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PRODUCTS

Equipment Qualitication Reference Manual

Until now, information on equipment qualification for
nuclear plants has been scattered in industry standards,
Nuclear Regulatory Commission regulations, and various
reports and papers. This 500-page hard-cover reference
manual (TR100516) gathers all relevant material into one
resource. The manual helps utilities maintain safety, even in
accident or earthquake environments. A veritable road map
to the world of equipment qualification, it documents the
experiences of utilities and discusses such topics as artificial
aging methods, materials properties, qualification testing,
maintenance, and the effects of

heat, radiation, and moisture

on equipment. It also offers g
some 600 references for more-
detailed information on
specific areas of interest.

For more information, contact
George Sliter, (415) 855-8699.
To order, call the EPRI Distribu-
tion Center, (510) 934-4212.

The Desk Book of Residential Energy Use

The Desk Book™ application program — officially known as the Residential End-
Use Technologies Desk Book —is EPRI’s recent response to the often overwhelm-
ing proliferation of data on energy-using technologies
in the residential sector A comprehensive reference,
Desk Book offers quick access to descriptive and sta-
tistical information on performance, features, markets,
regulations, and R&D trends for laundry and kitchen
appliances, heat pumps, water heaters, windows, insu-
lation, lighting, and more. With this information at their
fingertips, utility customer service and marketing rep-
resentatives can swiftly field a wide variety of ques-
tions from consumers. Currently available as a Macin-
tosh-based program, Desk Book is expected to be
released in 18M format next year.

For move information, contact John Kesselring, (415) 855
2902. To order, call the Electric Power Software Ceuter,
(214) 655-8883.

2 EPRIJOURNAL June 1993

EPRI-sponsored deliverables now available to ulilities and their customers

LightPAD for Lighting Audits

Utilities can

perform faster and
more-accurate audits

of lighting systems

for commercial and industrial
customers with EPRI's new
LightPAD™ software. This tool
can be used either to quickly
calculate the energy consumed
by lighting systems or to con-
duct a more-detailed survey,
including the evaluation of
existing lighting levels. Unlike
conventional auditing proce
dures, LightPAD allows users to
input and validate data easily
on-site. Room characteristics,
occupancy schedules, mainte-
nance practices, and other vari-
ables can be considered, result-
ing in more-accurate recommen-
dations for retrofits that both
reduce energy consumption and
improve lighting quality. The
results can also help prevent
overestimates of energy savings
from utility demand-side
management programs.
For more infornmation, contact the
EPRI Lighting Infornation Office,
{800) 525-8555. To order, call the
Electric Power Software Center,
(214) 6558883.



I.ighiCAD for Efficient Lighting Systems

Developed specifically for
architects, engineers, and
lighting designers, Light-
CAD™ 20 gives these
professionals the tools

they need to design the
most cost-effective and effi-
cient lighting systems. Used
in conjunction with its

host program, AutoCAD,
LightCAD 2.0 automates typ-
ical drafting functions, calcu-
lates total fixture costs, and

references utility lighting

programs and rebate information, among other capabilities. The program
cancalculate lighting power by the fixture, control, room, or project. Two

special features of this new version of LightCAD are the ability to perform
daylighting analysis and the ability to conduct comparative economic and
energy analyses for different lighting systems.

For more information, contact the EPRI Lighting Information Office, (800) 525
8555. To order, cail the Electric Power Software Center, (214) 6558883.

Terrasighi: The PCB Spill Buster

Designed to help utilities comply
with Environmental Protection
Agency regulations, this hand-
held instrument detects poly-
chlorinated biphenyl spills and
oil spills that are invisible to the
naked eye. Assisted by an ultra
violet light source, Terrasight's
color monitor depicts contami-
nated soil as fluorescent green,
showing the uncontaminated
areas as dark patches. Developed
by Battelle Memorial [nstitute
under contract to EPR], the de-
vice reduces the time needed for
cleanup—which normally in-
volves extensive digging and

laboratory testing to determine

the scope of a spill—from hours
to minutes. In lab tests, Terra-
sight has detected oil on non-
porous surfaces at concentra-
tions as low as 10 parts per
million. In field tests, the in
strument was able to clearly
display a spill that was
more than six years old.
Far more iiformation,
contact Gilbert Addis,
(415) 855-2286. To
order, call Photo-
graplic Analysis
Company,

{800} 524-0397.
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DISCOVERY

Basic science and innovative engineering at the cufting edge

Ecotones llluminate Environmental Change

cotones —the transition zones between
different types of vegetation— are often quite
sensitive to changing environmental condi-
tions. A global warming trend, for example,
could push the arctic-timberline ecotone farther
north, extending coniferous forests into regions
now covered with tundra. Monitoring of ecotones by
means of satellite images is being pursued as an efficient
new way to detect changing environmental conditions.

On a local scale, such monitoring may afford an early
warning of environmental alteration caused by pollution or
other regional effects and thus may substantially reduce the
cost of control or mitigation. Study of ecotone changes could
also provide a new scientific framework for detecting and
evaluating the possible impacts of global climate change.
EPRI research is seeking to develop better methods of iden-
tifying and analyzing ecotones from remote-sensing data.

One project, cosponsored by Empire State Electric
Energy Research Corporation, is devising ways to identify
so-called gradual ecotones from satellite imagery. Typi-
cally, where there is an abrupt transition between plant
communities, the dominant factor is competition between
species, which is only indirectly and very slowly affected
by small environmental changes. A more gradual ecologi-
cal transition, however, usually reflects an underlying
environmental gradient, such as temperature decrease
with increasing latitude. In such gradual ecotones,
communities at the bourdlary are typically stressed to their
physiological limits, so even small environmental changes
may affect them dramatically.

To detect and map such environmentally sensitive
ecotones, the project contractor — Applied Biomathematics,
Inc, of Setauket, New York —is developing several new
image analysis methods. One approach is to correlate the
remotely detected color spectra of particular regions with
spectra of other regions whose vegetation patterns have
been described through ground study Another approach
compares images of a region taken in different seasons.
The effectiveness of various detection methods will then

be judged through comparison with ground surveys at the

sites in question.

A second project, cofunded by the ™ational Science
Foundation, is being conducted at the University of New
Mexico. In this work, fractal geometry —the mathematical
representation of complex natural patterns—is being used
to describe and measure the spatial patterns of ecotones at
various scales, Specifically, researchers will, on the basis of
high-altitude photos, mathematically characterize the
geographical transition from grassland to woodland in a
region of New Mexico. They will then use this information
to develop a more-general computerized model for
ecotone analysis. Eventually, such models could help
identify regions that need to be monitored for early
detection of environmental change.

a For furtiier information, contact Louis Pitelka, (415) 855-2969.

Centrifuge Used in Dam Crack Predictions

any concrete hydroelectric dams were built decades before currently acceptable construction practices were

codified. As a result, there is intense international interest in developing better computer models for analyzing

dam stability —models that realistically incorporate fracture mechanics.
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EPRI and Pacific Gas and Electric Company have been cofunding research at the University of Colorado to develop one
such computer code, called Merlin, which is designed to help utilities meet Federal Energy Regulatory Commission (FERC)
criteria for dam safety. The question is how to test the validity of such codes experimentally, including the realistic simula-
tion of dam cracking, in light of the difficulty of studying this problem in the field. It is even hard to test scale models in
the laboratory, because of the difficulty of simulating the large gravity and water pressure loads that dams experience.

Recently, the Colorado researchers came up with a unique approach: they used a centrifuge to accelerate 2-foot-high
dam models up to 100g to simulate the gravitational forces on full-size dams. Water pressure loads were provided by
flexible water bladders bonded to the back of the model, and the excessive water pressure caused by overtopping was
simulated by adding compressed air over the water surface. A variety of gages were used to instrument the model, and the
whole assembly was placed in a transparent container that allowed videotaping of the experiments.

Tests conducted on the dam models in the centrifuge showed that Merlin does indeed predict dam stability and crack
propagation well, and EPRI members are currently evaluating the code for use in dam safety analysis. FERC is monitoring
these tests for applicability to federal regulations. The centrifuge experiments also enabled researchers to examine the
effects that foundation materials and conditions at the dam-foundation interface have on cracking —phenomena that have
not been well understood. m For further iuformation, contact Douglas Motris, (415) 8552924,

Higher Temperatures for Shape-Memory Alloys

hape-memory metal

alloys have the pecu-

liar property of return-
ing to their original shape
when heated above a critical
temperature or when some
mechanical constraint is re-
moved. EPRI is looking into
several potential utility ap-
plications for these unusual
metals, including reactor control devices, circuit breakers,
and sensors. “The advantage of these alloys for many
applications will be their robustness,” says project man-
ager John Stringer. “A memory-alloy alarm switch, for
example, could sit for years without the need for mainte-
nance but then respond surely when the temperature rose
above a certain point.”

Shape-memory behavior results from the reversibility
of certain changes in the crystalline structure of some
alloys. After rapid cooling or mechanical stress causes a
transition from a cubic lattice to a needlelike structure
(known as martensite), heating the metal or releasing the
stress allows it to snap back to the cubic form. Such
properties have been recognized for many years, and
some specialized applications have been attempted,
including self-erecting satellite components that unfold in
space when exposed to heat from the sun.

AT
AWWWYYYYYYYYYYY YO
g

The problems from a
utility point of view have
been that the critical tem
perature of most shape-
memory alloys is below
150°C, and that their
memory characteristics
tend to degrade over
time. EPRI research is thus
focused on characterizing
the shape-memory behavior of promising alloys, with
particutar emphasis on creating allovs that can operate at
the intermediate temperatures (290-350°C) typical of
water exit conditions in nuclear reactors.

With EPRI funding, researchers at the University of
lllinois are attempting to create nickel-aluminum alloys
that will be suitable for shape-memory applications in the
electric power industry Already the researchers have
shown that some of these alloys have critical temperatures
as high as 927°C and that the onset of aging does not
occur until temperatures exceed 511°C. Unfortunately,
polycrystalline forms of nickelaluminum alloys tend to be
brittle. Two approaches are being explored to increase
their ductility: adding small amounts of boron to change
the grain boundaries and modifying the rolling and
extrusion process to achieve smaller grain size,

w For more information, contact John Stringer, (415) 855-2472.
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Charging Up for Electric




Vehicles o alihe

THE STORY IN BRIEF With significant numbers of electric vehicles expected to hit the road
before the end of the decade, the push is on to develop the infrastructure—especially bat-
tery-charging systems—that will allow EVs to become a major part of the nation’s trans-
portation picture. The vision calls for simple, convenient recharging not only at home but
on the road and perhaps right in your daily parking space. Smart charging systems now in
development will improve on currently available plug-and-cord chargers, and a number of
utilities are conducting recharge demonstration projects to gain experience before large
numbers of EVs roll off the production lines. While the need for safety, common standards,
and equipment compatibility is clear, load growth and the impact of charging vehicles dur

ing peak demand periods will also become issues as the EV population increases.
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UTILITY CHARGING FACILITIES
ARE PROLIFERATING

A dozen or more U.S. utilities
have begun installing EV
charging equipment to serve
demonstration vehicles in their
own, other company, and municipal
fleets. Some utilities. including
several major ones serving
California, have more-ambitious
programs to install dozens of
charging connections at various
locations over the next couple of
years in preparation for the
commercial introduction of EVs.
Most installations feature simple
metered circuits with charging
cables. At some sites (often called
“chargeports™), solar photovoltaic
panels provide both supplemental
energy for battery charging and
shade for the vehicles.

A Hughes inductive charger
Installed by Pacific Gas and Electric
and the Bay Area Rapid Transit
District at a BART station makes it

an all-electric commute for some

utility employees who rideshare in
a G-Van.

he nation's electric utilities are
working to get a jump start on
the infrastructure necessary to
support the commercial
reappearance of electric vehicles (EVs),
which could begin within the next five
years. The utilities are part of the EV
Infrastructure Working Council, a
semiformal group that also includes
representatives of automotive-standard
setting bodies, component suppliers,
EPRI, the Big Three U.S. auto manufae
turers — Chrysler, Ford, and General
Motors —and the oversea sbased makers
of Honda, Mercedes-Benz, Nissan,
Peugeot, and Toyota vehicles. Near-term
efforts are focused on ensuring basic
compatibility and availability of battery-
charging equipment for the earliest wave
of demonstration and production EVs to
hit the road. Many of these will be used
as commercial fleet vehicles by public
agencies, utilities, and other businesses.
“EPRI and the utility industry have
been asked, and have agreed, to lead a
cooperative, coordinated national effort
to develop the infrastructure that will
support the automakers’ products when
they come onto the market in the next
few years,” says Gary Purcell, an EV
technology manager in EPRI's Customer

Systems Division. “To be ready for them
nationwide is a rather daunting task, so
we are trying to marshal all the forces
that we can.”

That includes enlisting the creative
energies and input of designers and
architects as well as private citizens, who
will be among the ultimate users of
mass-produced EVs. Several design
competitions are under way—inciuding
two sponsored by EPRI— that aim to
spark innovation in advanced infrastrue
ture concepts for such things as public
charging stations. Meanwhile, the
government is stepping up its own
efforts to spur the development of EV
infrastructure technology through
defense conversion programs that are
expected to get military facilities
involved with EVs.

Although many of the technical details
have yet to be defined, Purcell and
others are quick to dispute the oft
repeated myth that none of the infra
structure needed for EVs yet exists and
that it must all be developed before such
vehicles will appeal to potential users.
“We already have in place 98% of the
infrastructure in the electric supply and
distribution system that extends to
virtually every home and street in the



country,” says Purcell. “1t’s the last 2% —
developing the connection from the grid
to the vehicle and determining how
charging vehicles might affect the
operation of the grid —that we're
working on. This last 2% is not trivial
and needs to be done smoothly to
ensure the timely support of the au-
tomakers.”

Chargers and vehicles
before standards

Mearly every automaker that competes
in the Morth American market has a
program under way to develop and
produce EVs by 1998 in order to meet
the initial deadline for commercial
availability set by California air quality
regulators. Beginning that year, 2% of all
the vehicles sold in the state are sup-
posed to have zero emissions, which
essentially limits them to electric battery
power. That's about 40,000 vehicles at
the recent =ales rate. The zero-emission
quota in California is then set to rise to
10%, or 200,008 vehicles per year, in
2003. Similar timetables are planned for
adoption in several eastern states, includ-
ing Mew York and Mas=achusetts, and
are being seriously considered elsewhere.
It remains an open question exactly

The first public EV charging
stations in Los Angeles include this
one at the downtown headquarters
building of the city's Department of
Water & Power. LADWP plans to
have 60 stations in place by the end
of this year.

This solar chargeport at a
Sacramento Municipal Utility
District facility is only the most
visible of the many public charging
instaltations the utility has already
completed or has planned,

The sclar-powered chargeport at the South Coast Air Quality Management District’s office

was a joint effort with Southern California Edison.




how automakers will actually meet the
quotas if those plans hold. Under the
pressure of the 1998 California deadline,
which looms very near in terms of
design engineering, productien planning,
and machine tooling, the Big Three U.S.
automakers recently revealed that they
are censidering a new venture to jointly
develop an EV—or perhaps only key
components, which each automaker
would use in its own vehicle design—to
compete against the well-cocrdinated
programs in Germany and Japan.

In any event, in order to avoid any
customier canfusien, auto companies
want to be sure that their EVs will be
chargeable with the same equipment that
works for other manufacturers’ vehicles.
As a result, much of the discussion
about infrastructure among auto experts
these days is centered on the need for
uniform standards — standards- that will
apply not just in the United States but
glabally, and that will endure through
many design generations,

Experts acknowledge that the first-
generation demonstration EVa planned
by automabile companiez will not
conform to an as-yet-unspecified
universal standard incorporating all the
features car companies and utilities
would like to =ee, such as bidirectional
data communications for charge control,
load management, remote control and
annunciation, and perhaps even vehicle
diagnostics. However, it is expected that
most, if not all, EVs initially offered for
sale to general consumers will meet
common voltage and current standards
that will support 6- to 8-hour home
charging, preferably during off-peak
hotrs.

In this country, that basic initial
charging atandard will be a 240-V/30-A
circuit such as that used by most home
electric clothes dryers. The numbers will
be slightly different in Japan (200 V/30
A) and in Eurape (230 V/32 A), but all
charging aystems will be compatibie
with either the 50- or 60-Hz local utility
ac power frequency. It's also expected
that the earliest commercial EVs will
bave built-in electrenic converters for
changing the utility alternating current
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into direct current for the batteries; most
charging cords, however, are likely to
remain off-board when not in use. Some
vehicles are expected to be chargeable
from a regular 120-V/15-A outlet, but
because of the lower rating, they will
réquire more time to recharge.

In s=ome respects, the desire for
comumon standards in advance of mass-
produced EVs echoes the chicken-or-egg,
dilemma that for so long discouraged
automaker interest in EVs in advance of
clear censumer demand. Although
regulatory mandates have now put
many development programs in motion,
automakers centinue to voice doubts
about the strength of interest in EVa
among the car-buying public. Consumers
may have little attraction to EVs in the
showraom, manufacturers worry, if cost
premiums are too high or if charging
systems are not adequate to ameliorate
the inherent range limitations of lead-
acid and other currently available
battery technologies, such as nickel-iron
and nickel-cadmiitm.

(In 1991 the Big Three automakers —
along with the U.S. Department ef
Energy and EPRI, representing the utility
industry —formed the precedent-setting
U.S. Advanced Battery Consortium, or
USABC. [ts goal i to puraue R&D on
advanced battery technalogies for the
midterm and beyond, technologies that
could eventually make EVs competitive
with conventional vehicles in range and
performance.)

Despite the paradox of trying to set
standards before there are production
vehicles, “we're pushing ahead,” says
Craig Toepfer, a product design engineer
in Ford Motor’s EV pregram and the
chairman of the Committee on EV
Charging Swstems iof the Society of
Automotive Engineers {(SAE). “We must
mave forward, despite the fact that we
do not have a century of experience, as
we do with conventional vehicles, and
despite the fact that the technology for
EVs has not yet settled down,” say=
Toepfer, who also heads the Infrastruc-
ture Working Council’s Committee on
Cennections and Ceonnecting Stations.

“Considering the many different EVs

that may become available and the
various power train cenfigurations,
battery technologies, pewer conversion
strategies, and motors that may be used,
the subject is obviously complicated, and
there is a desire to accommuodate all
parties,” Toepfer adds. “But | believe
that this can be done and that a technical
standard covering all types of charging
can evolve before significant numbers of
EVi reach the marketplace.”

Researchers and utilities are operating
on the expectation that most early EVs,
whether used in commercial fleets ar as
commute vehicles, will be recharged
mainly overnight, during off-peak hours,
either with a simple charger that uses
clock timing or with a smart charger that
interactively conununicates with the
utility system and receives varying
electricity price and load control signals.
To help encourage off-peak charging,
utilities expect to offer time-of-use or off-
peak rates, which several utilitiex are
already trying on a limited basis. These
rates cauld applv to a separately
metered circuit for EV charging at a
home or business or to the custemer’s
overall electricity use.

Technology developers and utility
planners also envision the near-term
need, to at least some degree, for three
other types of charging facilities:
curbside devices (especially in urban
areas), which might be integrated with
parking meters or installed like the cein-
operated engine heaters popular in some
northern states; EV-ready charging
spaces in public parking lots; and
facilities for fast charging — the electric
equivalent of gasoline filling stations —
where in 10 minutes or so one might
boost the range of an EV by about 100
miles. Such charging capabilities would
effectively eliminate the range limitation
of current battery systems,

Fast charging of EV's has emerged as
one of the hottest areas of interest and
attention both in technology develop-
ment and in standards specification. It is
the area in which there is the least
agreement on technical standards,
despite a fairly wide consensus that the
eventual availability of fast charging is



KEY TYPES OF CHARGING FACILITIES

HOME/OVERNIGHT EV developers and electric utilities

expect most vehicle charging to take place overnight at

homes or businesses during off-peak periods of demand
for electricity, pattly in response to incentive utility rates
that will reflect the lower cost of off-peak generation.
Devices from simple clock timers to smart chargers that
communicate with the utility system may be used for
home charging as production EVs enter the consumer
market.

CURBSIDE Some utilities are providing limited numbers of

public-access (in some cases, free) curbside charging
connections to support early demonstration vehicles. But
as the number of EVs in use grows, coin- or credit-card-
operated parking-meter-type connections could again
become common, as they were in cities such as Chicago
and Detroit early in this century.

i

PARKING LOT Specially marked spaces in public parking

lots and garages (such as at malls) will help extend the
range and convenience of EVs for short trips and errands.
Charging spaces in company-owned employee parking lots
will encourage EV commuting. Dedicated charging spaces

at public transit facilities are already being demonstrated.

FAST CHARGING Systems featuring offboard, high-power

electronics are under devefopment that couid provide the
electric equivalent of a filling station. There, in 10 minutes,
or about the time it takes to refuel a conventional vehicle,
an EV could receive a booster charge that might add 70 to
100 miles of driving range. In order to minimize increases
in peak period demand, researchers are exploring the
possibilities for fitting these tacilities with energy storage
devices (such as flywheels, batteries, and superconducting
magnetic coils), which could be charged at night for

serving EV users throughout the day.



crucial to the competitiveness of EVs.
Compared with slow, overnight charg-
ing, fast charging could involve funda-
mentally different technalogies with
quite different utility load implications.
There are also key unrisolved questions
about the cost of providing such service,
questions that will influence whether it
represents a viable businiess opportunity
in the near term for utilities or other
companies.

Two developments have spurred much
of the recent interest in fast charging.
One is news about the possible use in
seme vehicles of nickel-cadmium bat-
teries, which can be quickly recharged
but must be recycled to avoid environ-
mental release of cadmium. The other is
the spreading fame of a charging system
that forvik Technologies of Ontario,
Canada, invented and is jointly develop-
ing with Chrysler. A retined version of
this system was recently uszed by
Chrysler to opportunity-charge a set of
thirty 6-V nickel-cadmium batteries that
powenird a TEVan in a nine-day, 2600-
mile cross-country trek from Detroit to
Los Angeles.

Chrysler formed a joint development
venture with Morvik Technologies after
its own tests convinced it that the 450-V

S ——

system could successfully recharge
several types of batteries in as little as
30 minutes without overheating or dam-
aging the batteries, problems encoun-
tered in other attempts to develop fast-
charging devices. The Chrysler-™orvik
system applies a sensing and cumtrol
algorithm to an otherwise conventional
charger; the algorithm continuously
monitors battery conditions and opti-
mizes the timing of strong pulses of
current to quickly restore full charge
without overcharging,.

A step in the right direction

Toepfer says that the Chrysler-Norvik
smart charger “represents a significant
step in the right direction and may
provide the leadership that's needed to
make real progress.” He notes that the
Japanese carmaker Mizsan has also
demenstrated a fast-charging system feor
its FEV (Fulure Electric Vehicle) concept
car and that other manufacturers are
evaluating the concept.

According to Toepfer, a basic dilemma
facing the 12-person SAE Committee on
EV Charging Systems is that “we have to
try to look into the future and guess
where the technology is going ta settle
out 20 or 30 years from now. If we =et a
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standard today, it has to be good
tomorrow and for a long time. If we say,
‘Here’s the way to go,” and 10 years
from now it's deemed msufficient or
underpowered and we have to tear it
out and start ever — that would not be
good.”

The SAE panel meets almost monthly
to review technical developmints and
issues related to charging systems and
connections. Toepfer says that the first
phase of the society's standard-setting
process —development of an information
report for SAE members and the auto
industry — could be finished by the end
of this year. That would be followed by
a period of dialogue and debate and
then by the issuing of a Recommended
Practice dicument, an informal guide-
line. Finally, the society would publish a
formal Technical Standard, on which
there is broad consensus. Despile the
many unresolved technical questions
about battery, motor, and charger types,
as well as questions aboul the data
communications protocol and media that

may have te be covered under a stan-
dard, Toepfer says he thinks the SAE
committee can complete its work within
the 1995 time frame for commerciallv
available EVa.




In a demonstration with Norvik Technologies of

Canada, Chrysler has used a smart charging system
to fast-charge nickel-cadmium batteries in a TEVan.

As Toepfer noti=, however, the
lechnology for EVs has not yet zettled
down, and this is particularly evident in
the numerou= approaches to charging
aystems that are being pursued. EPRI
experts believe a charging method that
employs a magnetic inductiom coupling
between a utility power source and a
vehicle’s batteries is a promising
approach to fast charging. It offers
potentially very great eaze of use as well
as virtually no shock hazard.

The Institute and several utilities —
including Pacitic Gas and Electric
LCompany (PG&E), the Salt River Project,
and Pennsylvania Power & Light
Company —continue to sponsor evalua-
tions of several types of inductive
chargers. One early system examined
was the Inductran, a floer-mounted tlat-
plate coupler that automatically switches
on when an EV filted with a matching
underplate is parked over it and the
motor is awitched off. Such an approach
could potentially be attractive as an
automatic fast-charging svstem in public
parking facilities.

A division of the Hughes Aircraft
subsidiary of General Mutors has
deviloped a flat-plate inductive coupling
system that replaces the common metal
plug typical of most appliances with a
5-inch round paddle covered with
plastic. Connected to a charging station,
the paddle is easily inserted by hand
into a matching slot in an EV.

In a joint demonstration and promo-
tim af the potential for an all-electric
comnute, PG&E and the Bay Area Rapid
Transit District recently installed a
prototype Hughes inductive charger at a
dedicated EV parking space outside a
BART station in Lafayette, California. The

EHV Coarporation’s simple charger for public parking
spaces is coin operated.

VEHICLE CHARGING SYSTEMS EMERGE AND
EVOLVE Numerous manufacturers are developing
systems and equipment for charging EVs, ranging
technologicalty from the simple to the sublime. Plug
and cord equipment is already available to support
home charging of EVs equipped with on-board power
converters, although some additional wiring may be
needed in older homes. Some public charging
systems at parking spaces will feature coin- or credit-
card-operated meters. Several companies are
pursuing so-called smart charging systems, which
incorporate microprocessor controls and electronics
for communications between a vehicle and the utility
distribution system.

EPRI is supporting the deveilopment at the University
of Wisconsin of a coaxtally wound inductive coupler
that shows promise for high-power fast charging.

General Motors' Hughes
Aircraft has developed a
magnetic induction system
with a coupler that is inserted
into a vehicle's charging port.




Hughes system will recharge a PG&E-
owned G-Van (developed by EPRI) used
by utility employees who commute on
BART, the San Francisco Bay Area’s
electric rail system. Meanwhile, Boston
Edison Company has announced an
agreement with Hughes to become the
exclusive distributor of the Hughes
inductive charger in nine states in the
Northeast.

Hughes Power Control Systems
continues to develop its charging system
as part of its involvement in CALSTART,
a consortium of several California
defense, aeraspace, and other firms, as
well as the state’s major utilities.
CALSTART is seeking to catalyze an EV
manufacturing industry and to redirect
some high-technology industries into
new markets. The Hughes subsidiary is
also conducting an overall assessment of
inductive charging technologies for EPRI.
Included in this assessment is a coaxially
wound coupler design developed by the
University of Wisconsin at Madison that
EPRI believes offers strong potential as a
highpower fast-charging system.

Most fas tcharging concepts would
require 480-V, three-phase electric
service, which is beyond the capacity of
most utility transformers that serve
residential areas and even some that
serve commercial areas. Given enough
use, however, a fast-charging station
could justify the cost of the required
equipment. High-power fast chargers
would also operate at high frequency
(20-80 kHz), which would make it
possible to greatly reduce the weight of
the equipment but could increase the
tendency to add harmonic distortion to
the utility system.

EFRI and several utilities are continu
ing to evaluate advanced charging
concepts and technologies. Researchers
hope to have a working prototype of the
Wisconsin coaxially wound coupler
ready for testing by the end of the year
at PG&E’s San Ramon Engineering
Research Center. PG&E says it also hopes
to test the Nissan fast-charging system
this year.

Meanwhile, utilities serving cities as
varied as Detroit, Houston, Los Angeles,
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New York, Philadelphia, and Sacramento
are moving ahead wilh the installation
of dozens of simple, nonintelligent
outlets to support early demonstration
vehicles. Also, EPRI is working with
many utilities under a cosponsored EV
research network program to establish
some 14 centers for evaluating infra-
structure technology.

Plans are being readied noswv for this
network of centers, which will become
the centerpiece of EPRI's EV infrastruc-
ture effort. Utilities such as Georgia
Power Company, Duke Power Company,
TU Electric, and the Los Angeles
Department of Water & Power (LADWP)
are taking leadership roles in specific
focus areas of activity. For example,
LADWP, which is spearheading the
southern California EV infrastnicture
activitics of the CALSTART initiative,
plans to have about 60 charging stations
installed by the end of this year —sume
located at utility and city facilities and
some serving other company fleets and
EVs at hospitals and universities.

Elsewhere, Sacramento Municipal
Utilily District (SMUD), which already
has 71 charging outlets in place at 21
public locations, mainly in parking lots,
plans to install 65 more over the next
two years. And Detroit Edison Company
is continuing its involvement with EVs,
which dates from the turn of the century
and includes more than 700,000 miles of
on-the-road experience logged as a site
operator in a Department of Energy EV
conversion and demonstration program
that ended in 1986. The Motor City
utility estimates that it still has perhaps
as many as 100 working charging
locations, and it may put in another 30
to support new vehicles, including a
fleet of 10 sodium-sulfur-battery-
powered Ford Ecostar light vans due for
delivery this fall.

EPRI, U.S. automakers, and a group of
seven utilities are all sponsoring EV
infrastructure technology design compe:
titions to foster innovation in public
charging and meter systems. EPRI
expects to announce the first-year
winners of its EV Curbside Charge
Station Awards at its National EV

Infrastructure Conference in December
in Phoenix, Arizona.

Health, safety, and
power quality issues

Concurrent with the testing and evalua-
tion of the technical merits of a variety
of charging systems, researchers are
gathering data rclated to other concerns,
such as health and safety issues. They
are also characterizing the power quality
and potential utility distribution system
impacts of various charging systems.

With recent concerns about possible
health risks of exposure to electric and
magnetic fields (EMF), EV researchers
have been careful to include EMF
characterization in ongoing vehicle and
charging-system evaluations. As part of
its broad range of studies into the
potential health risks and engineering
aspects of magnetic field exposure, EPRI
has conducted extensive magnetic field
characterization tests on two electric
vans in operation at the Eleclric Vehicle
Test Facility in Chattanooga, Tennessee.
In addition, PG&E is adding to the
database with field measurements for
additional vehicles and for inductive
charging systems, which can produce
both power-frequency (60-Hz) and
higher-frequency EMF. With the assis-
tance of PG&E researchers, EFRI is
leading an industry effort to define a
standard protocol for EMF testing of EVs.
A similar effort is under way relating to
power quality characterization.

Many EV experts express concern that
questions about EMF could become a
cloud over an otherwise bright horizon
for EVs. But most also voice confidence
that there are measures—including
shiclding, field cancellation techniques,
and simple precautions like putting
distance between an operator and a
charging device —that could adequately
minimize EMF from }Vs should that
become necessary as a result of concerns
over EMF exposure. For now, the priority
is to develop data based on standardized
EMF measurements that can be evaluated
against similar measurements for
common clectrical equipment and
appliances.



THE INFRASTRUCTURE

WORKING COUNCIL

In 1991, with the coopera-

tion of the automoebile and

electric utility industries, EPRI

formed a committee now known

as the Infrastructure Working

Council. The aroup operates as an

open forum for discussion about EV
infrastructure development. Its aims

are the cooperative exchange of
information and the coordination ot

efforts to foster the development and
availability of the infrastructure necessary
to support EVs. Although membership is
informal, each of the Big Three U.S. auto-
mebile manufacturers is committed to repre-
senting both its own views and those of the

As a possible major new type of elec-
trical equipment, EVs prezent a number
of issues that the [nfrastructure Working,
Council's Health and Safety Committee
i= tackling head-on. In addition to coar-
dinating the work on EMF meastirements
and protocol definition, the committee,
headed by Dave Brown of Baltimore Gas
& Electric Company, has been develop-
ing a proposed new article for the 1996
edition of the Mational Electrical Code
(%EL) to cover EV recharging. The pancl
will submit a draft later this vear to the
®ational Fire Protection Associatiom, the
NEL’s publisher. The article will specify
safety requirements for EV equipment
and systems in order to minimize shock
and fire hazard. Stmilar work to revise
the four model building cedes used by
the various states is alzo under way.

“Getting thess code revisions will
mean a lot to the commercialization of
EWs. Wherever charging facilities are
installed, they will be subject to inspec-
tion by the local code authoritics, and if
these authoritivs don’t have something
to use ar a safety guideline, then some
may approve of an installation and some
may not,” explainz Brown, a long-time
utility representative to the elertrical
cade organization.

An example of the bumps in the road
that can face Fvs even in the Golden
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Mercedes-Benz DOE
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State —an example that highlights the
importance of code revisions —was
encountered when SKMUD recently sought
a local building code revision te require
that future new single-family homes
nclude a branch circuil for E¥ charging
in the garage. Although vehicle develop-
ers and battery manufacturers have leng
known about the potential for producing
=ome hydrogen gas during battery
charging, the local fire marshal ques-
tioned whether the proposed amend-
ment would require provisions for
ventitation. The local code revizion is on
hold, pending work sponsored by SMUD
to get answitrs that should resolve the
questions. EPRI is sponsoring related
work that should facilitate thit adoption
of EV wiring code pruvisions nationally.
Brown says tests are under way to
analyze the generation and dispersal of
hydrogen from EV batteries in a garage-
type enclosure and to determine what
ventilation pravisions, if ani, may be
needed. Underwriters Laboratories is
under EPRI contract to certify the tests
and to conduct other fact-finding to
support the addition of the new article
to thir ®WEC. (Meanwhile, all the ad-
vanced batteries targeted for develop-
ment by the LSABC feature sealed
designs that would generate no gases.)
So far the advance deadlines for

Society of Automotive

Engineers (SAE). Several

overseas-based automakers

have also jeined the council,

Participation by the electric

utility industry is led by EPRI,

with support by individual

utilities, the Electric Vehicle

Association of the Americas

(EVAA), the Edison Electric Institute

{EEI), and the U.S. Department of

Energy (DOE)}. The automobile and

utility industry participants are permanent
members of the council, Making up the

third group of council participants are
experts who are invited as needed, inctuding
representatives of equipment manufacturers,
design firms, and code organizations.

revisiens to future code editions have
tended to =et the pace on health and
safety issues. But Brown points out that
many other impartant issues have
received less attention up to now
bicause the various interestud parties
perceive that they will not present
serious readblocks to the commercial
introduction of EVs. An example is the
matter of battery recycling, which is
expected to be carried out through
vehicle dealers, perhaps in conjunction
with battery manufacturers.

One health and safety area that has
already received a full measure of
attention involves fire and rescue
procedures. The potential fer high-
voltage hazards and the release of
hazardous= or toxic battery materials
from EVs in a crash poses special
requirements for fire, rescue, and police
personnel. Detroit Edison i= working
with the Big Three automaker= to
develop a comprehensive EV safety
training course for such personnel. The
course material, including a video,
training manuals, and pocket guides, is
set to be released this summer and will
be widely distributed around the coun-
try. “This area is something that peeple
often don't think of as part of the
infrastructure, but it is,” says John Olsen,
Detroit Edison’s EV program manager.
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Planning for a unique load

EVa represent for the utility industry a
unique prospective new load category,
the emergence of which is being greeted
eagerly and enthusiastically as well as
with some trepidation. On the one hand,
sufficient numbers of EVs to translate
into significant electricity use and power
demand would represent the first new
major electrical load type to come along
in many vears. And to the extent that
most of the vehicles would be recharged
during off-peak periods, EV& could
substantially improve overall utility
system utilization factors, helping to
lower the average cost of electricity, not
to mention improving local air quality.
EPRI studies suggest that there is
sufficient unused off-peak utility
generating capacity available in the
regions of all urban areas hoping to see
major growth in EV use in the next 10 to
15 years.

On the other hand, the EV is an
electric appliance that —at the upper
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end of a typical vehicle’s energy con-
sumption—is nearly the load equivalent
of an entire occupied family residence
but that, unlike a house, moves around
from place to place. Moreover, it is a
load category that was not factored into
the present capacities of the distribution
systems serving most residential and
commercial areas. In the absence of any
load management incentives or controls
and with unrestrained charging, the
same EV could end up using both types
of feeder for charging (commercial
during the day while this vehicle is
parked at work or public transit, and
residential when parked at home),
potentially making each’s demand peak
higher.

For many existing homes, it would
almoat certainly be necessary to install
some new electrical wiring (like what is
needed for an electric clothes dryer} in
order to provide a 240-V/30-A charging
circuit in a garage. Older, amaller homes

with 60- to 100-A service might require a

ASSESSING IMPACTS ON UTILITY SYSTEMS
Two West Coast utilities—Pacific Gas and Electric
and Southern Caiifornia Edison (SCE)—are
conducting detailed assessments of the impacts
of large numbers of EVs on their load
management strategies and their distribution
systemns. In SCE's study, a computerized
geographic information system (GIS} is being
used to display the results of a2 University of
California survey that identifies potential EV
buyers in various districts. By comhining the
survey results and the G1S-based physical Jayout
of SCE's distribution substations and circuits, the
utility can locate vehicles within a district and
evaluate the impact of EV loads on the
components of its distribution system.
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new panel and utility service drop to
handle an EV circuit. (Many new homes
have 200-A service.) Using the same
transformer to serve more than a amall
number of EVs and charging circuits
could potentially require upgrading or
other system madifications.

These and related technical Hsues are
being intently studied by a number of
utilities, including PG&E and Scuthern
California Edison Company (5CE). Each
utility ia taking a slightly different
approach to evaluating the distribution
impacts and load management ramifica-
tions of the appearance of large numbers
of EVs in key parts of ita service terri-
tory. Ernest Morales, a senior research
engineer for SCE who heads the Infra-
structure Working Cauncil’s Committee
on Load Management, Distribution, and
Power Quality, say= that SCE i= conduct-
ing a three-year study in collaboration
with the Califernia Public Utilities
Commission (CPUC), the California
Energy Commission, PG&E, and San



Diego Gas & Electric Company. Results
from the study will help inform CPUC
decisions on such cquity-related quies-
tions as who should pay for distribution
system upgrading if that is required —
all ratepayers or just EY owners? What
abiut =tranded investment if EV owners
movi elsewhere?

“Most estimates of how many Evs a
utility system could accommidate by the
year 2010, for example, assume uniform
distribution of the vehicles across the
service territory, but we know that's
probably not going to happen—some
areas will see concentratioms of EVs,
while others will nat,” says &orales.

SCE is working to forecast the number
of EVa that may turn up in each of its
operating districts (as well a= in
LADWIs service territory). In this effort,
a computerized geographic information
system (GIS) that depicts the utility
system in detail is being used ks display
the resuits of a large behavioral survey
ronducted by the Liniversity of Califer-
nia at Los Angeles. The surviry results
identify potential EV buvers in various
districts under different scenarios.

On the basis of these results and Ihe
GIs-based physical layout of 5CE’s
distribution sy=tem substations and
circuits, the utility will spatially locate
vehicles within a particular district. Once
this capability i= fully developed, SCE
will be able to evaluate the total impact
of EV loads on all the components of its
distribution system. Some initial Joad
forecast results could be available mext
year, says Morales.

Most EV chargers produced by
original gquipment manufacturers have a
power rating of approximately 6.6 kW. In
addition to residential charging, EV
owners may want to charge their
vehicles away from home, at conve-
nience charging slations at such places
as shopping centers and restaurants,
And fast-charging stations would be
located alinng major highways and
freeways.

Az a result, EVs could potentially have
an impact on every part of the distribu-
tion system. “Thus a key element of our
evaluation of EVs on our system ik to

look at ways to manage the load.
Utilities are going to be ready and able
to meet the demand from EVs, but it's
going to lake some innovative ways of
managing thiz unique rolting load,” says
Morales.

Flence it may be essential that charg-
ing-connection gear be abli to communi-
cate in both directions betwsien a vehicle
and the utility system. Automakers are
interested in an optical fiber data link
between the vehicle and the utility
connection because of that technology’s
imperviousness to electromagnetic
interference, which could be generated
by the charger. From the utility service
connection back ta the distribution
substation, utilities are exploring the
patential for a power-line-carrier-type
signal on perhaps dedicated charging
circuits to communicate with the
substation and transmit utility load
management signals — for example,
signals that cycle vehicle charging or
limit current draw.

PG&E is projecting the potential
numbers of EVa in different parts of its
service territary’s 200 planning areas,
across which the incremental cost of
serving new load can vary significantly.
The highest-cost areas to serve are likely
te be those where substantial numbers of
EVs are projected to come into service
and that are already constrained in terms
of distribution svstem capacity, says
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PG&E research engineer John Mead.

But despite the unanswered questiens
about the nature and impact of EV
charging loads and about the psychology
of consumer charging behavior, Mead
says there should be plenty of time to
gain experience with the limited num-
bers of early EVs— these will provide
the answers utilities nead i order to be
prepared.

“I think we have more time lhan is
generally believed to get answers to the
questions about load and distribution
impacts. EV technology stiil has a long
way to ga, and there are still many
unknowns. But we feel that however
many EVs come along, we will serve
them,” says Mead. “The question for us
is whether there i# an epportunity to do
some load management and control ef
the nature of the load up front, before
too many vehicles could become a
praoblem. The firal major projected new
load in a long time will seon begin
coming on-line, and we have a chance to
address same of the energy demand
issues in advance with the manufactur-
ers and research organizations in order
to influence the compatibility of those
products with our svstem and alleviate
potential problems. If we do our job
right, no one will even natice.” |

Background information {er (his arucle was gravided by
Gary Furgedl, Custormer Sysiems Divisien
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by Jack Welch

INNING

19908

General Electric Chairman and CEO Jack Welch

believes in managing not by the numbers but by

a set of guiding values practiced by every

employee every day. In this edited transcription

of his keynote remarks at EPRI’s recent

on Global Electrification,

Welch outlines his formula for effective enterprise

and challenges utility executives to change

their organizations in ways that will enable

them to thrive in an increasingly complex

and unforgiving marketplace.

he power business, like every

other business in the world,

i= undergoing rapid change.

Many of you have fell the influ-
ence of independent power priducers in
the United States, and IPPs are now in a
global chase through Southeast Asia and
other parts of the werld as they look to
electrify less-developed countries. This i=
a changing game; tha utility business= is no
longer just regional, and no one knows
that better than all of you in this room. The
beundaries of our traditional markets are
changing, and new players are increasing
the ante on competitiveness.

What I'd like to talk about this morning
is how one gets competitive, how one
plays in this global arena. I'll start with the
premise that to get there, you have to ar-
ticulate a vision, clearly defining the exact
thing you want to be, and then wrap
around that vision a set of values, a =et of
behaviers that support it. When [ talk
abeut vision, values, and behavior, I'm us-
ing the terms net as annual report jargon
but in a more practical sense— | 52 them
as fundamentally the way you run a busi-
ness, whether yeu are a utility, an 1°P, or
a supplier to the industry. [ will be refer-
ring to General Electric a lot in this pre-
sentation, and [ apologize for this. But GE
is what [ know best, and it offers exam-
ples [ have found useful in getting my
ideas across.

The vision: Qur objective at GE was to
he the very best in the world at everything
we do or, at worst, number two in a given
activity glebally. If we were net, our chal-
lenge was to fix it. If we couldn't fix it, we
would sell it, and if we couldn’t sell it, we
would close it down—get out of that as-
pect of the business altogether. Our objec-
tive was, and still is, to be the most pro-
ductive, competitive enterprise on earth.
That's the vision that we have.

What are the values one needs to fultill
that vision? I'll lay out four values that |
have used effectively, although each of
you can pick a set of your own, keyed to
your particular vision. My set starts with
reality; next comes an idea I'll call bourd-
aryless behavior; third, speed; and fourth,
stretch or reach.

First, reality. You, the leaders of your or-



ganizations, mustsee the world as it is, the
situation as it exists. Not the way you wish
it were, not the way it used to be, not the
way you hope it will be. The way it is. For
example, when 1 became chairman of our
company in 1981, we had a vision that our
nuclear business would sell one or two,
maybe three, US. reactors a year. We were
staffed up to do it, and the employees
were ready to go. But we changed all that.
Taking a hard look at reality, we said there
would be no US. reactors ordered for the
rest of the century, and there would be
modest, sporadic reactor orders from out-
side the United States. What were the im-
plications for GE and its nuclear business
as a result of that view? Heavy R&D
spending on future, safer reactors that are
more acceptable to society, and a focus on
fuel and services for existing reactors that
would allow us to be the lowest-cost fuel
and service provider for that industry.

This was an ugly process to go through.
People were upset—angry—that we
were forecasting the death of the business
they had spent 20 years in. They resisted
it. They wrestled with it. But in the end,
that team came up with a new strategy:
they put together the resources to develop
advanced reactors and to provide service
in the highquality fuel business. As a re-
sult, they had far fewer people in manu-
facturing but more in R&D and more in
service. The outcome has been 12 years of
relatively steady profits and a business
much better positioned for the next cen-
tury, for the time when enlightenment
comes and more nuclear is required. We
ended up with a business better posi-
tioned to play.

You see this kind of change coming in
a variety of industries. In the airiine busi-
ness, in the aircraft engine business, com-
munications advances are tipping the
industry upside down. Telecommunica-
tions, videoconferencing, all kinds of elec-
tronic approaches to communication are
causing a massive shift in the most at-
tractive segment of the industry, the high-
yield business traveler. Reality has been
tough to come by here. Airlines have
hoped that tomorrow would be like yes-
terday. We've been suppliers to that in-
dustry and we’ve seen them hope and

wish, but believe me, business travel is
changed forever.

And look what is happening with
generics. Consider the highly publicized
Marlboro Man battle, where the price of
name-brand cigarettes is about twice the
price of generics. The reality is that con-
sumers want value, and brand loyalties
are disintegrating. The same situation ex-
ists for drugs, home products, and foods.
We are seeing rapid changes in industries
that have been managing from a rocking
chair—raising prices to consumers by 5%
and 7% and 10% annually, while con-
sumers are out buying unbranded prod-
ucts. Reality is going to hit the drug in
dustry hard as the Clinton administration

n reality
“People were upset—angry—that
we were forecasting
the death of the business
they had spent 20 years in,
They resisted it. They
wrestled with i, But in
the end, that team came
up with a new strategy.
We ended up with @
business better positioned

to ploy.”

deals with new health care plans.

This is the bottom line for reality: unless
a company really gets down to seeing
business the way it is, it has no place to
go in formulating a strategy and no way
to achieve the vision it is after

The second value that | think is needed
in an organization is boundaryless behav-
ior. The best way to think of this big, long
word boundaryless is to think of a house. It
has walls between rooms. [t has floors and
ceilings between levels. [t has people on
the outside and people inside. Think of the
house as your organization, floors being
job levels, functions being defined by
rooms. Now think of blowing it up, just
disintegrating the house, That is what
boundarylessness is all about. Get those
horizontal walls down, the walls between
your marketing function, your engineer
ing function, and your manufacturing
function. Get them down so people can
communicate easily and fluidly.

Break down the outside of the house so
suppliers and customers can participate in
the entire process; take your ideas trom
wherever they come, and pay close atten-
tion to people from outside your organi-
zation. In new product development, the
only way to bring something to market is
to have one coffeepot, one room, one set
of people all working together. No hand-
offs from engineering to manufacturing to
marketing, but all team members togethet
around one coffeepot, getting the thing
done. This is how Chrysler was able to
bring out its new LH cars in 24 months
rather than the four to five years it used
to take car companies to develop a new
line.

Let me give you the story of a 10 G-year-
old product—a GE steam turbine. We
made incremental improvements in this
turbine for over 100 years. Not a lot of new
thinking, just a century of small changes.
A year ago, a multifunctional team got to-
gether in one room around one coffeepot
to figure out how to make a big improve-
ment. And they did—they reduced the
size of this 660-MW turbine by 20% and
took a million pounds out of it, a 33%
weight reduction. The point is not the
great product they developed, but that
within a year they were able tomake mas-
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sivee change in a 100-year-ald product by
getting evervone focused on developing
the answer,

[ was= in Cincinnati, Ohio, yesterday to
review the progress on the GE-90, which
i= the new 100,000-pound-thrust engine to
power (he Boeing 777. It's an enormous
engine. This praduct is being buill un-
der the direction of GE with three sup-
plier partners —IHI of [apan, SMECMA of
France, and Fiat of [taly —and has been in
development for a year. We fired the en-
gine up for the first time last week, and it
met every specification the first time out.
That's fantastic—we’ve never been close
to doing something like that before. Bul
the interesting thing is that, besides the
partners, the other person in the room
every dav wirking with us is from British
Airways, our launch customer. And he’s
telling us all the things a customer needs
to maintain that engine. Mow you have a
lapanese team, an Iltalian team, a French
team, a U5 team, and a British customer,
all designing a billiim-and-a-half-dotlar
development privject in one room—no
wallz and one coffeeput —getting  the
whole program done.

Sharing across boundarips is #0 impor-
tant in our company that this behavior is
part of how we measure our people. We
take it very seriously. The first way vou
can get thrown out of GE is for an integrity
violalisin — yisu're gone with an integrity
violalion. The second way, which falls just
below that, is 2omeone whir dowsn’t be-
have in a boundarvless fashion —some-
one who holds o to turf, protects his own
ideas, doesn't look 1o suppliers, diesn’t
reach out to every source for inspiration
Anvone who approaches things thal way
15 gime.

Performance appraisals are done in thy
following waw, We have what we call 360-
degree appraisals of sur people. That
means the subordinates all evaluate the
managers, the peers all evaluate the man-
agers, and the superiors all evaluate the
managers, 5o every year managers get a
review from each of the peopl they in-
teract with—an evaluation on boundary-
lesaness, on reality, on the values 've been
talking about. That's how we manage the
busicess, not around the numbers but
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around the behaviar, because the behav-
ior will drnive the numbers. 1f vou start
with the numbers, that focus will stop vou
from reaching them,

Boundaryless behavigr, when you gel it,
leads to the most important competitive
element: spred. That's the third value.
When you com presss manufacturing-cycle
times, vou are mom responsivie to vour
customers. You can lower inventories and
get belter asset utilization. We're at the
point now where we can get an order for
an appliance —say, a green relrigerator
with the handle on the left side —on Mon-
day in Mew York, and by the following
hMonday have it to the customer. It used
tir take us 12 weeks; we're down o abput
a week or 10 days, and we want to get to

n boundaryless behavior
“In new product development,
the only woy to bring something
to market is to have one
coffeepot, one room, one set
of people all working together.
No handoffs from engineering
to manufacturing
to marketing, but all
feam members fogether
around one coffeepot,

gefting the thing done.”

3 days. You pick your color, you pick your
features, yuu pick what you need, and
we've pot flexible factories operating
without banindaries to prisduce it. You or-
der on Mondayw, we make il on Tuesday,
and you have it on Wednesday. That's the
ebjertive. You get better quality this way,
because with speed you iz to have qual-
ity. If you're et up for speed, then qual-
ity, service, all the other things fall into
place.

Mew products, the key o growth, also
come from this =peed glement. The Japa-
nese auto industry got to 30% share of
the LLS. market certainly bw lowering
costs and increasing quality, but also by
alwavs having a fresh product line with
new features. Every year thev would in-
triduce something new. The US. compa-
nies would go for the big one—what
we call the moon shot. They'd get a new
product out there and then stay with it for
five years, swhite the Japangse competilion
kept rolling out new products on a regu-
lar basis.

We hatve a pressing need in this coun-
try to take advanlage al these concepts. As
I mentioned, Chrvsler did their last car in
24 months, It cost them about 1.7 billion
dollars. They'll do their next car in less
than 12 months, and it will cost them less
than a billien disllars. It vsed to asst 4 to
5 billion doliars to do that sort of thing.
Chrysler will be able s dis it faster and
cheaper because thev've broken the walls
down—they're operating in a boundary-
le== fashion with speed. This ability to roll
oul new products with new features in a
limely cycle will differentiate those play-
ers that continue tin go forward from those
that fail.

But speed does something else to an or-
ganization that ia perhaps of equal im-
portance: it creates eacitement, Bpeed is
erhilaraling — il energizes an organiza-
tion and brings people to life. Speed also
kills resistance o change. L blows over
those well-dressed bureatcrats who hide
in companies. “Slow” is a tough walue to
=ell. it has no constituency. Who can say
to the team, “Let's go slow”? Speed ral-
lies people. It gets you better customer ser-
vice, it makes you mord responsive, Speed
can really take an organizalion to a new



height of energy. And it can truly differ
entiate you from your competitors.

This leads us to my final value, which
is stretch. What we call stretch, or reach,
is the thing we have learned about in our
company the most recently. Stretch is rais-
ing the bar far above what you have any
reasan to believe one can achieve. For ex-
ample, we had a company that operated
at 3 to 4 inventory turns; we put the bar
at 10. We had a company that had oper-
ating margins in the 7-8% range for
decades; we put the bar at 15%. We didn’t
have the foggiest idca how to make these
goals—no brilliant management tech-
nique for how to get there. But we did
have a boundaryless arganizalion built,
we had speed as a value, we had reality

n speed
“Speed is exhilorating—
It energizes an organization
and brings people to life,
Speed also Kills
resistance to change.

t blows over those
well-dressed bureaucrats
who hide in companies.

And it can truly
differentiate you

4 })
from your compctitors.

as a value, and we had an empowered
work force.

Think of all the limes you've sat in a
budget meeting and someone across the
table comes up with some productivity
measurement of 4¢.017, and you say, “Let’s
get it up to 4.217.” And you debate and
you wrestle all around these minute nu-
merical changes that have nothing to do
with excitement, that have nothing to do
with reach, that have nothing to do with
dreaming. What they do have to do with
is bureaucracy. And they won't get the job
done.

Our abjective in this whole game is to
pul the bar way up on the top. Give pco-
ple the challenge. Let them reach, let them
stretch, let them dream. Let them come up
with the ideas they need to get it done, be-
cause they're the enes who know how to
do it. And when Lhey start to make their
ideas work, be sure as hell you don't pun-
ish them. Don’t start to think of that 10—
that stretch goal—as the kind of number
you used in the old game. If your goal is
10, and someone goes fraom 4.017 to 6, take
care of them, reward them, checr them on,
because they’re on their wiy to something
very special.

In our company we recently had our
first business reach 10} inventory turns, ty-
ing up only a daollar in inventory for every
10 dollars in sales. That’s an unbelievable
increase; we’ve never been close to it be-
fore. Our company as a wholc will soen
be at over 6. We'll be aver 8 next year and
at 10in 1995. We knoiw we'll be there. None
of us bureaucrats know how to get there,
but people in the organization, with their
hands close to the action, know how lo do
it and they will do it. We wouldn't have
had a prayer under our old system of beat-
ing the budget, with us picking a number,
negatiating between two finite elements to
set the goal. Now let the number be as far
as your eye con see, and let people go get
it. They will.

1 believe the winners of the competitive
battles of the 1990s will set big targets,
seemingly unreachable targets. They'll set
numbers that are off the scale, and they’ll
unleash the energy, the creativity, the
dreams in their organizations that can get
them there.

In my view the winners, whether they
be the utilities or the independent power
producers, whether they be regional or
global, will not be the ones that I call
otherdependent. They won't depend on
price or load growth or the economy. They
won't be hoping for some legislative ac-
tion. They'll be companies that have taken
control of their own fate, companies that
understand that productivity, speed, and
excited and inspired people are the keys
to winning. It is the people who sharc the
dreams of that vision—the peaple who
areinspired to reach forthe seemingty im-
possible gaals—that will lead companies
of every form to greater heights and
greater victorivs in the global competitive
battle. ]

n stretch
| believe the winners
of the competitive batties
of the 1990s will
sef big targets, seemingly
unreachable targets.
They'll set numbers that
ore off the scale, and
they’ll unleash the energy,
the creativity, the dreams
in their organizations

that con get them there. ¥
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Rural electric coop-
eratives—generally
smaller and more
remote than munici-
pal and investor-
owned utilities—are
sometimes assumed
to be technologically
unsophisticated. But
many co-ops today
rely specifically on
advanced technology
to meet the eco-
nomic and technical
chalienges that come
with delivering high-
quality electric
power to sparsely
inhabited but in-

creasingly demand-

ing service territo-
ries. In an effort to
understand the
challenges rural
electric cooperatives
now face and their
use of high technol-
ogy to address some
of these issues, we
visited three EPRI
member co-ops and
interviewed several
others over the
phone. The stories
that follow illustrate

what we found,




¥ he road from Palm Springs up
to Anza, California, cuts seven
switchback turns through the
' San Bernardino National Forest.
The rugged journey offers a taste of the
kinds of difficulties that come with bring-
ing electricity to Anza, a community of
5000, nestled in an arid valley at 4000 feet.
In the spring, violent winds whip up
Anza’s rocky sand, spitting it against peo-
ple, cars, buildings —anything that stands
in the way Winter brings flash floods,
which this year came within inches of
knocking out power to half of the town.
When electricity came to Anza in 1955,
the people followed. And as the area has
grown, so has the demand for power. This
has increased the challenges for Anza
Electric Cooperative, the utility responsi-
ble for keeping the community’s lights on.
According to David Coyle, general man-
ager of the 17Zemployee co-op, by the end
of the decade demand will exceed the ca-
pacity of the only transmission line bring-
ing power to the coop’s 500-square-mile
service territory. Upgrading the line is cer
tain to be an expensive proposition, and it
wouldn’t exactly be easy. The line cuts
through a section of the national forest,
and environmentalists are prepared to
block any work along this right-of-way.
As an alternative, Anza Electric— in
collaboration with its generation and
transmission provider, Arizona Electric
Power Cooperative, and EFRl—is explor
ing the possibility of installing small gen-
eration locally to meet peak demand and
delay the transmission upgrade. This
strategic application of modular genera-
tion, a concept called distributed genera-
tion, is new to large and small utilities
alike. Anza may be among the first utili-
ties to demonstrate it with EPRI. “Here
we're seeing a rural electric cooperative
taking an innovative approach to improv-
ing and lowering the cost of service,” says
Dan Rastler of EPRI,
study. “Anza is moving in a dircction that

who oversees the

only a few of the bigger utilities are con-
sidering at this stage.”

Other rural electric cooperatives across
the country are similarly demonstrating
and deploying advanced technologies in
an effort to address the unique challenges

RURAL
CO-OPS

BIG
Rz

by Leslie Lamarre

that come with providing high-quality
electric power to sparsely inhabited but
increasingly sophisticated rural areas.
Here are just a few examples of the doz-
ens of big research projects that co-ops
have taken on: Alabama Electric Coop-
nation’s first
compressed-air energy storage plant; Col-
orado Ute, now part of Tri-State Gener-
ation & Transmission Association, con-

erative demonstrated the

ducted the industry’s first utility-scale
demonstration of a circulating-fluidized-
bed boiler; Hoosier Energy demonstrated
that optimizing scrubber chemistry could
capture an additional 10,000 tons of sulfur
dioxide annually; and Arizona Electric is
successfully employing photovoltaics to
power nighttime air traffic warning bea-
cons atop 11 transmission towers.

In the 56 years since the first of the na-
tion's rural electric cooperatives were es-
tablished. the service territories of many
have changed dramatically, to the extent
that those co-ops now serve semiurban ar-
eas. Other co-ops serve regions nearly as
remote as they were half a century ago.
But whether they are seeking to maintain
a competitive edge over neighboring util-
ities or simply trying to keep the lights on,
many rural electric cooperatives find they
have an increasing need to keep up with
advanced technology.

Of greatest interest are technologies that
address the efficiency of distribution sys-

tems and the quality of the power de-
livered through them. Although today’s
nearly 1000 electric co-ops provide power
to only 10% of the U.S. population, their
service territories cover 75% of the coun-
try’s landimass and they own over half the
“Be-
cause there are so few consumers per mile,

nation’'s miles of distribution lines.

advanced technology R&D is crucial for
the co-ops,” says John Neal, administrator
for energy research and development with
the National Rural Electric Cooperative
Association (NRECA). He notes that the co-
ops average about 5 consumers per mile
of distribution line, compared with 30 per
mile for investor-owned utilities and over
40 for municipal utilities. “You can’t keep
sending a guy out 50 miles in a truck to
read two meters,” Neal says

Other research interests are spurred by
co-ops’ challenging load protiles. Because,
on average, 30% of rural electric coopera-
tive customers are residential, the co-ops’
loads tend to peak in the early evening
and then to drop off significantly when
residents go to sleep. “Some co-ops hardly
need power plants after their customers
g0 to bed,”
energy efficiency to shave peak evening

says Neal. [ncreasing end-use

loads is of great interest to co-ops, as are
various load-shaping technologies and
load management strategies. For instance,
storage units can tap distribution, trans-
mission, and generation capacity that
would otherwise sit idle during nighttime
hours. And like larger utilities today, co-
ops with generating capabilities are alsu
concerned about further reducing cmis-
sions of sulfur dioxide and nitrogen ox-
ides. As a result, they are actively involved
in demonstrating technologies and pro-
cesses that accomplish this aim.

Not all co-ops are in a position to invest
heavily in R&D. Some serve impoverished
rural areas that continue to lose cus-
tomers, But for those that are growing,
research is a clear priority these days. “A
lot of people ask me, "How can you guys
afford to do some of that stuff?”” says
Steve Healy, general manager of Pierce-
Pepin Electric Cooperative in Ellsworth,
Wisconsin, which has been involved in
some significant R&D projects with EPRI.

o

“I say, ‘We can't afford not to.
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Great expectations

It wasn't long ago that the
Anza Valley’s high school
students were bused to Hem-
et, a bumpy two-hour drive
over winding country roads, a
worse journey than many adult
commuters endure. “Those poor

kids were getting dressed at 5:00 in the
morning and getting home after dark in
the winter,” recalls Chris Barrey, opera-
tions manager for Anza Electric Coopera-
tive. But the advent of electricity has
brought many newcomers to Anza, and
the town’s Hamilton School has expanded
grade by grade. In 1991 it finally served
all grades, K through 12. Today the school
has 900 students and is one of the co-op’s
largest loads.

Roughly two-thirds of Anza’s 3300 cus-
tomers are residential, accounting for 67%
of the co-op’s electricity sales. Small and
large commercial customers account for
26% of the sales, while irrigation for farm-
ing (there are 900 acres of potato ficlds in
the area) makes up the remaining 7%.
Most of Anza's residents are retired; jobs
are few in these parts, and the co-op is the
community’s biggest employer. Many of
the workers wholive in Anza commute to
places like Hemet and Temecula, both
about 40 miles away.

Some of the community’s longerterm
inhabitants grew up on the two Indian
reservations served by the co-op. For
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the most
part, though, the

newcomers to Anza are city
folks who came seeking a more peaceful
environment and affordable real estate.
And although there are few paved roads,
no gas service (propane fulfills most cook-
ing needs), and no central water system
{most people have their own wells), many
newcomers expect the same service from
the co-op as they got from their investor
owned and municipal utilities back home.
“People come here from the city and ex-
pect to get as high a level of power quak
ity as they experienced in urban areas, so
westrive to keep up with the technology,”
Barrey says.

Over the past several years, the co-op
has upgraded all substation equipment to
the most advanced technology it can pro
vide without being automated. Still, the
region’s rugged and environmentally sen
sitive terrain and its vulnerability to nat-
ural disasters, such as lightning strikes,
flash floods, and high-wind dirt storms,
offer the co-op some significant chal-
lenges. On top of all of this, the single
transmission line that feeds the commu-
nity’s entire power system is a radial-fed
circuit with no backup. “People just don’t
understand the kind of situation that

we're dealing
with,” says Barrey.
“They don’t understand that
everything on the bigger utility systems is
loopfed, so they may not be affected even
if there is an outage. Most power compa
nies have an alternative or backup source
of transmission. But when this line is
down, the power’s out for our entire ser-
vice area.”

Because parts of the line are owned and
operated by a separate, investor-owned
utility, Anza crews cannot directly re-
spond to certain problems on those sec-
tions. In fact, says Coyle, “Ninety percent
of the time all we can do is wait for the
power to come back up.” When outages
do occur, they typically last about an hour,
partly because—as a forest fire preven-
tion mechanism— utility crews must
physically patrol the sections that run
through the national forest before power
is restored. Last year the community ex-
perienced four hours of system outages.
“It's getting better,” says Coyle, noting
that seme improvements have been made
to the transmission line.

Why should the co-op fret about these
occasional outages? It's not that it has any
competition from neighboring utilities,
eager to encroach on its turf. As Barrey
puts it, “Few investor-owned or munici-
pal utilities would be interested in taking
over sucha sparsely populated service ter-
ritory.” Rather, the co-op’s primary con-



cern is in doing what it's supposed to
do—providereliable electric service to its
customers. Among them are about one
dozen people who rely on electrically
powered lifesupport systems. Because
Anza is a full hour’s drive from the near-
est hospital, the co-op and the local vol-
unteer fire department keep small gener
ators and portable oxygen bottles on hand
to deliver to these customers in the event
of an emergency.

Approaching the limit

Unexpected outages on the 33-kV trans-
mission line are not the only worry. Anza
Electric is also concerned about the ca-
pacity of the line. At the rate electricity de-
mand is growing (averaging 5% annually
since the late 1980s), the line will need to
be upgraded by 1999, the year demand
is expected to exceed its 8.5-MW capac-
ity. This is why Arizona Electric Power

Cooperative, the generation and trans-
mission co-op responsible for delivering
power to Anza over the line, has initiated
a oneyear study with EPRI to explore pos-
sible alternatives to the traditional and ex-
pensive approach to this problem.

The first step of the EPRI-led study,
which got under way in February, entails
conducting an in-depth assessment of the
problem and developing nearterm solu-
tions, including voltage support upgrades
and programs intended to reduce peak de-
mand. If such demandside management
programs are successfully implemented,
Lhey could help defer the need lo upgrade
the line. Because a flexible planning ap-
proach is needed, EPRI is developing a
leastcost plan that takes demand-side
management programs and other options
into consideration, including some trans
mission and distribution upgrades as well
as the implementation of modular gener-

ation technologies, or distributed genera-
tion (DG). According to Dan Rastler of
EPR], one nearterm solution may be to
employ an internal combustion or diesel
engine at one of the co-op’s substations.
However, as Rastler notes, emissions from
such a unit could prevent its implementa-
tion; because the community is in River
side County, it must adhere to stringent
emissions regulations set by the South
Coast Air Quality Management District.

The cost-effectiveness of longer-term
options, inciuding photovoltaics, batter
ies, and fuel cells, is also being explored.
“We're bringing the whole porlfolio of DG
technologies in to see what they are going
to cost, when they will become available,
and how they fit into the plan,” Rastler
says. By early next year, EPRI will issue its
recommendations on which technologies
to implement, along with a plan for their
implementation. Rastler points out that

CO-OP TURF Today nearly 1000 rural electric cooperatives serve some 25 million customers in 46 states. While this amounts to only 10%

of the U.S population, the service territories of the co-ops cover 75% of the nation’s landmass. Together. the co-ops own over half the miles of

distribution line in the country (Alaska, which is hometo a number of rural electric co-ops, is not pictured here.)

EPRI JOURNAL June 1683 25



/ ) this project could break new
ground in the Institute’s
study of DG, to the benefit of
all members interested in this
relatively new concept. “The
ability ef distributed genera-
tion to defer T&D upgrades is a
prevalent theory that has net
yet been thoreughly demen-
strated,” he says. “We need data
on the reliability and the life-
cycle cests of DG systems that are
up and running. This project may
very well help us answer critical
questions about the potential of
this approach.”
According to Rastler, EPRI’s DG
research is particularly valuable to
co-ops. “The service territories of

Anza Electric Cooperative is
exploring innovative alterna-
tives to upgrading this 33-kV
transmission line, including

the local siting of modular

generation units.

rural electric cooperatives tend to
have a lot of area per capita, with a
number of long radial feeders. And
much of the future U.S. load growth
is projected to occur in rural areas.
This could put a strain on existing
T&D feeders, which DG could relieve.”
Among the other co-ops studying DG
options with EPRI is Oglethorpe Power

Corporation.

Anza's Hamilton School is one of the co-op’s

targest loads.

Chris Barrey, operations manager for
Anza Electric, points out a guy wire that
came within inches of being swept

away by a flash flood last winter.

26 EPRIJOURNAL June 1993



Leveraging R&D

s consumer-owned, nonprofit bus-

iness entities, individual co-ops
don't have lots of money to spend on
research, but many leverage the cash
they do have through EPRI and the Na-
tional Rural Electric Cooperative Asso-
ciation, NRECA administers a joint $3.4
million R&D program called Rural Elec-
tric Research, which focuses on projects
of specific interest to cooperatives.

As is the case with EPRI membership,
participation in the RER program is vol-
untary. Still, 35 of the 46 states served
by co-ops are represented in either EPRI
or the RER program; the participating
co-ops account for 42% of the total kilo-
watthour sales of rural electric cooper-
atives nationwide.

RER participants have the option of

joining EFRI on their own or through
the RER program. The co-ops that join
through RER usually phase into EPRI
membership over a three-year period,
at the end of which 80% of their dues
goes to EPRI and 20% to RER. Most typ-
ically, the generation and transmission
co-ops join either EPRI or RER en behalf
of their distribution co-op members,
but occasionally a distribution cooper-
ative will join on its own initiative.

EPRI has many projects under way
with its 363 co-op members, most
of which are collectively sponsored
group efforts through NRECA. The ac-
companying table highlights some of
EPRI's current railored collaboration
projects with individual rural electric
cooperatives,

Solid-waste leaching study

Application of information
from EPRI's Center for
Etectric End-Use Data
{CEED)

Develtopment of an etfi-
cient indoor heat pump for
mobile homes

Demonstration of distribu-
tion automation and tha
Utitity Communicatiors
Architectura (UCA)

Demonstration and
commercialization of a
2-MW molten carbonate
fuel cell

Rural water and waste-
water study

East Kentucky Power
Cooperative

Hoosier Energy Rural
Etectric Cooperative

Alabama Electric Cooper-
ative, East Kentucky
Power Cooperative,
Oglethorpe Power Corpo-
ration

Ogletharpe Power Corpo-
ration, United Power
Association

Arizona Electric Power
Cooperative, Oglethorpe
Power Corporation, United
Power Association

Arkansas Electric Coop-
erative Corporation,
Buckeye Powar, Ciark
County Rural Etectric
Membership Corporation,
Dixie Electric Cooper-
ative, Hoosier Energy
Rural Elactric Cooperative

This study will investigate how waste and
wastewater leach from scrubber sludge
ponds into the eanth. The resuits will halp
co-ops with coal piants operate sludge
ponds.

Pocumaented lessons from Hoosier's
experience will provide guidance for ather
co-aps interested in tappinginto the
CEED data resource.

Since 16% of coop consumers live in
manufactured housing (compared with
5% tor other utilines), this heat pump—
tnstalled in mobile homes at the factory—
could help co-ops manage peak
residential loads.

This demonstration is geared toward
enhancing communicaticn betwaen
generation and transmission co-ops and
their member distribution co-ops.

Producing few amissions, fuel calls ara
strong candidates for serving small loads
in co-op distributior: regions.

The development of small-scale waler
and wastewater elactrotechnologies
pramotas economic and community
development, which directly atfects
elactricity demand.

Power quality

When the Kellstone Quarry on Kelliys I=
land in Lake Erie cranks up its motors for
stene crushing, its neighbors know it
net by the sound, but by the flicker of their
lights. The quarry is the biggest singl
load on the island, located 4 miles off the
coast of Sandusky, ®hio, and about a mile
from the Canadian border. “When they
start thosi moters, there’s a little dim-
ming,” says John Cheney, president and
general manager of Hancock-Wood Eler-
tric Cooperative, which serves the izland.
“The lights come right back up. But it's
not the kind of service we like to give.”

With 1500 inhabitants i the summer,
dwindling to 125 during the frigid winter
months, the island represents only 7% of
Hancock-Wood's customers and an even
smaller percentage of the co-op’s total
electricity sales. But its power quality
problem offers an ideal opportunity for
the demonstration of an emerging tech-
nology —a static VAR compensator (5Vi)
for the distribution system —that could
benefit many utilities, including coopera-
tives. SVCs employ solid-state technology,
which allows them to compensate for sud-
den changes in voltage, responding in-
stantly to fluctuations that may occur dur-
ing a given electrical cycle.

SV technolegy is already commercially
available fer utility transmission systems.
But according to Harshad Mehta of EPRI,
who manages projects pertaining to this
technology, no practical SVC has been de-
veloped for the distribution system; the
existing technology is too expensive and
bulky. To address these problems, EPRI
and MRECA have developed a prototype
distribution SVC. It is significantly more
compact than transmission SVi{s, and
when it becomes commercially available
(as anticipated in 1995), it will sell at a
much lower cost, Mehta savs.

Hancock-Wood is one of four EPRI
members that will demonstrate the pnisto-
type SV technology for one year starting
this August. The co-0p hopes that the 5vi
not only will regulate voltage, offering a
solution to the light-flickering problem,
but will also effectively increase the power
delivery capacity of the two 20-year-old

submarine cables delivering electricity to
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theisland. The
other alternative the cooperative has
explored is adding a new cable to provide
greater power delivery capacity, a project
that would cost $1.4 million. “That’s a big
expense relative to the island’s popula-
tion,” says Cheney. And according to
Mehta, while this approach might help al-
leviate the flicker problem, it wouldn't re-
solve it

During the 12-month demonstration of
the prototype SVC on HancockWood’s
system, the co-op will monitor the unit’s
performance closely. The results will help
HancockWood determine whether the
technology might offer a good permanent
solution and will help EPRI improve the
product for the market. Mehta expects
other co-ops to show a strong interest in
this technology once it is fully developed .
According to Martin Gordon, NRECA’s
program manager for energy R&D, “Rural
electric cooperatives have many potential
applications for thistechnology. They tend
to have long distribution lines, and since
voltage fluctuations may occur during the
delivery of electricity along those lines,
static VAR compensators could be em-
ployed to maintain the voltage.”

Sophisticated customers

Fifty-three years ago, when Hancock
Wood was established, the fertile plains of
northern Ohio drew hundreds of farmers
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to the

region. While grain farms are still
prevalent in the area these days—yield-
ing mostly corn, soybeans, and wheat—
the emphasis is on highvolume produc-
tion; farmers who once made a living off
of 100 acres now need 500. Today resi-
dential and farming customers together
account for only 35% of the coop’s sales.
But the growth of HancockWood’s com-
mercial and industrial customer base has
been good for the co-op and the local
economy. Cheney credits Interstate 75—
which provides a direct link to Toledo, 36
miles north of the co-op’s North Baltimore
headquarters, and to Detroit, an addi-
tional 45 miles north on 1-75—for luring
much of the business growth the co-op has
experienced over the years.

“We're selling power to firms that are
larger and more sophisticated than those
of the past,” says Cheney. “Their need for
our technical expertise is increasing.” One
of these firms, a German-owned company
called Grob. designs state-of+the-art robot-
ics for automobile assembly lines. Prox-
imity to the automobile industry in De-
troit was a critical factor in the company’s
decision on the location of its plant. The
50,000squarefoot facility, which houses
apprenticeship workstations, drafting fa-
cilities for engineers, welding stations,

sophisticated

diagnostic machinery, and testing
quarters for the prototypes produced, is
one of only three such Grob plants world-
wide. It began operating in October 1991
with fewer than 30 people and now em-
ploys 110.

Another industrial customer, Air Prod-
ucts and Chemicals, employs only nine
people but represents 40% of the co-op’s
business. Located across the street from
the co-op, the company’s plant manufac-
tures such air products as liquid nitrogen,
liquid oxygen, and liquid argon. It is also
one of the biggest industrial loads on the
system of Buckeye Power, the generation
and transmission cooperative that serves
Ohio’s 27 distribution cooperatives, in-
cluding Hancock-Wood. “Our only raw
materials are electricity and air,” explains
Bob Miller, who manages the plant. The
firm’s five motors, which total 23,500
horsepower, run every day around the
clock except when units are taken down
for maintenance or when the company
shuts the plant down during peak de
mand periods.

The Air Products plant gets a signifi
cantly reduced rate for decreasing its
power use during peak demand. The com:



An employee of Grob, a German-owned
company that designs robotics for automobile
assembly lines, completes some intricate work.
Grob is one of several high-tech customers in

Hancock-Wood's service territory.

pany bases such decisions on information
relayed through Buckeye Power’s two-
way satellite communications systiem.
Linking Buckeye’s load management cen-
ter to the Air Products plant, the system
relays load management data to the com-
pany every 5 minutes. The satellite system
is also used to communicate load man-
agement information for the direct load
control of water- and space-heating sys-
tems in the service territories of ail of
Ohio’s co-ops. According to Herb Cald-
well, a manager at Buckeye who oversces
load control, the data communicated by
the satellite are delayed by approximately
1 second. Although there was no delay
with the previous system, which relied on
2600 miles of dedicated telephone lines
leased by Buckeye, the satellite system’s
monthly operating costs are 40% lower. In
the four years since its installation, the
satellite system has paid for itself.

The use of satellite technology for load
control is relatively new to the utility in-
dustry. In fact, because of Buckeye’s ex-
perience in this area, it was one of three
utilities selected to participate in a current

EPRI project on bidirectional satellite com-
munications technology. The aim ef this
project is to significantly reduce the size
and expense of satellite dishes. “The co-
ops really got the ball rolling on this one,”
says William Blair, the EPRI manager over-
seeing the project. “The big dishes usually
cost $20,000-$50,000 installed, and rural
electric cooperatives generally don’t have
that kind of money. Our goal i= to produce
a much smaller dish that utilities can buy
and install for under $10,000.” As Blair
points out, the bigger utilities stand to

testing an advanced distribution system technology in August.

Hancock-Wood Electric Cooperative’s service territory includes

Kelleys Island in Lake Erie. A stone quarry on the island will begin

benefit from this project just as much as

the co-ops. For them, Blair says, the issue
is not only money but also the space lim-
itations of compact urban substations.

The EPRI contractor for the project,
*ova-mlet, has selected and modified an
existing GTE technology to meet a number
of utility requirements. By July, the new
prototype satellite dish is expected to be
ready for demonstration on the systems
of Buckeye Power, United Power Asso-
ciation, and Public Service {“ompany of
Colorado.

This section of East Findlay has traded farmland for shopping centers in recent years,

contributing new business 1o the co-op.




Holsteins and high technology

Forty miles east of St. Paul, Minnesota, in
the rolling hills of Wisconsin, lies a land
seemingly removed from the bustle of ur
ban life. This is big farm country; red
barns, white barns, and gray barns with
clusters of towering silos dot the open
fields along Route 10, the road that leads
to Pierce-Pepin Electric Cooperative in
Ellsworth (population 2800). But first im-
pressions can be deceiving. [f the trends
projected by demographic experts are
accurate, the area is gradually becoming
a bedroom community for the Minne-
apolis-St. Paul region. Farmers today rep-
resent only 6% of the co-op’s accounts,
compared with 100% when the co-op was
established in 1937. Residential service—
primarily to commuters who work else
where —represents 90% of the co-op’s ac
counts. The remaining 4% o f its customers
are commercial and industrial.

Experts have projected that this area is
ripe for further development, since the
land within reasonable commuting dis
tance to the west of the Twin Cities is al-
ready almost fully developed. This year,
for the first time, the federal @ffice of
Management and Budget included Pierce
County, the home of Ellsworth, in the o f
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ficial Twin Cities metropolitan area (now
a 13-county region). And with the com-
pletion of two major highway projects ex-
pected by the mid-1990s, additional com-
muters are poised to settle here.

Regardless of the forecasted changes,
however, farming remains an important
element of Pierce-Pepin’s makeup today.
Of the co-op’s 5300 customers, 300 are
farmers—mainly in the dairy business.
And all but six of the co-op’s 30 employ-
ees have some sort of farming background.
Still, just because this co-op knows its Hol-
steins from its Guernseys doesn’t meah
that it isn't sophisticated in its approach to
the electric power business.

Step into the lobby of Pierce-Pepin and
you feel as if you've mistakenly walked
into an appliance dealership. The space is
chock-full of the latest-model refrigera-
tors, ovens, washing machines, and dry-
ers. You may even see a salesman assist-
ing customers. In fact, the lobby of Pierce-
Pepin is an appliance dealership. And
while this kind of diversification is rela-

I | ernon Carlson still remembers the
day back in 1946 when electricity
came to his 960-acre cattle farm in
Glenburn, North Dakota. “We were
milking about 12 cows back then, and
the first thing we got was an electric
cream separator,” says Carlson, now
73. “We all hated that job of turning the
handle on the cream separator” Carl-
son, who now raises buffalo on the
same farm, recalls the other drudgeries
of rural life before electricity. “We used
a gas engine to pump water for thecat
tle, and if that broke down, we pumped
by hand,” he says. “I remember my
dad saying he’d pump 1000 strokes,
and then he would rest for a while.”

Carlson is one of 25 million con-
sumers in 46 states served by rural
electric cooperatives today. First es
tablished by the Roosevelt administra-
tion through the creation of the Rural
Electrification Administration (REA) in
1935, consumer-owned rural electric
cooperatives were intended to bring
electricity to rural areas, offering a bet-
ter way of life for farmers, 90% of
whom were without electricity back
then. Through the REA the co-ops re-
ceived loans with below-market inter-
est rates. This money allowed them to
establish distribution systems and ob-
tain the other equipment required to
deliver power.

The early co-ops were distribution
cooperatives, which purchased elec-
tricity from the large power companies
that serviced urban areas. But by the
late 1960s, cooperatives began joining
forces to establish what are now known
as generation and transmission coop-
eratives, or G&Ts. The idea behind the
G&Ts, which are owned and operated
by the distribution co-ops, is to help en-
sure a reliable source of power at a rea-
sonable cost.

The nearly 1000 rural electric coop-
eratives that exist today electrify virtu-
ally all inhabited rural areas in the
country Fifty-eight of them are G&T
co-ops. Together, the G&Ts produce
about 44% of the electricity sold by
the distribution cooperatives. Federal
power sources like the Bonneville
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Power Administration and the Ten-
nessee Valley Authority supply an ad-
ditional 33% of the co-ops” power. The
remainder is purchased from investor-
owned utilities.

Rural electric cooperatives are non-
profit businesses, incorporated under
the laws of the states in which they op-
erate. For the most part the co-ops are
regulated by their members, or con-
sumers, who set their rates. Co-ops in
17 states are subject to state regulation,
which ranges from territorial protec-
tion to rate setting. The co-ops are also
subject to other regulations at the local,
state, and federal levels, such as emis-
sions reduction requirements.

Co-ops today

Rural electric cooperatives arc as var-
ied as the people they serve. For in-
stance, Alaska Village Electric Cooper-
ative’s 5500 members live in 50 isolated
comimunities sprinkled across northern
central Alaska. The co-op’s service ter-
ritory reaches into the Arctic Circle,
where inland winter temperatures of
—65°F are common. Because there are
such large expanses of land between
the tiny villages, getting electricity to
them is expensive. The REA considers
this co-op’s situation a hardship, which
means it qualifies for reduced interest
rates. Still, the village residents —30%
of whom have incomes below the
poverty level—pay flive and a half
times the national average for their
electricity (42¢/kWh).

A few thousand miles to the south-
east is the vastly different world of
Wright-Hennepin Cooperative Electric
Association. Located within comfort-
able commuting distance of Minneapo-
lis—about 30, miles northwest of the
metropolis — the co-op has grown with
the city. In Wright-Hennepin’s 56-year
history, its customer base has evolved
from a makeup of 85% farming and
15% residential and commercial 1 one
of 15% farming and 85% residential,

commercial, and industrial. The co-op
has also suffered from the competition
of utilities eager to encroach on its turf.
In fact, a nearby municipality recently
annexed some of the co-op’s commer-
cial customers to its system.

While Wright-Hennepin struggles
with the challenges of capturing new
business oppertunities, Alaska Village
Electric Cooperative grapples with the
types of issues facing social service
agencies. Many co-ops play both roles.
Take Dixie Electric Cooperative of
Union Springs, Alabama—a growing
co-op serving 12,000 customers, in-
cluding thriving businesses in the city
of Montgomery as well as inhabitants
of the most impoverished rural areas in
the state. Dixie Electric has overseen
the installation of a central water sys-
tem to provide running water te rural
residents of Bullock County, some of
whom relied on wells and even rivers
and streams for their drinking water.
Now the co-op is exploring the possi-
bility of installing a central sewer sys-
tem for the same region.

The contrasting natures of co-ops to-
day are at the crux of a simmering de-
bate in the US. Congress about the fu-
ture of the REA. Those pushing for a
change in the system of low-interest
loans—which are available to both
electric and phone company coopera-
tives—argue that the time has come
for prospering ce-ops to stand on their
own two feet. Their epponents point to
the still-significant need of co-ops that,
like Alaska Village, serve poor areas.

Given the strong and influential sup-
porters on both sides of this argument,
the debate over the proposed REA
changes is likely to continue for some
time before an outcome is determined.
But in the mind of rural dwellers like
Vernon Carlson, who remember well
the days before electricity, one thing is
certain. As Carlson puts it, “It's reas-
suring to look across the countryside
and see the neighbor’s yard lights.”

Solid irons, heated on a wood-burning stove,
were a regular part of life in rural America

before electricity.

The arrival of electricity was a milestone for

rural communities.

Customers of rural electric cooperatives today are

as sophisticated as those of the bigger utilities.




tively new to

even the most progres-
sive of the bigger utilities in the country,
Pierce-Pepin has been involved in it since
the very beginning.

“With only 5.7 customers per mile of
distribution line, we need to pull in any
extra revenue we can find to keep our
rates down,” says Steve Healy, general
manager of the co-op. “In fact, in the old
davs we used to do wiring and plumbing
and even installed barn cleaners.” *ow 45
years old, Pierce-Pepin’s appliance dealer-
ship is the largest in Pierce County. And
the coop has offered appliance repair ser
vice for 43 years. Last year, appliance sales
and repairs pulled in $700,000, represent-
ing 10% of Pierce-Pepin’s total sales.

The co-op has been just as assertive
about ndvanced technology as it has been
about business opportunities. i a current
project with EPRI and Sandia M ational

Laboratories,

Pierce-Pepin is demonstrating

the use of photovoltaic (PV) technology for
watering a farmer’s cattle and horses in a
remote area. Up until last July, when the
PV panels were installed, the pump was
powered by a distribution feeder that cuts
across one of the farmer’s cornfields. This
feeder makes planting and harvesting dit
ficult, since its poles interfere with the
tarmer’s machinery, ™ow the electricity
generated by the PV panels runs the
pump, delivering the water to a trough
150 feet away. (A wire fence prevents the
animals from getting close enough to
damage the panels.)

“Sofarit's worked out great,” says Mar-
vin Mielson, who owns and operates the
farny. He says hé would like to keep the
PV panels permanently and dismantle the

An appliance salesman for
Pierce-Pepin Electric
Cooperative assists customers
with a decision in the co-op’s

showroom.

feeder But before that hap-
pens, Pierce-Pepin intends to
address a few problems that
have arisen, such as the tendency
tor water in the pipe to freeze on
cold winter days.

Nielson’s PV unit is part of a
broad EPRI effort involving 18 ulil-
ities that have applied photovoltaics
to serve isolated water-pumping
loads. “The application of photovoltaics to
serve isolated loads is of growing interest
to rural electric cooperatives, since they
have a nunmber of long radial feeders serv-
ing relatively small loads,” says John Big-
ger, an EPRI manager who oversaw this
coordinated effort with Sandia. Mainy wa-
ter-pumping installations are employed
only in the summer, he points out, and
maintaining the distribution feeders that
power them can become costly. “In many
cases photovoltaics offers the coops an
opportunity to reduce costs.”

Smashing success

One of PiercePepin’s most recent ad-
vanced technology endeavors is also

among its most significant. Completed

In an award-winning project on distribution automation, reaktime data from this substation were
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communicated to a computerized map of the co-op's service territory.




earlv this yrar, the nine-month project re-
sulted in the integration of real-time data
from one of the co-op’s substations into a
computerized map of its service territory.
As Jett Olson, Pierce-Pepin’s engineer for
the project, explains, the creation of the
computer interface displaying the map
was a project in itself. “You practically
needed a PhD in computer science to fig-
ure cut what was going on with the old
computer interface,” he says, noting that
users had to travel through several differ-
ent data screens to locate the information
they needed.

The new interface indicates, in color, the
location of the co-op’s substations and
other critical equipment. The intent is to
relay a variety of real-time information
data on current, voltage, and power trans-
former temperature—in a user-friendly
format. For instance, if a transformer is
running hot, a light will flash on the
screen, allowing the co-op to investigate
and correct the prisblem before it threat-
en= to disrupt electric service. Because the
interface is linked with Pierce-Pepin’s
mainframe computer system, users can
algo call up a wealth of useful data on in-
dividual co-op custemers.

With cofunding from NRECA and EPR],
Pierce-Pepin integrated a demonstration
of the Litlity Communications Architec-
ture (UL A) intoe this distribution automa-
tion project. Developed by EPRI, UCA of-
fiers the industry a standard set of open
protocol= that will enable electronic sys-
tems produced by different manufacturers
to communicate with one another. (The
article on page 34 of this issue provides
mare details on LICA) Currently, utilities
employ technologies that vsually rely on
separate, proprietary communications
protocots. Thi= mean= that if a utility
wants bwo systems {(a mainframe com-
puter and a mapping system, for instance)
to communicate with one another, it has
to develop an electroniv interpreter—ei-
ther through a contractor or in-house —
that will allow information to flow be-
twizen the two systems. The expense of
such projects keeps them far beyond the
reach of most rural electric couperatives
{and, for that matter, man¥ of the coun-

try’s bigger utilities),

“If we were a large investor-owned util-
ity, we might have the money to develop
special communications gateways,” says
Olson. Indeed, as he points out, Pacilic
Gas and Electric Company #ven devel-
oped its own propriztary protocol to allow
communication between its central com-
puter avstem and the data-gathering tech-
nologies in its service territory. “The L'CA
protacol will give us the flexibility of be-
ing able to go to a number of different ven-
dors to get the best price,” he says. “That's
why UCA i= of such interest to co-ops. It
has the potential to save us a lot of money
while making our operations much more
efficient.”

According to William Blair of EPRI, the
Pierce-Pepin project, managed by Power
Systems Engineering, represents the most
advanced implementation of UCA in a diz-
tribution automation system. “The project
was a smashing success,” says Blair, who
oversaw the LCA aspects of the effort. He
notet that the project recently won an
award for the best utility priject on dis-
tribution automation in 1992, an honor an-
nounced at an international industry sym-
posium in January.

Olson says that the project gave Ierce-
Pepin  emplovees  valuable ewperience
with distribution automation. Over the
neit decade, the co-op plans to phase in
distribution automation systemsvide. Th

hope i to integrate UCA-based technolo-
gies into this system. “Distribution au-
tomation will allow us to diaghose prob-
lems even before customers are aware of
them,” Olson save. “Co-ops can really
benefit from this technology. Because they
have to travel such long distances of line,
the process of locating and isolating an
outage takes them a lot longer than it usu-
ally takes on an urban system.”
LCertainly, such grand achievements on
the part of any utility are laudable. But to
what extent should the little co-op= leave
the grand innovaltions to the big guys?
Steve Healy, general manager of Pierce-
Pepin, affers this response: “L ustiimer ser-
vice & not a function of size. The advan-
tages we gain through R&D help us pro-
vide excallent custinmer service.” Pointing
to increasing competition, mare-stringent
environmental regulations, and advances
in technology, Healy sava he expects the
electric power industry to change signifi-
cantly within the nest decade. “If we're
not part of the process and up to speed on
whal’s gning on, we're going to get left be-
hind,” hit says. “Besides,” he adds with a
zrin, “mavbe the big guys can learn some-
thing from us.” |

Photas by Leshe Lamarre

Farmer Marvin Niefson discusses his photovoltaic panels with

Jeff Olson, Pierce-Pepin's engineer,
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Framework for Utility Data Highways

by Taylor Moore

THE STORY IN BRIEF Someday, all the computer systems used by a utility will share

data almost seamlessly through powerful companywide networks. Such networks

would not only increase the efficiency and reduce the cost of data communications

but also enhance the synergy between a company’s related functional areas.

Because the networks envisioned will use open-systems communications protocols,

which permit the linking of hardware and software from different vendors, systems

can often be integrated progressively, a section at a time, without having to replace

existing equipment. The utility industry is now a major step closer to the vision of

integrated communications with EPRI's completion of the Utility Communications

Architecture (UCA), which specifies applicable open-systems protocols and

standards. EPRIis working with several utilities to demonstrate the implementation

of UCA-compliant networks across functional areas and in focused applications of

particular strategic value.

long with the current talk
about rebuilding America’s
infrastructure of bridges and
roads, there are proposals for
another kind of infrastructure —a futur
istic, fiber-optic infrastructure of high-
speed, electronic data highways that could
link vast networks of computers of all
kinds for increased economic productivity.
While the development of such a vision
awaits policy and budget commitments,
the vision itself mirrors in key respects the
communications and information man-
agement future that the electric utility in-
duslry has already charted for itself.

In the industry’s vision of the future, all
of a utility’s myriad computer systems
will be accessible to each other and will
interact as needed—from corporate main-

frames and control center energy man-
agement systems to substation computers,
power plant monitoring and control sys-
tems, distribution-level control devices
and data systems, office computers, and
even computers on the customers’ side of
the meter. The computers and, in turn,
their data and programs will be linked in
local- and wide-area networks that em-
ploy a variety of high-capacity data com-
munications media, such as satellite, fiber
optic, and radio-based technologies, as well
as copper wire. The interliitked pools of
data (ranging from the specifics of cus-
tomers’ varying demand for energy to de-
tails on the technical performance of pro-
duction and delivery facilities) will be
updated continuously and interactively—
in real time, as events happen.

Even as this vision of integrated utility
communications is taking form, the ongo-
ing revolution in the cost, size, and capa-
bilities of microprocessor-based computer
syslems is causing the migration of dala
and applications from mainframes and
other large systems to decentralized
networks of specialized workstations and
file servers. Ever more microprocessing
power is available in remote programma-
ble devices and in smart sensors and
switches in power plants and on trans-
mission and distribution systems. These
trends are reflected in the fall from domi-
nance ef mainframe and other large
system vendors offering total-system so-
lutions based on proprietary operating
software and protocols. Such systems are
increasingly being replaced by multiven-
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dor networks of interoperable hardware
and compatible software, a growing share
of which is based on Open Systems Inter-
connection (OS)) standards.

Utilities are among scveral large users
of computing power (others include gov-
ernment agencies and major manufactur-
crs) who have used the OS] Reference
Model as the basis for defining specifica-
tion standards that mcet their anticipated
future requirements for computer-based
telecommunications. Much of the activity
to develop OSI standards and protocols
originated in Europe with the Interna-
tional Organization for Standardization.
Earlier related developments included ac
tivities of the Paris-based Consultative
Committee for International Telephony
and Telegraphy and efforts revolving
around the U.S. government’s ARPANET
computer network. The apen-systems
banner has most recently been carried in
this country by such companies as Gen
eral Motors and Boeing, who defined and
developed OSI-based protocols that would
allow them to economically integrate the
tlow of data between, say, the automation
control systems on the factory tloor and
the design engineering departments.

On behalf of its members, EPR! is some
six years into a long-terminitiative to help
the electric utility industry realize the ben-
efits of open-systems computing and data
communications. The key goals are to de-
fine a framework of applicable OS] proto-
cals and develop the tools to demonstrate
and implement the integration of data
flows between various utility computer
systems and between utilitics and indi-
vidual customers. Research managers say
good progress is being made. Several ma-
jor steps in what is expected to be a slow
march toward the ultimate vision of inte
grated utility communications have re-
cently been completed or initiated. More
over, the counterpart research arms of the
gas and water utilities arc becoming in-
creasingly invalved with EPRI in pursuing
integrated communications.

The electric utility industry’s plan for
the move ta open systems is taking shape
in the Utility Communications Architec-
ture (UCA), EPRI's comprehensive frame-
work for utility information management
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in the future (see sidebar on page 40). The
progress in UCA development has already
prompted a stream of vendor endorse-
ments and announcements of compliant
products. The completion of related spec-
ifications for managing data betwecn dif-
ferently structured databases—called Data
base Access Integration Services (DAIS)—
clears the path for utility software vendors
to develop new applications for linking
dissimilar databases or to enhance exist
ing products. Meanwhile, four EPRI tech-
nical divisions are invelved in an array of
projects to demonstrate the integration of
data communications across functional ar-
eas in various realms of utility operations.
The projects include several major demon-
strations cxpected to get under way this
year and a number of tailored collabora-
tion projects alrecady under way.

Improving the bottom line

More than just a futuristic vision moti-
vates utility industry interest in integrat-
ed data communications. Utilities spend
an ever-increasing amount —estimated at
$2 billion to $5 billion a year and growing
25% or more every year—for voice and
data telecommunications. There are al-
ready strong pressures to tind ways of re-
ducing operating costs to improve utility
carnings. As utilitics install more data and
control automation systems in the future,
the cost of communications for and be-
tween these systems, if not contained,
could undermine the value of the produc-
tivity gains promised by automation in the
first place. But beyond reducing costs, util-
ities are acutely aware that moresubslan-
tial gains in efficiency and productivity
would be possible across the spectrum of
business operations if more of their vari-
ous computer systems could share data
and programs on a rcal-time basis, seam-
lessly and transparently to users.
Utilities have long known that the data-
intensive and geographically widespread
nature of their business makes them one
of the largest industrial users of telecom
munications. But recent EPRI projects to
develop a foundation faor integrated com-
munications have revealed just how sig-
niticant a role telecommunications plays
in the business, says Michael Moran, vice

president for engineering and production
at West Texas Utilities Company and
chairman of EPRI's Integrated Communi-
cations Advisory Committec. “Our indus-
try is the largest user of real-time data
communications, and in the use of all
telecommunications we are second only to
the telephone industry itself So telecom-
munications represents a significant por
tion of our infrastructure and our ability
to do our job. And it turns out that utili-
ties are the largest driving force in the de
velopment of real-time protocols,” Moran
says.

“Integrated utility communications is a
next-gencration concept, a vision of where
we need to be—taking today’s telecom-
munications networks and automated sys-
tems and integrating those with an ability
to communicate from computer to com
puter,” Moran adds. “Utilities have done
a good job installing various computer
and automation systems—including dis-
tribution automation, supervisory control
and data acquisition, energy management,
and demand-side management systems—
but like our own traditional industry
structure, these systems have been only
vertically integrated. We have lacked any
real horizontal integration, or communi-
cation, between our engineering, opera-
tions, and financial systems.”

Moran says that integrated communica-
tions is the product of "an industry focus
that is much broader than communica-
tions. All utilities are looking at organiza-
tional changes to reduce operating costsas
a way of increasing earnings. What's hap-
pening with integrated communications is
just one aspect of that. Utilities are look-
ing closcly at ail of our independent au-
tomation systems and realizing we necd
to get more out of them by tying them to-
gether and making them work as a team.”

At the corporate level, open communi-
cations will help improve productivity by
enabling the elimination of duplicate data
and redundant systems, including sys
tems for financial and customer informa-
tion, work management, enginecring, and
executive information. The integration of
communication between corporate sys-
tems and utilitywide cnergv management
systems (EMSs) will enable a company to



How Integrated Communications
Can Benefit Utility Operations

Corporate systems

Redundant data in separate financial, customer information, work management, engi-
neering, and executive information systems could be eliminated. Utifity executives and
planners could access real-time and historical system operations data, for example, or
call up for analysis the cost and performance data from a power plant's local-area
network.

Control centers

Expert systems applications being developed for energy management systems could be
made available in other areas of utility operations for up-to-the-minute assessment of
system conditions and problems. New challenges, such as monitoring power ffows over
individual circuits and managing complex wheeling transactions, will require even
greater integration of energy management system data with information from super-
visory control and data acquisition (SCABA) systems for transmission substations. Such
integration wili, in turn, permit operation of the interconnected power system closer to its
physical limits while maintaining high reliability.

Distribution automation

Utilities are already automating many of the electromechanical relays and switches that
are used to operate the distribution system. As the degree of automation increasas, so
does the utilities ability to monitor and automatically respond to service problems, in
some cases before the customeris even aware of them. Integrated communications
and open-systems architecture will make it easier for utilities to instalf equipment and
systems from varicus vendors as the technology continues to evalve.

optimize its operations by better coordi-
nating all its functions.

At power plants, the integration of in-
plant control systenis with the supervisory
control and data acquisition (SCADA) =y~
tems and the EMSs used in transmission
and distribution operations will enable
more-efficient scheduling for the eco-
nomic dispatch of generating capacity
based on actual heat rate. Already, com-
puter systems are increasingly being used
to monitor power plant squipment and
subsystems and predict when mainte-
nance will be required. Connecting these
networks to overall plant control systems
promises to automate routine operation to
an unprecedented degree as well as re-
duce operation and maintenance costs

At control centers, EMSa continue to in-
crease in cost and complexity even as util-
ities strive to make greater use of these
powerful computing and information sys-
tem assets. Utilities are on the verge of
needing to monitor and quantify in real
ttme the power flows over individual cir-
cuits and to attribute such flows to =pe-
cific uses. Expert systems are being ap-
plied to EMSa to diagnose power system
problems, analyze malfunctions, and sug-
gest preventive or corngctive actions. LCA
and DAIS support the integration of EMSs
with other systems in a utility and with
the EMSs of adjoining utilities, enabling
the interconnected power syatem to be
operated closer to its full capacity while
maintaining high reliability.

And as transmiz=ion systems are oper-
ated closer to their limits, they are be-
coming more automatid through the im-
plementation of more-powerful franamis-
sion 5CADA systems and such devices as
micraproressor-based relays. Open com-
munications and data access like the kind
provided by UCA and DAIS are easential
to this increased automation and will help
make it easier to communicate large
amounts of real-time system data between
interconnected utilities in support of in-
creased power wheeling,.

Automation of much of the electro-
mechanical switching and relaving on the
distribution svstem that divectly serves
customers s another way that utilities
hope to achieve maximum use of their
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facilities and provide competitive, high-
quality service. Such distribution automa-
tion (DA) promises to help utilities opti-
mize the dav-today operation of the sys
tem and respond efficiently when trouble
develops. But little currently exists in the
way of an installed base of DA equipment
and systems, although it's expected that
such automation will eventually involve
extensive electronic networks. Thus the
cost of communications for DA will be
high unless systems are based on inter-
operable components and protocols. Inter-
operability will preserve the longterm
stability of a DA system and should
create a competitive environment among
vendors.

Having a data communications link to
their customers through DA systems will
allow utilities ta implement electronic
billing as well as various demand-side
management (DSM) services, such as real-
time pricing of electricity. Programmable
systems on the customers’ side of the me-
ter are already beginning to use such real-
time pricing data to control deferrable
loads. Utility benefits could include lower
on-peak demand and possibly increased
off-peak use of electricity, while customers
could realize lower electric bills and in-
creased control over their environment
and safety. UCA provides the open archi-
tecture necessary for communications be-
tween the utility and intelligent customer
systems or devices.

Migration strategy—
a key to conversion

Utilities are being encouraged to view
UCA not as a set of products to be pur-
chased but as a technological concept that
could change a utility’s fundamental ap-
proach to the way it operates. Because a
concept is adopted and implemented over
time, opting for UCA requires a company
to make a strategic business decision that
such a fundamental change can help it
manage some of its biggest challenges.
Besides unrelenting pressure to con-
trol costs, major issues facing utilities in-
clude competition, corporate restructur-
ing, mergers and acquisitions, new busi-
ness opportunities, and increasing federal
and state environmental regulation. It's
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expected that the open-systems commu-
nications environment provided by UCA
will make it easier for vendors and users
to develop new systems and technology
applications, both for solving today’s
problems and for addressing future chal-
lenges as they arise. Integrated systems
will make greater, moreeffective use of in-
formation that already resides in a com-
puter system somewhere on one of the is-
lands of automation that today support a
utility’s overall business.

An entire velume of the UCA user’s
guide is devoted to strategies for migrat-
ing to open, UCA-based systems and high-
lights the various factors and issues that
utilities should consider in planning such
a migration. Technical migration alterna-
tives like multiple-protocol support, ap-
plication gateways, and hybrid protocols
are explored. Examples of migration alter
natives for a varietv of nonOSI architec
ture environments (including SNA, DEC-
net, CDCNet, Foxboro BCS, TCP/ P, WSCC,
and tDEC) are provided. A starting as-
sumption is that the need to convert a spe-
cific system to UCA specifications is the re-
sult of an identified business need to up-
grade, improve, or expand the system.

Wade Malcolm, program manager for
power electronics and controls in EPRI's
Customer Systems Division, says that
many utilities who have analyzed the UCA
study and specifications in terms of their
own business planning—some at consid-
erable depth and expense—are forging
ahead in adopting the specifications as
the basis for near-term solutions and in
developing longer-term migration strate-
gies for implementing UCA-compliant net-
works. “We're recommending that utili-
ties incorporate UCA-DAIS specifications
in hardware and software orders as sys-
tems are replaced, so we expect a gradual
migration to integrated communications.
Given that different utilities are imple
menting networks in different functional
areas on different schedules, it's difficult
tosay that one area is or will be predom-
inant for UCA implementation. The cor-
porate area has the largest base of exist-
ing, installed systems and the greatest ar-
ray of emerging UCA-compliant products.
But a large existing base of installed sys-

tems can be as much of a barrier to UCA
implementation as not having available
products.”

With the growing acceptance of UCA
and DAIS as the utility protocols for future
data communications, the increasing in-
volvement of vendors offering UCA-com-
pliant systems and applications will help
foster the industry’s eventual migration to
integrated data communications. But ac-
cording to two utility engineers involved
that
could come slowly if the focus is not on

in telecommunications, migration
implementing those networks in ways
that offer real solutions to real business
problems.

August Nevolo, chief telecommunica-
tions engineer at Pacific Gas and Electric
Company, serves on EPRI's Integrated
Communications Advisory Committee
and coordinated the UCA project’s study
of PC&E’s aperations and communications
requirements. He says that many of the
important business benefits likely tv result
from implementing UCA networks are as
yet unknown and unanticipated. “Rather
than seeing UCA from the perspective of a
corporate data processing or office envi-
ronment, | see it as a vehicle for bringing
about key applications of advanced com-
munications technology in a utility oper-
ations environment.”

Nevolo goes on, “Initially, the big ben-
efits will come in helping people on the
business and operations sides of PG&E
do their jobs better with consistent, inte-
graled data. But the solutions that UCA
will offer for problems we do not yet per
ceive will probably beits greatest benefits
over time. The real benefits will accrue in
the applications, not in the lechnology.
Networks cost money; they don’t save
money. But how you use a network, and
how the end users derive benefit, is wherc
the payback comes in.”

PG&E’s top telecommunications expert
says that utilities should be thinking about
UCA and integrated communications as a
long-term solution. They should not ex-
pect to have the technology all in place in
four or five years and then immediately
begin to realize incredible benefits. “We've
got to be more patient and install UCA
networks where they make sense. As the



benefits appear, so will the budget for
solving the problems of implementing this
technology.”

Another knowledgeable observer, Jerry
Whooley, manager of emerging teclmol-
ogy at Public Service Electric & Gas Com-
pany (PSE&G) in New Jersey, says UCA has
achieved tremendous name recognition
and is a major advance for utiliy com-
munications. However, il is still perceived
as a set of technical specifications rather
than as a pathway to strategic business ad-
vantage, adds Whooley, who also serves
on EPRL’s Integrated Communications Ad-
visory Committee. {This high-level panel,
which guides the Institute’s program, in-
cludes representatives of the Edison Elec-
tric Institute, the North American Electric
Reliability Council, and General Motors’
Technical Center, as well as representa-
tives of individual utilities.)

“We feel contiident that the technology
for integrated communications is here and
that the software for exchanging the data
will be here shortly. There’s no question
that we can buy it, install it, and make it
work. As a result, our focus has been on
the company’s business needs, because if
integrated communications isn’t tied to
real business needs, it isn't worth doing,”
he explains.

Whooley says that PSE&G analyzed
EPRY’s six-volume UCA report in order to
align its recommendations with the util-
itv’s business needs and applied a tech-
nique called the Information Engineering
Methodolegy to develop an overall busi-
ness plan, using data models developed
for individual business units. “We now
have the framework for a UCA-compliant
information network that will make all
our computers interoperable. Next, we
will drill down into each business area
and produce data models that will be the
basis for future, DAIS-compliant data ex-
change” Whooley concludes, “If you're
really serious about integrated communi-
cations, you have to plan for it.”

Projects and demonstrations
moving ahead

The emergence of UCA and DAIS as the
preferred industry models for future data
communications has triggered a stream of

announcements from hardware and soft-
ware vendors over the past two and a half
vears —announcements either of outright
endorsement or of plans to provide com-
pliant products or related services. One
notable endorsement has come from Dig-
ital Equipment Corporation (DEC), which
launched a new program dubbed DEC-
unity for linking utility functions and im-
plementing data sharing by using UCA
and DAIS. Some dozen independent ven-
dors of SCADA systems, graphic informa-
tion systems, and customer information
systems are working with DEC and have
committed to implement UCA protocols in
their systems. This, in turn, makes it prac-
tical for utilities to begin implementing
UCA protocols for many functions.

Indeed, the array of compliant products
that has followed the arrival of UCA and
DAIS has prompted many utilities to pro-
ceed with implementation projects for
specific functions —applications that fit
with their particular corporate strate-
gies—in advance of the kind of full-
blown utility demonstration typical of tra-
ditional EPR1 projects. “We’ve come a long
way in the last couple of years. In that
time, the opportunities in several areas of
system automation within the industry
have grown significantly, so we have a lot
more applications of UCA-compliant net-
works than we thought we would by
now,” says Vasu Tahiliani, senior program
manager for distribution in EPRI’s Electri-
cal Systems Division.

Distribution automation Tahiliani says
that many utilities are placing high prior
ity on DA and DSM and are willing to
spend heavily for automation systems at
the distribution level
tomer’s meter. “But even if a utility in-

and at the cus-
stalls these systems as ftast as it can afford
to, the systems will take years to fully im-
plement,” he explains. “Utility executives
want to have some assurance that the
equipment they will be installing in five
years— which they know will be im-
proved over what they are installing to-
day-——-will al least interoperate and com-
municate with today’s axutomation equip
ment. So establishing common specifica-
tions and protocols now for vendors to use
in designing and planning products could

be a real catalyst to the deployment of dis-
tribution automation.”

According to EPRI's William Blair, who
manages UCA-related projects in DA, the
dilemma facing many utilities in this area
reflects the larger dilemma posed by inte-
grated comiumnunications: “Utilities want to
buy communications equipment from one
vendor, remote terminal units from an-
other vendor, and electronic meters from
a third vendor And they want them to
‘plug and play”’ together, now and in the
future.” EPRI’s Electrical Systems and Cus-
tomer Systems divisions are working with
a number of utilities who are moving ag-
gressively in the DA and customer inter-
face areas to achieve that interoperability.
The Institute is involved in more than
haif a dozen cost-shared projects with util
ities in which the UCA and DAIS spee
ifications are a fundamental element of
implementation.

Customer interface A working proto-
type of EPRI's concept of integrated com-
munications was featured among the
many vendor exhibits of DA and DSM
products at last year’s Second Interna-
tional Symposium on Distribution Au-
tomation and Demand-Side Manigement.
In this EPRIssponsored demonstration of
interoperability, UCA and DAIS were used
in a network for communicating real-time
load data from conventional field sources
to various demand-side automation sys
tems for price-based load control. *We
used some EPRI software, some off-the-
shelf products, and prototype products
from vendors. With UCA and DAIS we
showed how to tie them all together and
integrate systems for SCADA functions, re-
mote meter-reading, real-time variable
pricing with customer communication,
and electronic customer billing,” reports
Larry Carmichael, manager of customer
interface and controls projects in the Cus-
tomer Systems Division.

In addition to numerous tailored col-
laboration projects involving selected ap-
plications of UCA-compliant data commu-
nications, EPRI recently selected four util-
ity proposals for major UCA-DAIS demon-
stration projects over the next two years.
The demonstrations, to be conducted at
Kémsas City Power & Light Company,
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Morthern States Power Company, PG&E,
and PSE&G, reflect a spectrum of efforts to
integrate data communications between
multiple systems and applications.

As Malcolm and Tahiliani note, the DA
and DSM areas have the most immediate
potential for implementing UCA networks
and integrating applications, largely be-
cause there is little current market pene-
tration of DA or customer interface data
systems and most of the anticipated prod-
ucts in these areas do not yet exist. “So
these will likely be the areas of the great-
est nearterm growth in UCA implemen
tation, altheugh yoeu can't fully imple-
ment such networks today because not all
of the necessary products are available,”
says Malcolm.

An interim option was pursued by
Pierce-Pepin Electric Cooperative in Wis
consin, with funding from the ®ational
Rural Electric Cooperative Association
amd EPRI Pierce-Pepin took a hybrid ap-
proach, modifying some currently avail-
able products to demonstrate certain as-
pects of UCA-compliant communication:
in a limited way. The results indicate the
great valuc that UCA can have, even to
small utilities.

in the furthest-developed UCA imple-
mentation to date in the DA area, the
Piwerce-Pepin cooperative identified barri-
ers and solutions to integrating disparate
data systems, focusing on the integration
of SCADA information with data from its
automated mapping and facilities man-
agement system on one substation feeder
in northwestern Wisconsin. Project man-
agers worked with over a dozen vendors
of DA products to implement UCA speci-
fications. “This was an area where there
wasn’t much in the way of existing prod-
ucts, but the utility used what was avail-
able and built on that to create something
better than the current system,” says proj-
ect manager William Blair,

The Pierce-Pepin project involved both
DA functions and systems related to the
customer interface. The close relationship
between DA and the customer interface is
reflected in the joint sponsorship by EPRI’s
Customer Systems and Electrical Systems
divisions of over a dozen other projects
involving UCA protocols under the Cus-

tomer Interface Initiative.

In one of the projects under this initia-
tive, the Customer Systems Division is
working with Consolidated Edison Com-
pany of New York in demonstrations of
reaktime pricing with two large cus-
tomers — demonstrations that will even-
tually involve migration to UCA-compli-
ant Other
progress is producing a UCA-compliant

communications. work in
version of the Customer Communications
Gateway, which is expected to become the
standardized interface between a utility’s
DA system and a variety of customer au-
tomation systems, incdluding Smart House
systems and commercial building EMSs.
The Customer Systems Division also
sponsors the UCA Exchange (which can be
reached toll-free at 800-UCA-EXCH) and
the MMS Forum. These bring together
hardware and software vendors and util-
ity users to pursue interoperability agree
ments based on the Manufacturing Mes-
sage Specification, the application layer
specified in UCA for real-time control and
data acquisition. as in communicating
with meters or remote terminals at a cus
tomer interface or in a power plant.

Control centers For power control cen-
ters, with their massive energy manage-
ment systems, some UC A-compliant open
protocols are beginning to become avail-
able from vendors of EMSs and related
systems. Three or four vendors, for exam-
ple, are committed to using the UC Acom-
pliant DECunity plattorm. Upgrades and
initial UC Acompliant offerings from other
major vendors are anticipated in the near
future.

Another significant development re-
lated to control centers is the announced
plan tor upgrading to LCA compliance the
two major utility industry protocols for in-
terutility EMS data eschange. Currently,
utilities associated with the Western Sys-
tems Coordinating Council use one set of
protocols, while many utilities in the East
use a protoco} associated with the In-
terutility Data Exchange Committee, As a
result of interaction between EPRI staff
and the utilities connected with these
groups, the protocols are in the process of
being merged in a single UCA-compliant
protocol to be called UCStandard.

Power plants and transmission substa-
tions Power plants (both nuclear and fos-
sil) and transmission substations are areas
that have seen less development and im-
plementation of UC A-compliant networks
or products, but both areas could see sig-
nificant development in the near future.
At least two of the half dozen major ven-
dors of fossil plant distributed control sys-
tems have begun to offer UCA-compliant
versions of some products. And EPRI is
working with all of the vendors to pur-
sue utility-hosted demonstrations of UCA-
compliant communications in plant mon-
itoring and control applications.

These projects inciude work at the Ed-
dystone station of Philadelphia Electric
Company, where EPRI's Monitoring & Di-
agnostic Center is using a fiber-optic data
highway to tie together numerous plant
and equipment monitoring and control
systems in a predictive maintenance net
work. EPRI has also worked with vendor
Asea Brown Boveri to integrate data com-
munication between seven plant monitor
ing systems at Carolina Power & Light
Company’s multiunit Roxboro station. [n
addition, the Institute is working with
smaller vendors of equipment diagnos
tic systems to incorporate UC Acompliant
specifications in place of costly propri
etary intertaces that can drive up the cost
of their products.

As noted in EPRY's UCA project report,
currently available OSI architectures have
a limited ability to meet the communica
tions requirements forsimple field devices
thait can support a number of functions.
EPRI is participating in the Instrument So-
ciety of Anwrica’s field bus development
effort to ensure that such requirements are
ultimately reflected in [SA-adopted stan-
dards. Standards that result from this and
certain other ongoing technical efforts are
likely to be incorporated into a future ver-
sion of UCA.

EPRI also considers UCA and DAIS fun-
damental elements in a longtermstrategy
for integrating the many pieces of EPRI
software available for power plants today
into some type of overall plant monitor
ing workstation.
and

Meanwhile, an instrumentation

control upgrade initiative in EPRl's Nu-
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clear Power Division includes opin-sys-
tismk =piccifications a= part of its strateigy
for nuclear power plants. But stringent
regulatory requirements for data commu-
nicatiiins involving nuclear plant systems,
especially safety-grade =systems, could ba
a barrier to ecarly progress in implement-
ing tpen plant systems. The division plans
to publish, by the end of this vear, a muth-
udolilgy manual and workbook that will
help nuclear utilities plan open-systems
migration strategies and to determine the
appropriale network configuration gif var-
ious information, monitering, cantrol, and
zafety svstems in an integrated plant data
communications nelwork.

A= for transmission substations, EPR!
hopes to build on its pioneering work on
at PSE&IL'=
Deans substation, “The Deans automation

aulomated control systems

system is already very close to meeting the
UCA requirements,” reports Stig Milsson,
program manager. “Work has been initi-
atied to make the system fully UL A-com-
patible while meeting the industry’s es-
acting performance requirements.”

Corporate systems Corporate data sys-
tems are at the other end of the spectrum
froum DA and the customer interface in that
there is a large installed base of mainly
proprietary systems and communications
protocols in this area, as well a= a rapidly
growing availability of systems and solu-
tions based on OSI =pecifications. Somu
large svstem vendors have recently made
Qfl-based protocols available in lieu of
their proprietary protocols at no extra
cost —a milestone in itself.

But because utilities do have a large
base of installed =systems for business and
accounting tunctions, the upgradit and mi-
gration to UC4 pristocols in the corporate
arca could lag behind that in other areas,
such as DA and customer information,
where utilities see an immediate advan-
tage to installing new equipment and sys-
tems. Still, greater access to and use of,
say, the inventory data found in corporate
acrounting databases could translate into
major cisst savings companywide,

At the corporate level ane wide-area net-
works that ultimately will link all of a
company’s local-area networks with a
high-speed, high-capacity data highway.
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The most tangible example of a wide-area
network may well be EPRINET, the elec-
tronic communications gateway to EPRI
information and services thal in effect
links every EPRI member in an interactive,
real-timet network. According to Marina
Mann, EPRI's vice president for informa-
tion technology, the architectural infra-
structure that underlies EPRINET is al-
ready LICA-compliant. Meanwhile, UCA-
compliant applications and services are
being made available as part of the lat-
est weneratinn of EPRINET, which began
its rolfout this June. Adds BMann, “One of
the most immediate benefits of putting
UCA into practice will be the ability of
EPRIMET participants to use the electronic
mail svstem of their chipice for the es-
change of messages and electronic docu-
ments. Thi= will open the floudgates of
communication between EPR! and our
members.”

Also at the corporate level (more as a re-
sult of organizational than functional re-
lationships) are gfforks to invislve gas and
water utilities more closely in pursuing
and implementing LLA a= an all-utility
communications pretocal, EPRI last year
began a pruject that i= jointly funded by
the American Water Works Aszociatiim
Research Foundation to extend UL A =pec-
ifications to muel
needs of water companies. Water utilities

the communications

anticipate many of the same advantages
that electric utilities do from being able to
integrate data from monitoring, metering,
and computer systems. EPRI has already
gained the involvement of the Gas Re-
search Institute in exploring oppartunities
for funding research to extend LT 4 to the
gas industry,

EPRI is also cooperating with the Ma-
tional Instilute of Standards and Technol-
ogy and wilh mther industries that have
defined %l profiles to combine these as
a generic industry-government open-sys-
tems specification. Broad acceptance of
such a specification could be expected to
faster pven wider availability and use of
such Odi-based architectures as UCA.

A foundation on which to build

fsccording to Narvain Hingorani, EPRIs
vice prestdent for electrical systems, “UC A,

and DAIS tigether provide the foundation
on which utilities can build cost-effective
and efficient integrated information sys-
tery= fer every major functional area of
their business. If quick and ready access
to infurmation has real economic value to
a company, then UCA-DAI4 is absolutely
essential.

“With UCA and DAIS, utilities can ex-
pand automation systems without de-
pending on the same vendor and without
fear of obsolescence of existing wquip-
ment, Such systems can use any existing
media—twisted pair, microwave, optical
fibars, or radio waves, for example. A util-
ity would nit have to use the proprietary
interfaces and consoles that are primently
needed to interconnect systems. Much of
the automation will b achizvable through
the integration of off-the-shelf compeo-
nents in workstations, per=onal comput-
ers, processors, and controllers, leading to
tremendous cost =avings and, in the years
to come, to the full automation of utility
information systems. The adoption of
UCA-DAIS i= a major corporate decision
and will be a must in the industry’s more
competitive future.” ]

Further reading

Database Access Integration Services F-nal tegort ier
RP2949-5 prepated by Honeywell e Forihcoming
EPRI TR-101706

UCA Workshop Report Tinal report fer RP2568-24 (res
pared by Flexus Research Inc Farthicoming EPAI TR-
101263,

Piant Communications ana Computing Architeciura Plan
Methodology Manual and Waorkboaok, Vols 1 and 2 Fina)
report for RP340S-1 prepared by Queue Systems, Inc
Forlhcoming EPR! TR. 102306

Advanced Melering. Benelits on Both Sides of the Meler,
EPRI Journsl Vol 17 No 3 (ApniiMay 1992) pp 18- 25

utitty Communications Architecture, Vols 1-&. Final re-
worl tor AP2949.1 prepared By Andersen Consuting D
cember 1991 EPRI EL-7547

Reaching Oul Wah Two-Way Communications
Joumal, Vol 15 No 6 (Septembtier 1190 mm 4-13

EPRY

‘Buitching a Framework for integrated Commumicalions
EPAI Journal Mol 13 No 5 {JulyfAugust 138B) pp
2835
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Technical sources for Journal feature arficles

PURCELL

TAHILIANI

MALCOLM

harging Up for Electric Vehicles
(page 6) was written by Taylor
Moore, Journal senior feature writer,
with assistance from Gary Purcell of
EPRI's Cuslomer Systems Division.
Purcell, manager for electric vehicle
systems technology, joined EPRI in 1977
after 15 years with Lockheed Missiles
& Space Company. A mechanical engi-
neering graduate of Oklahoma State
University, Purcell earned an MBA at
Pepperdine University. m

inning in the 1990s (page 18) is

based on a speech delivered
by General Electric {ompany’s Jack
Welch as the keynote address at
EPRI's recent International Symposium
on Global Electrification. Welch, who
joined General Electric in 1960, was
elected vice president in 1972 and vice
chairman in 1979. In 1981 he became
the eighth chairman and CEO in GE's
114-year history. Welch holds three de-
grees in chemical engineering—a BS
from the University of Massachusetts
and MS and PhD degrees from the Uni-
versity of [llinois. =

ramework for Utility Data High-

ways (page 34) was written by Tay-
lor Moore, fournal senior feature writer,
with principal guidance from two EPRI
program managers.

Vasu Tahiliani, who heads the Cus-
tom Power Distribution Program in the
Electrical Systems Division, joined EPRI
in 1977 as a senior project manager for
transimission substations. He became
the division’s technology transfer ad-
ministrator in 1984 and program man-
ager for technology transfer the fol-
lowing year. He assumed his present
positien in 1991. Before coming to EPRI,
Tahiliani was with ITE Imperial Corpo-
ration for five years, managing gas-
insulated-substation projects. Earlier he
spent five years with McGraw Edison
Company's Power Systems Division
and served as a design engineer with
Jyoti Electrical, Ltd., of Baroda, India.
Tahiliani holds two electrical engineer-
ing degrees —a BS from the University
of Baroda and an MS from West Vir-
ginia University.

Wade Malcolm has been manager of
the Power Electronics & Controls Pro-
gram of the Customer Systems Divi-
sion since July 1991. Earlier he was a
project manager in the Electrical Sys-
tems Division’s Distribution Program,
on loan from Philadelphia Electric
Company. At Philadelphia Electric,
Malcolm was an engineer in the Re-
search Division and the Electric Trans-
mission and Distribution Department.
He has BS and MS degrees in electrical
engineering from Drexel University. =
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AT THE INSTITUTE

News and information highlighting EPRI staff and operations

New Members and
Vice Chairman of Board Elected

ohn W. Ellis, chairman of Puget Sound Power & Light

Company, was reelected chairman of EPRU's Board of

Directars at a meeting that followed the Institute’s
annual meeting of members in March. EPRI's member
utilities earlier had returned Ellis to another two-year term
on the Beard. A. Drue Jennings, chairman of the beard and
president of Kansa= City Power & Light Company, was
elected vice chairman.

The member utilities elected five
new members to the Board of
Directors. Elected to a one-year term
was William S. Crawford, president
and CEO of Memphis Light, Gas &
Water Division. Elected to four-year
terms were James L. Broadhead,
chairman and CEO of Florida Power
& Light Company; Richard K. Byrne,
president and CEO of Buckeye Power,

Eltis
Jennings

Inc; Erroll B. Davis, Jr, president and
LEO, Wiscensin Power & Light
Company; and Eugene R. McGrath,
chairman and president of Consoli-
dated Edison Companv of New York,

Inc. m»

Board Names Four New EPRI Officers

hree vice presidents and a controller were elected for
EPRi by the Board of Directors at its meeting in March.
The new vice presidents are Richard G, Claeys, vice
president for corporate communications; Marina k. Mann,
vice president for information technology; and Gail E.
Parker, vice president for human and administrative
resources. John D. Bateman was named EPRI controller.
“These elections reflect increased recognition by the
Bisard of Directors of the importance of communications,
information technology, and EPRI's staff in supporting the
institute’s overall mission of delivering value to utilities in

”

the form of new =zcience and technology,” says Richard L.
Rudman, senier vice president for business operations.
Claeys joined the [nstitute in 1985 as director of the
Corporate Communications Division. I addition to manag-
ing EPRY’s infernal and external communications programs

he is responsible for the Institute’s publishing, conference,
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and exhibit functions; andiovisual zervices; executive pre-
sentations; and liaizon with industry groups and trade asso-
ciations on communications issues, Before coming to EFPRI,
Claeys was vice president of corporate communications for
Metropolitan Life Insurance Company in Mew York. He is a
member of the Public Relations Society of America and was
inducted into the society’s College of Fellows= in 1991.

Mann has served as director of the information Tech-
nology Divizion since she joined EPRI in 1984. Development
and refinement of the EPRINET electronic information net-
work and the introduction of global videoconferencing ser-
vices to connect utilities and EPRI are among the major in-
novations implemented vnder her leadership. Before com-
ing to the Institute, Mann was vice president of central
systems for Wells Fargo Bank. In January 1993, kann was
named EPRI's representative to the advisory committee for
the Twenty-first Century Information
Infrastructure Project of the Wa=hington,
D.C.—based Council on Competitiveness.
She is also a member of the Society for
Information Management.

Parker has been director of the Hu-
man Resources Division since 1983; her
responaibilities wer expanded in 1992 to
include most of EPRI's administrative ser-
vices. She joined the Institute in 1974 a= a
personnel administrator, rising to mana-
ger of employment and emplovee rela-
tions and, later, to assistant division di-
rector. Before coming to EPRI, Parker
worked for six years for the University of
Michigan in employee compen=ation and
affirmative action. Parker is chair-elect of
the Board of Directors of the Society of
Human Resource Management, the
largest organization of human resource
professionals in the country. She is also a
member of the Bay Area Human Re-
source Executive Council.

Bateman joined EPRI in 1955 as di-
rector of administration in the Muclear
Power Division. Before that, he had spent
20 years in personnel and audit manage-
ment with the DOE in Richland, Washing-
ten. He became director of EPRI’s Finance

Division in February 1993. a

Bateman



EPRI's Advisory Council Expanded

mong the actions taken at its meeting in March, the
A Board of Directors amended EPRI's bylaws to

increase the size of the Advisory Council from 25 to
30 members.

“The Advisory Council is EPRI's window to the world.
Given all the changes occurring in the electric power
industry, the Board felt that expanding the Council would
broaden the spectrum of views on the industry and EPRi’s
role as its collaborative research arm,” explains Marvin
Lieberman, director of regulatory relations.

Among recent vacancies was one created by the
appointment of John Gibbons, former director of the con
gressional Office of Technology Assessment, to be President
Clinton’s science advisor {(as head of the White House
Office of Science and Technology Policy).

The amendment also increased the number of Council
members appointed by the National Association of Regula-
tory Utility Commissioners (NARUC) to a maximum of 10,
up from 7. Three vacancies remain to be filled by NARUC.
"The increased number of regulators on the Council reflects
the growing importance of state regulation in shaping the
electric power industry,” adds Lieberman.

NARUC'’s new appointees to the Advisory Council are
James M. Byrne, Utah Public Service Commission; Richard
H. Cowart, Vermont Public Service Board; Allan G. Mueller,
Missouri Public Service Commission; and Ronald E. Russell,
Michigan Public Service Commission. =

White House Sends Congratulations

resident Clinton recently extended his congratulations
P to EPRI on its twentieth anniversary and expressed

his belief that advanced techinology development will
play a major part in building America’s future. In an
Aptil letter to EPRI President and CEO Richard E. Balzhiser,
Clinton wrote that EPRI “can be proud of its contribution
to America’s tradition of technological innovation and
discovery.”

He continued, “The future holds exciting possibilities
for more efficient energy systems and environmentally
friendly technology. Research and development efforts can
yield benefits for our people, our society, and our quality of
life.” Applauding EPRI's “interest in promoting environmen-
tally responsible energy,” Clinton concluded, “With your
help, we can set America on a new coutse.” =

Global Electrification Symposium
Commemorates EPRI’'s 20th Anniversary

rominent energy leaders—including senior executives
P of member electric utilities, government and regula-

tory officials, and academic experts—shared their
insights on global sustainability, the role of electrification,
and implications for the industry at a one-day international
symposium hosted by EPRI in the nation’s
capital. The gathering, titled “Global
Electrification: Promise for the
Future,” was held in honor of the
pioneering spirit that led to the
creation of EPRI 20 years ago.

EPRI President and CEO Richard

E. Balzhiser and Board of Directors
Chairman John W. Ellis, chairman of Puget

Sound Power & Light Company, welcomed
approximately 200 guests to the May 13 symposium. John F.
Welch, Jr., chairman and CEO of General Electric Company,
delivered the keynote address. Among the other sympo-
sium speakers were Dr. Zbigniew Brzezinski, national
security advisor in the Carter administration and now a
member of the President’s Foreign Intelligence Advisory
Board; Dr. Jan Beyea, chief scientist and vice president of
the National Audubon Society; Dr. Hisham Khatib, chair
man of the World Energy Council’s Committee on Energy
[ssues in Developing Countries; Dr. Harold L. Hodgkinson,
director of the Center for Demographic Policy, Institute for
Educational Leadership; and Dr William Nordhaus,
professor of economics at Yale University

The morning sessions focused on the challenge
of sustainable global development, highlighting as key
concerns population growth, environmental impacts,
disparity in the global distribution of wealth, and barriers
to economic development. The afternoon panel discussions
focused on the role of electrification and advanced electro-
technologies in addressing these concerns and the implica-
tions for electric utility leadership worldwide. Participating
on the technology panel were Dr, Craig S. Tedmon, Jr, exec-
utive vice president of Asea Brown Boveri, Ltd., and Yoshi-
hiko Sasaki, director of electric power technology, MITI. The
utility panel included H. Allen Franklin, president and CEO
of Southern Company Services; Joseph H. Paquette, Jr.,
chairman and CEO of Philadelphia Electric Company; and
Jean Bergougnoux, president of Electricité de France.

Welch's keynote address appears in this issue of the
Journal. Other symposium presentations will be featured in
subsequent issues. ®
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PROJECT STARTUPS

New research ventures of importance to the industry

Recycling Fly Ash
Turning Ash Into Cash

Fly ash was used In restoring and revegetating this site.

In an effort to transform
an increasingly burdenzeme
waste disposal expense into
a revenue producer, EPRI re-
cently joined forces with
two of its members. Their
goal: to find a productive
use for the millions of tons
of fly ash and flue gas desul-
furization (FGD) sludge that
coal-fired power plants pro-
duce every year.

In 1989, U.S. utilities gen-
erated 72 million tons of
coal ash alone. “As a result
of recent clean air legizla-

tion, wastes from coal burn-

ing are expected to increase,

while available dispo=al sites are becom-
ing more and more scarce,” according to
EPRI project manager John W. Goodrich-
Mahoney.

In response to this dilemma, the South-
ern Company, the Tennessee V¥alley Au-
thority (TVA), and EPRI are exploring the
potential for creating ash- and sludge-
based products to sell as =0il amendments
for agricultural use and land restoration.
This research project, which i= scheduled
to begin later this year, will ciinaider what

50% More Power

mixtures of coal combustion by-praducts

and organic matter provide the beat ma-
terial for agricultural soil enrichment and
land reclamation use. The environmen-
tal effect of each mixture also will be
assissed.

Field studies will be conducted by the
University of Genrgia, TVA, the University
of Kentucky, and the University of Ten-
nessee. Thi= work is being undertaken as
a result iif a 1991 EPRI 2tud ¥ showing that
the sssutheastern and seuthwestern United

Researchers Developing Near-Term Battery for EVs

A= auto manufacturers scrambli to bring
electric vehicles (EVs) to market, a key
question that remains unresolved i= how
to give zero-emission cars the range and
power of their gas-guzzling counterparts.
To supply first-generation EVs with
enough zip to appeal to pawer-hungry
drivers, EPRI researchers are developing
an advanced lead-acid battery they say
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will offer substantial advantages over ex-
isting lead-acid models at no increase in
cost.

In 1995, mandates for zero-emission ve-
hicles go into effect in California, Maine,
Mas=achu=itts, and Mew York. Az a nesult
of these and similar measures being con-
sidered in other states, experts estimate
that at least 70,000 electric vehicles will be

States have the largest tracts of agricul-
tural land near coal-fired plants— tracts
that could provide excellent markets for
fly a=h fertilizer. The study also found that
the regulatory environment in these areas
ia conducive to the research. Initial results
from the new studies are expected in 1994,
with a final report by 1996. EPRI en-
courages other interested utilities to get
involved.

W For more iiformation, contact Jolm W,
Goodrich-Mahoney, (202) 293-7516.

on the road by the end of 1995. Robert
Swaromp of EPRI, battery systems man-
ager, expects that many of these virhicles
will uze EPRI's new battery.

Slated for availability by 1995, EPRI’s
advanced battery i= expected to provide
50% mare power than today’s sealed lead-
acid models, which can propel cars for
about 30 miles before recharging is re-



quired. In additien te giving elictric cars
a range of 75-80 miles, the new batteries
offer three to four times better acceleration
and hill-climbing ability. “While EVs with
today’s lead-acid batteries are sluggish
in acceleration, vehicles using our new
model should be competitive with gaso-
line-powered cars,” Swaroap says.

The advanced battery is being designed
and manufactured by Electrosource, Inc.,
an Austin, Texas, R&D and manufactur-
ing company. Test= ef battery perfermance
and cycle life—the number of times

Materials Research

that the battery can be recharged —are
currently under way at Argonne Mational
Laboratory near Chicago. When full pro-
duction i5 reached —as is expected by
1995 —the batteries will cost less than
$120/kWh, accerding te Swaroop. A small
car would need a 15- to 20-kWh battery,
while a van might require a 40-kWh
model, he says.

A predecessor of Electrosource began
the project in the early 1980s. “EPRI got in-
volved in 1992 because we believe that for

meeting near-term requirements, the bat-

Composites Considered for Corrosion-Resistant Equipment

Since the earliest days ef commercial
power generation, the corrosion of pewer
system components has caused major
headaches for electric utilities. Thanks to
plastics with the strength of steel, how-
ever, such problems may one day be no
more.

Composites—leng a mainstay of high
technology and advanced-aircraft man-
ufacturing—are gradually finding their
way into everything frem car body panels
to oil rigs. Tom Kendrew, EPRI’s manager
for underground construction, would like
to add electric power transmizsion and
distribution equipment to the growing list
of products that benefit from the space-
age materials

“The utility industry losea millions of
dollars in equipment maintenance and re-
placement costs each year because of cor-
rosion,” Kendrew says. “Corrosion also is
one of the principal causes of service dis-
ruption from underground transformer
failure.” Kendrew sees compesites a2 hav-
ing the potential to reduce both problems.

ErRI has retained Fosater-Miller, inc., of
Waltham, Massachusetts—a leading de-
velopir of advanced materials for the

Department of Defense and other govern-

Some parts of advanced aircrafl are made from composites.

tery offers tremendiis advantages over
existing lead-acid, nickel-iron, and nickel-
cadmium batteries,” says Jack Guy, com-
mermialization manager in EPRI's Cus-
tomer Systems Division. This work com-
plements the U.S. Advanced Battery Con-
sortium’s efforts to develop, by 199§,
midterm technologies that offer a vehicle
range of up to 170 miles and, by 2002,
long-term technologies that can power
cars for 300 miles.

B For more information, contact fack Guy,
(415) 855-2803.

ment agencies—to investigate the feasi-
bility of substituting lightweight, high-
strength, corrosion-resistant composites
for the steel and aluminum used in trans-
formers, switches, and other power in-
dustry hardware.

Composites commonly used today in-
clude carbon, gla=s, or boron fibers in
some type of organic resin, such as poly-
ester or epoxy. “Previously, conposites
weren't used heavily in general manufac-
turing and industry because of their rela-
tively high cost,” Kendrew says. “Mow
prices are coming down, and we feel it's
time to look at these materials for more
general applications.”

[nitially, Foster-Miller will identify the
most promising composites for under-
ground transformer casings. Kendrew ex
pects to have prototypes of the casing ma-
terials available for laboratory testing later
this year. Then researchers will analyze
each composite to determine corrosion re-
sistance, repairability, fire resistance, and
resistance to insulating oils. By 1994,
Kendrew anticipates having a prototype
tranzformer ready for field testing.

a For more informmiou, contact Tom Kern~
drew, (415) 855-2317.
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New
Contracts

Project

Customer Systems

Demonstralion of Industrial Heat Purmp
Technology Using Lew-Temperature
Efflusnt From & Wastewater Treaiment
Plant {RP2662-24)

Heat Pump instaltaton Guige: Closed-
Loop Ground-Seurca Manual (RP3024-10}

End-Use Emigsions Database and Soff-
ware Development Phase 2 (RP3121-8)

Omportunities in Advanced Matenals
Processing (RP3243-15)

Scoping Study: Magnetic Fields
Managemeant Ralated 1o Industriat
Electrolachnoiogies {(RP3254-4)

Market Polentral Assessment tor
Optimized Industrial Rsfrigeration
Systems tor Food Processing
(RP3324.8)

Uhragound Applications in Textile Dyeing
and Washing (RP332¢-3)

Zerp-Ozone-Depletion-Potenttal
Relrgerant lor Centrifugal Chdiers
(RP3412-11)

Allernalive Refrigerants Evaluaton
Program: Evaporator Outside Tube ana
Condenser Outside Tume (RP3412-53)

High-Eficiency Laundry Project
IRP3417-2)

Cammercial Buldhng Perlormance
Evaluation {(RP3509-1}

ESPRE Program Enhancements and
User Support (RP3512-10)

Building Performance and Diagnostics
{RP3553-1}

Electricat Systems

Uriversal Datagase for Operalor Traring
Simulator {RP1915-13)

Figld Tnals; TOMCAT 2000 (RP2472-11}

Guidelines for Substation Lite Eslension
(RP2747.9)

Handioeok on Distribution Grounding
Memods {RP3066-7)

Proguclian-Grage Program fer
Evaluahng Simuttanecus-Power-Transter
Capapilily (RF3140-4)

State Estimalton Issues. External System
Modeling Enhancements (RP3355-1)

Oispersed System Impacts: Survey andg
Requirernenis Siudy (RP3357-1)

Dynamic Valtage Restorer {RP33R9-1)

Systern Studies tor Custom Pawer
Applicalon (RP3389-5)

Pratolype Expert System for Power
Quality Adwisement (RP3383-6)

Brological Contrat of Wood Decay in
Utiity Potes (RP3420-1)

Cemputing the Magnetlc Fields of High-
Pressure Fluid-Filled Cables (RP7838-41)

Improvement of Cable Conneclor
Raliabilty (RP7310-20)

Funding /
Duration

365,000
© months

$103,800
13 menths
$179,700
9 months

$59.900
§ months

$52,500
16 monlhs

$70,900
6 morths

$150.000
12 maonths

$348,700
22 months

$104.900
12 monins

52,824.300
&0 months

$546.800
29 months

571,900
10 months

$175,000
12 months

$79,900
7 months

$90,000

& months
$619,700
22 months
$450,100
19 mg=ihs

$1,093.500
24 manths

$482.600
21 months

$295,400
8 manins
$1,496,508
32 months

$59,600
1Q months

$191.700
38 months

$220,000
38 months

$54,600
9 months

$97,200
9 menths

Contractor/EPRI
Proect Manager

City of Topeka/M Jones

NRECA{C. Hiler

Science Applicalens
ntetnalional Corp. /
P Sioshansi

Arthur O Litle/E. Eckhart

IT Research Insiitute
M Samoty

Tecogen/A Amarnath

Norih Carolina State
University /A Amarnath

Allied Signalf/ W, Kl

Lehigh University/
S Koncepud:

Maylag Core /
J Kasselnng

Arcritectural Energy
Corp K. Johrison

Arthur B Little/
J Kesselring

Carmegie Mailon
Urnversity /K. Jotnson

Unified infarmalion
J Gratow

Wisconsin Powar & Light
Co.tH Mattz

Sargent 8 Lundy /J Porter

Souhern Elactric
internabenal{ T Kengrew

ABB Systems Cenlrol
Co /P Hirsch

Macro Cerp.{J. Gralew

ERPIC Enginesrmg/
D Maratukulam

Weshngnouse Eleclnc
Corp {H Menta

Aupburn University {
H. Mehta

Tennessee Technological
Universily /H Mehtz

Michigan Technalogical
Urwersity fH Ng

Cliemson Unlversity /
F Garcia

Foster-Milar/ T Kendrew

Froject

Evaluation of Gases Generated ny
Heatng and Burning of Cablas
(RP7910-22)

Enviranment

Evaluaton of Electroaynamic Ventur tor
Fine-Particulate Control (RP1835-20)

Cyclone Boiler Test Program at Central
lhineis Public Service Company's
Coflaen Plant (RP1835-31)

Industnal €cology Technological
Trajectories, Technological Transitions,
and Hatutability (RP2030-47)

Ash Structural Fill for Stle Demonstration
{RP2422-22)

Moisl Duel Injeclion/Advanced Silicale
Pilol Plant Project (RP2826-3}

Full-scale Evaluaiion ef Low-Na, Surner
Tor Qil-Fired Boliers (RP2865-16)

Feasibity of Ground-Penetrating Radar
tor Use at Manufactured Gas Plant Siles
{RP2879-27)

Reporting of Manuiactured Gas Plant
Technology Demonstrations a1 N'agara
Mohawk Power Corp (RP3072-4)

instatation ot COHPAC {Compact Hybrid
Parliculate Collecter) at Plant Miller
{RP3083-34)

PISCES Ar Toscs Tesling at BAW'S
SNRB Project and Ohio Edisons R £
Burger Ptam (RP3177-14}

Mercury Speciation \n Fluas Gas
Methads Davelopment (RP3177-18)

Stanstical Analyses of Risk Faclors for
Sporadically Occurring Legionellasis
{RP3266-2)

Flerda Atmespbenc Mercury Stuady
(RP3297-1)

Bruner Istand Ash Disposal,
Consolidation Amalysis and Monitering
(RP33486-1)

Exploratory & Applied Research

ACIAC Switchmode Regulator Progl of
Principle {RP8001-13)

Electroorganic Syntheses i Supercntical
Electrolyles (RP8002-45)

Etectroreductive Coupling Heactions
(RP8002-46}

Chemical Appilcatons af
Elecirohyarsulic Cavitation for
Hazardeus Wasie Control (RP8003-36)

Spurious Solutions N Twe-Phase Flow
Codes and Methous of Neutralizing
Them (RPBOOE-30}

Marne Biotechnology Researcs
®pportunitas ans Poiicy lssues
(RP8011-21)

Automated Fecognilen of Hangd-Lettered
Text (RPBO14-1)

Neve! Methpds for Sequental
Optimization {RP8016-2)

Falymeric Ultrattin Fims as Bonded
Lubrcams, Coatings, and Mempranes
(RP8019-1)

Funcing/f
Durakan

$594,700
37 months

$326.400
11 meonths

$93.000
14 monihs

$172.200
12 months

$774,300
119 months

$180,000
18 months

$75,000
12 months

$66,100
18 moning

$564 100
39 months

$166,100
23 months

$340 000
8 months

$91.600
14 months

$124,200
12 manths

E1.127.700
60 months

$247 800
3 montng

383,500
15 months

$140,000
28 months

$255 000
38 monihs

$438,800
33 monthsg

$337.500
25 marihs

$1D0,000
11 months

$431,600
18 montns

$107.500
23 mornths

$117.700
36 maonths

Contractor/EPR!
Progact Manager

ungenyniers
Laboratones f T Kendrew

Florda Power & Light
Co {R Allman

Systems Applications /
A. Attman

Reckeleler Univarsity /
S Peck

JTM Industries { O. Golden

Tannessge Valley
Aulhority /B8 Teole-Q'Nell

New England Power
Service /A Kokkinas

Uriversity of Kansas
Crantar for Research/
1 Murarka

Rermediahon
Technologes/ 8 Nott

LeCorp/R Chang

Babcock & Wicos Co /
P Cru

Fronter Geosciences/
P. Chu

U S, Ceners for Dicease
Conltrel{J Yager

K8N Engineernng &
Apphed Scences f
0 Parcsiia

Pannsylvarnia Power &
Light Co./D, Golden

San Jose State University
Feundation/ . Menta

Johns Hopkins University {
R Weaver

Uriversity of Catlornita,
Sanla Barbara/R. Weaver

Canfornia Instdute ol
Techroogy /M Jores

Brown University { J. Kim

Natona Acagemy of
Sceences/D Spencer

Kaman Scierices Corp./
J. Naser

Litramax Corp. /8. Yunker
QOregon Graduate insitule

of Science ang
Technology {8 Bernsten
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Praec!

Exploratory & Applied Research {cont.}

Electroccagulation Applled 1o
Wastewater for the Recovery of Soluble
Melals {RP8020-1)

Avoiding Bifurcation (nstabililies in
Electric Pewer Systems (RP8050-3)

Efects of Coal Chlorine Levels on
Firaside Corrosion in Coal-Fired Boilers
(RP9EN2-8)

Distrimution Cable Reptagemetit Decisiett
Analysis (RP3002-10)

Generation & Storage

Design Data on P-81 Caslings and
Relractalloy-26 Bolting {RF1403-23)

Battery Evalualion Methodology
(MP2123-1)

Strategic Modeling i Distnbutea Utility
ard Battery Evaluation {RP2123-5)

Novel Methods for Sequential
Optimizauon (RP2147-24)

Nondestructive Evaluation tor Lile
Prediction of Gas Turbine Blade
Coatings {RF2485-3)

On-ing Demonsirzian of Auramanen
Dasign Cancepls (MP2710-24}

Cambusten Turbine Malerals Evatuation
and Lile Management (RP3864-3)

Strategic Invesiment Evaluahon far
Central Stanon Sterage Technelogies
{RP3116-6}

Compact Smulalor Technology Develop-
ment ard Demanstration (RP3152-16)

Cempaci Simutalor Technology Develop-
menl and Demanstratisn (RP3152-19)

Ingfirgct Coal-Fired Combined Cycle
State-ol-tha-Art Plam {RP3222-4)

Decizion Supmart Methods for Fossil
Plant Assets Management (RP3288-2}

Hard-Parel Emulation Technology for
Compact Simulalars (RP3384-9)

Combined-Cycta Control Systam
Evaluation and Oplimization (RP3384-10)

Reservor Medel and Flammabifity Tests
lor Sterage of Comsressed Ar in
Depleted Natural Gas Fields (RP3389-1)

Development of EPRIWorks Object-
Ornented Developers Medules (RP3482-1)

Improvements on Fossil Plant Operation
and Mantenance Fractices (RP3432-1)

Advanced Leak Localion—Research
Evaluation Demonstration (ALL-RED)
{RP3438-1)

Cermnputenized Logging System for
Cambustian Turine Overhawl
Mainienance (RPCTAG-5)

Integrated Energy Systems
Emissions Allowance lhventory
Managemeni {(RP3344-3)

Battelle Northwest Imtegratad Climaitg
Change Analysis Model (RP3441-2}

Funoing/
Duration

$118,000
12 months

$171,300
4% months

$61.700
7 months

$91.800
& months

§205500
31 manths

$185,200
13 months

$155 600
11 manths

$107,500
23 months

$56.700
11 months

$137 500
25 months

$113,000
12 menths

$105,000
11 months

$154,600
12 months

$185 500
24 months
$112.980
12 months
$1,162.000
19 menths

5607.800
14 months

$660.000
17 manihg

$88.100
11 months

$628.500
18 monthg

$2,075,100
16 monihs

$300,300
16 mornihs

$464.160
31 months

§68.300
16 mpnths

S531.600
15 months

Contractar/ EPA!
Proyact Manager

Rutgers University /
M Jones

Univarsity of Wisconsin
Madison/A. Wildberger

Batielle Mamerial
Inslilute /A Mehta

Decision Focus/H. Ng

MAN Energie GmbH /
W Bakket

Energy and Environmental
Economics{S. Chapa!

Appltad Decision
Analysis| S, Chapel

Utiramax Corp /8. Yunker

Falire Analysis
Assoclalas /
i Viswanathan

Leags & Nonhrup Co /
D Broske

Power Tech Associates(
G Touchton

Apnlied Decision
Analysis{ 8. Chapse!

Trax Corg fR Fray

Automation Technology {
R, Fray

Power Tiech Associales !
J, Bartz

Strategic Decisions.
Group /M Blanco

ESSCOR/R Fray

Flonda Pawer & Light
Ce /R Fray

Umversity of Calgary
B. Metia

Automation Technelogy {
G Phiasterer

Tampa Electric Co,/
D QConnar

Bogan/R Coisher

Oweranonal Services /
A. Frischmuth

Applied Decision
Analysis/C Clark

Batiellea Memor:al
Instilte L. Withams

FProyect

Imgact of Global Climate Change an
Electric Unlities, Phase 2 (RP3441.3)

Greentiouse Gas Fisk Analysis
(RP3441-8)

Chmale Research. Analysis of
Allgrnatives and Technelugy Transfer
Support (RP3441-10}

POWERCOACH Sofiware Devalopment
(RP3581-1)

Nuctear Power

Tesls of NOREM Hardfacing Alloy in
Feedwalsr Gale Valves (RP1335-25)

Evaluation of High @-Gas Failures in
Barrier ang Nonbarnar LWR Fuel
(RP2229-11)

inslrumenialion Survellance and Tes!
Reduction {RP2409-13)

Salety ang Relief Valves, Testing and
Mairtenrance Gulde {RP2814-82)

General Electne Medium-Veltage Circult
Breaker Guide (RP2814-83)

Waestinghouse Medium-Valtage Circiy
Breakar Guioe (RP2814-84}

Protective Relay Mainienance and
Application Guide (RP2814-89)

{CRP Soltware Commerciatization
Frogram (RP2806-4)

Comanche Peal Service Water System
Speciman Examinatan (RF293%-12)

Devalopmenl of Licansing PWR LOCA
Analysis Method Based on Best-
Estimale Appreach (RP2956-4)

Severe-Accident Eyaluatior: Technical
Support (RP3012-3)

License Renawal: Inlegratad Plan
Assagsman) (MP3075-8)

Procedures Software Tool (RP3111-3)

Primary Water Stress Corrosian Cracking
Testing of Alloy 600 Pengirations
(RP3223-3)

Indnadual Plant Examination and Fra
Probabilistic Risk Assessment Studies
{RP3234-5)

Advanceg LWR Program Suppo
(RP3260-32}

Burnup Credit Yerificaion Measuremen
Stuay (RP3290-7)

Operating Plant Faigue Managament
Pragram, Phase | (RP3321-1)

B8WR Shuidown Fisk Assessment and
Managamant Guigelines (RP3333-10)

PWR Shutcown Risk Assessment and
Mariagement Guidelings (RP3333-11)

Advanced Control-System Design Base
Documents and Task Force Suppeti
{RF3338-6)

tniegrated instrumentation and Control
Project Evaluation Melhod {RP3373-5)

Funding/
Duration

$701,000
19 menths

§372,000
30 months

$342,100
15 months

$210,000
3 manths

$136.900
68 months

$177,400
14 manths

$183,900
20 monihs

$116,500
16 monihs

$65.100
12 monihs

£65.100
12 menihs

$6€4900
9 months

$224,808
17 months

$63,800
4 monlhs

$180,000
21 months

$193,300
1 months

3431100
9 months

$279,900
18 months

$202.608
7 months

$132.000
24 manihs

$447 700
7 menths

$130.000
19 months

$254,000
13 months

$667.800
14 months

$652,500
15 montns

$83,70¢
19 manths

S91.608
12 months

Contrattor/EPRI
Froymet Manager

ICF Resources!C. Clark

Barakal & Chamberlin/
L Wikams

Solence & Tachnology
Management/J, Davig

Stratewic Decisions
Group/R. Sadiqt

Boston Edisen Co,/
W Childs

S M Stoller Corp {
O Ozer

ABB Impeil Corp. /
A. James

Quacrex Corp./V Varma

BCP Technical Services/!
J Sharkey

BCP Technical Satvices/
J Sharkey

Edan Engineerng Cap /
W dohrson

Science Applications
Internatienial Cerp, /
A, Collgy

Stone & Webster
Engreenng Corp. /
0. Cubrcerol

Yarkee Atomic Electnc
Co.{Jd Kim

Science Applications
International Corp. /
J Haugh

Muitiple Oynamics Corp /
J Byron

Batlelle Human Aliavs
Research Centers/
J Yasulake

Babcock & Wilcox Co {
A Pathania

Science Apglications
Imernational Corp.
A Ochiherw

PoleStar Applied
Technelegy/ T Marston

Sanaia Nationai
laboratory /A, Wikiams

Steuciural Integrity
Associales/ Y. Tang

Ertn Engineenng &
Research /P Kaira

Weshinghouse Electnc
Cerp. /P Kalra

Duke Power Co. /S Bhan

Decision Focus {C Lin
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New
Technical
Reports

Requests for copies of reports should be directed
1o the EPRI Distribution Center, 207 Coggins Drive,
P.O Box 23205, Pleasant Hill California 94523
(510) 934-4212. There is no charge for reports re-
guested by EPRI member utilities. Reports will be
provided to others in the Unitegd States for lhe price
isted or, In some cases, under the terms of a k-
canse agraement. Those outside the United States
should contact lhe Distributien Center far price
mformation

CUSTOMER SYSTEMS

TAG ™ Technical Assessment Guide, Vol. 2,
Part 2: Commercial Electricity End Use

(1992 Edition)

CU-7222 Final Report {RP3138-8), Val, 2, Part 2,
$200

Contractor: J A Pietsch

EPRI Project Managers, M, Blatt, W. Kril

Commercial Water Heating Applications
Handbook

TR-100212 Final Repori (RP3169-1); $200
Contraclor D, W. Aprams, PE., & Associates.
RPC

EPRI Project Manager: K, Johnson

Field Testing of High-Efficiency
Supermarket Refrigeration

TR-100351 Final Report (RP2568-6); $200
Contraclor: Foster-Miller, inc

EPRI Project Managers: M. Khattar, M. Blatt

Low-Airfiow Drying of Fungicide-Treated
Shelled Corn

TR-1002648 Final Report {(RP2782-4); $200
Contractors: University of lllinois; Nalional Food
and Energy Councll

EPRI Project Manegers: A. Amarnalh,

0. Zmmerman

Desk Beook ™: Residential End-Use
Technologies

TR-181005 Final Report (RP2€34-45 RP289%2-25),
license required

Contractors Aptech Enmweering Services, Inc
Energy international, Inc,

EPRI Project Managers. J Kesselring,

8 Emehiser

Water-Loop Heat Pump Systems, Vols. 1

and 2

TR-101134 Final Report {(RP2480-13); Vols 1 and
2. $200 each volume

Conlractor. Eley Associates

EPRI Project Manamer; M, Khattar

Pinch Technology/Process Optimization,

Vol. 5: Case Study—Champion

International Corporation Pulp and Paper

Mill in Sheldon, Texas

TR-101147 Final Report (RP2783-17); Vol 5. $200
Contractor: TENSA Services. Inc.

EPRI Project Manager. A, Amarnath
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Assessment of Industrial-Sector

Load Shapes

TR-101217 Final Report {RP2885-2); $200
Contractor- Resource Dynamics Corp.
EPRI Project Manager: P Meagher

Residential Duct Systern Performance
Evatuation Literature Review

TR-101347 Final Report {MF2417-18}; $200
Contractor Geomel Technolsgies, Inc
EPRI Project Manager: J. Kesselring

Electric Vehicle Battery Testing and
Development at Argonne National
Lakaratory: 1991 Annual Report
TR-101371 Final Report (RP3150-1); $200
Contractor: Argonne National Laboralory
EPRI Project Manager R Swarcop

Improving the Marketing Infrastructure of
Efficient Technologies: A Case Study Approach
TR-131454 Final Report {RP2788-42). $200
Contracior Barakat & Chammerlin, Inc,

EPRI Project Manager: M, Evans

Comparison of Two Building Thermal

Test Methods

TR-i1478 Final Report {RP2417-16}; $200
Contraclors. NAHB Research Center; Geemel
Technotogies, Inc.

EPRI Project Manager: J. Kesselring

Assessment of District Cocling Systems
TR-101473 Final Repaort {RP2732-38); $200
Conlractor. Joseph Technology Corp . inc
EPRI Project Manager- R Wendland

Determination ot the Operational
Characteristics ot Cold Air Diffusers
TR-101480 Final Report {RP2732-35), $208
Contractors: Colorado State University. National
Renewable Energy Laboratory

EPRI Project Manager R, Wendland

Customer-Focused Planning:

Demonstration Preject Summaries

TR-101569 Final Report (RP2982-4). $200
Centractor: Putnam. Hayes & Bartlett

EPRI Project Managers; P Hanser, T Henneberger

Environmenial Impacts of
BPemand-Side Management Measures
TR-101573 Final Report {(RP3121-5); $200
Contractor Telius Inslitute

EPRI Project Manager P Sioshansi

Comparing Emissions of End-Use Technologies
TR-101574 Final Report (RP3121-3); §200
Contractor Strategic Decisions Group

EPR! Project Managers: P. Sioshansi, P. Hanser

Thinking Strategically About Etectricity
Pricing

TR-101575 Final Report {(RP2343-4), $200
Coniractor: Barakat & Chamberiin, Inc
EPRI Project Manager' P Sioshansi

Opportunities for Energy Conservation and
Demand-Side Management in Pumping and
Aeration Systems

TR-101598 Final Report {RP2662-10); $200
Contractor: Metcalf & Eday, Inc

EPRI Project Manager: M. Jones

Nitrogen Contrel in Electric Arc Furnace
Steelmaking

TR-101600 Final Report (RP2787-1): $200
Contractor: North Siar Steel Co

EPR! Project Manager: G, Eckhart

Proceedings: Fifth Biennial Marketing
Research Symposium—The Customer
Spesks . . . Are You Listening?
TR-101635 Preceedings (RP2981-3); $200
Contractor: Barakat & Chamberlin, tnc,
EPRI Project Managers: M Evans,

T. Henneberger

Lighting Fundamentals Handbook: Lighting
Fundamentals and Principles for Utility
Personnel

TR-101710 Final Report (RP2285-26); $200
Contractor: Eley Associates

EPRI Project Manager: K_ Jehnson

Practical Applications of Forecasting
Under Uncertainty

TR-101743 Final Report (RP2912-2); $200
Contractor: Barakat & Chamberlin, Inc.
EPRI Project Manager: P. Hummel

Proceedings: Working Fluids tor Positive
Displacement Chillers—Research
Workshop

TR-101839 Proceedings (RP3412-2); $50
Contractor: Policy Research Asseciales, Inc
EPRI Projact Manager: W. Kril

Proceedings: Meeting Customer Needs
With Heat Pumps—1991

TR-101944 Proceedings (RP2597-9); $200
Contractor Policy Research Associales, inc
EPRI Project Manager M. Blati

Proceedings: Energy-Efficient Office
Technologies—The Outlook and Market
TR-101945 Proceedings (RP2890-18), $200
Contracior: Policy Research Associates. Ihc
EPRI Project Manager. M. Blatt

ELECTRICAL SYSTEMS

TLWorkstation' Code Version 2.3, Vo!. 1:
Executive Manual (Revision 1)

£L-6420 Final Report (RP3187): val 1, Rev. 1,
$200

Centractor: Power Computing Co

ERRI Preject Manager: M McCafferty

Etfect of DC Testing on Extruded
Cross-Linked Polyethytene Insulated
Cables

TR-101248 inlerim Report (RP2436-1); $200
Contractor, Detroit Edison Co

EPR! Project Manager: B. Bernstein

Proceedings: FACTS Conference 2

TR-101784 Proceedings {RP3022); $1000
EPRI Frojec! Manager: B, Bamsky

Scoping Study: Substation Design
Workstation

TR-101792 Final Report (RP3193-1); $200
Cantractor: Power Technelogles, Inc
EPRI Projeet Manager: B, Bamsky



Smal’ Signal Stability Analysis Program
Package Version 3.0, Vols. 1-5

TR-101850 FInal Report (RP2447-1}; Vol, 1, $200;
Vols. 2-5, icense required

Conltractor: Cntario Hydro

EPRI Project Managers' M. Lauby P Hirsch

ENVIRONMENT

Guidelines for FGD Materials Selection and
Corrosion Protection, Vols. 1 and 2
TR-100680 Finai Report (RP1871-23); Vols. 1 and
2, $10.000 for set

Contractor: Battelle

EPRI Project Managers P. Radclifie, B Syrett

Prototype Evaluation of Limestone Injection
Muiltistage Burner {LIMB) Technology on a
Pulverized-Coal-Fired Boller, Vols. 1=5
TR-101072 Final Repor: (RP2786-2); Vals. 1-5.
$200 each volume

Conltractor: Energy and Environmentat Research
Corp.

EPRI Project Manager: B. Toole-O'Neit

Guidelines for the Use of Fiberglass-
Reinforced Plastic in Utility Flue Gas
Desulfurization Systems

TR-101654 Final Report (RP1871-22), $1000
Contractor: Fiberglass Structural Engineering, inc
EPR{ Pro ect Manager: C Dene

Treatability of PCB-Contaminated Soils
With Quicklime {CaO}

TR401778 Final Report (RP2879-12); $200
Contractor: META Environmental, Inc

EPRI Project Managers' | Murarka, A. @uinn

Leukemia in Telephone Linemen

TR-101813 Final Report (RP2964-4); $200
Contractor: Johns Hopkins University, School ot
Hygiene and Putlic Heallh

EPRI Project Manager R Black

Controlling Corrosion in SO, Wet Scrubbers
Using Impressed Currents, Vol. 1:

Installation Procedures

TR-101917 Final Report (RP1871-25); Vol, 1. $75.000
Contractor: Harco Techinologies Corp

EPRt Project Manager: B. Syrett

Controlling Corrosion in SO, Wet Scrubbers
Using Impressed Currents, Vol. 2:

Monitoring of Phase 4 Field Demonstration
TR-101917 Finat Report (RP1871-15); Vol, 2, $75000
Contractor Battetie Memorial Institute

EPRI Project Manager B, Syrett

Controlling Corrosion in SO, Wet Scrubbers
Using Impressed Currents, Vol. 3:

Assessment of Field Demonstration

TR-101917 Final Report{RP187128); Vol 3. $75.000
Contractor. Cortest Columbus Technologies

EPRI Proiect Manager- B, Syrelt

Transportof Tritium and Four Organic
Compounds During a Natural-Gradient
Experiment (MADE-2)

TR-101998 Final Report (RP2485-5); $200
Contractor: Tennessee Valley Authority
EPRI Project Manager: D. Mcintosh

Physical and Hydraulic Properties

of Fly Ash and Other By-products
From Coat Combustion

TR-101999 Final Report (RP2485-5), $200
Contractor- Tennessee Valley Aulhority
EPRI Project Manager . Mcintosh

EMDEX Project Residentiat Study:
Interim Report

TR-102011 interim Report (RP2966-1); $200
Contractor: T Dan Bracken. Inc,

EPRI Project Manager. S. Sussman

Modeling the Effect of Intermittent
Monochioramine Concentrations on
Survival of Freshwater Fish

TR-102057 Final Report (RP2346-1), $200
Contractor; Uniwversity of Wyoming

EPRI Project Manager: J, Mattice

Database for the Second Macrodispersion
Experiment (MADE-2)

TR-102072 Interim Report (RP2485-5); $200
Contractor: Tennessee Valley Authonty

EPRI Project Manager- D. Mclntosh

Effect of Environmental Parameters

on the Performance of Coatings in FGD
Ductwork

TR102162 Final Report (RP1871-20); $200
Contractor Batlelle

EPR} Project Manager: B Syrett

EXPLORATORY & APPLIED
RESEARCH

Biogasification of Low-Rank Coal

TR-101572 Final Report (RP3119-2, RP8003-23);

$200
Contractor- ARCTECH, Inc
EPRI Project Manager: S Yunker

Power Plant Material Characterization
by Lasers

TR-101793 Final Report (RP242640); $200
EPRI Project Manager M Lapides

Fast Pulse Arcs in Air

TR-101794 Final Report (RP8012-8) $200
Contractor University of Nebraska, Lincoin
EPRI ProjectManager M Rabinowiz

A Novel Technique for Determining
Dynamic Fracture Toughness in Sub.sized
Specimens

TR-102038, Final Report (RP2426-22), $200
Conlractor. Southwest Research Institute
EPRI Project Manager R Viswanathan

Development of TI-Ba-Ca-Cu-O

Thin Films With Enhanced Critical Currents
and Tl-Based Trapped Field Magnets
TR-102039 Final Report (RP8009-21): $200
Contractor- Unwversily of Colorado, Boulder
EPRI Project Manager M. Rabinowit2

Proceedings: Utility Robotics
Workshop

TR-102104 Proceedings (RP8004-12), $200
EPRI Project Manager M, L.apdes

GENERATION & STORAGE

Analysis of integrating Compressed-Air
Energy StorageConcepts With Coat
Gasification/Combined-Cycle Systems for
Continuous Power Production

TR-100274 Firal Report (RP222122); $200
Contraclor: Energy Storage and Power
Consuitants. Inc.

EPRiProject Managers; A. Cohn, B Louks

TVA 160-MWe Atmospheric Fluidized-Bed
Combustion Demonstration Project. Vol. 1;
Startup and Early Test Results

TR-100544 Final Report (RP254 3-1), Vol. 1, $200
Contractor- Tennessee Valley Authority

EPRI Project Managers J, Wheeldon, J, Fishbaugher

Pilot-Scale Circulating-Fluidized-Bed
Combustion Evaluation Facility

TR-100829 Final Report (RP1179-32): $50.000
Cortractor. University of North Dakota. Energy &
Environmental Research Center

EPRI Project Manager: T Boyd

European Wind Technology

TR-101391 Final Report (RP1996-28), $200
Contractor' OEM Development Corp

EPRI Project Manager E. DeMeo

Proceedings: Symposium on Coal Pulverizers

TR-101692 Proceedings. $200
EPRI Project Managers: D Broske B, Dooley

Beit Scales User's Guide

TR-101693 Final Report {RP1400-22) $200
Contractor, CQ Inc

EPRI Project Manager D. G'Connor

tmproved Superheater Component
Longevity by Steam Flow Redistribution
TR-101697 FinatReport (RP1893-13), $200
Contractor: Aplech Engineering Services. inc,
EPRI Project Manager D. Broske

Operation and Maintenance Guidelines
for Draft Fans

TR-101698 Final Report (RP2504-7); $200
Contractor ' Sargent & Lundy

EPRI Project Manager D Braske

Guidelines on Fossil Boiler Field Welding
TR-101699 Final Report (RP2504-2); $200
Contractor. Ontario Hydro

EPRI Project Manager D Broske

Chino Battery Energy Storage Power Plant:
First Year of Operation

TR-101786 Final Report (RP2870-8); $200
Contractor. Bechtel Group, Inc.

EPR Project Managers. G Cook, P Symons

Chino Battery Energy Storage Power Plant:
Engineer-of-Record Report

TR101787 Finai Report (RP2870-3); $200
Conltractor: United Engineers & Constructors, Inc
EPR! Project Managers: G, Cook, P Symons

EPRI/Alberta Research Council Clean Soil
Process

TR-101802 Final Reporl (RP2991-6); $200
Contractor. Mill Greek Co,

EPRI Project Manager C. Kullk
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Human Factors Guidelines for Fossil
Power Plant Contro! Rooms and Remote
Control Stations

TR-101814 Final Report (RP2710-20); $200
Contractor- General Physics Corp.

EPR! Project Managers. M Divakaruni, R Fray

Optimization of Froth Fliotation With Ultramax
TR-102045 Final Report {RP2704-7. RP8011-13).
$200

Contractor: CO Inc.

EPRI Prolect Manager S Yunker

Guidelines for the Selection and
Application of Power Piant Control Valves
TR-102051 Final Report (RP2922-3), $200
Contractor: Encor-America. InG

EPR) Project Managers J Wesss, M. Blanco

Heat Pipe Air Preheater for Gas./Oil-Fired
Power Plants

TR-102058 Fina Report (RP1403:37); $200
Contractors: Pacific Gas and Electnc Co.;
Sargent & Lundy

EPRI Project Manager J. Bartz

High-Temperature Steam Topping Cycle Study
TR-102059 Finat Report (RP1403-44); $200
Contractors. innovalive Steam Technoogies: ABB
Combustion Engineering Systems Daedalus
Associates. Inc

EPRI Project Manager J, Bartz

Fabric Structure Coal-Pile Cover
TR-102073 Finat Report {RP2819-11): $200
Contractor. Severud Associates

EPRI Project Manager J Bartz

Demonstration of EPR] Heat-Rate
Improvement Guidelines at North Omaha
Unit 5

TR-102122 Final Report (RP2818-5); $200
Contractors: Omaha Public Power Dsstrict; Black
& Vealch, Engineers-Architects

EPRI Project Manager: R. Leyse

INTEGRATED ENERGY SYSTEMS

Priority Services Design and Forecasting
Project: Priority Service Methods at Union
Electric Co.

TR101430 Final Report (RP2801), $200
Contractors: Applied Decision Analysis, Inc.
Laurts R. Christensen Associates

EPRI Project Manager R Siddias

Priority Services Design and Forecasting
Project: Priority Service Methods at
Commonwealth Edison

TR-101431 Final Reporl (RP2801), $200
Contractors. Applied Deciston Analysis. Inc
Laurits R Ctristensen Associates

EPRI Project Manager: R. Siddigi

NUCLEAR POWER

Testing of an Organic Removal Process in
BWR Radwaste Systems

NP-7195 Final Report (RP2977:2); icense
required

Contractor GE Nuclear Energy

EPRI Project Manager' T Passell
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Circuit Breaker Maintenance, Vol. 1,

Part 1: Low-Voltage Circuit Breakers—

ABB K-Line

NP-7410 Final Report (RP2814-34, -76). Vol 1.
Part 1, $16.400

Contractors Asea Brown Boverl; Halliburton NUS
Environmentai Corp

EPRI Project Managers J. Christie, J. Sharkey

White Paper on Reactor Vesse! Integrity
Requirements for Levei A and B
Conditions

TR-100251 Final Report (RP2975-13); $200
EPRI Project Manager: 7. Griesbach

Stress Corrosion Monitoring and
Component Life Prediction in BWRs,
Vol. 3: Monitoring Inside-Surface Cracks
in a 4-In-Diameter Pipe

TR-100399 Final Report (RP2006-17); Vol. 3
license required

Contractof; General Etectnc Co

EPRI Project Manager R. Pathanla

Stress Corrosion Monitoring and
Component Life Prediction in BWRs.
Vol. 4: Monitoring and Prediction of
Environmentally Assisted Crack Growth
in Stainless Steel Piping

TR-100399 Final Report (RP2006-17), Vol. 4,
license required

Contractor- GE Nuclear Energy

EPRI{ Projeci Manager: R, Pathanra

Low-Level Radioactive Waste Processing
at Nuclear Power Plants, Vols. 1-3
TR101160 Final Report (RP2414-42) Vors, 1-3
$200 each vowme

Contractor; Analytical Resources, Inc,

EPRI Project Manager: C Hornibrook

Proceedings: EPR1 Workshop 2—

Technical Basis for EPA HLW Disposal
Criteria

TR-101257 Proceedings (RP3294-1): $200
Contractor Rogers angd Associales Engineering
Co

EPRI Project Manager: R Wiiliams

Evaluation of the Transient
Electromagnetic Probing (TEMP) System
for Detection of Wall Thinning Through
Insulation

TR-101680 Final Report (RP3232-1); ¢all for price
EPRI Project Manager J Lance

SHARP1: A Revised Systematic Human
Action Reliability Procedure

TR-101711 Final Report (RP3206-1. -2 -3 -4), Tler
1. $200; Tier 2, $25,000

Contractors: PLG, Inc.: Halliourton NUS
Enwvironmental Corp.; Science Applications
international Corp.. Accident Prevention Group
EPRI Project Manager: A. Singh

The Knowledge-Based Technology
Applications Center (KBTAC) Seminar
Series, Vol. 1: Introduction to Knowledge
Based Systems

TR-101740 Seminar Workbook (RP3109-1), Vot 1
$200

Contractors: Karman Sciences Corp.. Syracuse
University

EPRI Project Manager: C Lin

Cation Adsorption on Manganese
Dioxide-Impregnated Fibers

TR401750 Final Report (RP2414+1), $200
Contractors. North Carolina State University,
Puncons. Inc

EPRI Project Manager C Hornibrook

Secondary Hydriding of Defected 2Zircaloy-
Clad Fuel Rods

TR-101773 Final Report (RP1250-23); $200
Contractor: University of Calfornia, Berkeley
EPRI Project Manager S. Yagnik

Guide for In-Service Ultrasonic Inspection

of Boreless Turbine Rotors and Other Solid
Shafts

TR-101836 Final Report (RP3232-1, RP2481-10);
$200

Contractot, £EPR! Nondestructive Evaluation Center
EPRI Project Managers' J O'Brien

R. Viswanathan

Replacement of Pins and Rollers in
Irradiated BWR Control Blades, Vol. 1
TR-101837 Final Report (RP3435-1); Vol. 1. $200
Contractor ABB Combustion Engineering

EPRI Project Manager: H. Ocken

Proceedings: Utility Material Condition
Monitoring Workshop

TR-101844 Proceedings (RP5365-1), $200
Contractor* Karta Technology

EPRI Project Manager: M. Lapides

Proceedings: Second EPRI Balance-of-

Piant Heat Exchanger Nondestructive
Evaluation Workshop

TR101846 Applcation Report (RP3232-1); cali for
price

Contractor; EPRI Nondestructive Evaluation
Center

EPRI Project Manager- J, Lance

Endurance Tests of Valves With Cobalt-
Free Hardfacing Alloys: BWR Phase Final
Report

TR-101847 Final Report (RP1935-14); $10.000
Contractor Atorc Energy of Canada. Lid
EPRI Project Manager H Ocken

Megawatt Improvement Casebook and
Guidelines

TR-101867 Final Report (RP2407:5), $1000
Contractor- Moiterus Engineenng Corp.
EPRI Project Manager- R Edwards

Severe Accident Management Guidance
Technical Basis Report, Vois. 1 and 2
TR-101869 Final Report {(RP3051-2); Vols 1and 2
license required

Contractor Fauske & Associates, Inc,

EPRI Project Managers: R. Oehlberg. S. Oh

PWR Primary Shutdown and Startup
Chemistry Guidelines

TR101884 Final Report (RP2493), $200
EPR{ Project Manager: C. Wood

RiskBased Technical Specification
Program

TR-101894 Final Report {RP3184-1); $200
Contractor. Westinghouse Electric Corp.
EPRi Project Manager; J Sursock



EPRI Events

SEPTEMBER

8-10

EPRI's 8th Electric Utility Forecasting
Symposium: Forecasting and DSM
San Diego, California

Contact: Lori Adams, (415) 855-8763

1314

Measurement of Power System Magnetic
Fields

Lenox, Massachusetts

Contact: Mary Fitzgerald, (413) 494-4353

19
Impact of Global Climate Change on
Electric Utilities

St. Louis, Missouri

Contact: Susan Marsland, (415) 855-2946

14-17

PCB Seminar

New Orleans, L ouisiana

Contact: Linda Nelscn, (415) 855-2127

16-17

Operational Reactor Safety Engineering
and Review Group Workshop
Baltimore, Maryland

Contact: Susan Bisetti, (415) 855-7919

19-24

In Situ Monitoring of Corrosion and
Water Chemistry

Housten, Texas

Contact: Barry Syrett, (415) 855-2956

21-23

4th International Symposium on
Biological Processing of Fossil Fuels
Sardinia, Italy

Contact: Stan Yunker, (415) 855-2815

27-29

AMP—EEI Fall Conference

{focus on electrotechnology case studies)
West Palm Beach, Florida

Contact: Leslie Niday, (614) 848-7322

27--October 1

4th International Conference on
Batteries for Energy Storage

Berlin, Germany

Contact: Steve Eckroad, (415) 855-1066

29-October 1

Condenser Technology

St. Petersburg, Florida

Contact: Lori Adams, (415) 855-8763

OCTOBER

7-8

Repowering With Gas Turbines

Danvers, Massachusetts

Contact: Barry McDonald, (714) 269-9520

13-15

Fuel Supply Seminar

Tampa, Florida

Contact: Susan Bisetti, (415) 855-7919

19-21

Fossil Plant NDE
Eddystone, Pennsylvania
Contact: John Niemkiewicz,
(215) 595-8871

20-22

Meeting Customer Needs With Heat Pumps
New Orleans, Louisiana

Contact: Pam Turner, (415) 855-2010

26

Air Toxics R&D Results

Cleveland, Ohio

Contact: Denise O'Toole, (415) 855-2259

26-28

Fossit Plant Construction

Palm Beach, Florida

Contact: Lori Adams, (415) 855-8763

27

Air Toxics R&D Results

Atlanta, Georgia

Contact: Denise O'Toole, {(415) 855-2259

27-28

Annual Fuel OH Utilization Workshop
Baltimore, Maryland

Contact: Stephanie Drees, (714) 259-9520

27-29

12th Coal Gasification Power Plants
Conference

San Francisco, California

Contact: Linda Nelson, (415) 855-2127

28

Air Toxics R&D Results

Denver, Colorado

Contact: Denise O'Toole, (415) 855-2259

NOVEMBER

5

Municipal Water and Wastewater
Conference

Seattle, Washington

Contact: Keith Carns, (510) 262-3506

7-12

International Conference on Photochemicat
Measurement and Modeling Studies

San Diego, California

Contact: Pam McCalla, (412} 232-3444

8-11

4th Annual Seminar on Decision Analysis
for Utitity Planning

San Diego, California

Contact: Katrina Rolfes, (415) 854-7101

9

Low-Level-Waste Training Courses
Monterey, California

Contact; Linda Nelson, (415) 855-2127

10-12

International Low-Level-Waste Conference
Maonterey, California

Contact: Linda Nelson, (415) 855-2127

15-18

International Conference on Fossil Plant
Simulators, Modeling, and Training

New Orleans, Louisiana

Contact: Susan Bisetti, (415) 855-7919

16-19

1993 Power Quality Applications/

Power Electronics Conference and Exhibit
San Diego, California

Contact: Carrie Koeturius, (510) 525-1205

19

2d International Seminar on
Subchannel Analysis

Palo Alto, California

Contact: Lance Agee, (415) 855-2106

DECEMBER

1-3

2d National Electric Vehicle Infrastructure
Conference

Scottsdale, Arizona

Comtact: Pam Turner, (415) 855-2010

6-9

dth International Conference on Cold Fusion

Maui, Hawaii
Contact: Linda Nelson, (415) 855-2127

7-9

Utility Motor and Generator

Predictive Maintenance Workshop

San Francisco, California

Contact: Susan Bisetti, (415) 855-7919

8-9

6th Annual Conference on Utility
Strategic Asset Management

St. Petersburg, Florida

Contact: Lori Adams, (415) 855-8763

8-10

Efficient Lighting Symposium
Scottsdale, Arizona

Contact: David Ross, (703) 742-8402

8-10

Expert Systems Applications for the
Electric Power Industry

Phoenix, Arizona

Contact: Jouni Keronen, (415) 855-2020

JANUARY 1994

18-20

Fossil Plant Inspections

San Antonio, Texas

Contact: Lori Adams, {415) 855-8763

FEBRUARY

9-11

Innovative Electricity Pricing

Tampa, Florida

Coniact: Pam Turner, (415) 855-2010
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