ongoing
work to develop advanced MDE technology and to assemble compre-
hensive failure mechanism databases for common utility materials and
components. Mechanisms of degradation in low- and medium-voltage
cables have also been a subject of intense CARLA research. Current proj-
ects are addressing the development of methods to assess the condition
of utility cables, insulators, and motors and to estimate the performance
of polymeric materials in utility applications.

As part of their outreach function, team members research and write
guidelines prescribing remaining life assessment techniques, serve as
internal consultants for project managers in EPRI business groups, and
provide rapid-responze service to utility members. For example, CARLA
and NDE Center staff recently helped a utility evaluate an aging turbine
and determine that it could safely continue to operate the turbine, thus
avoiding premature replacement. 0

in the case of high- or in-
termediate-pressure tur-
bines. Such blade failures
ritprisent  the leading
cause of steam turbine
unavailability and cost
American utilities mone
than $100 million each
year. Equally disturbing
is the fact that repsat fail-
ures are on the rise, indi-
cating that current repair
methods may not be ade-
quate.

Although the general
antecedents of failure are
well recognized, an EPRI
survey nevealed that the
specific cause of blade
failure could not be de-
termined in some 40% of
the cases reported. Subse-
guent research hasz thus
focused on providing the
analytical capability not
only to predict memain-
ing blade life but also
to provide a birtter un-
derstanding of the root
causes of failure. The re-
sult is the computer pro-
gram BLADE (Blade Life
Algorithm for Dynamic
Evaluation), which con-
structs a dynamic model
for a blade group in order
to calculati: vibration char-
acteristics and local strain

of stress concentration. To assess the signif-
icance of abserved damage, twa primary
variations of this failure scenario are gener-
ally considered: one in which crack initia-
tion essentially signals the end of life, and
another in which crack propagation can be
tulerated up to a critical tevel. Initiation-
controlled failure usually applies to com-
ponenis that have losw toughness or that
ate thin, highly stressed, or subject to high
cycle fatigue. Esamples include boiler
tubes, older turbine rotors, turbine blades,
and embrittled components, Thit detection
of flaws in such components is tantamount
to a finding of faiture. Propagation-con-

trolled failure usually applies to compa-
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nents that are relatively thick, such as
buoiler headers and steam lines, or that are
made from highly ductile steels with slow
crack growth, such as modern turbine ro-
tors. For componints like these, failure as-
sessmient calls for both detection and =izing

of flaws,

Turbine blades

Steam turbine blades suffering from metal
fatigue as a result of ¥ ibration are an exam-
ple of a component for which erack initia-
tion is regularly used as the criterion ol fail-
ure. This degradation may be exacerbated
by corrosion, in the caze of low-pressure

turbines, or by creep and embrittlement,

responses. L0 the basiz of this simulation,
BLADE predicts when cracks will occur in
high-stress regions,

“Utility engineer= can usie BLADE to di-
agnose the cause of specitic blade failures
after they oocur or to evaluate alternative
operating and maintenance procedures
to prevent further failures,” says Tom Mc-
Closkey, manager of steam turbine re-
search in the Generation Group. “lIt can
also be used to develop improved blade
tonfigurations and procurement guidelines
that can help avoid future problems.”

One of the first utilities to apply BLADE
was Southern California Edison, which
had experienced blade failures in its



low-pressure steam turbines. Using the
BLADE analysis, SCE engineers were able to
successfully retrofit a harmonic-damping
shroud in the utility’s turbines, saving an
estimated $1.3 million at one generating
unit alone. In another application, the Ten-
nessee Valley Authority used BLADE to an-
alyze the potential advantages of replacing
conventional stainless steel blades with ti-
tanium alloy blades in low-pressure tur-
bines at several fossil plants.

In the case of combustion turbine blades,
a life prediction code called REMLIFE has
been developed. This was made possible
by extensive thermalmechanical fatigue
data and damage rules developed in the
course of EPR] research.

Creep cavitation assessment

In boiler headers and steam pipes, creep is
a major cause of cracking, with damage
most likely to appear in localized brittle te
gions, such as those near welds. Usually,
the first sign of creep damage is the forma-
tion of microscopic cavities at grain bound-
aries of the heat-affected zone near a weld,
which eventually coalesce and expand into
cracks. The evolution of such creep cavita-
tion can be used to provide an estimate of
servicelifealready expended and of the ac-
tions required to prevent failure.

Building on earlier basic research in Ger-
many, EPR! has pioneered the application
of an %DE technique to measure creep cav-
itation by replicating the topography of a
metal surface on a plasticfilm.Firstthe sur
faceis polished and

tection of creep damage at a very early
stage.

Four classifications of creep cavitation
have been identified by means of the sur
face replication technique: Class A, isolated
cavities; Class B, oriented cavities; Class C,
microcracks; Class D, macrocracks. These
classifications have also been correlated
with the expended life fraction for com-
monly used types of steel, providing a ba-
sis for setting inspection intervals.

At the extremes, according to the origi-
nal approach, Class A damage probably re-
quires no action until the next inspection,
while Class D damage probably warrants
immediate repair, Establishing a detailed
inspection schedule, how-
ever, must also take into ac-
count quantitative correla-
tions between the extent of
cavitation and the creep life
consumed. Moreover, the

remaining useful life is a ‘

function notonly of thecur-
rent cavity classification but
also of the duration of prior
service. Using a more so
phisticated approach devel-
oped by EPRI, OG&E Electric
Services found that it could
conduct 508 fewer annual
inspections than originally
planned on heat-affected
zones of steam pipes in its
older plants, for expected
savings of $801,000.

.
DISPL . CONTOUR

etched; then a soft

ened acetate tape
is applied and al-
lowed to dry. Upon
removal, the tape
faithfully reprodue
es a negative rep-
lica of the metal
surface, which can
be examined un-
der a scanning elec-
tron microscope for
signs of cavitation.
The procedure is
quick, inexpensive,
and widely applica-

ble and allows de-

Superheater and reheater tubes

Unanticipated failures of superheater and
reheater tubes represent one of the most
prevalent causes of forced outages in fossil
fired power plants. Periodic life assessment
can substantially reduce such outages. The
most common failure mode in these tubes
is creep deformation, which can lead to
rupture. Traditionally, utilities have used
calculational methods to estimate remain-
ing tube life; but to be accurate, the physi
cal models involved require a detailed
temperature and pressure history for each
tube section in question. Such exposure
data are generally not available, given the

wide variation in temperature distribution

BLADE FAILURE A leading

cause of steam turbine un-

availability is blade failure,

which can follow rapidly after

the first appearance of crack-
ing. To predict when such
cracking will begin, the BLADE
computer program calculates
the vibration characteristics
and local strain responses of a

given group of turbine blades.
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across a tube bank, so conservative as-
sumptions are usually made.

EPRI research has addressed the uncer-
tainty in the calculation approach by pro
viding an altemative NDE approach that, in
effect, provides an equivalent temperature
history for specified locations on
a tube wall. This approach takes
advantage of the fact that the op- | '
erating temperature of
the tube metal continu-
ously increases during
its service life because of
steamside scale build-
up. The extent of such
oxide scaling can easily
be measured by using
ultrasound inspection or
direct sampling. Once
this
been obtained, a utility

E
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information has

can use the recently de-
veloped computer pro-
gram TUBELIFE to calcu-
late the amount of creep
damage that has accu-
mulated over time and
can thus estimate re-
maining service life. The
code incorporates con-
siderable new knowl-
edge regarding oxide
growth kinetics, fireside
corrosion kinetics, and
applicable stress formulations.

“The process of measuring oxide thick-
ness and using the TUBELIFE code has be-
come the industry standard for managing
superheater and rehcater component life,”
says Rich Tilley, manager for boiler life op
timization in the Generation Group.

In a typical application of TUBELIFE, Ari-
zona Public Service used the methodology
on tubes from a superheater assembly at its
Four Corners station. By thus improving its
tube maintenance and replacement sched
uling and minimizing the need for tube
sample removal, the utility estimates that it
will avoid having to purchase some 3.5

million MWh of replacement power.

Predicting rotor life

Managing the life of a steam turbine rotor
can be particularly tricky: sudden cata-
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strophic failure, in which the rotor literally
splits apart during operation, can be spec-
tacularly destructive; however, rotors are
so expensive that premature replacement
can put a strain on capital reserves. Tradi-
tionally, crack initiation was used as the

T s failure crite-

i

L
rion 1n the

o |

case of cracks

Fracture

i 1 Micro-
]: —( } j cracks
Oriented

Isolated cavities

cavities

Operating time

CREEP CAVITATION A leading cause of metal cracking is the time-
dependent deformation of a metal at high temperature, a phenome-
non known as creep. Such damage is often manifested as
cavitation—the formation of microscopic cavities at grain bound-
aries, which can coalesce into microcracks. This progression can
be monitored by using a special acetate tape to take a “fingerprint”
of the metal’s surface; the surface topology replicated on the tape

{photo} can then be examined under a microscope.

in the rotor bore, but with the emergence
of highly ductile clean steels and more-
sophisticated analytical capabilities, the ap-
plication of crack propagation criteria has
become more common.

A major EPRI contribution to rotor bore
life assessment came with the development
of the SAFER (Stress and Fracture Evalua-
tion of Rotors) computer program, now
available for use on personal computers.
SAFER analysis begins with a presct model
of a generic rotor, which is used to assign
initial default values. The user then im-
proves on this average rotor profile by en-
tering additional information on a specific
rotor. In particular, ultrasonic inspection
data can be used to provide important in-
formation about flaws and defects in the
rotor EPRI has quantified the uncertainties

associated with this tvpe of inspection pro-

y Macro-
cracks

cedure. SAFER analyzes the data to esti-
mate whether clusters of small flaws are
likely to merge and form more-serious de-
fects.

Among other calculations, SAFER deter-
mines how stress and temperature are dis
tributed in the rotor. On the basis of met
al fracture toughness, crack growth, and
other materials properties extensively quan
tified by EPRI, the program then
predicts the number of oper-
ating cycles required for flaws
to reach a critical size. It also
shows the probability of failure
atany time in therotor’s remain-
ing life.

In one typical application,
Rochester Gas and Electric used
SAFER to conduct an indepen-
dent analysis of a 34-year-old
rotor whose manufacturer had
recommended immediate re-
tirement after the discovery of
numerous small flaws near the
boresurface. The SAFER analysis
indicated that the rotor covild be
safely restored to service by en-
larging the bore to remove all
tlaws. By doing so, the utility
estimates it realized one-time
savings of $1 million. When the
SAFER users group conducted a
review of other applications of
the program by 39 utilities on
more than 100 rotors, it estimated aggregate
savings of approximately $168 million.

Small-punch testing

The assessment of component fracture pro-
ceeds under the assumption that the metal
in question has retained its original tough-
ness—that is, its resistance to cracking. If
the metal has become embrittled in service,
however, its tolerance for cracks is reduced
and the critical crack size at which sudden
failure occurs may decrease precipitous-
ly Unfortunately, directly measuring the
toughness of metal in most heavysection
components, such as turbine rotors and
pressure vessels, has required destructive
testing of multiple samples. Because re
moving such samples from in-service
equipment is impractical, indirect calcula-

tions are generally used to estimate tough-



ness on the basis of very conservative as-
sumptions—the result being #mall critical
crack size predictions, rhort lifetimes, and
frequent inspection requirements. With an
increasing need to control maintenance
costs, the search for a more accurate, less
expensive way to measure toughness has
become a high research priority.

Thie toughness of metal is usually char-
acterized by the parameter fracture tough-
ness, or K, —the critical stress intensity at
which fracture occurs. This parameter typ-
ically varies with temperature: many met-
als become more brittle, and thus are more
likely to crack, under colder conditions. /s
a result, providing a longer warm-up pe-
riod for power plant companents can help

prevent damage.

equivalent to a few shevts of paper. Such
specimens can be removed nondestruc-
tively from component locations that would
otherwise be difficult to access. To deter-
mine when crack initiation occurs, a video
camera with a magnification of about 50X
monitors the specimin being tested. The
die assembly is rontained in an environ-
mantal chambier so that temperature can be
varied around the FATT point.

In initial email-punch-test experiments,
researchers measured the e#nergy required
to crack specimens of representative power
plant metals and found that the amount of
energy differed sharply at various tempir-
atunes, depending on whether the metal
wag in its brittle or ductile state. The small-

provide a mathod of determining K, di-
rectly and even more accurately, without
ther need for using FATT as an intermediate
parameter.

Utility applications of miniature sample
riemoval and small-punch testing have re-
vealed thee overly conservative nature of
conwentional FATT assessment techniques.
In many ases, the improvied accuracy has
enabled the utilities to avoid unnecessary
precautionary measurnss without incrrasing
the risk of failure.

The firsl utility demonstration of small-
punch testing, for example, involved an
analysis of a steam turbine by a midwest-
ern utility considering whether to imple-
ment manufacturer-recommended opira-

tional changes that would

Since measuring the K, of R . - ; reduce the turbing’s cost-
in-service equipment directly 2::::;:‘2127awsi;:':“m;:::lzizz:?:::::: PR eHfectiveness, The manu-
is seldom practical, the para- 35— : facturer indicated that the
meter is usually estimated by toughness of the turhine
using its empirical relation- 30— 8 ° ° O rotor had been campro-
ship to the temperature at (] mised, as shown by an
which the fracture behavior { 25— o estimated near-bare FATT
of a material changes. This of 218°C. Such
fracture appearance transi- ol a relatively high
tion temperature (FATT) sig- trapsition  tem-
nifies the point below which ° perature  would
a nutal becomes brittle and s 15— mean that each
above which it is ductile. oL time the turbine
Unfortunately, the standard ! 10— o/ | was started it
test specimens necessary for o ‘ would  operate
measuring FATT are also too 5} e e R —  for an unascepi-
large to permit routine sam- ﬁl’::?nt:::;::’p A ably long peried in its
ple removal from operating o | | | | | i brittle state, increasing the
equipment. [} 5 10 15 20 25 30 35 40 probability of cracking.

A ling-term nissearch pro-
gram sponsored by EPR! has
produced several innovative
techniquiss for estimating
FATT, including metal etch-
ing and chemistry-based cal-

culations. Cine of the muast

removed from service, ultrasonic techniques have been shown to

important new methods is
the smali-punch test, a di-

it mevhanical test for mea-

Metallurgical Measurement (mils)

CALCULATING TUBE LIFE The remaining life of superheater and
reheater tubes is ltargely a function of temperature history, which
can be calculated with EPRI's TUBELIFE code from the amount of
oxide buildup on the inside of the tubes. While oxide thickness can

be measured by metallurgical examination of actual tube samples

data can be taken at many more locations, allowing problem areas

to be pinpointed faster and more accurately.

suring component material

toughness. This method, which is relatively
inexpensive and essentially nondestructive
to implement, uses a punch-and-die appa-
ratus to test miniature specimens. The
specimens are disks with a diamater about
half that of a shirt button and a thickness

punch-test transition temperature, in turn,
i directly correlated with the FATT of the
material—providing a far more convenient
way to determing this key parameter and
thus estimate K, . Following this work, the
small-punch test was further enhanced to

Thet manufacturer thus
recommended  prewiarm-
ing the turbine before
startup and also schedul-
ing more-frequent inspec-
tions—both unacceptably
expensive measures under

the vircumstances. When

be an accurate nondestructive substitute. With ultrasonics, oxide

small-punch tsts werecon-
ducted on four miniature
specimens, however, the
best-estimate near-bore FATT was found to
be only about 77°C, indicating that the
proposed vperating changes could be re-
laxied. Furthermore, this reduction in FATT
translates to roughly a fourfold increase in
tolerable crack size, with comparable in-
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creases in predicted rotor
lifetime and in inspection in-
tervals. The direct measure-
ment of K,_ by small-punch
testing yields an additional
increment in such benefits,
which can make the differ-
ence between continued safe
and economic operation and
immediate replacement.

Recently, small-punch tests
have also been used to deter-
mine the embrittlement of nu-
clear reactor vessel materials
caused by extended expo-
sure to radiation. Without an
accurate method of detirmin-
ing K,_directly, some reactors
may have to be prematurely
shut down and others may
have to be constrained in
terms of operational flexi-
bility because of potentially
overly conservative assump-
tions of embrittlement. Ex-
periments have demonstrated
the feasibility of =mall-punch
testing for measuring radia-
tion embrittlement, and fur-
ther research is under way to
firmly establish this frasibil-
ity through tests on a variety
of pressure vessel materials.

“Results o far have also
shown that small-punch tests
can be used to determine the
effectiveness of thermal an-
nealing to restors toughness
in radiation-embrittied reac-
tor vessel steel,” says Bob
Carter, manager for system
and component integrity
technologie= in the Muclear
Power Group.

Emerging trends

“Advanced life assessment
techniques can help utilities
reduce operating and main-
tenance costs significantly by
optimizing their operating,
inspection, and maintenance
procedures and intervals,”
concludes Vis Viswanathan.
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SMALL-PUNCH TESTING An
innovative way to measure
the toughness of component
metal directly is small-punch
testing, which requires only
miniature samples whose
removal is essentially
nondestructive to the compo-
nent. A test specimen is
placed in a punch-and-die
apparatus, where its dis-
placement is measured as a
function of the load. A video
monitor determines when
cracking begins to occur. As
the graph shows, It takes
much less energy to cause
failure in an embrittled
specimen than in a more

ductile specimen.

“The techniques can also save
on capital costs by preventing
premature retirement of key
plant components. As a resuit,
we can expect to see more use
of on-line monitoring and de-
cision-making tools, coupled
with better tracking of plant
operating history and im-
proved databases on materi-
al= properties. Innovative NDE
techniques, such as small-
punch testing, will also con-
tribute significantly, as will
improved signal processing
and new pattern recognition
methods. I expect EPRI to re-
main a world leader in this
field a& we continue to explore
basic materials properties and
degradation pracesses and to
use this new understanding to
develop even more advanced
life assessment tools for ulility
application.” =

Background information tor lhis arlicle
was provided by Vis Viswanaihan and
Barry Dcoley of Strategic R8D, Tom Mc-
Closkey and Rich Tilley of the Generatian
Group, and Bob Carter of the Nuclear
Power Group.
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ment. Brock=en first joined EPRI in 1979
as a senior program manager for ecolog-
ical studies. He left the [nstitute in 1983
Lo become thar director of the Wyoming
Water Research Center and a professor
at the University of Wyoming’s Depart-
ment of Zoology and Physiology. He e
turneed te EPRI in 1993, Earlier Brockssn
held faculty positions at the University
of California at Davi= and the University
of Tennessee; werked fer the Mational

Technical sources for Journal feature articles

Marine Fisheries Service and for Qak
Ridge Mational Laboratory; and was ex-
ecutive director of Living Lakes, an in-
ternational surface water remediation
demonstration program. He received a
BS in fisheries, an MS in fisheries and tox-
icology, and a PhD in fisheries, physiol-
ogy. and limnology—all from Oregon
State University.

Winston Chow, target leader for pol-
lution prevention and waste and water
management in the Generation Group,
joined EPRI in 1979. Before that, het was a
power plant design engineering super-
visar at Bechtel Corporation fer seven
years. Still earlier, he worked for Ray-
chem Corporation on polymer research
and development. Chow holds two de-
grees in chemical engineering—a B&
from the University of Califarnia at
Berkeley and an MS from Zan Jose State
University—and an MBA from San Fran-
cisco Htate University. =

igh Value for Condition Assess-

ment (page 26) was written by sci-
rnce writer John Douglas with the as-
sistance of Vis Viswanathan, Strategic
R&®’s manager for materials application
technology. Viswanathan came to EPRI
in 1979, following 14 years with this West-
inghouse Electric Corporation R&D Cen-
ter, where he worked in metallurgical
applications and evaluations for nuclear
and high-temperature systems. While on
a year’s leave from Westinghouse, he
served as manager and head of metal-
lurgy at the R&D Center for the Indian
Heavy Flectrical Industry. Viswanathan
received a BS deyree in chemistry from
Madras University and a BE in metal-
lurgy from the [ndian [nstitute of Sci-
ence. He also holds an ME in metallurgy
from the University of Florida and a
PhD in the same field from Carnegie
Mellon University. =
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Koreans, EPRI Explore EMF
Effects on Sheep

EPRI and the Korea Electric Power Re-
search Institute (KEPRI) are collaborating
on a twoyear animal study in the United
States that will help evaluate the possible
cffects of electric and magnetic fields (CMT)
on the immune system. The study, which
involves the examination of sheep living
under a 500-kV transmission line, is also
designed to assess whether any resulting
effects are related to the electric fields or to
the magnetic fields.

Cd
Researchers are studying the immune systems of sheep
living under a 500.kV transmission line in Oregon.

South Korea is experiencing a growth in
electricity consumption ol about 10% an-
nually. In order to meet this increased de-
mand, KEPCO, the republic’s only electric
utility, will have to double its generation
capacity in less than 10 years. Deliveting
enough power to Seoul, where about 25%
of the country’s population lives, present:s
a significant challenge. KEPCO plans to
erect two 765-kV transmission lines that
will run to Seoul (one from the east coast
and one from the west coast), cutting
through some populated areas on the way.

The study got under way late last year at
a site near Portland, Oregon, with initial
support from the Bonneville Power Ad-
ministration. Earlier, BPA conducted a sim-
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ilar study over a six-month period at the
same site. That study concluded that the
sheep’s exposure to CMI' suppressed their
immune systems. “We wanted to take a
closer look at the questions the previous
study raised,” explains Kris Ebi, EPRI's
manager for the project. “We felt it was
necessary to examine the response of the
animals’ immune systems over a much
longer period and to separate the poten-
tial effects of electric fields and magnetic
fields”

The new study is examining two groups
of 15 sheep housed in separate pens under
a 500-kV line in BPA's ser
vice territory. One of the

pens is shielded to signifi-
cantly reduce electric fields,
while the other is not. A
third pen, situated away
from the line, houses 15 ad-
ditional sheep thatare serv-
ing as a control group. Re-
searchers will take blood
samples from the sheep
and test them in a labora-
tory to determine how the
animals’ immune systems
respond. Because a sheep’s
immune system is similar
to that of a human being, the study results
may offer some indication of the response
of the human immure systen to EMF
®ther study sponsurs are the U.S. De-
partment of Energy and the Western Area
Power Administration,
w For more imformation, contact Kris Ebi,
(415) 855-2735

EPRI-Eskom Project Targets
Tuberculosis in South Africa

Tuberculosis, effectively controlled for
decades in this country through the use of
antibiotics, has made a disturbing come-
back in recent years in major U.S. cities. But
the problem is far more extreme in devel-

Focus on international research and alliances

oping ecountries, where the scarcity of effec-

tive sanitation has allowed T® to increase lo
pandemic proportions. Adding to the con-
cern is the emergence of TB strains that are
resistant to treatment with antibiotics.

Working with Eskom, South Africa’s na-
tional eleclricity supplier, EPRI hopes to
demonstrate the cffectiveness of a new
technology- —germicidal ultraviolet light
(GUV)—in the battle against the dread dis-
ease in that counlry This first inilialive of a
joint venture between the two organiza
tions is being supported by the South
Afrncan Centre for Essential Community
Services (SACECS), officially launched in
July by EPRI and Eskom in Johannesbuig.
The mission of SACECS, modeled after two
EPRI community centers already operating
in St. Louis and New York, is to demon-
strate and transfer appropriate electrotech-
nologies for improving community health
and living standards,

The first step in the SACECS initiative is a
pilot program to test the effectiveness of
GUV, which kills the mycobacteria that
cause TB, at Durban’s King George V Hos
pital, a busy reterral center for problematic
TB cases. “We are conducting an eight-
week double-blind experimen! to demon-
strate the efficacy of GUV in the hospital’s
16 TB wards,” says Dr, Philips Onyebujoh,
who is in charge of the epidemiological in-
vestigation at the hospital. “The technology
isbeing developed in the United States, but
wemuslseehow effective it is here as well.
TB is a huge problem in South Africa, so
this technology has great potential for us.
If vur pilot program proves GUV’s use-
fulness, the next phase will be to move it
into wider deployment.”

Dr Nesri Padayatchi, assistant medical
superintendent of King George V, says she
is grateful for SACECS's work. “The reinfec-
tion of patients with TB or crossinfection
with the very dangerous MDR-TB [multi-
drug-resistant tuberculosis] is a worrying
problem, particularty when many patients




are HIV-positive. We have
hope that the GUV technol-
ogy will reduce the number
of infectious organisms in
the air in our wards, thus
reducing the incidence of
cross or reinfection,”
According to Cynthia Mo-
tau, director of SACECS, the
GUV project is the first of
many planned technology
transfers to benefit the peo-
ple of South Africa and the
African continent. “The UV
technology has other appli-
cations apart from the pos-
sibility of combating bacte
ria in the air. We are getting
ready to demonstrate UV as
a means of providing clean,
potable water fur develop-
ing comymunities. Thisisan
other of our directions and
something we will promotc
vigorously because the need is so great,”
says Motau. Other SACECS work envi
sioned or under way includes programson
ozone water treatment, membrane filtra-
tion, waste treatment, and low-cost milk
sterilization.
m For moreinfonnation, contact Barbara Klein
at EPRI, (415) 855-2413, or Cynthia Motaut at
SACECS, 27-11-4033425

PowerGen Demonstrates
Infrared Imaging for FGD
Coating Inspection

Coatings and linings are commonly used to
protect the steel in wet flue gas desuifur-
ization (FGD) systems from corrosion. In a
tailored collaboration project with EPRI,
PowerGen—a majoreledricity producer in
the United Kingdom and one of the Insti-
tute’s international affiliates—has deve}
oped and demonstrated a new technique
for quick yet thorough inspection of such

coatings, using transient infrared (IR) ther-
mography.

Conventional PGD lining inspections in-
volve a visual survey followed by spark
testing, in which thinning and through
coating holes are identified with induced
electric current However, spark testing re-
veals only defects that penetrate the coat
ing; it cannot detect disbondings between
the coating and the substrate. Moreover,
the misuse of spark testing can actually
generate defects in the coating.

In search of a better way to inspect FGD
coatings—a nondestructive method ca
pable of surveying relatively large areas
quickly to accommodate limited plant out-
age schedules—PowerGen turned to IR
thermography This technology involves
the use of thermal imaging systems to de
tect hot and cold spots in power plantand
other equipment. Passive IR thermography,
which generates an itnage of the thermal
energy radiated by a component, is a well-

established condition-moni-
toring tool in utility power
plants, but it reveals only
surface temperatures, not
subsurface details. 1n active,
or transient, thermography,
a target object’s thermal
equilibrium is disturbed by
ant external heat sowrce, and
the tlow of heat is observed
as equilibrium is restored.
Differences in the magnitude
and direction of heat flows
reveal sutbsurface defects.
PowerGen has completed
exlensive lhermal modeling
to establish heat input re-
quirements and defect de
tectability. It has also in-
vestigated alternative heat
applicalion methods forvar
jous FGP geometries and

Transient infrared thermography reveals a cluster of disbonding
defects in an FGD coating.

coatings.
In field trials at Power-
Gen'’s Ratcliffe-onSoar station, a 2000M W
coal-fired plant near Nottingham, England,
transient thermography demonstrated a
rapid inspection rate and was able to detect
a |-mmdiameter gas pore in the coating on
a gas-to-gas reheater. In another operating
plant in the UK, transient thcrmographic
inspection revealed a small area of coating
that would have detached with further op-
eration without repair.

PowerGen has also demonstrated tran-
sient IR thermography for FCD coating in-
spection at Pennsylvania Power Compa-
ny’s Bruce Mansfield plant.

Colin Brett, a PowerGen representative,
is working as a liaison to U.S, utilities while
on loan to EPRI. PowerGen and EPRI can
provide interested utilities with additional
results and information on this technology
application.

m For more information, contact Colin Brett,
(415) 855-1081, or Panl Radcliffe. (415) 855
2720.
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PROJECT STARTUPS

New research ventures of imporfance fo the industry

Underground Lines

Ground-Penetrating Radar
to Save Money, Prevent
Accidents

Laying an underground disiribution line in
an urban area where the earth 1 already
riddled with conduits for water, sewer,
natural gas, telephone, cable, and existing
electrical services is a difficult task, One
wrong move could rupture a gas line or
knock out power to hundreds of electric
utility customers. Not only do such acci-
dents cosl time and money, bul they also
could risk the livis of utility workers and
innocent bystanders.

At this time, electric utilities installing
underground lings typically rely on maps
that indicate the location of existing sub-
surface structures. Since such maps are not
always current or accurate, however, some
utilities also use sensing devices during es-
cavation that help confirm the lication of

underground structures,

Van-towed
GPR device

Seeking to  im-

prove the level of con-
fidence with which un-
dergrisund lines can be laid, EPRI has
tramed up with the Gas Research Institute
to enhance an alternative technology that is
expected to be far more reliable—ground-
penetrating radar (GPR). A more challeng-
ing application of radar technolagy than
traditional uses, GPR must function at short
ranges in soils that tend to scatter and
weaken radar signals. The technolngy has
been applied 1o a range of uses, including
the ditection of land mines and the map-
ping of tunnels. A key drawback to cur-
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rently available GPR technology, however,
is that it emploks a one-dimensional signal-
priwessing techniquit that miakes mapping
complex =ubsurface environments difficult.

In its joint prisject with the Gas Research
Institute, EPRI aims to enhance GPR tech-
nology through the development of radar
imaging technology. This advancement is
expecled lo involve the deployment of
advanced radar techniques and the devel-
opment of sophisticated processing soft-
ware that will generate and enhance three-
dimensional images. The goal i to create
an on-site system that will immediately lo-
cate and identify piping, ductwork, vaults,
foundations, and other structures that lie as
deep as 4 meters underground. “Many ac-
cidents can be prevented with improved
underground intormation,” says Ralph
Bernstein, EPRI's manager for the project.
“Both electric and gas utilities will benefit
from this technology through accident re-
duction as well a= cost savings in asperation

and maintenance.”

Researchers have con-

ducted an initial anal-

ysis of candidate ra-

dar and an-

tenna technologies
and have developed an early
GI'R prototypre, which his been used
to produce images at a tesl site. EPRI will
soon embark on the construction of a pre-
commercialization prototype of the GFR
system—an effort that will take about one
year to complete. Researchers enyision the
finished prolotype as a two-component &ys-
tem consisting of a van-mounted or -towed
GPR device and a lower-cost pushcart GPR
device for liss acvessible sites. The proto-
type will be field-lested at utility facilities.
m For more infornation, contact Ralph Bern-
stein, (415) 855-2023.

Agriculture

New Irrigation System May
Reduce Pollutants and
Chemical Use

There are 60 million acres of irrigated farm-
land in the United States. Mosl of this land
is watered by the flood method, in which
the irrigation waler runs downhill to reach
crope. This method contributes to weed
growth and soil erosion and can also carry
fertilizer and other chemical contaminants
into natural underground water sources.
Further, the use of tractors to control werd
growth—either through mechanical means
or through herbicide application—gener-
ates fossil fiel emissions and dust that de-
crease air quality. With farmers coming
under fire teday both for their use of chem-
icals and for dust generation, the agricul-
tural community is in dire nred of a solu-
tion.

As an allernative to the flood method of
irrigation, EPRI-sponsored researchers at
California State University, Fresno, are test-
ing the use of a subsurface drip irrigation
syslem. The project is parl of a broader
agricultural inihiative at EPRI to improve
the efficiency, profitability, and competi-
tiveness of the nation’s agricultural sector.
“Akuccessful subsurface drip system could
help farmers address some of the environ-
mental challenges they face while rechicing
the teslal energy used to raise their crops,”
says Myron Jenes, EPRI's manager for the
project. “There is a tendency to overlook
the importance of agricultural elictric util-
ity customers. But productive U.S. farmers
provide jobs for regional economies and
generate produce that supplies olher im-
portant utility customers, such as feod
processors and restaurants. The combined
electrical load of all of these food-related
enterprises is a significant and important
cuslomer base.”

Similar in concept to a traditional drip
system, which emits water through a hose



snaked along the surface of the
ground, the subsurface drip system
applies water directly to the roots of
the crops that need it. Since the wa-
ter is applied about 18 inches below
ground, weed growth is deterred
along with mold and mildew prob-
lems. (Weeds typically germinate in
water lying on the ground surface.)
An herbicide built into the hose
protects its emitters from weed in-
trusion.

In the spring of 1995, the re-
searchiers deployed the new subsur-
face irrigation system on 15 acres of
sauvignon blanc grapevines at the
university, which is located in the
San Joaquin Valley—the country’s
most productive agricultural region.
The system will be evaluated throughout
thie next two farming seasons, during
which researchers will compare subsurface
drip irrigation with aboveground drip irri-
gation. A final report, which will identify
the costs and benefits of both types of sys-
tems, is expected to be published in 1998.

The subsurface drip irrigation system is
directly applicable to other vine and tres
crop= and could be modified for use with
row crops, While the technology is still in
its infancy, such systems are being de-
ployed on a amall scale in other parts of the
country. EPRI’s study is expected to greatly
accelerate the technology's adoption.

a For more hiformation, contact Myron Jones,
(415) 855-2993.

Fiefd Work

EPRI Evaluates Portable
Computers for the Utility
Industry

The emergence of portable computers has
been a boon to the Uk retail industry,
whose workers can scan product prices
into electronic memory without as much as
a keystroke. This highly visible example

Electric utility worker demonstrates a
portable computer.

shows how just one application of a tech-
nology can boost employee productivity
daily in a variety of businesses. While
poriable computers have great potential for
use in the electric atility industry; the tech-
notogy has not been well adapted for such
wsie. EPRI 1s hoping to change this scenarto
with the development of hands-fres and
pen-based compufers for utility applica-
tions.

"Moot only could such technologies in-
crease productivity, they could enhance
worker safety and improve system reliabil-
ity,” say= Dominic Maratukulam, EPRI's
manager for power systems design. Utility
applications that involve data collection
and record keeping in the field—applica-
tions like inspections, construction track-
ing, repairs to utility distribution systems,
and meter reading—are natural candidates
for these technologies.

[n a recently initiated project, EPRI is
evaluating pen-based and hands-free com-
puter technologies to batter maet utility
needs. (Pen-based computers enable us-

ers to clectronically input data—including

hand-drawn images—with a pen.)
Already, the Institule’s researchers
havie developed a specification for
the hardware elements of such com-
puter systems and have identified a
dozen candidate systems. One of the
candidatis is a hands-free system
fraturing a belt-mounted I'C, a hard-
hat-mounted display device, and a
microphone for issuing voice com-
mands to the computer. A scanning,
gun altows the worker to identi-
fy equipmunt from a bar code, just
as clothing retailers scan in prices
from garment tags. This technology
would be vseful in a variety of util-
ity jobs, from maintaining power
lines to completing switching orders
at a substation.

After further evaluation, a few of the
best candidates will be acquired and fiild-
tested in utility environments. Through the
field tests, the computers will be evaluated
for ruggedness, portability, reliability, and
interface user-friendliness, among other
factors. As Maratukulam notes, the ma-
chines must be portable and durable
enough for linee workers to carry up utility
poles and easy enough for workers to op-
erate while wearing heavy gloves. He says
laptop computirs have bieen problematic
for field workers, who have had trouble
reading their screiens in the glare of sun-
light, have had difficuities getting batteries
to hold a charge, and have found the com-
puters generally too fragile and awkward
to manipulate.

“LInce these tests are concluded, wie will
have some recommendations for utilities as
to which of the hardware technologies will
be most useful in specific applications,”
says Maratukulam. EPRI plans follow-up
work to develop software programs that
will enable these machines to assist in a va-
riety of utility jobs.

m For more information, contact Doniinic Ma-
ratnikilam, (415) 855-7974.
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IN THE FIELD

Demonsfrafion and application of EPRI technology on utility systems

Con Edison Truck Redesign Enables Application of Cable Removal Technique

n 1993, Consolidated Edison Company of New York tried

out an EPRI-developed prototype technique for removing

jammed underground distribution cable from conduit by
vibrating the cable. The ability to replace jammed cable would
save Con Edison the expense and difficulty of digging up
crowded, busy Manhattan streets to lay new conduit. Typi-
cally, the utility spends about $10 million a year for new

conduit construction in Manhattan to replace distribution

capacity lost as a result of obstructed ducts.

In the test of the prototype, Con Edison successfully cleared
275 feet of tightly jammed cable it had previously been unable
to release. The utility was interested in the technique’s poten

tial but was concerned about the maneuverability of the equip-
ment, which was housed in an unwieldy trailer puiled by a
truck. Unless maneuverability could be improved, the tech
nique appeared to have limited applicability in the New York
City area.

Tobetter adapt the cable removal technique to urban use,
Con Edison teamed up with EPRJ in additional research to
develop a flexible, truck-mounted system that eliminates the
trailer. Once the prototype truck-mounted system was avail-
able, Con Edison used it to remove 1500 feet of stuck cable
wilhin a twoweek period; later, after further fine-tuning, the
company freed another 1200 feet of stuck cable over a six-
week period. Cost savings from these initial applications alone
were nearly equal to Con Edison’s share of the development
funding (which was matched by EPRI). And it is estimated
that over the next five years, the utility will save more than
$2.7 million as a result of quicker repair of feeder problems.

The truckmounted cable removal system is now routinely
used by Con Edison in its Manhattan customer service area on
the most difficult cable pulls—those involving 3-inch conduit.
“Because it's more maneuverable in the street—a critical
concern in New York City—the truckmounted system lets us
efficiently remove jammed cable and respond to feeder prob-
lems quickly, “ comments Con Edison’s Leonard Burshtein

Last year, EPRI's Power Delivery Group awarded three Con
Edison staff members—Burshtein, Cliff Garner, and Ralph
Mauro—Technology Champion awards for their insight and
leadership in the effort to modify the vibrationbased cable
removal technique to create a tool even more useful in Con
Edison’s specific operating environment. EPRI has licensed Ok
Champion Corporation to manufacture the cable removal truck.
m For nore information, contact OK Champion's Harvey Reed,
(916) 587-7381, or Pard Knoerzer, (219) 933-0510, or EPRI's Ralpli
Sanmi, (415) 855-2289.

EMTP Analysis Resolves Live-Line Maintenance Dilemma for PSCo

n an in-house study that saved on consulling fees, Public

Service Company of Colorado recently used EPRI's EMTP

software to analyze maximum transient overvoltages on an
important 345-kV transmission line. Results from the analysis
indicated that PSCo could proceed with live-line maintenance,
aveiding an outage that would otherwise have been required
under a new Occupational Safety and Health Administration
(OSHA) standard and that would have jeopardized system
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stability and overloaded other transmission lines. The utility
anticipates furlher cost savings over the nextfew years from
using EMTP to analyze additional transmission lines

To demonstrate compliance with the new OSHA standard
for minimumsafe approach distances for live-line mainte
nance, PSCo elected to perform an engineering analysis to
determine the maximum transient overvoltages (mainly
switching surges) on the CraigRifle line. Rather than hiring a



consultant to perform the analysis, PSCo’s system protection
engineering unit saw an opportunity to broaden its experience
by performing the EMTP study itself.

After creating the EMTP models and data files, PSCo engi-
neers ran more than 100 cases involving various switching
conditions on nearby lines and monitored the resulting
transient overvoltage levels on the Craig-Rifle line. According
to the EMTP data, the maximum transient overvoltage at any
point along the line was well below the maximum allowed
under the GSHA standard for live-line maintenance. As a
result, the utility’s transmission line operations, safety, and
engineering departments were able to confidently conclude
that live-line work could proceed in compliance with applica-
ble requirements.

PSCo realized nominal savings on consulting fees by
performing the EMTP analysis in-house, but the study’s
primary benefit is the system reliability afforded by not
having to take the Craig-Rifle line out of service for mainte
nance. “The EMTP analysis—backed by EPRI's industrywide

credibility—was essential to establishing for OSHA that our

safe working clearances are well within their new minimum
standards,” says I>SCo’s Renu Arora.

EMTP version 2.1 for mainframe computers, PC worksta-
tions, and URIX workstations is available through the Electric
Power Software Center, (800) 7633772.

w For more imformation, contuct Ramn Adapa, (415) 855-83988.

Electric Compressors Move Gas, Stimulate Industry Alliance

n an effort that promises to expand markets for both natu-

ral gas and electricity amid deregulation and rising compe-

tition in both energy industries, several electric utilities are
helping natural gas storage, processing, and transportation
companies use electric compressors to move gas along their
pipelines. The main driver behind the new interest in electric
powered gas compression is that it reduces pollutant emissions.

Natural gas companies have historically used gas-fired
internal combustion engines and combustion turbines to drive
gas compressors situated at stations along a pipeline. But
these units emit nitrogen oxides, which react with organic
pollutants to create ozone smog. Without modifications and
controls, the units’ emissions can exceed limits set by the
Clean Air Act Amendments of 1990.

Approached by several member utilities seeking solutions
for gas industry customers, EPRI has managed tailored
collaboration projects that have pinpointed opportunities for
replacing gas compressor engines with electric units and have
led to several such installations. One installation effort was
conducted with Tenneco Energy of Flouston, a major US. gas
transportation company, which thereby avoided the more
expensive alternative of modifying its old engines to meet the
new emissions requirements. Another advantage of electri-

cally driven compressors, according to Bill Wickman, Ten-
neco's manager of business development, is that potential
problems in the disposal of lubricating oil and cooling fluids
are greatly reduced.

W. Richard Schmeal, director of the EPRI Chemicals &
Petroleum Center in Houston, points out several additional
benefits of electric compressors. “They are more energy-
efficient because variablefrequency drives control the motor
speed, enabling motors to maintain high efficiency in a variety
of conditions They can be operated from a remote control
station, where the press of a button starts the motor that
drives the compressor. Electric compressors arc clean and
require no ignition or combustion. And unlike their gas-fueled
counterparts, they are inherently designed to operate quietly,
which is an advantage in urban areas.”

EPRIstudies indicate that between 1000 and 3000 MW of
new demand may be created nationally by electric compres-
sion over the next five years. To help both industries under-
stand and apply electric compression technology, EPRI has
formed a working group whose program focuses on tools
development, education, and market analysis.

w For more imformation, contact Richard Schmeal at the EPRI
Chemiicals & Petroleumt Center in Houston, (713) 963-9307
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Exploratory Research

Advances in Solid-0xide Fuel Cells

by Wate Bakker, Strategic R&D, and Art Cohn and Rocky Goldstein, Generation Group

uel cells—a clean noncombuslion
F technology for producing electricity
from natural gas, light hydrocarbons, or
other fossil fuels—are developing as an
atiractive generation option tor utililes. The
tundamental lechnology was invented
more than 100 years ago, but until recently
fuel cell applications have been limited to
space capsules and shuttles. Materials ad-
vances by EPRI-funded researchers have
been key (0 the emergence of the technol-
ogy as a practical option for the power
industry

Space-age technology

Fuel cells use electrochemical processes,
mediated by electrolytes, to produce elec-
tricity from light fossil fuels. They thus func-
tion like batteries that don't run down, Fuel
cells remained a laboratory curicsity until
the 1960s, when alkaline-electrolyte cells
began o be employed in early space cap-
sules as a source of onboard electric
power Since then, fuel cells have become
the primary means of generating electricity
in manned spacecralt. They power com-
puters, communications devices, heating
and lighting systems, and other critical
equipment,

Unigue characteristics make fuel cells
ideal for unforgiving space applications.
They are efficient. modular, and, because
they have almost no moving parts. highly
reliable. Performance is independent of
system size, In addition, operation I1s quiet,
emissions are low, and the enly by-prod-
ucts are carbon dioxide and water pure
enough for drinking

Properties like high efficiency and low
emissions make fuel cell technology at-
tractive to the electric power industry as
well, particularly as a distributed genera-
tion (DG) resource. DG, which involves sit-
uating small, unobtrusive generation facili-
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ties close 1o end users, is beng pursued
by power producers in response to com-
petiton and environmental regulation, It
promises ta help utilities cut capital out-
lays, minimize transmission and distribu-
tion requirements, increase customer sat-
isfactien, and muild new partnerships with
customers

New generations of fuel cells

To promote fuel cells as a practical ad-
vanced generation lechnology, EPRI R&D
and demonstration effaris have been sup-
porting the development of utility-scale fuel
cells for DG, central-station, and repow-
erng applications. With EPRI assistance,
megawatt-sized liquid-electrolyte units—
phosphoric acid fuel cells (PAFCs)—began
entering service in the late 1980s. PAFCs
are costly to build and operate, however,
and have proved cost-eftective only for
specially applications—Ilor examgle, in ar-
eas with severe siting or emissions restric-
tions. Another liguid-electrolyte type, molten
carbonate fuel cells {MCFCs), is in full-scale
demonstration, but costs will probably limit

this technology to relatively large units (1
MWe or more). thereby precluding it from
being used in many DG applications.

The next generation of fuel cell technol-
ogy. solid-oxide fuel cells (SOFCs), holds
promise for economic competitiveness
with conventional generation alternatives.
This technology. currently being devel-
oped by EPRI, makes use of solid ceram-
Ic electrolytes of yttria-stabilized zirconia
(YSZ) instead of corrosive liguid elec-
trolytes. SOFCs are simpler and more ro-
bust than liquid-electrolyte fuel cells, have
potentially low manufacturing costs, and
offer operational advantages. For instance,
PAFCs require costly external fuel process-
ing; SOFCs function at temperatures suffi-
ciently high to reform fuel internally and uti-
lize natural gas directly, Also, there 15 no
theoretical limit on the service life of SOFCs,
and {hey are expected o last consigerably
longer than PAFCs and MCFCs.

Another advantage is that SOFCs can
operate al pressures and lemperatures
compatible with those of the internal flows
of gas turbines, raising the prospeci of cy-

ABSTRACT ruel cells, which work like batteries but don't run down, are

emerging as an attractive power source for next-century utility applications such

as distributed generation. However, the economic potential of the most advanced

and promising example of this technology. solid-oxide fuel cells (SOFCs), has

been limited by materials problems associated with high operating temperatures.

in EPRI exploratory research, three new solid-oxide designs are being tested that

combine reduced-temperature operation with performance equaling or exceeding

that of high-temperature cells. Also being explored are novel SOF C-turbine com-

bined-cycle units that promise an overall efficiency exceeding 75%.



Figure 1 Fuel cells operate like batteries that don't run down,
converting natural gas fuel and air into electricity via electro-
chemical processes. These processes are mediated by an
electrolyte, which allows the migration of ions but blocks the
transfer of electrons. Designs with a sofid-oxide ceramic D@
electrolyte, like the cell shown here, are simpler and more
robust than liquid-electrolyte types and can have an electri-

cal efficiency as high as 60%.
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cle cembinations that could substantially
increase unit performance and cost-effec-
tiveness. For example, operating an SOFC
stack at about 15 atmospheres and feed-
ing unconsumed fuel and generated heat
to a matched bottoming-cycle gas turbine
could resuft in combined-cycle units with
unprecedented efficiency. EPRI computer
models estimate a combined electrical ef-
ficiency exceeding 75% for SOFC-gas tur-
bine units. Unit size coutd range down {o
about 100 kW, although farger. multimega-
watt sizes would not be precluded.

The low-temperature challenge

Pilot-scale SOFCs are now being gemon-
strated by EPR! and others, but they do not
fully realize the economic promise of the
technology. Capital and operating and
maintenance costs remain high because
the celts functien at about 1000°C and
hence must be constructed of high-tem-
perature superalloy and exctic ceramic
components. Not only are these costly, but
the differential thermal expansion of the
materials al extreme temperatures con-
tributes significantly to gas teakage. crack-
ng. and other O&M problems.

To lower costs, SOFC operating tempera-
tures need ic be reduced. Optimal would
be a temperature between 650°C and
800°C—high enough for internal fuel re-
forming (which would allow the direct use
of natural gas) but low enough to substan-
tially cut capital and O8M costs. At 800°C or
below, conventional stainless steels instead
of specialty materials could be employed

as conslruction materials and
cell interconnectors, Ana differ-
ential thermal expansien would
tessened, reducing O&M
problems and extending practi-
cal cell life.

The primary research chal-
lenge is to achieve high cell
performance at lower operating
lemperatures. As shown in Fig-
Dc ure 1, the generation of electric-
outPdt iy in SOFCs is based on the flow

of negative oxygen ions from a

cathcaie (which is exposed to

air) to an ancde {which is bathed

in hydrocarbon fuel). At the an-

ode, the migrant exygen ions
combine with hydrogen and carbon mon-
oxide to produce water and carbon €iox-
ide. These reactions also generate elec-
trons—electricity. An electrolyte facilitates
the transfer of oxygen ions while blocking
the flow of electrons between the elec-
tredes.

The amount of electricity produced
and the temperature at which the generat-
ing efficiency is highest depend strongly
on the ability of the electrolyte 10 conduct
oxygen ions; conventional YSZ electro-
lytes perform best at about 1000°C, At
lower temperatures, the lonic resistance of
YSZ increases, reducing cell performance
o uneconomical levels. New SOFC designs
or afternative electrolytes are needed to
overcome this diffi-
culty.

Advanced
SOFCs

EPRI is directing a
suite of explorato-
ry research projects
aimed at decreas-
ing the temperature
of SOFC operation.
Research began in
the late 1980s with
the study of very
thin electrolytes, al-
ternative electrolyte
materials, and inno-
vative designs. Cur-
rent efforts focus on
establishing proof of

concept for the most promising SOFC tech-
nologies revealed in the earlier research. In
addition, EPRI is explering design opti-
mization for SOFC-based combined-cycle
units.

Thin-film electrolytes Reducing the
thickness of the electrolyte is the most di-
rect approach to maintaining SOFC perfor-
mance at lower eperaling temperatures. If
the oxygen ions have less electrolyte to
pass through, a cell's total (ohmic) resis-
tance can be decreased despite the
higher ionic resistance per unit of elec-
trolyte at reduced temperatures. This ap-
proach alfows the continued use of proven
Y32 maternals.

The primary difficulty with thin YSZ elec-
trolytes is that very thin fims—coatings,
actually—are needed for good fuel cell
performance at 650-800°C. These coat-
ings must be less than 10 pm thick, about
one-third the thickness of a human hair.
(By contrasl, electrolytes for conventional
1800°C SOFCs are about 150 um thick.)
And to prevent short circuits between an-
ode and cathode, the coatings must be
dense and smooth and contain no cracks
or pinholes.

In exploratory research at lLawrence
Berkeley National Laboratory (RP8062-10)
and the University of Utah (RP8062-6), an
inexpensive, scalable process has recently
been developed for the production of high-
quality thin-film YSZ coatings. The new ap-

Figure 2 Laboratory test data on the performance of thin-film YSZ selid-
oxide fuel cells at 800°C. The maximum power outpul is 1800 mW/cm?.
In contrast, the power density of conventional SOFCs ranges from 300
lo 760 mW/cm? at 300-1000°C.
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proach, adapted from simple chemical
metheds, makes use of colloidal slurry
coaling techniques to produce dense fiims
4-10 pm thick in a single step The trick is
to select and tailor the underlying electrode
material (Ni-cermet) to malch the shrink-
age characteristics of the electrolyte coat-
ing during firing.

In laboratory-scale tests, SOFCs with very
thin electrolytes produced by using the in-
expensive slurry method have operated at
about 700-800*C with excellent perfor-
mance. They exhibited the theoretical max-
imum for open-circuit voltage,
demonstrating that the thin-
film electrolyte did not contain
detects {pinholes and cracks),
Power density far exceeded

Air

Compressors l\

tivity. (n laboralory lests ol the new elec-
trolytes, single cells have operated for
more than 10,000 bours at 700-800°C
withoul significant loss of performance.
The maximum power density of these cells,
300-400 mWicm?, is comparable to the
performance cof conventional YSZ SOFCs at
900-1000°C.

Single-component SOFCs Single-com-
ponent SOFCs are yet another promising
approach to high efticiency at low operat-
ng temperatures. Such a fuel cell would
consist of a conventional 150-um-thick YSZ-

that of conventional SOFCs at
1000°C {Figure 2), and long-
term stability was good (no
coating degradation was de-
tected after 300 hours of oper-
ational testing).

Ceria electrolytes Alierna-
tive electrolyte materials with
improved ionic conductivily
offer another approach to de-
veloping praclical low-tem-
perature SOFCs. One pessible
alternative material is modified
cena (CeQO,). This material
was previously found to pos-
sess higher lonic conductivity
than YSZ. At 750°C, for exam-
ple. the conductivity of ceria s
about the same as that of ¥YSZ
at 900-1000°C.

The use of ceria as an SOFC electrolyte
presents significant challenges, however.
The chiet ane is that ceria undergoes par-
tial chemical reduction when exposed 10
lhe environment at fuel cell anodes. This
degradation of the electrolyte results in the
development ol a small electronic conduc-
tivity between the anode and the cathode,
lowering the cell's open-circuit vollage and
decreasing performance.

In EPR! work at Ceramatec in Salt Lake
City, progress has been made in overcom-
ing this problem (RP8062-4). Cenia elec-
trolytes have been doped with samarnum to
improve their stability in fuel cell environ-
ments and reduce the electronic conduc-
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Figure 3 SOFCs may be advantageously combined with a gas turbine by us-
ing vitiated air and unconsumed fuel from a pressurized fuel cell to power the
turhine. EPRI studies indicate that unprecedented combined electrical effi-
ciency—75% or more—is tikely for SOFC—gas turbine combined-cycle units,
at costs prejecled 1o be competitive with conventional generation options.

based elecirolyle thal has been chemically
treated, or “painted.” on opposite sides to
give it anode- and cathode-like surfaces,
Electrical and physical mismatches be-
tween electrode ana electirolyte materials
would thus be eliminated, leading to high
efficiency as well as easy construction and
long life.

On the basis of materials studies promis-
ing excellent performance for single-com-
ponent SOFCs at 800°C, EPRI has been ex-
ploring this concept in research at the Uni-
versity of Pennsylvama (RP8062-9). The
most challenging task has been the identi-
fication of practical surface-modification
processes for converting YSZ electrolyle
surfaces into high-quality cathodes. (An-

odes pose less of a problem. In conven-
tional SOFCs they are commonly con-
structed from Ni-cermet, a YSZ-based ma-
terial; in single-component cells, doping
Ihe eleclrolyte surface with titanium resuilts
in similar performance.)

in recent research, the difficulty with
cathodes has been overcome: chemical
doping with terbium oxides yields a high-
gquality cathode surface on a YSZ elec-
trolyte. Laboratory tests reveal the perfor-
mance loss for these advanced cathodes
to be less than half that for conventional
SOFC cathodes. These resuits
make the single-component
configuration a promising de-
sign for practical low-lemper-
ature SOFCs.

Combined-cycle SOFCs
The integration of bottoming-
cycle turbines with pressur-
ized SOFCs (Figure 3) may of-
fer significant cost and effi-
ciency advantages, and EPRI
is researching design optimi-
zation to maximize cembined-
cycle performance (RP4167-1,
RP8512-2). To date, computer
simulation studies have re-
vealed cycle arrangement
modifications that increase the
! combined electrical efficiency
for proposed SOFC-gas tur-
bine units from about 62%
to more than 79%. The effi-
clency gains stem from im-
proved fuel cell cooling and a
better match between the SOFC operating
requirements and the turbine airflows and
temperatures.

Ongoing research

Research progress to date suggests that
the successful development of pragctical
low-lemperature SOFCs and SOFC-based
combined cycles is likely within the next
decade. EPR! efforts continue 1o support
the development of these technologies.

To scale up thin-film electrolyte technol-
ogy. larger cells and small stacks of cells
are being fabricated at Lawrence Berkeley
National Laboratory and Ceramatec. To ex-
plore low-temperature alternatives, a new
SOFC configuralion is being studied al the



University of Utah, This design employs
fine corrugations 1o increase the contact
surface between electrodes and a thick-
film YSZ electrolyte, theremy maintaining
power density and cell efficiency at re-
duced operating temperatures, At the
same time, the development of ceria cells
continues at Ceramatec. Efforts there are
concentrating on the construction of small
stacks and the eplimization of metallic
interconnectors; additional research is

aimed at improving power density by re-
ducing the thickness of the ceria elec-
trolyte from 250 pm to the 150 pm of con-
ventional YSZ SOFCs. And for single-com-
ponent SOFCs, a |oint demanstration of the
technology is being pianned by the Uni-
versity of Pennsylvania and Ceramatec.
On the basis of a comparative analysis of
the performance and promise of low-tem-
perature SOFCs, EPRI plans to iniiate a de-
velopment program within a year. This pro-

gram, which may take the form of a con-
sortium including industry and gevernment
participants, will focus on the development
of a 1-kW low-temperature SOFC prototype.
The cell design is expected to incarporate
the best features of current efforts. EPRI IS
also undertaking additional performance
optimizatien studies of SOFC-gas turbine
units, and computer modeling is planned to
assess the cost-effectiveness of the new
combined-cycle designs,

New
Technical
Reports

Requests for copies of reports should be directed
to the EPRI Cistribution Center, 207 Coggins Drive,
P.O. Box 23205, Pleasant Hill Califorma 94523
{510) 934-4212. EPRI memers that tund the busi-
ness unil issuiNg a report can receive Ihe report
tree of charge (or, n the case of bulk orders, for a
nominal price).Others shoula contact the Distribu-
tion Center for further information

Two-page summaries of the reports announced
here are available. free of charge, by tax. To re-
celve a summary, call EPRl's Fax on Demand
service {800-239-4655) from @ touch-lone phone
and tollow the recorded nstructions, using the fax
identification numnbar given in Lhe reporl listing

CUSTOMER SYSTEMS

Power Electronics Reference Guide
TR-102025 Final Report (RP3088-4)
Contlractor: Chester and Schmiat Consultarits
Business Unit; Power Quality

EPRI Frojecl Manager B Baneree

Fax ID 7365

Motor Models and Transient Analysis for High-
Temperature, Superconductor-Switch-Based
Adjustable-Speed-Drive Applications
TR-102338 Final Report {RP3087-16)

Contractor: University ot Tennessee, Knoxville
Business Unit: Pewer Quality

EPRI Project Manager: B Banerjee

Fax ID: 7483

Characterization of Compact Fluorescent
Lamps and Electronic Ballasts Used in
Commercial and Residential Building Systems
TR-1€4983 Final Meport (RP2825-6)

Contracter: EPRI Power Electrenics Applicatons
Center

Business Unil; Power Quality

EPRI Projecl Manager: S. Rector

Fax (D: 23548

Testing of Refrigerant Mixtures in Residential
Heat Pumps

TR-105384 (W(03412-6)

Contractor: University of Maryland, Center lor
Environmental Energy Engineering

Business Unit: Commercia! Technologies &
Sarvices

EPRI Project Manager: W, Krill

Fax ID: 24218

Power Quality Workbook for Utility and
Industrial Applications

TR-105500 Final Report (RP2835-30)
Contractor: Electrotek Concepts, Inc
Business Unit: Power Quality

EPRI Project Manager: M Samotyj
Fax D 24346

Cold Air Distribution Design Guide

TR-105604 Final Report (R®3280-48)

Contractors: Dorgan Associates, Inc.; EPRI
HVACAR Center, University of Wisconsin, Madison
Business Unit: Commercial Technelogies &
Services

EPRI Frojecl Managers: M. Khattar, R. Wendland
Fas 1Dy, 24501

Measuring Residential Water Flow: Evaluation
of Clamp-On Ultrasonic Flowmeters

TR- 105840 Final Report (RP3263-22)

Contractar: GEOMET Technologies, Inc

Business Unit: Retail Market Tools & Services
EPRI Projecl Managers: R. Gillman, P. Humme)
Fai |D- 24835

Light Logger Placement Guidelines for
Residential Lighting Studies

TR- 105842 Finat Report (RP3283-23)
Contractor. GEOMET Technologies, Inc
Business Unit: Retal Market Tools & Services
EPRI Praject Managers. R. Gillman, P. Hurmme}
Fax |D: 24839

Leveraging Limited Data Resources:
Developing Residential End-Use Load Shapes
Using Transferred Data

TR-105843 Final Report (RP2380)

Contracter: Quantum Consulting. Inc

Business Unit: Retail Market Teols & Services
EPRI Project Manager. R. Gillman

Fax|D. 24827

Heat Transfer Characteristics of Alternate
Refrigerants, Vol 3: Condenser and Evaporator
Qutside Tube

TR-108016-V3 Final Report (RP3412-53)
Contractor: Lehigh University

Business Unit: Commercial Technologies &
Services

EPRI Project Manager: S, Kondepudi

Fax I: 25147

Field Testing of Electronically Commutated
Motors for Supermarket Display Cases
TR-106075 Final Repert (RP3526-9)
Conftraciar. Foster-Miller, Inc

Business Unit: Cemmercial Technelogies &
Services

EPRI Project Manager M. Khattar

Fax 1D: 25251

ReQuest Il: An Investigation of Consumer
Attitudes Towards Telecommunication and
Electric Services

TR- 106166 Final Report (RP4846-2)
Contractor: PNR and Associates

Business Unil: Relail Market Tools & Services
EPR{ Project Maragers: T. Henneberger,

R. Gillman

Fax ID: 25412

Is There Value in Value-Added Services?
Evidence From Competitive Markets in
England, Wales, and Norway

TR-106195 Final Report (W02343-19)
Contractor- EEE Lid

Business Unit Retail Market Tools & Services
EPRI Project Manager: P. Sieshansi

Fax (D; 25454

Selling Value: How to Build Loyalty With Your
Key Customers

TR-106281 Final Repor (W04845-2)

Contractor: ROI Management Carp

Business Unil: Retail Market Tools & Services
EPRI Project Manager T. Henneberger

Fax ID: 25615

Decision-Making Styles of Business and
Industry: Five Insights to Improving Your Sales
Success

TM-106298 Final Report (W(Q4845- 1)

Contractor: Bramson-Gill Associates

Business Unit: Retaif Market Tools & Services

EPRI Project Manager: T. Henneberger

Fax ID: 25650

EPRmI JOURNAL  September/October 1996 45



Technology Assessment of Distributed
Computing Environment (DCE) From Open
Software Foundation (OSF)

TR-106319 Finat Reporl (RP4888-1)

Contraclor’ Joe Waggoner & Associates

Business Unit. Information Syslems & Tetecommu
nicalions

EPRI Project Manager A. Kader

Fax ID, 25682

Five Essential Tests of Market Strategy
TR-106389 Final Repor: (RP48532)
Contractor: Putnam Hayes & Bartletl, Inc
Business Unit: Retail Market Tods 8 Services
EPRI Project Manager. T Henneberger
FaxID: 25822

ENVIRONMENT

CO, Oftset Opportunities in Siberian Forests
TR-106059 Final Repur} (WO4300-1)
Conlractors: Applied Environmental Research,
Inc.. Center for Ihe Sludy of the Environment,
EcoAnalysis, Inc,

Business Unit; Environmental & Health Sciences
EPRI Project Manager L Pitelka

Fax ID: 25222

Estimating Aqueous Releases af Palycyclic
Aromatic Hydrocarbons From CoalTar
Contaminated Soils at Manufactured Gas
Plant Sites

TR-106291 Final Regort (RP4301-2)

Contractors University of Texas. Auslin, Environ-
mental and Water Resources Engineering Program:;
Universily of Florida, Soll and Water Science
Depariment

Business Unit: Environmental & Heaith Sciences
EPR! Project Manager | Murarka

Fax D 25634

GENERATION

Advanced Gas Turbine Guidelines: Rotating
Biade Temperature Measurement System
(BTMS)—Supplement Na. 1 {Durability Surveil-
lance at Flarida Power & Light's Martin Plant)
TR-105069 Final Report (RP31252)

Contractor: Ftuor Daniel, Inc.

Business Unit: Gas 8 New Coa! Generation

EPRI Project Managers: W Puulle. G. Quenlin

Fax D 26094

Casting of ASHALLOY Metal Matrix
Compaosites: 1993

TR-105822 Interim Reporl (RP9047- 1)
Contraclor: Universily of Wisconsin, Milwaukee
Business Unit- Environmental Controf

EPRI Project Manager D Goiden
Fax1D.24811

Advanced Gas Turbine Cycle Studies:
Summary Report

TR-105954 Final Report (RP2620-1)
Contractor: General Electric Co,

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

Fax ID; 25042

Header Feedwater Heater Retrofitsin the
United States

TR-105994 Final Report (RP3652-2)
Contractor Encor-Amenca, Inc,

Business Unil, Fossil Power Planls

EPRI Project Manager J Tsou

Fax 1D: 25104
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Materials Yesting in a Syngas Caaler of a
Coal Gasification Plant

TR-106010 Final Report (W0O2093-3)
Contractors: EPRI; NV KEMA, Hoechsl AG
Business Unit: Gas & New Coal Generation
EPRI Project Manager: W. Bakker

Fax ID: 25132

Casting of ASHALLOY Metal Matrix
Composites: 1994

TR-106168 Interim Report (RP9047-1)
Contractor: University of Wisconsin, Mijwaukee
Business Unit Environmental Contro

EPRI Project Manager: D. Golden

Fax 1D:25416

Guidelines far the Use of Magnetic Bearings
in Turbomachinery

TR-106185 Final Reporl (RP3319 3)

Contractor Technotogy Insights

Business Unit: Fossil Power Plants

EPRI Project Manager T McCloskey

Fax ID: 25441

Integrated Knowiedge Framework (IKF) for
Coal-Fired Pawer Plants, Vals. 1-3: Analysis of
the Data, Infarmation, and Knowledge
Requirements far Economic P$ant Operation
and Maintenance

TR-106211-V1-V3 Final Report (WOS001)
Business Unil; Fossil Power Plants

EPRI Project Managers-M Wildberger

R. Pflasterer

Fax 1D: 25480

Proceedings: 1996 Heat Rate Impravement
Conference

TR:106529 Proceedtings (RP1681-11)
Contractor; Encor-Amenca, Inc,

Business Unit Fossit Power Plants

EPRI Project Manager J. Tsou

FaxID 26033

Proceedings: 1996 EPRI Fossil Plant
Maintenance Conference

TR-106753 Proceedings {(WO3151)
Business Unil: Fossil Power Plants

EPRI Project Manager: D. Broske

Fax ID: 26416

NUCLEAR POWER

Software Fault Reduction Using Computer-
Aided Software Engineering (CASE)Taals,
Vals. 1 and 2

TR-105989-V 1-V2 Final Repor. (RP4352)
Conlraclor. Science Applications International
Corg.

Business Unit: Nuclear Power

EPRI Project Managers S Bhatt. A. Machiels
Fax ID 25095

Proceedings: Eighth International RETRAN
Coanference

TR- 106038 Pioceedings (W0O2853)

Business Unit' Nuciear Power

EPRI Project Manager L Agee

Fax ID- 25664

Insights From EPRI Maintenance Rule
Projects

TR-106280 Final Report (RP3590-1, -2
RP3770-1. -2)

Conltractors: QES, Inc.; ERIN Engineering ant
Research, Inc.. Applied Resource Management
Business Unit: Nuclear Power

EPRI Project Manager: J, Gisclon

Fax ID: 25613

Burnup Verification Measurements on Spent-
Fuel Assemblies at Arkansas Nuclear One,
Unit 1

TR-106305 Final Report (WO3290-7 )
Conltractors: Sandia National Laboralories, Los
Alamos National Latioralory: Entergy Operalions
tnc-—Arkansas Nuclear One

Business Unrt: Nuclear Power

EPRI Project Manager O Ozer

Fax ID: 25659

Decaontamination for Decommissioning: EPRI
DFD Process

TR-106386 Final Repor! (WO3500-28)
Conlractor Bradtec, Lid

Business Unit: Nuclear Power

EPRI Project Manager C Wood

Fax ID 25815

Evaluation of Expected Behavior of LWR
Stainless Steel-Clad Fuel in Long-Term Dry
Storage

TR106440 Final Report (RP3290- 10)

Contraclor Battelie Pacitic Norlhwest Laboratories
Business Unit: Nuclear Power

EPRI Project Manager: R. Lamberi

Fax ID 25916

POWER DELIVERY

Proceedings: Substation Equipment
Diagnostics Conference il

TR-105838 Final Report (W0O2747)

Conlractor: Cambias & Associates

Business Unit. Substations, Syslem Operations &
Storage

EPRI Project Manager: S. Lindgren

Fax iID' 25139

Efficient and Economic Grounding
Arrangements for Distribution Lines
TR-105907 Final Repor: (WO3127-3)
Contraclor Montana State Universily
Business Urit Distribution

EPR! Project Manager; H. Ng

Fax {D 24952

An Assessment of Distribution System Power
Quality, Vois. 1-3

TR-106294-V1-V3 Final Reporl (RP3098 1}
Contractor Electrolek Concepls, Inc

Business Unit. Distribution

EPRI Project Manager- A, Sundaram

Fax ID. 25639

STRATEGIC R&D

New Approaches to Real-Time Expett System
Design for Power Electronics Applications
TR-102205 Fina! Report (RP8000-40)

Contraclor Universily of Tennessee Knoxwville
Busness Unit: Stralegic R&D

EPRI Project Manager: B Banefjee

Fax {D: 7442

Cycle Chemistry Guidelines for Fassil Plants:
All-Valatile Treatment

TR-105041 Final Repor: (RP9003-2, -7)

Business Unil: Strategic R&D

EPRI Project Manager: B. Dooley

Fax ID: 23644

Impact of Lithium Abundance and Coston
Electric Vehicle Applications

TR-106556 Final Report (WO8061)

Business Unit’ Stralegic R&D

EPRI Project Manager: F Will

Fax 1B 26081



New
Computer
Software

Orders for EPRI-developed software should be di-
recled o the Electric Power Software Center, 11025
North Torrey Pines Road, La Jolla, California 92037,
(800)763-3772. EPRI members canreceive, free of
charge, software developed by the business uniis
1o which they subscribe. Others should contact
EPRYI's Licensing Olfice al (415) 855-2974.

BIOPOWER

Version 1.01 (PC-DOS: Macinlosh}
Contractor: SFA Pacific

Business Unit: Renewables & Hydre
EPRI Project Manager: Charles McGowin

C-VALU

Version 2.21 (PC-DOS}

Contracter: Christensen Asseciates
Business Unit: Power Markets & Resource
Management

EPRI Project Manager: Connie Srmyser

Engineering Calculator
Version 1.01 (PC-DOS)
Contractor: BSG Alliance/IT Inc.
Business Unit; Distribution

EPRI Project Manager: Harry Ng

FIVE™: Fire-Induced Vulnerability Evaluation
Version 1.0 (PC-DOS)

Contractor: Science Apglications International
Corp.

Business Unit: Nuclear Power

EPRI Project Manager: Roben Kassawara

GOTHIC: Generation of Thermal-Hydraulic
Information for Containments

Varsion 5.0¢ {(PC-DOS; UNIX}

Contractor: Numericat Applications

Business Unit: Nuclear Power

EPRI Project Manager: Avtar Singh

RPVDATA; Reactor Vessel Materials Database
Version 1.3P (PC-DOS}

Contractor: ATl Consulting

Business Unit: Nuclear Power

EPRI Project Manager: Stan Rosinski

SGDSM: Steam Generator Degradation-Specific
Management

Versien 1.0b (PC-DOS)

Contractor: Science Applications International
Corp

Business Unit: Nuclear Power

EPRI Project Manager. Robert Thornas

SSFR: Standstill Frequency Response Program
Version 1.0 (Windows 3.1)

Contractor: Rensselaer Polytechnic Institute
Business Unil; Fossil Power Plants

EPRI Project Manager: Jan Sten

WASTECOST DAW

Version 1.3 {PC-DOS)

Contractor: Environmental Resources & Services
Business Unit: Nuclear Power

EPRI Project Manager: Carol Hornibrook

EPRI Events

OCTOBER

10
Efficiency Improvements in Process
Systems Using Adjustable-Speed Drives

Tulsa, Oklahoma
Contact: Carrie Koeturius, (510) 525-1205

10-11

PiSCES Model Training

trving, Texas

Contact: Lynn Stone, (214) 556-6529

14-16

Managing Fossil Generating Assets in
the Marketplace

Washington, D.C.

Contact: Lori Adams, (415) 855-8763

14-16

Power Quality Interest Group Meeting
Cleveland, Ohio

Contact: Karen Forsten, (423) 974-8288

15-16

Using EPRI Land and Water Models

Dallas, Texas

Contact: [shwar Murarka, (415) 855-2150

1517

Substation and Switchyard Predictive
Maintenance

Eddystone, Pennsylvania

Contact: Jeanne Harris, (800) 745-9982

15-18

Underground Transmission Course

Las Vegas, Nevada

Contact: Kathleen Lyons, (415) 855-2656

16-18

Tunorial: Preserving Equipment
Qualification

Charlotte, North Carolina

Contact: Susan Otto, (704) 547-6072

17-18

EPRI Partnership for Industrial
Competitiveness {EPIC}

Newport 8each, California
Contact; Bill Smith, (415) 855-2415

17-18

HELM Software Training

Dallas, Texas

Contact; Paige Schaefer, (800) 398-0081

1718

Strategic Asset Management for a
Competitive Utility Environment

San Diego, California

Contact: Susan Marsiand, (415) 855-2946

18

NIALMS Users Group Meeting

Boston, Massachusetts

Contact; Jack Lemmerhirt, {S08) 263-6080

21-23

Decision Analysis for Utility Planning
and Management

San Diego, California

Contact: Charlie Clark, (415) 855-2994

22

Heat Rate Improvement

Long Beach, California

Contact: Jeanne Harris, (800) 745-9982

22-23

New Product and Service Development
for New Market Environment

Baston, Massachusetts

Contact; Lynn Stone, (214) 556-6529

23-25

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

23-25

Fuel Supply Seminar

Denver, Colorado

Contact: Susan Bisetti, (415) 855-7919

23-25

Healthcare Initiative Conference

New York, New York

Contact: Anne Kovalski, (718) 920-0849

24-25

HOTCALC Software Training

Irving. Texas

Contact: Lynn Stone, (214) 556-6529

NOVEMBER

3-6

Insulated Conductors

St. Petersburg, Flarida

Contact: Jon Ferguson, (817) 234-8216

6-7

BWR Vessel and Internals Project
Symposium

Lake Buena Vista, Florida
Contact: Madelaine Campbel,
{415) 855-2879

6-7

CS 2000 Workshop

Chicago, Hflinois

Contact: Mary Annt Neumann,
(415) 855-2623

6-8

Distributed Resources, 1996
Vancouver, Canada

Caontact: Lori Adams, (415) 855-8763

8

ASAPP2: Redesigned Software for

Waste Accounting

Austin, Texas

Contact: Mary MclLearn, (415) 855-2487

1115

Utility Battery Group: Rural Electric Coop
Market

Jacksonville, Florida

Contact: Steve Eckroad, (415) 855-1066

12

Application of Motors and Drives

Seattle, Washington

Contact: Carrie Koeturius, (510) 525-1205
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12

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

Contact: Carrie Koeturius, (510) 525-1205

1213

Maintenance-Free Load Tap Changing:
Phase 1

Tampa, Florida

Contact: Susan Bisetti, (415) 855-7919

12-14

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

Contact: John Niemkiewicz,

(800) 745-9982

13-15

Agricultural Technology Alliance

Meeting

Raleigh, North Carolina

Contact: Chuck Sopher, (510) 937-4494

13-15

Lubrication Qil Analysis

Long Beach, California

Contact: Jeanne Harris, (800) 745-9982

14

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

Contact: Carrie Koeturius, (510) 525-1205

14-15

Application of Motors and Drives

Los Angeles, California

Contact: Carrie Koeturius, (510) 525-1205

14-15

Electric Utility Forecasting in an

Eraof Deregulation

Dallas, Texas

Contact: Lynn Stone, (214) 556-6529

14-15

Electromagnetic Interference
Qualification of Digital Equipment
Charlotte, North Carolina

Contact; Susan Otto, (704) 547-6072

14-15

1996 Heat Pump Allies Conference
Annapolis, Maryland

Contact: Michele Samoulides,
{415) 855-2127

17-19

NSF Conference on Unbundled

Power Quality Services

Key West, Florida

Contact; Gerry Heydt, (602) 965-8307

17-21

Research on Biological Effects of

Electric and Magnetic Fields

San Antonio, Texas

Contact: Charles Rafferty, (415) 855-8308

1820

Maintaining the Integrity of Water-Cooted
Generator Stator Winding

Tampa., Florida

Contact: Denise Wesalainen,

(415) 855-2259

September/Oclober 1996

20-22

Water-Heating Electrotechnologies

and WATSIM Software Training

Irving, Texas

Contact: Lynn Stone, (214) 556-6529

_— —

DECEMBER

2-3

Power Electronics Applications Center
Marketing Workshop

Knoxville, Tennessee

Contact: Karen Forsten, (423) 974-8288
2-4

Power Quality Technical Training
Knoxville, Tennessee

Contact: Karen Forsten, (423) 974-8288

3-4

Workshop on Wide Area

Measurement Systems

Portland, Oregon

Contact; Dejan Scobajic, (415) 855-8537

9-11

Nuclear Maintenance Applications Center:
6th Annual Conference and Workshop
Orlando, Florida

Contact: Linda Suddreth, (704) 547-6141

11413

1996 Nerth American Electric Vehicle
and Infrastructure Conference

San Diego, California

Contact: Pam Turner, (415) 372-0978

1213

CHECWORKS Software Users Group Meeting
Colorado Springs, Colorado

Contact: Denise Wesalainen,

(415) 855-2259

JANUARY 1997

5-9

1st World Congress on Microwave Processing
Lake Buena Vista, Florida

Contact: Eileen Mauro, (614) 421-3440

FEBRUARY

1314

Municipal Water and Wastewater
Program Meeting

Santa Monica, California

Contact: Kim Shitfing, (314) 935-8530

17-19

Substation Equipment Diagnostics Conference
New Orleans, Louisiana

Contact: Michele Samoutides.

(415) 855-2127

22-26

Environmental Concerns in Rights—of-Way
Management

New Orleans, Louisiana

Contact: Myra Fraser, (415) 855-2507

MARCH

2-5

EPRI EMF Seminar

New Orleans, Louisiana

Contact: Robert Kavet, (415) 855-1061

2-5

2d International Workshop on
Corrosion in Advanced Power Plants
Tampa, Florida

Contact: Michele Samoulides,
(415) 855-2127

3-6

5th International Conference on

Power Quality

Columbus, Ohio

Contact: Lori Adams, (415) 855-8763

3-6

Intermediate Underground Transmission
Course

San Antonio, Texas

Contact; Kathleen Lyons, (415) 855-2656

25-27

1997 International Clean Water Conference
Baltimore, Maryland

Contact: Christine Lillie, (415) 855-2010

APRIL

14-16

Predictive Maintenance and Refurbishment
Florence, Italy

Contact: Susan Bisetti, (415) 855-7919

MAY

19-21

Substation Reliability-Centered
Maintenance

Dallas, Texas

Contact: Denise Wesalainen,
(415) 855-2259

20-22

Effects of Coal Quality on Power Plants
Kansas City, Missouri

Contact: Susan Bisetti, (415) 855-7919

JUNE

10-12

5th International Conference on
Cycle Chemistry in Fossil Plants
Charlotte, North Carolina
Contact: Michele Samoulides,
(415) 855-2127

15-18

7th International ISA POWID/EPRI
Controls and instrumentation
Conference

Knoxville, Tennessee

Contact: Susan Bisetti, (415) 855-7919

JULY

21-23

1997 International Low-Level-Waste
Conference

Providence, Rhode Island
Contact: Michele Samoulides,
(415) 855-2127

23-25

EPRI/ASME Radwaste Workshop
Providence, Rhode Island
Contact: Michele Samoulides.
(415) 855-2127
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