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EDITORIAL

FACTS: Now, e Payoff

EPRI's pioneering efforts to create a new generation of control technologies for utility transmission
systems are beginning to pay off. Three salid-state controllers developed as part of the FACTS (flexible ac
transmission system) program are now being prepared for utility demonstration. In the short term, this
means that EPRI members who have backed the development of FACTS technology will be the first to
realize its benefits for increasing system capacity and directing power flow with unprecedented precision.
QOver the long term, FACTS will bring a revalutionary transformation to power networks around the world.

As this month's cover story points out, the wislespread adoption of FACTS technology could
save U.S. utilities tens of billions of dollars over the next few decades. Yet, as the current demonstrations
show, the transition ta higher-capacity, higher-reliability transmission systems can be smooth and gradual.
New solid-state equipment will not immediately replace older, mechanical systems but rather will add
new capabilities when and where they are needed most.

FACTS demonstralions are now under constructien or detalled specification development at the
Bonneville Power Administration, the Tennessee Valley Authority, and the Western Area Power
Administration. These farsighled ulilities have chosen to work closely with EPRI because of their own
particular needs and visions of the future. But FACTS techneology has also begun to attract worldwide
interest, and hardware developmenl activity that does not involve EPRI funding is growing.

These milestones may justifiably bring satisfaction to those researchers and utility sponsors
who have worked for more than a decade to bring FACTS to fruition. But much more work remains to be
done, and the pace of R&D must now accelerate. In addition to the three solid-state controllers now
being prepared for utility service, three more are ready for immediate development and several others
deserve careful consideration. EPRI is therefore reaching out to potential partners to join in a collaborative
effort that can hasten these promising lechnologies to commercialization.

—1

Narain G. Hingorani
Vice President, Electrical Systems
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RESEARCH UPDATE

Solid Oxide Fuel Cell Development

Ongoing efforts to reduce the operating temperature of
solid oxide fuel cells from 1000°C to about 700°C could
make such systems economically competitive with other
power-generating technologies.

CAMRAQ: Comprehensive Regional
Air Quality Modeling

The Institute has fostered the formation of an internation-
al consortiurn whose goal is to develop comprehensive
modeling systems for the analysis of ozene concerns,
acid rain, and other regional air quality issues.

CAES Geology

EPRI has developed a methodology for identifying,
screening, and ranking potential compressed-air energy
storage sites, along with a process for cost-eftectively
matching aboveground turbomachinery to subsurface
storage conditions.

C2ALM: Control Center Advisor for
Load Management

A prototype expert system for optimizing interruptible rate
decisions is helping dispatchers at New England Electric
System plan load interruptions for maximum benefit.

Ultrasonic Pipe Simulator

Nuclear component inspectors can now demonstrate
their skills on an ultrasonic pipe simulator that enables
playback of prerecorded ultrasonic data gathered from a
representative pool of component samples with well-
characterized defects.
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COVER STORY

The Delivery System of the Future

Based on advanced solid-state controllers, the
flexible ac transmission system—FACTS—
promises to truly transform the nation’s power
delivery system in the coming decades.

FEATURES

Ashley Brown: Seeing the Prudence
of Risk

An Ohio utility commissioner and EPRI advisor
believes that applying new electricity technology
may be less risky than avoiding it.

What Are You Afraid Of?

Utilities and other organizations that manage
risk are seeking to better understand how the
public perceives risk and to incorporate these
factors into their communications and decision
making.
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THE STORY IN BRIEF The demands of the twenty-first century, with increased growth
and interconnection of power grids, will stretch existing delivery systems to their limits and
create new requirements for flow control, system stability, and capacity enhancement. Flexible
ac transmission systems (FACTS), based on advanced solid-state controllers, incorporate

the capabilities that will be needed. FACTS controllers offer tremendous speed,

precision, and reliability improvements over the mechanical
switching devices they will replace, and they can
be added onto an existing system

\h

as they become avatlable. About a dozen

individually

of these devices are now under development,
and three are being prepared for major
demonstrations on utility transmission systems.
Full application of FACTS technology in

the coming decades promises to truly

transform the nation’s power delivery system.



FTER MORE THAN A DECADE
OF EFFORT, a new generation
of electronic power control
devices is about to enter util-
ity service, with the promise of revolu-
tionizing ac transmission. Since the earli-
est days of electric power, engineers
have wrestled with a basic conundrum:
although high-voltage alternating current
facilitates low-loss transmission over long
distances, it is difficult to control. The
new devices, which utilize large solid-
state switches called thyristors, will help
utilities increase transmission system
capacity while reducing susceptibility to
power disturbances and enhancing the
control of power tlow. With EPRI funding,
three kinds of thyristor-based controllers
are now being incorporated into utility
demonstration facilities.

In high-power applications, thyristors
enjoy two great advantages over the
mechanical devices—circuit breakers,
transformer tap changers, shunt capacitor
switches, and the like—that now control
the ac power system. First, they are much
faster than the alternatives and can redi-
rect power in a fraction of a cycle. As a
result of this high-speed control capabili-
ty, these devices will be able to perform
functions, such as counteracting transient
disturbances on a transmission line, that

Flow Control FACTS technol-
ogy offers unparalleled con-
frol of power transmission. By
increasing or decreasing flow
on specific lines, ufilities can
tailor delivery strategies to
best utilize their systems and

reduce problems associated
with loop flow.

could not even be contemplated with
mechanical controllers. Second, mechani-
cally switched devices tend to wear out
and thus are generally operated sparingly.
For example, a transformer used to cony
pensate for shifling load is generally lim-
ited to less than a dozen motor-driven tap
changes a day—with a full-range varia-
tion requiring more than a minute to com-
plete. Thyristor-based controllers, on the
other hand, can switch power twice each
cycle without wear

Thyristor controllers can provide
unprecedented opportunities to regulate
ac transmission, increasing or decreasing
power flow on specific lines as desired
and responding almost instantaneously to
nascent stability problems. The result,
known as a flexible ac transmission sys-
tem (FACTS), will enable utility networks
to operate like giant integrated circuits—
to be more highly automated, self-correct-
ing, reliable, and productive. In addition,
greater flexibility will mean that utilities
can operate their transmission systems
closer to inherent thermal limits (the
point at which lines literally become hot
enough to sag too much) rather than
adhering to the lower rating on many
lines imposed by concerns about system
stability or about overloading one of the
parallel paths. A typical 500-kV line, for
example, might have a rating of
1000 MW, compared with a 3000-
MW thermal limit.

The potential economic benetits
of increased loading of existing
transmission lines are both varied
and substantial. In the first place,
building new lines can be much
more expensive than upgrading
existing lines—if new ones can be
built at all in the face of mounting
environmental opposition and the
difficulty in obtaining new rights-
otf-way. Using an average cost for
new lines of $500,000 per mile, in-
creasing U.S. transmission (230-
765 kV) by using FACTS technolo-
gy could save utilities more than
$6 billion in avoided construction
costs per 10% average capacity
increase. Such an increase can
occur only over a long time, but in

the next few years utilities are expected to
begin using FACTS controllers to increase
the capacity of specific lines by as much
as 100% to meet rising demand. In many
cases, though, it may be necessary to com-
bine the application of FACTS technology
with the upgrading of existing lines or the
construction of new lines.

Largesavings can also be realized from
reduced generation reserve margins—
the generating capacity needed to serve
as backup rather than to meet actual
demand for electricity. By using FACTS
controllers to strengthen transmission ties
between various control areas and power
pools in the country, utilities can share
generation reserves more productively
and may thus be able to reduce reserve
margins from the current level of 20% of
total capacity to 15% by 2020. Assuming
1.5% annual load growth, such a reduc-
tion would mean that about 45 GW of
new generation would not have to be
built, representing avoided-cost savings
on the order of $50 billion.

“Today’s transmission systems are
being asked to do things for which they
were never designed,” says Narain Hin-
gorani, EPRUs vice president for electrical
systems. “Bulk power transactions
between utilities are increasing rapidly at
the same time that independent power
producers are demanding access to the
utility transmission networks. FACTS will
help ease the potential risks to system
integrity and the inefficiencies that can
resultfrom these competitive forces.
Already, with the demonstrations of
FACTS technology now getting under way,
we can begin to address some of the bot-
tlenecks. As FACTS evolves and penetrates
further into the system, utilities will
increasingly reap the economic advan
tages of aivoided line construction costs
and reduced generating margins. 1 predict
that in the Jong run FACTS will revolution-
ize the North American power system,
with electricity flowing through thyristor
devices several times before delivery to
customers. The transmissionsystem will
be utilized to its full potential, power will
flow along the desired routes, and power
system outages will be prevented from
spreading to wider areas.”



The challenge of ac power control

The speed and precision of FACTS dcvices
provide ncw ways to solve some inherent
problems of ac power control. In acom
plex transmission network, ac power
flows between a power plant and a load
center over numerous lines, not just the
mostdirect, “contract” path. This phe-
nomenon, known as loop flow or parallel
path flow, represents a costly nuisancc for
utilities whosc lines are affected even
though they arc not parties to the intend-
ed transaction. More seriously, ac trans-
mission systems are subject to a variety of
disturbances that may cause instabilities,
ranging from a temporary surge caused
by a lightning strikc to low-frequency
oscillations that may contain enough
cnergy to twist a gencrator shaft.

Controlling an ac power system is com-
plex. Because of constantly changing clec
tric and magnetic tields, the movement of
current along a line is influenced not only
by the line’s resistance but also by the
presence of inductance and capacitance;
the combined influence of these three is
called impedance. Also, in ac transmis-
sion, power tlows trom the end of the
transmission line with leading voltage to
the end with lagging voitage; the magni-
tude of powerincreases with the degree
of lcading, called phase angle. To increase
power flow on a line, one can either raise
the voltage or phasc angle or lower the
line’s impedance.

A major thrust of FACTS is to develop
devices that control the flow of ac power
by changing the impedance of a transmis
sion line or the phase angle between the
ends of a specilic line.

Two other inherent problems also con-
front ac transmission system designers
and operators. The first is that the energy
required to maintain the electric and mag
netic fields associated with power lines
and equipment must hesupplied by reac
tive power (the unit of measurement for
which is the volt-ampcere reactive, or
VAR). Somctimes called the cholesterol of
power systems, reactive power may over-
load lines, create losses, and result in volt-
age sags. To reduce these problems, some
FACTS devices are being designed to con-
trol the flow of reactive power; this

approach is commonly known as provid-
ing VAR compensation for a line.

The other inherent problem is that ac
networks are subject to a variety of insta-
bilities—transient and dynamic instabili-
ties, tor example, and subsynchronous
resonance (SSR), in which the movement
of current involves additional frequencies
belew the fundamental 60 Hz. Subsyn-
chronous oscillations may carry consider
ablc energy and exert potentially destruc-
tive torque on moving equipment, such as
generators, if they couple with the
mechanical frequency of the equipment.
Because of their speed, various FACTS
devices will be used to damp transmis-
sion system instabilities in addition to
performing their other functions.

What might be called the first genera-
tion of FACTS controllers includes two
thyristorbased devices that have found
limited use on utility systems for several
years. The first, a static VAR compensator
(SVC), has been used since the mid-1970s
and addresses the problem of maintaining
voltage within acceptable limits on long,
heavily loaded lines. When large induc
tive loads, such as industrial motors,
come on-line far from the power source,
voltage may sag abruptly. Later, as the
load lightens, voltage may increasc too
much. The addition of shunt capacitance
helps support the voltagc in such
cases, while shunt inductance holds
it down. SVCs use thyristor control
to add such shunt reactors or ca-
pacitors as needed. The first SVC
demonstrating voltage and stability
control for a utility transmission
system was developed with EPRI
tunding and began opcration in
1978 on the Minnesota Power &

Light system, providing support to
a 115-kV line supplyvinglarge motor
loads at a taconite grinding mill.
The main drawback of SVCs is that
it voltage falls too low—that is,
when support is nccded most—
their effectivencss diminishes.

The second cxisting FACTS con
trolleris the NGH-SSR damper,
invented by EPRI's Marain G. Hin-
gorani to counteract subsynchro-
nous resonance. Such SSR instabili-

ties can arise as an undesirable sideetfect
of adding series capacitors to a transmis-
sion line to lower its impedance and
increase power flow. During the early
1970s, after the shaft of a turbine gencra-
tor belonging to Southern California Edi-
son was damaged by SSR, series compen-
sation on a major 500k V transmission
system had to be reduced, resulting in
lovver power transfer capability. The first
HIGH-SSR damper, designed by Siemens,
was installed on this system in the mid-
1980s. It proved capablc of restoring some
power transfer capacity by introducing
thyristor switches to bypass part of the
current wave from the series capacitors
when SSR was present. This thryistor
controlled switch, with series inductor
and resistor, was the firstinstallation to
demonstrate the change of series capaci-
tor impedance by sustained opcration of
the switch at less than 180* and the first to
demonstrate protection, bypass, and rein
scrtion of a series capacitor. It was, in fact,
the farerunner of the latest designs of the
most importantnew controller, the thyris-
tor-controlled series capacitor (discussed
below).

Second-generation FACTS

Now, with advances in thyristor capabili-
ties, a second gencration of FACTS con-

Stability Protection The
incomparable speed of thyris-
tor switching enables FACTS
confrollers to counteract fran-
sient disturbances on lines
almost instantly. And because
the devices are solid-state,

their reliabllity is far better than
that of mechanical switches.




trollers i+ beginning to emerge. About a
dozen thyristor-based devices have been
identified as having potential to improve
the performance of ac systems; six are
biing considered for development as part
of EPRI's proposed 10-year collaborative
R&D plan for FACTS. Three of the new
controliers are now being prepared for
utility demonstration.

The thyristor-controlled =eries capacitor
(TCSL) provides a way to increase the
flow of power on selected lines without
having to worry about the stability prob-
lems previously associated with series
capacitors. The quick response of thyris-
tors enables the TCSC to quickly dampen
power swings and thus permit increased
power transfer over lines that are now
stability-limited, This second-generation
FACT% devioe, which is based on conven-
tional thyristors and which incorporates
an enhanced ®¥GH-5SR damping control
function, will greatly improve power flow
control.

EPRI conducted a TC=i feasibility study
for a fictitious but representative long
radial transmission system limited te 2000
MW by transient stability concerns (ie.,
concern= abiut severe reactions that occur
within seconds after a fault). The study
showwd that the application of a TCSC

Increased Capacity FACTS
controllers allow transmission

lines to be loaded closer to
their thermal limits, in some

cases actually doubling their

capacity. This can significant-
ly reduce the need for build-
iNng new lines.

could increase the power transfir to 3000
MW. In this case, the TCSC was estimated
to cost 16 million and it was projected to
yield an annual benefit of 51 million—

for a payback period of only four months.

A second TLSC study invalved power
transfer across a key interface in a com-
plex network, currently limited to 5000
MW by concerns abiut dynamic stability
(i.e., the system’s sensitivity to changes in
operating conditions). The addition of a
TCSC capable of modulating capacitance
by 28% would make it possible to
increase power transfer to 6200 MW while
maintaining swstem stability. The estimat-
ed cost of the TUSE was $47 million, and it
was projected to produce an annual bene-
fit of $68 million—resulting in a payback
period of less than 9 months.

A second FACTS controller is the static
condenser (STATCOM), which is a shunt
compensation device that can provide
VAR support tis maintain voltage on long,
heavily loaded lines while simultaneously
enhancing system stability. The STATCO®
is the first FACTS device to require gate-
turnoff (GTO) thyristors for its operation,
With its GTO thyristors and a small engr-
gy-stering capacitor, the STATCOM
exchanges VARs between phases of a
transmission circuit by absorbing energy
for part of a cycle and then return-
ing it at another part.

Sometimes referred to as an
advanced static VAR compensator,
the STATCON actually has very
different esperating characteristics
than 5Vis, which it will probably
replace. Most important, because
the VAR output of a STATCON is
more independent of voltage over
a wide range, the device's perfor-
mance does not degrade with sag-
ging voltage a= much as that of an
SVL does. [n addition, STATC@M
response is faster than SVC
response, and there i= an option to
add significant energy storage
capability, which could compen-
sate temporarily for even com-
plete outages on a power system.

The third FACTS controller is the
thyristor-controlled phase-angle
regulator (TCPR), designed to

modify the phase angle between the two
ends of a transmission line by injecting a
vartable voliage in series with the line.
The effective phase shift is approximately
proportional to the magnitude of the
injected voltage. A TCPR added to a lini
could be used either to enhance or to
reduce power flow on that line, thus
counteracting loop flow. The speed of
TCPR response means that it can also
improve the transient stability of a trans-
mission system and damp other oscilla-
tions, such as SSR.

“These three basic controliers fit into
power systems in different, complemen-
tary ways, and we need all three of
them,” says Stig Milsson, a program man-
ager in the Electrical Systems Division.
“Taugether with other FACTS controllers
that will ceme later, they can help opti-
mize the pconomy of the whole power
system. The beauty is that utilities can
add these devices piecemeal, a= needed,
rather than having te initially overbuild
in anticipation of future growth, as is
often the case when adding new trans-
mission lines.”

Utility demonstrations

The first of the new FACTS controllers to
be demonatrated on a utility transmission
system is the thy'ristor-controlled series
capacitor. In 1991 American Electric
Power began testing a thyristor control
switch on one phase of a series capacitor
bank at its Kanawha River substation in
West Virginia. The Western Area Power
Administration is also testing a TCSC sys-
tem, which was built by Siemens and
installed at WAPA's Kayenta substation in
Arizona, This syatem is located at the
midpoint of a 200-mile, 230-kV line and
increases power transfer on the line by
100 %4wW. Under EPRI sponsorship, con-
struction of the largest TCSC installation,
which will feature a full range of controls,
began this year on a 500-kV trangmission
line at the Slatt substation of the Bon-
neville Power Administration (BI'A), in
nerthern Oregon. General Electric is
developing the TCSC technolugy, includ-
ing special 100-mm-diameter thyristors,
and is constructing the field installation.
Testing is =cheduled te begin in the



second quarter of 1993,
The Slatt site was chisen parlicularly

be used in tests of the TCSE's ability to
damp SSR. By regulating power flow on
parailel lines, the Slatt TCSC will enable

siom systems, so the adequacy of the de-
sign can b well tested. We expirct that
for itz guitability for demanstrating s ys- this type of TESE will becomie commier -

tem control —including power flow BPA to reduce line losses during periods cially available sometime in late 1993 or

scheduling, SSR damping, and stability of heavy utilization, which often occur in early 1994, following the Slatt demon-

enhancement—and as a liscation where the gpring. stration.”
“This TCSC demonstration is the tlag-
=hip of FACTS,” project manager Ben

Damsky declires. “Conditions at the host

equipment performance could be evaluat- The first domestic demonstration of the
ed under high-stress conditions, such as

high fault currents. Portland General

STATCON on a utility transmission system
is being prepared under EPRI spon=orship

Flectric is also participating in this project  site are typical of the highest stress levels  at the Sullivan substation of the Tennissee

by allowing one of its generator units to expected on Morth American tronsmis- Valley Authority (TWA), in northeastirn

The Evolution of Thyristors

F ALTS bas been made possible by

thyristors with higher power-switch-

the conlinuing development of

ing capacity. The original thyristor,
saometimes called a silicon-controlied
rectifier, was invented in the early
19605 at General Electric as a high-
voltage counterpart to the transistor.
Constructed with four silicon lavers—
inatead of three, as in a transistor—the
conventional thyristor s a oni-way
switch that conducts when a turn-on
pulse is sont through its gate layer but
can be turned off only when current
returns to zero at the end of a cvcle.
Such thyristors currently  constitute
the bulk of solid-state contral de-
vices for utility-scale power appli-
cations, including high-voltage

de converters and some early
FACTS controllers. Advancied
thyristor walfers are nearly 6
inches in diameter, and they
have a peak switching ca-

of about 25-3i0
MW. Many individual-

pacity

lv packdaged wafers
are stacked to Form
that

contral power in

devices Lan

the thousands

of megawatts.

Some newer FACTS controllers, how-
ever, musl be able {o inlerrupl current
in mid-cycle, and thus they require a
gate-turnoff (GTO) thyristor. Such de-
vices have biren commercialized and
are finding increased wse in applica-
tions like variable-speed motor drives
Advanced GTOI thyristors have a peak
switching capability of about 15 Mw,
and there have been a few utility
demonstrations of GTO technology.
GTO thyristors, however, are more

costly and have inherenily higher

losses than conventional thyristors, so

cimsiderable research is under way to
find a more elficienl substilute.

Small #lectronic devices, such as dig-
ital watches, depend on metal-oxide-
semiconductor (MOS) integrated cir-
cuits fusr their high =peed and low en-
ergy kisses. Mow, with coordinaled
funding from various sponsors, in-
vluding EPRI, such integrated circuits
are being incorporated into the top
layer of thyristors to turn them on and
off. The first commircial Mi¥-con-
trolled thyristor (MCT), recently intro-
duced, has a peak switching capacity
ol 120 kW, whirh makes it suitable for
industrial applications, ML T with the

capacity required for utility use (2-4
MW) are expected to become avail-

able by around 1997. Although no

FALT'S devices have yet incorpo-

rated MLT=, this technology
will probably replace ©TO
thyristors onii* it bisconws
available. In addition to re-
ducing losses, the MLT

is able to take advan-

tage of a new type of
packaging that vould

make it much less

bulky and expen-

sivie than a LT

th¥rislor. ]
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TCSC: Thyristor-Controlled Series Capacitor

What it does: Allows increased power flow on selected linas

How it does it: Changes line impadance

Technology developer: General Electric Company

Thyristor type: Conventional thyristor

Tennessee. Rated at 100 million volt-
amperes reactive (MVAR), this unit is
being developed and installed by the
Westinghouse Science and Technology
Center and iz scheduled to go on-line in
1995, Following min EPRI-sponsored design
work, an experimental, 1-MVAR STATCO™
was installed in 1986 by ESEERCO at
Orange and Rockland Utilities to demon-
strate the feasibility of using GTO thyris-
tors at high power levels, Other STATCOM
demonstrations at lower ratings have alzo
been reported, but these are based om
more-costly converter concepts.

The Sullivan site was chosen because it
is one of the few locations on the TVA sys-
temn that can utilic:e the full range of reac-
tive power output—both capacitive and
inductive—from the prototy pe STATCOR
One bus at the substation tend= to experi-
encit low voltages during peak load con-
ditions, while another experiences high
voltages during light load conditions. In
addilion, this location provides an wppor-
tunity to investigate the ability of the
STATCON to damp power oscillations that
are expected to appear.

In day-to-day operation, the Suilivan
STATCOM will be used to regulate voltage
during Ivad buildup o that the tap

STATCON: Static Condenser (Shunt Compensator)

What it does: Prevides VAR support to maintain voltage on fong, heavily

foaded fines while enhancing system stability

How it does it: Exchanges VARS betwieen phaseés of a transmission circuit
by absorbing energy for part of a cycle and relurning it at another part

Technology developer: Westinghouse Science and Technology Center

Thyristor type: Gate-turnoff thyristor

Demonstration site: S/att substation, northern Oregon

Host utllity: Bonneville Power Administration, with assistance from

Portland General Efectric Company
Demao startup: Spring of 1993

Expected commercial availability: 71993-7994

changer on a transformer bank can be
used less often. This action, which is not
the main purpose of the STATCON instal-
lation, is expected to extend the life of the
transformer bank significantly. During
major disturbances, such as loss of the
transformer bank during winter peak
conditions, the STATCO is designed to
respond rapidly and maintain voltage
until conventionally switched shunt
capacitors at other substatisms can be
braught on-line—thus preventing a volt-
age collapse that could affect the general
aree. Without the STATCON, TVA might
have to construct another transmission
line into the area,

Commercializatien of this SIATCON
technology i= expected to follow the Sulli-
van substation demonslration, perhaps by
lale 1995. A second phase af STATCOM
development by EPRI—including the
addition of significant energy storage
capability and the capability to supply or
absorb real power as well as VARs—is
also planned. Demonstration of thiz ad-
vanced STATCO™ is expected during the
latter half of the decade. Separalely, these
STATCON developments will be adapted
for use on distribution systems, as part of
EPRI’s research on custom puwer.

Demonstration of a thyristor-controlled
phase-angle regulator is being considered
by various utilities, although a host site
has not yet been selected. Two major
eptione are currently under consideration.
[n the first, EPR] and WAPA are developing
specitications for a retrofit TCP'R that
would augment mechanical tap changers
on traneformers, providing faster
response and reducing changer wear.
Thre viersions are being evaluated, one
each from General Electric and Westing-
house and a third that is being designed
by ABB Ilaly {with colunding from E*EL,
the Italian eleciric power research organi-
zation). Protolype demonstration of one
of these concepts is expected by the end
of the decade.

Al the same time, the development of a
new TCPR product is being studied by
EPRI and Minnesota ['ower. This device,
which would be able to derive maximum
benefit from the use of thyristors, is
expected to have a high-speird phase-
shifting capability of 30° on a 230-kV line.
The research objective is to begin field
tests on the new product in 15996.

One pussible site for a retrofit TCPR is
WAPA's Liberty (Arizona) phase-shifting
transtormer, which helps control the tlow

Demonstration site: Sullivan substation, northeastern fennessee

Host utility: Tennessee Valley Authority

Demo startup: 7995
Expected commercial availabillty: Late 1995



of power to southern California from
power plants in adjacent states. This
transformer provides the Jargest power
flow contrisl per degree of phase shift
within the Western Systems Coordinating
Council area, and the addition of thyristur
control could increase the system'’s capa-
bility of transferring powsr to California
by 200 MW or more, depending on Lhe
design.

A proposed lie belween Minnesota
Power and Ontario Hydro—in Interna-
tional Falls, Minnesota—is a site that has
been ztudied for the application of the
new TCPR product. Currently the trans-
mission systems of these utilities do not
have a link, and preliminary studies show
that a 150-MW tie would be econemically
attractive. However, because of transfers
across the U.S.-Manitoba border nearby,
serisus voltage swings might limit power
flow un the proposed tie to 100 MW. The

YCPR: Thyristor-Controlled Phase-Angle_Regulator

be able to damp oscillations on the power
syvstem following transient disturbances.
Completion of TCHR prototype develip-
ment is ex pected before the year 2000.

A thyristor-conlrolled series reactor can
be used on transmission lines that require
rapid load reduction or limiting of fault
current. It could also complement a TCSC
in situatiens where higher inductive
series compensation is required. In such
applicatiens, the use of these devices
together may in some cases provide a
lower-cost alternative te a phase-angle
regulator. Design of the series reactor is
scheduled to begin in the mid-1990s, after
further study of potential control strate-
gies and ways of minimizing hardware
cesis,

A thyrister-centrolled voltage limiter
can pratect utility equipment from over-
voltages and thus permit system opera-
tion that would not otherwise be possible,

What It does: Shifts power ffow between paraiet lines to counteract faop flow
How it does itz /njects a variable voltage in series with a fine to increase

or decrease power flow
Technology developer: To be determined
Thyristor type: Conventional thyristor

additien of a TCPR would solve this volt-
age problem and enable the new line to
reach its thermal rating. In addition, the
International Falls TCPR wauld help
damp power oscillations that sometimes
occur in this region, as well as improve
the U.S.-Mauiioba interfaie.

Other elements of FACTS

EPRLis alsi planning the development of
thiree additional FACTS controllers, and
more may be added ax the need arises.
The thyristor-controlled braking resis-
tor (TCBR) is intended to serve as a com-

pact, low-cost alternative to the mechani-
cally switched braking resistors now in
use, Installed near power plants, braking
resistors prevent excessive acceleration of
generators fellewing lass of lead on their
transmission lines. With the additien of
thyristor switches, these resistors will also

mance models for other FACTS centrollers
will be developed.

As FACTS controllers are increasingly
deplayed on power systems, operalars at
dispatch centers will havetolearn how te
use them effectively for enhancing system
security and handling more buik power
transactions. Specifically, operators will
need cempulerized decision suppert tools
capable of rapidly analyzing complex
alternatives so that they can adjust the
response mode and dynamic settings of
FACTS contrellers for changing svstem
conditions. Altheugh the high-speed
response of FACTS controllers will remain
automatic, some inlegrated control from a
dispatch cenfer will be needed to ensure
that the devices de not ceunteract each
other.

“FACTS represents a fortunate conver-
gence of technological oppartunity and
utility necessity,” says Karl Stahlkopf,

Demonstration site: 7o be determined
Host utility: Oiscussions proceeading with the Western Area Power

Administration and Minneseta Power
Dema startup: Mid-1990s
Expected commercial availability: Lafte 1990s

(Overvoltages way result, for example,
from capacitor switching or from the
dropping of a large load from a heavily
compensated linc.) A low-power version
of this device was recently installed by
Mew York State Electric & Gas on a thyris-
tor-swilched shunt capacitor, and design
of a high-power version is scheduled to
begin in the mid-19%0s.

In order for these FACTS contrellers to
perform effectively, a variety of software
advances must be made concurrently. To
evaluate system response, utility planning
and design engineers need analytical
tools that incorporate models of thyristar-
based devices. So far, models of the TC5C,
STATCON, TCPR, and TCBR have bheen
incorporated into key EPRI power system
codes. These models will be relined as
demonstration programs and applicatien
studies progress. In addition, perfor-

director of the Electrical Systems Divi-
sion. “Thyristors embody the second sili-
con revolution—they are the high-pewer
equivalent of integrated circuits and clec-
tronic intelligence. Thyristor-based con-
trollers will make possible a smarter
power system just as the system faces
unprecedented demands for bulk tranz-
fers and third-party access. EPRI's work
over the last decade has made FACTS pos-
aible. Now, as a new group of FACTS
deviies approach ulilily demonsiration,
we're reaching out to potential cofunders
in hopes ef accelerating this revolution
through an international coliaborative
R&D effort.” |

Background Informatien ltor this story was provided oy
[Marain Hingorars, Karl Siahikepl, Slig Nilssorm Bers
Darnsky, Neat Batu, and Harshad Mehla ol the Electrical
Systems Elwvigicn
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by Raiph Whitaker

SHILEY BROWN WORKS FOR

Al INSTITUTION, coordinates

the efforts of a larger network

of institutions, and addresses
an unending stream of heavily institu-
tional problems. For nearly 10 years he's
been a member of the Ohio PPublic Utili-
ties Commission (PUC). It's an energetic
and sophisticated regulatory body, and
Brown'’s experience there has drawn him
into nationally visible responsibilities with
the National Association of Regulatory
Utitity Commissioners (NARUC).

In particular, he chairs NARUC’s Elec-
tricity Committee and sits on the board of
its National Regulatory Research Institute.
Both positions engage him in the varied
conflicts that arise out of new power tech-
nologies, changing economic conditions,
and different management practices—not
to mention the varied laws of the 50 states.

But Brown always carries with him the
sense of a dictum from Senator Hubert
Humphrey, Minnesota's “happy warrior”
on the national political scene 25 years
ago. "You judge governmental institu-
tions,” Brown paraphrases, “by how they
treat the least powerful and least influen-
tial among us.” The philosophy unwa-

veringly brightens his daily work in reg
ulation. “"Do I enjoy what 1 do?" he asks
rhetorically. "l love it. As a friend once
told me, ‘Appointing you to the PLJC is like
giving a kid free access to the candy
store.””

Small wonder that Brown became one
of seven utility regulators named by
NARUC to EPRi’s Advisory Council. Mem-
bers of the Council engage in give-and-
take with EPRY's top executives, review the
Institute’s plans and budgets, and com-
ment on its management of research and
development, all with an eye to how
EPRI's work “fits” their perccptions—in-
dividually or collectively—of U.S. energy

HLEY
ROWN:

Seeing the

Prudence of Risk
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He studied history to understand social change, then law to

learn how it can be guided. Now an Ohio utility commis-

sioner, a national figure in electricity regulatory matters, and
a member of EPRI's Advisory Council, Brown concludes that
developing and applying new technology can be more

prudent—Iless risky—than avoiding it.
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needs. The Council’s advice is far from
monolithic; Brown and his colleagues are
some two dozen men and women drawn
from various U.S. professions, economic
sectors, and areas of public interest,
among them today education, science,
law, finance, civil rights, manufacturing,
conservation, and medicine,

Learning to question

Ashley Brown, like everybody else, is a
creature of time and place, only perhaps a
little more obviously so. He was born in
1946 and raised in Cincinnati, an emphat
ically conservative bastion, where his
lawyer father specialized in defending
First Amendment cases. “In his time, my
father prabably represented more unpop-
ular causes than anyone in the city,”
Brown declares.

He reminisces of the irony that Charles
Keating, recently embroiled and brought
down in the nation’s savings and loan
scandal, was once “the chief opponent of
obscenity in Cincinnati, while my father
was regularly painted by the press as a
gy defending smut dealers. 1 also re-
member,” he adds, “a couple of classes at
school where my teachers didn’t appreci-
ate what he was doing.”

Browr doesn’t offer any straightfor
ward characterization of his childhood
home life, because his mother was pro-
gressively disabled by multiple sclerosis.
“It was difficult to have a routine in those
circumstances,” as he puts it, and from el-
ementary school years on, Ashley and his
younger brother and sister were raised
mostly by their father. “But my father’s
family all lived in Cincinnati at the time,
and they—aunts and uncles too—were a
very close extended family.”

Also, Brown's father used his own ca-
reer and reputation as a hometeaching
tool—which probably helped keep the
children in line. As Brown tells it, “There
was always a lot of questioning. It was en-
couraged. Nothing was taken tor granted.
All of us became a little rebellious, but it
wasn't against our parents; it was through
our activity in things like the antiwar
movement.” lle was thus well rehearsed
when social change came to center stage
during the [960s—and he would accept at

14  EPRIJOURNAL October/November 1992

least occasional roles.

But Brown's high school years were
mostly a positive challenge. He attended
a "magnet” college preparatory school, in-
tellectually elite and ethnically diverse,
drawing from the whole city; and he as-
sumed he’d go straight on to college and
become a lawyer. Indeed, he entered
Bowling Green University in the fall of
1964,

But life there accelerated the question-
ing. Brown and his peers felt, figuratively
at least, that they were near where “the
center of social change was going to be.”
The perception led him to change his ma-
jor from law to education; he would do
graduate work in history and thereby
have a better lens through which to study
society’s patterns of cause and effect.
Then, through teaching, perhaps he and
others could unravel those patterns and
weave constructive change.

Of that time and decision Brown recalls
feeling that he was “the only kid in col-
lege during the sixties who went home
and listened to his fathertell him how con-
servative he was!” By his own account,
however, he was pushing here and there:
active in war protests, challenging Bow!-
ing Green’'s admissions policies where
data suggested that black students were
being discouraged. Also, events in his se-
nior year were pivotal.

This was the spring of 1968, the highly
charged Democratic campaign season af-
ter Lyndon Johnson withdrew from pres-
idential contention. First came the death
of Martin Luther King, Jr., “one of my he-
roes,” Brown readily admits. “1'd been in
civil rights marches, back in high school
and also while | was in college.” The as-
of Robert
months later hit Brown especially hard be-

sassination Kennedy two
cause, as a campaigner for Eugene Mc
Carthy, he was closely tracking Kenne-
dy’s run for the presidential nomination.
Graduation was not the usual celebratory

event.

Choosing for social change

Brown had been accepted for graduate
school and his planned study of history,
but the sweep of events turned him to-
ward a more immediate service opportu-

nity, the Peace Corps. He even drew an as-
signment that matched his stated prefer-
ence: university teaching in northeastern
Brazil. But just when he was expecting
specific lravel instructions, the Peace
Corps telephoned him with the astonish-
ing and devastating news that “we’re dis-
inviting you.”

After nearly 25 years, Brown'’s sharply
worded description is telling. “l didn‘t
find out why,” he goes on, “until eight or
nine years later, atter the Freedom of In-
formation Act had passed. | sent for my

-
.

file and found they were trying to weed
out people opposed to the Vietnam War
That's sort of unfathomable—who did
they expect to get?”

Brown’s opinions aside, military service
wasn't even an option for him, much less
a threat. A minor impairment put him
well down the draft priority list. And
graduate school was no longer an auto-
matic choice, because Brown had consci-
entiously turned down his earlier accep
tancus. But fast networking among family
friends turned up a suddenly vacant
teaching assistantship at the University uf
Cincinnati, “The only thing | had to
change was my specialty. Cincinnati had
nu courses in Latin American history, so |
wound up with a master’s degree in Afro-
American history. Timewise¢, though, |
didnt miss a beat.”

Married a year and a half later, at the
end of 1969, Brown finished his master’s
thesis in 1971 and was off to New York
University for his doctorate. For two years
it was full-time school and parttime
teaching; then, almost the opposite, But



Brown found a disappointingly slack mar-
ket for history teachers, and his disserta-
tion moved to the back burner. He was a
social worker at Harlem Hospital for a
vear, then an elementary school teacher in
East Harlem and, still later, in the South
Bronx.

It was career decision time again, and
this time law won. Ashley and Susan
Brown returned to Ohio, where he entered

In retraspect, it thus seems almost pre-
ordained that Brown should enter public
service. He did exactly that, working suc-
cessively as legal advisor, staff attorney,
and counsel for three Dayton-area public
and quasipublic bodies during the: next six
vears. Each affiliation was progressively
more visible: the regional planning com-
mission, the city legal aid society, and the
county fair housing center.

unshine laws fivhich require public deliberation of

the University of Dayton law school with
the plan of joining his father’s practice
in criminal law and civil liberties. But once
more, alternatives turned in his mind.
Perhaps symbolic of pending change,
Brown’s first daughter joined the family in
1977 just a week before he took the bar
examination.

By then he had thought it through, start-
ing with his heroes in the law, who in-
cluded Thurgood Marshall and Clarence
Darrow—and his own father. “l1 knew |
didn’t want to be a corporate lawyer,” he
says emphatically. “My focus was on the
guys who were willing to take up social
change, who saw the law as a process for
progress in society, for channeling social
change—guys who were using the law
to accomplish positive, beneficial social
ends.”

all issues| inbibit truly collegial give-ancttake. The press

and public experience a sanitized outcome—free of error

but also devoid of creative reasoning and largely witbout

any obvious explanation of bow a decision was redached.

While with the regional planning com-
mission in 1978, he filed a lawsuit over an
apparent instance of insurance company
“redlining”—cinceling a policy in a geo-
graphic area for reasons that amount to
racial discrimination. The case dragged
through the courts for nine years, and
Browneventually used vacation time from
his PUC position to try the case in U.S. Dis
trict Court, where he established in law for
the first time that insurance redlining is a
civil rights violation.

Helping institutions respond

Brown’s work regularly injected him into
Ohio politics. He thus became well known
among Democratic party regulars, al-
though even now he prefers to describe
himself as a progressive liberal. He cam-
paigned twice for the Bemocratic gover

nor Richard Celeste. Then, in 1983, the
Public Utilities Commission membership
was expanded from three to five ap-
pointees—with geographic and profes
sional qualifications newly required for
candidates.

“] was a ‘two-fer,”” says Brown. “Be-
sides being an attorney, | had credentials
as a consumer advocate and | got along
well with the party leaders.” The combi-
nation was a winning one; he took his PUC
seat and read of his appointment in Day-
ton’s two newspapers, “The Democratic
paper cheertully quoted the chairman of
the governor’s PUC nominating council,
who said ! was a strong personality and
change-oriented. The Republican paper
described me as a leit-wing demagogue
and party hack!”

Membership on the Ohio PUC offered
Browm a clear opportunity to apply law on
behalf of constructive social change. He
was a lmown guantity in that respect, but
he had to come up to speed on specific is-
sues. According lo Brown, “One of the
hottest was what to do about people who
aren’t able to pay their utility bilis. Com-
mission policy had been all over the place
from one year to the next, and neither the
utilities nor the customers had any idea
how or if service would be cut off. We
wanted to create some permanence.” The
result was a series of hearings that yielded
a percentage-of-income (15%) payment
plan for customers below a specified in-
come level.

“Every utility in the state, except one,
initially opposed the plan,” Brown admits.
“It’s criticized because it’s not pay-for-use.
Some accountsarv always in arrears, so as
an economist would say, we aren’t send-
ing consistent price signals. But our ratio-
nale was that you can't send price signals
to somebody who has no discretionary
income.”

Brown concludes that Ohio’s innovative
scheme remains one of the most progres-
sive in the nation, and its success honed
his curiosity about regulatory issues be-
yond Ohijo. Convinced that national and
even international matters may influence
state policies, he became engaged in
“ARUC affairs as a means of seeing the
bigger picture. “NARUC is very useful for
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that, because there’s a lot of interchange

with your colleagues around the country.”

Brown doesn’t see state regulatory prac-
tices becoming rigorously uniform, but he
welcomes the opportunity that state com-
missioners have to coordinate policy na-
tionally through NARUC. “For example,
what issues ought to be state-determined?
Or what's needed inn national energy leg
islation? And we call attention to such
things as contradictory energy pricing
policies in the Federal Energy Regulatory
Commission and the Securities and Ex-
change Commission.”

Certainly Brown sees no single philo-
sophical directon in the Electricity Com-
mittee, which he chairs. “It's a diverse
group. 1 think our central focus is on the
tools available to regulatory bodies—tools
to protect consumers, to formulate elec-
tricity policies.” In this connection, he
mentions the work of the National Regu-
latory Research I[nstitute. of which he is a
longtime board member NRRI, the re-
search arm of NARUC and, like it, sup-
ported by the states, has investigated such
issues as regional electricity transmission
access and pricing. Notably and recently,
it has researched the efficacy of so-called
sunshine laws, which require regulatory
(and many other) public bodies to conduct
virtually all their deliberations in public.

Brown emphatically endorses the NRRI
conclusion that sunshine, in fact, often
clouds matters, at least so far as the pub-
lic interest is concerned. “Sunshine laws
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t's not clear that utility companies will

all have generation, transmission, and

distribution. There will be less verticual inlegration,

and we're going to see more and more

competition in the bulk power mmarket.

inhibit truly collegial giveand-take,” in
Brown'’s own experience. “Commissioners
don’t want to alienate their colleagues, ex-
pose their own ignorance, or reveal pat-
terns of reasoning that could be exploited
by directly interested parties.’” Unable to
convene privately, all together, they “dis-
cuss” issues by memo, talk one-on-one, or
fall into unwarranted reliance on staff
members. “The press and public—if they
attend meetings at all—experience a san
itized outcome,” Brown concludes. “It’s
free of ertor but also devoid of creative
reasoning and largely without any obvi-
ous explanation of how a decision was
reached.”

Answering strategic questions

Are there discernible Irends in electricity
regulation? Bruwm is cautious. “Nothing
overall, nothing that uniferm,” he says,
“but there’s clearly a trend in favor of in-
tegrated resource plaining and a trend to
ward demand-side management and effi-
ciency growth.”

These concepts have heavy technologi-
cal components as well as institutional im-
plications for utilities and others of the
electric power community. Mentivning
them turns Brown to EPRI and its con-

stituency, and to their strategic responses
in the years ahead.

IHow is EPRI doing? @®verall, fine, in
Brown’s opinion. Like others, he is re-
lieved that Institute funding is maving up,
not alone by the voluntary subscription of
more utilities but also by the inauguration
of matching-fund arrangements for mem-
berdesignated R&D efforts. Called tai-
lored collaboration, the new practice com-
plements EPRI’s basic program, which has
to acknowledge a very broad range of
R&D (doing so at least somewhat accord-
ing to regional need factors and the insti
tutional weight of utility categories within
EPRI's membership).

"EPRI struggles most in areas where its
members are sensitive,” Brown says. "It
tends to tread gingerly, trying to balance
its public role with its members’ perceived
needs.” But he adds that this is also where
EPRI ultimately does best. “A classic ex-
ample is electromagnetic fields, EMF re-
search. EPRI took a real leadership rele
with the utility industry: 'This issue is
here. It’s an obvious matter of public con-
cern. We don’t know the science. If EMF
isn’t harmful, great, but let’s find that out.
If it is harmful, then what can we do to
lessen public exposure?’”



It's only a short step from this sort of
R&D initiative to EPRI’s strategic posture
with what it learns. Brown is thinking
about EPRl's membership—the kinds of
institutions that are included and where
they are. “How will the Institute position
itself? Is it going to be the research arm of
the vertically integrated utilities? What
about fareign utilities, or nonutility gen-
erators?” He’s also looking beyond insti-
tutional constituencies, taward the whole
of society. “Will EPRI apply its abijcctive,
dispassionate research to electricity issues
raised by anyone, or is it going to be part
of a competitive edge exclusively for the
organizations that are permitted—and
choase—to join?”

Brown warns that questions of this kind
must be resalved. And, wearing his opin
ion on his sleeve, he gocs on to say, “My
personal view is that EPRI should be the
research airm of the electricity industry,
in the broadest sense.” Why? “Because
there’s so much public-interest content
that should be shared—for example, en-
vironmental and safety-related research.
These kinds of issues take precedence aver
proprietary rights.” Apart from research
itsclf, Brown also speaks of technology
transfer, say, to Third World nations.
“Should EPRI seek Jull cost recovery
for that or do it as a matter of public
interest?”

Dealing with risk

Brown’s manner suggests an inevitability
about these questions of strategic posi-

tioning, and even about their answers. He
supplies context with his expectation for
the future. “It’s not a clear assumption
that companies will all have generation,
transmission, and distribution. Those will
be seen as discrete services. There will be
less vertical integration, and we'rc going
to see mare and mare competition in the
bulk power market.”

This kind of future will be driven
largely by econamic, soci:il. and palitical
pressures. And there will have to be le-
gal and regulatory permission for some
changes. Brown acknowledges all these
and adds a particular note of his own. “I
think it will also be driven by the level of
risk aversity that the utility industry has
displayed. Some companies have elevated
risk aversity to thcology! But they often
incur more risk than if they weren'’t trying
toavoid it.” A utility may be skittish about
the evident and calculable risks of build-
ing new generating capacity, for example.
But if in fact there is a demand for that ca-
pacity, Brown points out, somebody else
is likcly to step in, accept the risk, and
make the money.

Also from his regulatory experience,
Brown cites utility uneasiness aver how
emissions trading, ta be permitted under

the newly amended Clean Air Act, will
workin practice. Emission allowances will
be allocated annually to many individual
generating units—each allowancc repre-
senting one ton of sulfur dioxide. But op-
erating conditions and times aren’t speci-
fied; thus, utilities will be able to buy, sell,
trade, and even “bank” allowances, so
long as each unit’s actual emissions are
covered by valid allowances. “Utilities are
very concerned about how regulatars will
treat all this, what we're going to expect
from them. Some are so risk-averse that
they simply aren’t going to deal with the
system; they’re going to stay entirely out
of it.”

The fallacy Brown goes on to describe
here is the flat conclusion that there can’t
be any imprudence if there hasn't been an
overtly risky action to start with. “In some
instances this may be true,” he says, “but
the assumption that if you do nothing,
you're safe, you can't be found impru-
dent—in my view, that's being paralyzed
by your fear of risk. What regulators must
do is make such excessive risk aversity
risky in itself.”

Furthermare, Brown points out, regula-
tory bodies don't try to eliminate risk. One
of their jobs is to simulate in a monopoly

be assumption that if you do nothing, you 're sdfe,
you can’t be found imprudent—in my view, that's being
paralyzed by your fear of risk. What regulators must do

Is make such excessive risk aversity risky in itself.
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setting what would happen in a competi-
tive market. “Mothing is risk-free in the
comprtitive market, so there shouldn't be
a risk-free strategy for utilities. With re-
spect to the general public, business will
inevitably perform worst when there's
only minimal risk. That's how you get fat
and lazy.”

There is bencefit, of course, in some de-
greir of certainty. And the existence of reg-
ulation implies that it can be achieved.
Says Brown, “l think regulators need to
create the right kinds of incentives and
disincentives. They need to aim for an en-
vironmuent with both reward and risk,
where the greatest reward comes from the
greatest benefit to the public and the great-
esl risk comes from the greatest loss to the
public. We need to figure out the symme-
try in between.”

Supporting collaborative
research

A future in which EPRI membership goes
beyond the electric utility industry, or wne

in which the factors of a broader electric-
ity industry are internally competitivi: In
cither case, can collaborative research sur-
vive? Should it?

Upen competition among U.S. organi-
zations that are or could be EPRI members
wiuld seem (o threaten the Institute’s sur-
vival. Bul if the world is seen as a single
competitive arena, then: is incentive for
EPRI members to hang together. Ashley
Brown ofters several lines uf thought,
some of them mutually exclusive. As he
talks, he points ot problem areas and reg-
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isters opinions but offer= few predictions.

According to Brewn, some economists
argue that collaborative efforts hinder re-
search progress brcause they “trap” capi-
tal; that is, they move it in a planned di-
rection, isolated from market forces that
might distribute or dirmect it differently in
time or place. “There’s an element of truth,
of course,” he admits, “but I think there
are some r¢al benefits. One i cross-fertil-
izatien. It’s net just what EPRI's project
managers and research teams do or learn;
it's the sharing of that information with
members, and then the members getting
together on their own problems and solu-
tions.” Even in a competitive market,
Brown insists, some R&D dialogue is bet-
ter than none at all. “If you need a better
mousetrap, you're better off if all the peo-

sults, high degrees of leverage, and risk
aversity.”

Mentioning shirt-term results reminds
Braswn that the elictric utility industry un-
til about 20 years ago was among the least
short-term-oriented industries in the na-
tion. Electricity demand growth was more
certain, and a relatively long view of R&D
was acceptable, whatever the level of
funding.

“Collaborative research builds a culturi
that preserves that wiew. A free-market
R&D atmosphere discourages it,” says
Brown. He also agrees that collaborative
effort more easily amasses the very large
funding ngeded for much of teday’s elec-
tric power research—"althisugh an econo-
mist might say that someone will throw
more mimey at an opportunity if he has a

othing is risk-free in the competitive market, se

there shouldn't be a risk-free strategy for utilities. With

respect to the general public, business will inevitably

perfernt worst when there's only minimal risk. That's

how you get fat and lazy.

ple with mouselrap ideas gel together”

Competitivie markets trap capital in
thiir own way, he adds, by making it com-
pletely unavailable for any useful amount
of R&D. “During the 19805, the U.S. busi-
ness community unquestionably empha-
sized instant gratification. We didn't think
about the long term, not even in govern-
ment—and R&D was underfunded as a re-
sult, Instead, we focused on short-term re-

direct stake in it than if he is sharing it
with cellaborators.”

Given the forces that continually tear
away at long-term thinking, Brown seems
to endorse outright educational efforts to
foster it, to expose the destructive effects
of choosing the short-term rationale alone,
One thing that helps, he believes, s the
EPRI bioardrosm, “It is entircly remowved
from any utility’s corporate bsardroom—



a ditferent setting for a difterent kind of
decision,” He points out that EPR] board
members come together with a shared
background in the problems of electric
power production and delivery.

In contrast, Brown observes, board
members of an individual utility are likely
to represent much more diversity of back-
ground and consequently less command
of the technology issues that may come
before them. “1 feel more comfortable,” he
concludes, “thatdecisions on the direction
and content and magnitude of the indus-
try’s R&D are made in the cultural setting

of EPRL.”

Choosing an agenda

Talking with Ashley Brown is easy. His
fascination with regulatory work comes
across in his candor. He operates under
his own sunshine law, and that includes
frequent dialogue with himself in order
to stay on course. “In regulatory work—
or any public position, for that matter
—1! think it’s critical to have an agenda
and a sense of direction. That doesn't
mean you need to be driven or messianic
in your approach, but the absence of
an agenda makes you pretty ineffective.”

Brown’s agenda is wrapped up in that
Hubert Humphrey watchword about gov-
ernmental institutions—in his own case,
“trying to make the Ohio PUC responsive
to the folks who have the least ability to
influence it. That includes developing the
tools to shape policy and regulate in ways
that advance the public interest, whether
it's social equity or economic efficiency—
and then establishing the appropriate de-

gree of equity or efficiency.”

Evenif the words sound heavy, the man
himself does not. Ashley Brown is having
fun. He admits he doesn’t accomplish
everything he struggles for, but “you
know, I'm a historian, and I know that
soctety takes two steps forward and then
one step backward—maybe two steps
backward!

mand-side gains in productivity by elec-
trotechnology users are, in effect, a credit
against their out-of-pocket costs. And re-
liability has value, too. “Most important
today, 1 think, is that we're becoming
sensitive to the environmental cost of
looking only—or mainly—at supply-side
options.”

As Browu sees it, demand-side mea-

uring the 1980s, the business community

unguestionably emphasized instant gratification. We

focused on short-term results, high degrees of levercage,

and risk aversity. We didn't think about the long terimn,

and RED was underfunded as a result.

“The people who make a difference in
history are the ones who have a vision of
what they want to do and are willing to
take personal risks to do that It would
serve no purpose to be in public office and
not be willing to take risks.”

Searching for a current example in his
regulatory work, he mentions integrated
resource planning (IRP) and learning to
meld the private interest (of a utility) with
the public interest (of the least influential
citizens). “We know that iRP doesn't al-
ways hinge en the out-and-out cheapest
energy option. We need to look for the
least cost all around, taking into account
everyone who has a stake of any kind.”

A utility’s plant costs, fuel costs, oper-
ation and maintenance costs, delivery
costs—these are obvious supply-side cost
increments. But Brown points out that de-

sures open new service and profit op-
portunities for utilities. Also, defining a
wider universe in which to identify and
assess costs paves the way for internaliz-
ing environmental costs previously borne
by society at large—those least influen-
tial citizens. The regulator’s challenge
in all this is to come up with the needed
new measures of costs and devise the
changed incentive system in which to
apply them.

It’s easy to see why Ashley Brown gets
up early in the morning. “There’s no job
in state government,” he says, “that im-
pacts as many people’s lives as being a
public utility commissioner. Some way or
another, everyone is touched by what you
do. You have enormous potential to do
good, and it would be a horrible waste not
to seize the opportunity.” a
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FEW YEARS ACO, SOCIOLOGY
PROFESSOR WILLIAM FREUD

ENBURG gave 300 of his stu-

dents at the University of Wis-
consin at Madison a survey that asked
whether they would support the estab-
lishment of a hazardous waste facility in
their hometowns, The students responded
overwhelmingly in the negative. The sur-
vev then infarmed them that the chances
of dying as a resull of living near such a
facility were about one in a million. Only
a few of the students changed their minds.
Then they were told that this risk of death
was less than that from smoking ciga-
rettes. This information made them op-
pose the facility even more,

The final response made Freudenburg
curious. “Why?” he asked them. “Because
we've all heard that before,” said one cyn-
ical studenl, lo the delight of others in the
room, who burst into laughter

Nol only does this small example illus-
trate that the public perceives risk differ-
ently than the experts who compute the
probability figures; it also indicates that
trust is an important influencing tactor in
the public’s perception of risk.

The significance of trust may seem ab-
vious, but the prevailing theory within the
scientific community used to be that lack
of technical aind scientific knowledge was
the main factor preventing the public from
seeing cyc to cye with risk experts, "By
and large, Lhe scientific community used
to think—and still does—that if only the
public had the same scientific back-
ground, they would agree on risk,” says
Freudenburg. But a number of studies
conducted over the past two decades have
shown that lack of scientitfic understand-
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ing is only a small part of the prablem,
and probably not the most essential part.
Rather, the key difference between the
public view of risk and the expert view is
that the public incorporates subjective
values or issues—sucl as trust, equity,
and whether a risk is new or familiar—
into its perception of various hazards.

While this has generally been recog-
nized for some time within the commu-
nity of scientists who study risk percep-
tion, it has only recently begun to influ-
ence the broader scientific cammunity, in-
cluding government agencies and indus-
tries involved in managing risk. But there
appears to be a trend—a philosophical
change—under way in which members of
this broader scientific community are tak-
ing a closer look at the public’s perception
of risk in an effort not only to communi-
cate more effectively but to listen better.
These groups are finding that while some
public cancerns are subjective, they are le-
gitimate; and while they may nat fit into
an expert's definition of risk, they must
be accounted for in Lhe decision-making
process.

Understanding how the public per-
ceives risk is critical today as sacietal con
cerns about potential dangers continue to
escalate. This is why EPRL and ether re-
search organizations are investing in in-
depth studies on risk perception. Electric
utilities, among other organizations re-
sponsible for managing risks, are becom-
ing more sensitive to such public con-
cerns. In the electric power industry the
concerns run the gamut of utility opera-
tions, ranging from nuclear waste to elee
tric and magnetic fields. “Risk perceptions
have a life of their own, in a sense,” says
Paul Slovic, president of Decision Re-
search, a consulting firm specializing in
risk, and a psychology professor at the
University of Oregon. “These perceptions
can influence regulatory agencies, they
can influence the behavior of consumers,
they can create stiff apposition to techni-
cal projects. They can have great social,
political, and economic impacts, so it's
important for any organization or indus-
try that deals with risk to understand the
public’s perspective.”

As individual case studies indicate, re

cently heightened efforts by electric ulili-
ties and other organizations involved in
managing various risks are helping to im-
prove the level of understanding between
the public and the risk managers. These
organizations are now involving the pub-
lic in the decisiommaking process in
meaningful ways, giving individuals a
certain amount of control in the process
while getting their messages across mare
effectively. Not only does such involve-
ment help to build ltrust, but it also helps
smooth the decision making, contributing
to cooperative rather than antagonistic
involvement.

Public perceptions

Risk researchers have long acknowledged
that there is a large gap between the pub-
lic's perception of risks and the expurts’
assessment of risks. In fact, in his seminal
article for Scivnee magazine that launched
1969,
Chauncey Starr, president emeritus of

the field of risk assessment in
EPRI, recognized that the public has a
much higher tolerance for valuntary risks
than for involuntary or imposed risks. Yet
expert risk assessors evaluate risks in
terms of their probability of causing in-
jury, cancer, or death without taking into
consideration such psychological factors
as voluntariness. The case of nuclear
power illustrates the result of this dispar
ity: despite risk experts’ low estimates of
the probability of fatalities, this advanced
technelogy still concerns the public.

Sclf-imposed risks such as rack climb-
ing or skiing come with a sense of indi-
vidual control, which makes these risks of
less concern. Also, unlike the benetits of
nuclear power, which are distributed
across saciety, the benetits of self-imposed
risks ar: enjoyed directly by the individ-
ual. In addition, whenever the individual
desires, he or she may choose not lo bear
the risk. And as Starr wryly observes, “We
are Joathe to let others do unto us what
we happily do lo ourselves.” With inval-
untary risks, individuals lose their sense
of control over the situation and hence teel
the risk as greatly increased.

The significance of this sense of contrul
is just one example of how members of the
public incorparate values, as well as facts,



irtually all staff members of EPRI"s

Environmient Division deal with
risk assessment to some degree. The
Environmental Control Systems Due-
partment provides information on var-
ious pollutants as emilted at the source
and develops control options for man-
aging these pollutants; the Land and
Waler Qualily Studies and Atmos-
pheric fciences programs explore how
the pollutants travel through various
media; and the Health Studies and Eco-
logical Studies programs offer insight
into the impact of the pollutants on
human beings and ecosystems

The Environmental Rizk Analysis
Program gathers information from ali
these groups and synthesizes it into a
useful form for decision making. (The
divisions Electric and Magnetic Figlds
Health Studies Program is an exception
tes this arrangement in that it conducts
its own risk assessment.) The Environ-
mental Risk Analysis Program aima to
help utilities address risk issues in a
scientifically sound, quantitative man-
ner. fow seven years old, the research
program encompasses three compo-
nents: risk assessment, risk manage-
ment, and risk communication. “It's
unrealistic to say that we can eliminate
all risks, because soviety doesn’t have
unlimited resources,” says Hung-l'o
L hao, manager of lhe program. “The
challenge is to find a balance between
cost= and risks in the face of uncer-
taintv. That's really thy bottom line: to
help make better decisions.”

The risk assessmenl component of
the program explores the levels of ex-
posure experienced by people and
wcosyetems, and  how  physical  re-
sponses vary with different exposure
levels. This involves compiling and or-
ganizing information on the sources of
potential harm, the expisuris them-
selves, and the consequences of haz-
ardous agents or activities. To help util-

itics a=sess risks associated with their

Risk Studies at EPRI

facilities and operations, EPRI has de-
veloped a number of touls, including
several microcomputer-based miidels.
Two =such models arie= AERAM, which
calculates human health risks from the
inhalation of airborne toxic emissions
and ORGRISK, a model for estimating
exposures to waterborne organic rhem-
icals released from utility sites. Cur-
rintly, models ane being developed to
addres= greenhouke gases and to per-
form multimedia risk assessments for
power planl emissions and discharges.

The risk management component of
FPRI's risk analysis program provides
frameworks for integrating the results
of risk assesamints with options for re-
ducing exposuris. The frameworks are
contained i computer models  that
provide a decision analysis technique
that analysts can use to look al a range
of possible outcomes and compare the
benefits and costs associated with al-
ternative strategies. (For example, the
SITES model developed by EPRI helps
utilities make decisions on what kind
of action should be taken at contami-
nated sites. One utility used this model
to determine what further action it
=hould take at a manufactured gas
plant site where several wastes were
present and soil had been contami-
nated with polychlorinated biphenyl
and furan.) In the carly 19805, when
EPRI's rescarch in this area gt under
way, the frameworks dealt with air
quality concerns. Currently risk man-
agemint frameworks are being devel-
oped for electric and
magnelic fields (EMF)
and greenhouse

Bases, amang

ither emerging issues.

The risk communication facet of
EPRI’s risk analysis program involves
the development of methods for com-
mtnicating about environmental and
health risks, as well a= direct assistance
for utilities that are establishing and re-
fining educational programs. The re-
search is geared toward helping utili-
tis effectively convey risk-related in-
formation to a wide range of audi-
ences. As discussed in further detail in
the main article, EI'RI is currently spon-
soring research prifjects to clarify how
trust is created and destroyed and how
prople perceive certain risks.

ErRI's main £fforts in risk commu-
nication have addressed exposure lo
fields. EPRI

has cosponsored the develupment of a

electric and magnetic
45-page brochure that covers whal is
known about the health risks of EMF,
The Inshituti
Hamdbook for Comminintivating Poteiitial
EMF Risks (E%-7046). Written speciti-

cally for utility staff members, it pro-

has also developed A

vides a step-by-step guide for dezign-
ing risk communications on  elictric
and magnetic fields. A more recent
document, Sourcebook for Lhility Com-
menications o EMF (TR-100580), covers
the =cience of EMF, discu=ses risk from-
munication principles, and offers guid-
ance to utilities on designing public
participation programs. Another EI'RI
report, Risk Contmunication Mamial for
Electric Utilities (EX-7314), offers more
general guidance on risk communica-
tion with the media, regulators, and the

general public, a
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S MOST RISKY? IT DEPENDS ON WHOM YOU ASK into their perception of risks. In contem-

plating risks, they take into consideration
how much they trust the organization in-
volved, how catastrophic a single accident
could be, how familiar or uncertain the
risk may be, and whether a given risk is
distributed equitably, among other con-
cerns. For this reason, laypeople have a
different meaning in mind than experts do
when they use the word risk. In fact, stud-
ies dating back about 15 years show that
when laypeople are asked to rank risks in
terms of numbers of deaths per year, their
figures are fairly close to the numbers that
the risk experts generate. However, when
they are asked to rank items in terms of
“riskingss,” which involves making a
judgment about risk, their lists show few
similarities to those of the experts.

The experts, meanwhile, focus on num-
bers that are intended to be an objective
representation of potential danger, unin-
fluenced by personal values. But while

Nutlear power
TR statistics may be the tonls of the exparts’
trade, the public is not accustomed to re-
lying on these kinds of toels in its think-
ing. As Starr puts it, “It doesn’t matter if
there’s a one-in-a-million chance of an ac-

cident happening at a nuclear power
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General (private) aviation
plant. As long a= there is a possibility that

it could still happen tomorrow, the public
will be concerned.” Essentially, the statis-
tical approach ignores the psychological
and =sociological effects, and as a result, it
cannot tell us how the public will react to
certain risks.

Twenty years ago the scientific commu-
nity generally believed that the layper-
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tionality with scientific objectivity. In an

SHiing effort to reassure the public, organizations
Wrsivh that managed risk undertook communica-

Contraceptives

n

tions programs that incorporated statistics
provided by expert risk as=essorz. Typi-
cally, the rarly communirations material
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compared unfamiliar, feared risks wilh fa-
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Food coloring
miliar activities. For instance, literature
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Power mowers
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Home appliances ! > nities in the late 1970s informed the pub-
inations 0 5 lic that living near a nuclear power plant

i& sdfer than riding a bicycle.

*Includes coal mining and other energy production aclivities as well as elecirocution As the producers of this information




later learned, there are a number of prob-
lems with this type of comparison. First,
as Slovic points out, “It's comparing ap-
One case poses a vol-
untary risk, while the other is involuntary.

ples and oranges.”

Adding tes the differencat between the two
cases, the risk of riding a bicycle is statis-
tically well known and bazed on real-life
data, while the risk of nuclear power—
a much more recent risk—is bazed on
numerical predictions generated by
computer madels. In short, risks
are not one-dimensional, as the
early communications bro-
chures may have implied,
and the complexity of
their nature iz reflected in
the public’s response to
them.

A5 one might sus- /%W
pect, these early com-
munications  efforts
were not

cessful

very  suc-
Today, social
and psychological fac-
tors are much more ac-
cepted
cerns.

valid  con-
Subjective values

a=
are still not viewed as “reli-

able evidiénce,” but thev are no
longer considered irrational. In the
words of John W. Ellis, chairman of Puget
Sound Power & Light and of EPRI’s Board
of Directors, "The shortest distance be-
tween two points i= no longer a straight
line.” Elli= was referring to the modern-
day proces== of trangmiz=ion line siting, ac-
knowledging that planners must take into
consideration public concerns about mag-
netic fields rather than relying strictly an
an engineering perspective. This =hift in
perspective is reflected in a recent push for
rescarch that is getting to the heart of the
differences belween public and experl
views on risk and gleaning insights to
incorporate into major communications
efforts.

Revelations in risk

Through research co=ponsored by  EPRI
Foundation,
Slovic and his associates al Decision Re-

and the Hatiomal Science

search are exploring how trust is created
and de=troyed i situations that involve

risk. “Puople have a low level of trust in
managers of various types of risk, and as
long as they have a low level of trust, risk
communications are not likely to be suc-
cessful,” he notes.

Slovic’s two-

year

study aims to identify ways that electric

utilities can gain and maintain public
trust.

Part of the reason for the public’s dis-

trust in organizations

that manage
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FACTORS INVOLVED IN PUBLIC
RISK PERCEPTION

HAesearchers have learned that there are a number

of factors or values that influence the public's per-
ception of risk. These factors help explain why public
views of specitic risks can be so different from the
views of experts.
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that the public feels a lack of control over
the risks. In addition, the public recog-
nizes that these groups often have a vested
interest in continuing operations that in-
volve risk. To make matters worse, as
Slovic points out, the public is accustomed
to using adversarial approaches to resolve
problems, which is quite evident from our
increasingly visible system of litigation.

Slovic’s study is intended to enhance
our understanding of the nature of trust
and its role in risk management. It aims to
identify the individual, technical, and or
ganizational behaviors required to build
and maintain trust. So far, the researchers
have interviewed some 500 people in the
Eugene, Oregon, area. Invited in small
groups, the people have responded to
questionnaires and surveys involving hy-
pothetical events that take place in the
context of risk management. For instance,
the researchers are comparing the impact
of a negative event, such as a nuclear
power plant accident, with that of a posi-
tive factor, such as consistently good per
formance by the electric utility that owns
the plant, and trying to quantify the rela-
tive strength of the positive and negative
tactors. This work is intended not only to
lead to more-effective  communications
bul to provide insight on how to improve
the decision-making process.

Working toward the same goals, re
search centered at Carnegie Mellon Uni-
versity is exploring the thought processes
that individuals use as they perceive is
sues involving risks. Psychologists have
been studying such thought processes,
known as mental models, for more than
30 years to better understand how people
think about issues as diverse as technol-
ogy, drugs, and international tensions. The
use of mental models in studies of risk
perception is much more recent, having
begun only about five years ago.

The Carnegie Mellon researchers, who
are headed by Granger Morgan and Ba-
ruch Fischhoff, reconstruct nental models
through extensive interviews f[eaturing
open-ended, nonleading questions. The
idea is that an individual’s mental models
may contain critical misconceptions that
can lead to erroncous conclusions, even if
that person is otherwise well informed.
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Identifying these problem areas allows for
more-effective communications that ad-
dress specific misperceptions. Rather than
communicating from a foundation of ex-
pert assumptions, as in past unsuccessful
communications attempts, risk managers
can orient communications to the public’s
perceptions.

One of the earliest studies conducted by
the Carnegie Mellon group explored the
problem of radon, a radioactive gas that is
naturally present in some soils and can
seep into buildings and accumulate. Re-
searchers found that many people do, in
fact, understand that radon is a colorless,
odorless gas that causes cancer. The prob
lem is that some people associate radio
activity with permanent contamination,
which radon does not cause. This misun-
derstanding may have discouraged home-
owners from testing for radon, because
they assumed there would be nothing
thev could do if they did detect a prob
lem. Another misunderstanding led other
people to believe that simply opening
windows would solve the problem.

The Carnegie Mellon study followed
the U.S. Environmental Protection Agen-
cy’s release of a brachure in 1986 cailed “A
Citizen's Guide to Radon,” The brochure
was part of a major EPA communications
initiative to combat the radon problem,
which is estimated to cause between 7000
and 30,000 lung cancer deaths per year,
according to the EMA. The Carnegie Mel
lon study resulted in two brochures that
proved to be much more cffective than
the EPA’s brochure, according to reader
surveys. For instance, readers of the EPA
brochure knew that the health effects of
radon were delayed. But when asked
what they could do to reduce high radon
levels in their homes, 43%. of them an-
swered “Don’t know” and 9% answered
“There’s no way to fix the problem.” By
comparison, nearly all readers of the two
revised brochures (100% for one brochure
and 96% for the other) answered “Hire a
contractor to fix the problem.”

EPRI is hoping that research in mental
models will help improve communica-
tions in two sensitive areas for the electric
utility industry: electric and magnetic
fields (EMF} and climate change. As part

of its overall risk program (see sidebar),
the Institute is sponsoring studies at
Carnegie Mellon that strive to enhance
understanding of how individuals per-
ceive both issues. While the EMF study is
fully funded by EPRI, the climate change
research is cosponsored by the National
Science Foundation.

Some common misperceptions have
been identified in the early stages of re-
search on these topics. One problem with
EMF is that many laypeople do not un-
derstand how quickly field strength falls
off with distance from the source that gen-
erates magnetic fields. On the issue of cli-
mate change, some individuals wrongly be-
lieve that holes in the stratospheric ozone
layer lead to increased temperatures.

Decisions, decisions

The kind of work being undertaken by re-
searchers like Slovic, Morgan, and Fisch-
hoff represents a new wave in risk com-
munications, reflecting a trend in philo-
sophical thought among the organizations
in private industry and government rhat
are sponsoring the work. This trend in-
volves an increased sensitivity to and
awarcness of how the public perceives
various risks,

Increasingly today, electric utilities and
other organizations that manage risks are
finding innovative ways of involving the
public in the decision-making process.
“There is a definite trend.” says Chris
Whipple, a risk specialist and former EPRI
employee who is now vice president of
Clement International, an environmental
and health consulting firm, “Electric utili-
ties, chemical manufacturers, and other in-
dustrial entities are finding that in many
cases it’s to their advantage to involve the
public at an early stage.”

This is exactly what the Bonneville
Power Administration learned a decade
ago when the utility tried to vrect a trans-
mission line that cut across western Mon-
tana, According to Peter Johnson, the util-
ity’s administrator (chief executive officer)
at the time, BPA was accustomed to being
welcomed with open arms when its work
ers arrived to bring power into rural ar-
eas. But this was not the case in Mon-
tana. One day tivo utility surveyors were



greeted by a farmer with a shotgun who
ordered them away from his property.
Other employees were harassed by resi-
dents in restaurants when the lecal pa-
trons found out that they worked for BPA.
Things got so bad that the utitity previded
special unmarked vehicles for employees
working in the region.

The problem was that a span of the
planned line cut across a valley in the
town of Missoula, obstructing the view.
The line and its access reads alse sliced
through grazing land, which farmers did
net appreciate. “We had been looking at
the problem through limited filters—as
engineers and technicians, but not as citi-
zens of Mentana,” Johnsen recalls. “As a
resull, I think, we had been insensitive to
their cencerns.” [ohnson initiated a dia-
legue with the gevernor, traveling regu-
larly to Montana to meet with him, and
called in a consultant to help mount a
broad initiative for public involvement.
Through resulting public involvement
programs, BPA held regular meetings with
residents and even mel with the editorial
board of the local newspaper, letting them
“lear us to shreds,” as Johnson recalls.

While BFA heard the community’s con-
cerns, it also expressed its own—includ-
ing its responsibility to erect an efficient
and cost-effective line in a timely manner.
In the end, the utility rerouted a ceuple of
sections of the line, tucking the span that
was to slice through the valley in Missoula
behind a ridge. According to Johnson, the
changes did not result in a significant ad-
ditional expense. In fact, if they had been
incorporated initially, the line would have
been cheaper to build, because some of the
transmission towers that were redesigned
wound up costing less. “As the BPA admin-
istrater, I reflected on this and wondered
why we didn’t do it in advance,” Johnson
recalls. He say= public involvemenl iz now
ingrained in BPA’s procedures.

While the BPA case did not involve is-
sues of risk per se, it illustrates the precise
struggle—between individual values and
the concerns of technelogists—that con-
sistently crops up in risk management. In
this instance, the individual concerns in-
cluded property values as well as aesthet-
ics. As with risk-related cases, a lack of

RISK COMMUNICATION: MUCH HAS CHANGED

ANNUAL RISK OF DEATH IN THE UNITED STATES

Cause

Molor venicle accidents
Hema ancjdants
Fafls

Motor vehicle/pedestrian collisidas

Diowning
Fires
Inhajationvingestian of efiests
Firearms -
Aggidenrtal poisoning
Gasaes and vagors
Soldseanid liguid
*Efectracution
Toredops
Flooos
= Lightning

Tiepical cyalanes and hurricanes
e el o g ST T AT g

trust influenced the public’s perceptien in
the early stages of the preject. Once the
utility acknowledged the public’s con-
cerns and involved residents in the deci-
sion-making process, the focus became the
more practical task of designing a line that
satisfied both the utility and the public.
Jim Creighton, president of Creighton &

Risk per Milllon Persens

Creighton, a consulting firm that has been
previding BFA overall guidance en its
public participation programs fer the past
10 years, says this kind of involvement is
becoming more commen for risk-related
projects. “There’s been a surge of interest
from utilities, particularly in the last twe
or three years,” he says, noting that much
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The Evolving Science of Risk Assessment

R isk assessment scrves as an im-
portant foundation for decisions
on a variety of heaith and safety issues,
providing numerical estimates that of-
fer a scientific rationale for those deci-
sions. One of its first uses in industrial
societies was Lo estimate technolegical
risk, such as that pertaining to the
safety of buildings, bridges, dams, and
other structures. Today risk assessment
is used for estimating the risk posed
by all kinds of technelogies and sub-
stances, from airplanes to hazardous
waste sites to air emissions. While the
asscssment of risk impacts has tradi-
tienally focused on human health, the
science has recently begun to explore
the more complicated issue of impacts
on ecosystems.

Over the decades, risk assessment
has become much mare sophisticated
and cemplex. Fer example, the Envi-
ronmental  Protection Agency and
other organizations initially applied
formal risk assessment only to cancer-
causing substances. Within the past
five years, however, they have begun
to apply this tool to noncarcinogenic
substances as well, such as those that
may pose a risk to reproductive and
netrological systems.

Another change is that risk assess-
ment is beginning te take advantage
of emerging knowledge on biolegical
mechanisms that determine the precise,
ultimate impacts of potentially harmful
substances. For instance, past studies
labeled unleaded gasoline a carcinogen
becaiise exposure to it, through inhala-
tion, was associated with kidney tu-
mors in male rats. The dala [rom these
studies were then exlrapolated to esti-
mate the health risk to exposed hu-
mans. However, biologists have since
learned that the metabelic processes of
male rats are unique, a finding that

calls into question the validity of the
esitrapolatien to humans.

The exposure levels used in risk as-
sessments also are becoming more re-
alistic. In the past, individual expo-
sures, which help determine how
harmful specific risks are, were often
based on unlikely periods, such as 24
heurs a day fer 70 years. Today’s risk
assessors are striving to come up with
tine frames that more accurately re-
flect maximum likely exposures.

EPRI is one of an increasing number
ot organizations that are werking to
advance the science of risk assessment.
Across the country, research is being
conducted at university laborateries,
such as the Center for Risk Analysis at
Ilarvard’s School for Public Fealth; at
the EPA and other government agen-
cies; and at private agencies, such as
Resources for the Future in Washing-
ton, D.C. These relying on risk assess-
ment fer decision making are primar-
ily agencies of the federal government,
including the EPA, the Food and Drug
Administralion, and the Department ef
Energy. State government agencies alte
rely heavily on risk assessment for
their regulatory drcisions. While seme
states assess their own risks directly,
others rely on federal estimates.

As the risk assessment process be-
gins to incorporale additional factors,
it is becoming more challenging but
also mare accurate. “There is no douht
in my mind that there is a trend teward
heavigr use of risk assessment in this
couniry,” say= Flung-Po Chao, man-
ager of EPRUs Environmental Risk
Analysis Program. “Risk aualysis is
indispensable in that it prevides a
method of articulating a geientific ba-
si= for decisions and a way to charae-
terize uncertainties i a useful fonm for
risk management.” O
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of the interest has been driven by the FMF
issue. “Thet result is a new spirit of coop-
eration in decision making on sensitivie is-
sues.” Utilities are not the only ones get-
ting involved. Chemical companies and
waste treatment firms are among the ssther
organizations working more closely with
the public.

Martha Rozelle, a principal with Dames
& Koure, an environmental engincering
consulting firm, stresses the importance
of meaningful public involvement. Pub-
lic hearings, =he says, are not effective
enough. The public must be involved in
the process early, before a site for a given
project is selected. [t i= imporlant to work
with people in rolatively small grisups and
to maintain regu]ar contact, zhe RN
“We're not talking about giving the pub-
lic everything they want,” she nites,
“Wi're talking about listening to their con-
cerns and accounting for those concerns in
the final decision.” Thi= involves finding
out what people’s priorities are and what
kind= of trade-offs they are willing to
accept, and making an effort to build a
consens=us.

Thi= type of exchange is already tak-
ing place in the electric utility industry,
through what is now widely known as the
collaborative pricess for developing de-
mand-zide management pregrams. Utili-
ties in at {east five states havie used the tol-
laborative process, working together with
public-interist groups, environmental or-
ganizations, and other traditional adver-
saries, One successful collaborative effont
in California led (o agreements an new en-
ergy efficiency programs and financial in-
centives for utilities to implement such
programs. Thit collaborative process has
proved to be an effective method of trust
building, offering a model for cooperative
decision making that can also be effec-
tvely applied (o risk issues.

The bottom line

The challenges of resolving the conflicts
between public and expert perceptions of
risk are signiticantly magnified on the na-
tional lirvel, where policymakers must jug-
gle decisions on a haost of competing risk-
related issues.

The science of risk as=essment, based on

statistical analysis, helps federal agencies
distinguizh important risks from liw-level
risks. On the basis of risk assessment, the
EPA considers indoor air pollution (in-
cluding radon) and lead poistaing to be
high-level risks. Bul these are nit the risk=
that matter most to the public, according
to the EPA. Rather, the public is generally
more concerned with what the EPA’s
perts call low- to medium-level risks, in-
cluding hazardous wastes, oil spills, acid
rain, pesticides, and nuclear power plants.

The conflict between these views criates
difficulties when it comes to determining
whirre fediral money shiuld be spent and
how much should be spent. This is a com-
mon problem amaong other government
agencies tos. Since public concerns help
propel congressional action, much federal
money gets spent on issues the govern-
ment’s experts do not consider the top pri-
orities, For instance, the United States
spends 23.6 billion annually to clean up
drinking water contamination, while it
spends £6.1 billion annually on hazardius
waste sites. Risk aszessors’ figures indi-
cate, however, that the emphasis in spend-
ing should be the reverse (Hazardous
waste sites are estimated Lo cause between
0 and 500 deaths a year, while drinking
water cuntaminatian canses an estimated
400 to TH00.)

The EPA's Science Advisory Board has
recommended that the agency use scien-
lific analysis to prioritize risks. The idea is
o get the most bang for the EPA’s buck—
high-level risks would receive the most
maney, while low-livel risks would re-
ceive the least. Though few observers
would argue with the idea of providing
the must benefit for the federal dollar, the
izsue of precisely how to do that is an en-
tirely separate matter and cails into ques-
tion the very definition of risk. In order to
define the severity of a particular hazard,
risk assessors must take numerous factors
ints account. But where should they drasw
the line? To what extent can the possibil-
ity for human error or even organizational
prablems, which can influence risk, factor
into =tatistics on probability of injury or
death? What about sither concerns, such as
the potential for harm to the natural envi-
ronment? [ow about the threat ta prop-

erty values, micreational opportunities, or
aesthetics?

Clearly, as such social and psychologi-
cal issues are incorporated into assess-
ments of rigk, the line between zcientific
risk assessment and risk perception be-
comes blurred. This issue has helped fuel
the controwersy over the use of risk analy-
=i= for prioritizing risks, one factor pre-
venting thie EPA from adopting the recom-
mendation of its Science Advisory Board.
Also helping fuel thi= controversy is the
issue of how to assess risks that can't be
directly measurid, as can the risk of driv-
ing an automobile. For instance, how dues
one assess the risk imposed by climate
change when cxperts in this field do nol
agree among themselves on the severity of
lhe problem? Risk analysts have devel-
opird computer madels that help calculate
relatively new risks like this, whiclt incor-
porate much uncertainty.

As policymakers continue to deal with
such questions on a case-by-case basis in
the dicision-making process, researchers
continue to work toward obtaining some
definitive answers. “Practilioners in risk
analysis quickly develop humility whin
faced with the practical issues,” Starr con-
cedes. “But inadequate a= it may be, risk
assessment is better than anything else
available.”

Indeed, regardless of its uncertainties,
risk assesament still offers some scientific
basis for decisions on risk. And as re-
searchers like Freudenburg, Slovic, Mor-
gan, and Fischhofl help us better under-
stand haw individuals perceive risks, the
utility industry and others involved in
managing risks will learn not only to com-
municate better but to make the decision
process much more effective, “It's really
up to the risk managers to make the effort

3

to undertake this change,” =ay= Whipple,
“They need ta learn how to listen to the
public better and how to account for their
concerns, because the public is not going
to change.” =

Background nlomation Tor this arhcle was provided by
Hung-Fo (Chan and Anthory Thrall. Environment Division
Gerdon Hester, Inlugrated Energy Systems Diwvision. and
Chauncey Stan. Prasidam’s Oflice
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EMWorkstation Offers
Integrated Electric and
Magnetic Field Analysis

A interest in electric and magnetic
fields surrounding power lines in-
creases, utility engineers must be able to
quantify the fields, ¢valuate alternative
designs for transmission and distribution
syatems, meet regulatory requirements,
and reapond to customier inquiries.
Hand-held measuring devicea record
the eléctric and magnetic field
strength at the time a measurement is
made. In contrast, EPRI's ERWworkstation

only

(Electric and Magnelic Fields Worksta-
tion)—a recently released integrated soft-
ware package—combines fivee computer
models inta a =ingle framework that al-
laws engineers to calculate bith types of
fields at various locations under different
conditions. For example, EMWorkstation
can estimate electric and magnetic firld
magnitudes in a particular neighborhoid
when power lines are heavily or lightly
loaded.

The EMWorkstation software allows
users to calculate both lelds from any
type of transmission or distribution power
line and tov perform basic modeling of hu-
man exposure to the fields from the lines.
I field strengths and human activity
within tields are knoswn, utilities coan then
calculate human exposure from the fields.
For example, a farmer may be inlerested
in tho level of his expiosure when he is
working below a power line. Using EM-
Workstation, a utility staffer could model
this situation and calculate the exposure.

“Every EPRI membuer is likely to have a
use for EMWorkstation, bicause electric
and magnetic field issues affect all electric

utilities,” says John Dunlap, manager for

magnetic fields in EPRI's Electrical Sys-
tems Division and the project manager re-
sponzible for developing the workstation.
“1 expect that the most common use will
be by utilitics who want ta explore mag-
netic field management techniques when
designing transmission and distribution
lines."

EMWarkstation, which was developed
jointly by the Flectrical Systems Division
and the Environment Division, can model
lines to address the most fundamental
questions a utility = likely to have about
electric and magnetic fields from power
lines. Al workstation

the programs,
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which have been thoroughly field-tested
by EPRI mamber utilities, are fully inte-
grated, so data are easily transferable.
Some modules evim =hare a common
database.

EXPn ALl and ESVIRO {two Microsoft
Windows applications) are the principal
modules iy the initial version of thie work-
EXMNICALL

magnetic fields in the vicinity of overhead

station. madels electric and
power lines and quantifies human expis-
sure to these fields by using an activity
systems model approach that integrates
time and location with field intensity. The
effcts on an electric field of shielding by
such objicts as trees and building® can be
modeled. EMVIRI, which can share data

with EXPLXCALC, calculates electric fields,
magnetic fields, and audible noise pro-
duced by overhead tranamission lines.
DATACALL and 5TAR (two MS-DOS ap-
plicatims=} analyze data from magnetis
field recording instruments. DATACALL
analyzes and communicates data collected
by the Electric and Magnetic Field Digital
Exposure Meter (EMDEX). 5TAR performs
EPRI Stand-
Alone Recorder (STAR), downloading data
trom thie 5TAR logger. The fifth module in
the workstation, BLANKET, is an M&-1%71
application that models magnetic fields

a similar function for the

produced by electric blankets.

EMWorkstation will run on any IBM-
compalible microcomputer that can oper-
ate Microsoft Windows. Users with ques-
tions can call a toll-free hotline at (500)
225-3357 tix receive tree technical support.
In addition, next year EPRI will organize
EMWorkstation users groups for training
purposes and to prominte an exchange of
ideas about how to make the best use of
the =oftware.

Wersion 2.0 of E¥iWorkstation is planned
fur retease in 1993, Future modules will al-
low users to calculate magnetic fields in
residences as well as in substations. &
EPRI Contact: fohn Dunlap, (415) 855-2298

AMP: Connecting
Applications Centers

PRI members now have direct access
Eto LCuslomer Systems Division R&D
applications centers and iffices through a
communications support network called
AMF. By subscribing to this network, a
utility end-use profisssional can call a sin-
ghe B00 number to sirder products and ser-
vices or to talk with technical staff at any
of the 16 centers and offices. In addition,
AMP distributes monthly packages that
contain new publications from the centers
and offices and provide information on
upcoming events, videos, software, imgo-
ing research, new projects, and ftraining
and workshop oppartunitivs

When AMP was established in 198¥, its
primary mission was to provide technical
support that would as=ist utilities in the
transfer of electratechnelogies through
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EPRI's industrial applications centers. The
program has now been expanded to pro-
vide a menu of services for all of EPRI’s
end-use centers and offices, Publications
are the cornerstime of AMI”s aggressive
technology transfer priugrams. Short, easy-
te-understand documents produced by
individual EPRI centers and offices can as-
sist marketing specialists, customer ser-
vice staffs, or the customers themselves in
evaluating a candidate technology far im-
plementation.

Utilities can participate in the AMP pro-
gram a= a benwtit of EPRI memberszhip.
Each utility staff participant—whether
from marketing, economic development,
customer service, or R&D development—
receive= an individual AMU® card that pri-
vides direct access to the program’s prod-
ucts, services, and technical experts. Cur-
rently, AMP' has 1430
scribers, representing 132 EPRI member

individual sub-

utilities and 3 international participants.
They call the BOO number a total of 300
times a month, on average, to order cen-
ter publications or obtain technical assis-
tance. During the first ning months of
1992, for example, some 155,000 publica-
tions were dislributed by AMP in response
to requests from subscribers.

Customized services are also available.
For example, AMI® designed a day-and-a-
half training program for industrial mar-
keting representatives of Union Electric
Company of St. Louis. This prugram fea-
tured sessions on the operatiom and ap-
plication of various electritechnologies,
including demonstrations of sach. When a
=ales representative of Indianapolis Power
& Light was preparing to call on a major
dairy, AMP helped him get information
about the dairy product freeze concentra-
tion pilot project in Wisconsin and put
him in touch with a representative of the
Dairy Research Foundation,

For talking with technical =taif in their
areas of expertise, AMP provides toll-free
access to the following centers and offices:
Customer  Assistance Center (demand-
side management, saftware support, and
training), Center for Materials Fabrication,
Center for Materials Production (with sep-

arate Foundry, Mining, and Precious Met-

als offices), Chemicals & Petroleum Office,
Food Office, Pulp & Paper Office, Textile
Office, Center for Electric End-Lise Data,
Electric Transportation Information Cen-

ter, Lighting Information UMfice, Power
Electronics Applications Center, Thermal
Storage Applications Research Center, and
Commercial Building Air Conditioning
Center.

These centers and offices are located
thrsughout the United States in order to
access specific technical expertise and to
provide a liaison & important groups af
end users. “The AMP network provides a
convenient wav for EPRI members to tap
natiemwide resources  for information,
technical suppurt, and technalogy trans-
fer,” says Virginia Hess, program manager
for communicatitns in the Customir Sys-
tem= Divizion. “That’s our goal: to be re-
gionally represented but centrally linked.”

For further information abiiut AMP,
including how to become a subscriber,
please call (800} 4320-AMP. B

EMF Sourcebook Helps With
Customer Communication

Incn:awing public concern that exposure
to electric and magnetic fields (EMF)
may cause adverse human health effects
poses difficull csmmunications problems
bor utilities. Uncertainty about the exis-
tence and nature of EMF risks makes it im-
possible o respond to public concerns
with definitive answers, and the complex
acientific research aimed at providing an-
swors i= difficult to explain to public au-
dienies.

In the absenie of a scientific or industry
consensus om EMF, some utilities have
adopted policigs to prisvide a basis for re-
=ponding to customers and employees. A

niw EPRI report provides a menu of meth-
ods individual utilities can use to interact
with the public about EMF cncerns—
mezthods for clearly conveying the current
scientific understanding and explaining
corporate positions. The report, which in-
cludes examples of message development
and readily comprehensible information
about EMF, iz desighed to help utilities
achieve appropriate levels of public in-
volvement in EMF issues,

The EPRI report, Sourcebook for Utility
Communications on EMF, TR-100580, incor-
porates and expands on material origi-
nally developed by the Tennessee Valley
Public Power Association as a handbuok
on EMF. This includes back-
ground information and descriptions of
specific communications techmigues for
discussing EMF issues and obtaining pub-

material

lic participation. The EPRI sourceboak also
presents guidance for developing EMF risk
communication programs and describes
three alternative utility policies on EMF,
including the reasoning behind these poli-
information

cies and communications

conzistent with them. By outlining meth-
ads [T mteracting with the public, the
=ourcebook can help utilitie= select the com-
bination of approaches that besl matches
their policies and circumstances. B EPR!
Contact: Gordon Hester, (415) 855-2696

CORRELTION
The recent EPR! fournal article on
wlectrical burn treatment
(September 1992, pp. 16-21)
failed to list Mew York State
Electric & Gas Corporation
a= a sponsor of the groundbreaking
work being done at the
University of Chicago. MvSEL has,
in fact, baen one of the largest
supporters of this research,
and we regret baving inadyertently
left the company off the list of

prisject sponsors,
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RESEARCH UPDATE

Exploratory Research

Solid Oxide Fuel Cell Development

by Rocky Goldstein, Generation & Storage Division

ost fuel cells now in use or under de-
M velopment contain liquid elecirolytes
for ion conduction. (Phosphoric acid cells
and molten carbonate cells are the most
common.} There are problems with liguid
electrolytes, however, that tend to reduce
fuel cel service lite; these include evapora-
von, corrosion, and migration of chemical
constituents from une cell pan 1o anolher.
Solid oxide fuel cells (SOFCs) use a solig
electrolyte that minimizes some of these
electrolyte management problems. Labora-
tory tests of single SOFCs indicate that they
could last more than 10 years, compared
with an expected service lfe of about 5
years for liquid-electrolyte cells A solid elec-
trolyte also makes it possible to build cells
that are extremely small—5 to 10 kW or
perhaps even smaller—using raw materials
Ihat cost as littte as $7 to $15/kW. Although
these advantages have been well under-
stood for some time, significant technolog-
cal barriers must be surmounted before
SOFC systems can become a commercially
viable energy production option

Materials and fabrication
challenges

Present-generation SOFCs are composed of
thin layers of ceramic materials: an yitria-

stabilized zirconia (YSZ) electrolyte, a lan-
thanum manganite cathode, a nickel cermet
anode, and a (anthanum chromite (or, in
some cases. metfallic) interconnector (Fig-
ure 1). These materials were selected dur-
Ing the eariy years of SOFC development on
the basis of materials and information avai-
able at that time. YSZ was selected for the
eleclrolyte because it had the highest ionic
conductivity of al materials known to be sta-
ble in the chemical environment of a fuel
cell. At an operating temperature of 1000°C,
its conductivity meets the 0,1 (€2 - cm) "re-
quirement for fuel cell applications.

The 1000°C operating temperature re-
quired by the YSZ electrolyte has advan-
tages and disadvantages. It provides high-
quality waste heat that can be used for co-
generation appficatons and ndustrial pro-
cessing, and t enables the cell 10 make
direct use of hydrocarbons as tuel, elimi-
nating the necd to have external process-
ing facilities for reforming hydrocarbons into
hydrogen-rich gas. However, the high-tem-
perature SOFCs have a lower electrochem-
ical efficiency than other types of fuel cell
because a larger percentage of the energy
from the electrochemical reaction is re-
leased as heat. Also, their materials tend to
diffuse from cne layer to another, causing

ABSTRACT Fuel cell technology is the most efficient system known to-

day for converting fossil fuel to electric energy. Solid oxide fuel cells (SOFCs)

are potentialty the most economical of existing fuel celi technologies, primar-

ity because they are more compact and are expected to offer a longer, rela-

tively trouble-free service life. Ongoing efforts to improve SOFCs focus on re-

ducing operating temperatures from 1000°C to about 700°C. If successful,

these efforts could make SOFC systems economically compelitive with other

power-generating technologies.
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changes in the chemical properties of cell
components and reducing service life.

A 1000°C operating temperature also lim-
its the choice of materials for electrodes, in-
terconnectars, and such structural compo-
nents as gaskets and tie-rods, Because
high temperatures tend to weaken metals
and increase their corrosion potential, more-
expensive rare earth ceramics must be
used. This limitation makes cell fabrication
more difficull and expensive —different ce-
ramics have different coefficients of expan-
sion, which can result in cracking during
manufacture.

An operating temperalure near 700°C
woulg improve S@®FC thermodynamic effi-
ciency. reduce interdiffusion problems and
fabrication costs, and make it possible to
use less-expensive metal electrodes without
sacrificing the benetfits of high-quality waste
heat and direct use of hydrocarbon fuels.

EPRI's Generation & Storage Division and
Office of Exploratary & Applied Research
are sponsoring four approaches aimed at
developing SOFCs capable of operating
near 700°C. The first approach involves cre-
ating very thin layers of a stable, high-tem-
perature on conductor, such as YSZ, to re-
duce its resistance losses when used at
lower operating temperatures. The second
approach is to find ways of enhancing the
¢chemical stability of known low-tlemperature
1on conductors, which do not ordinarily sur-
vive well n the reducing environment of a
fuel cell. The third approach is to synthesize
entirely new classes of materials with ae-
sraple ton conductivity and stability char-
acteristics. The fourth approach involves
searching for proton-conducling materials
that could be used instead of ion conduc-
tors as SOFC electrolytes

Lowering resistance losses

One EPRI-sponsored project is investigating
methods o depositing very thin fims of



known electrolyte materials for use in mod-
erate-temperature SOFCs. Researchers at
Northwestern University are experimenting
with reactive magnetron sputtering to cre-
ate thin fitms of YSZ electrolytes and silver
YSZ cermet oxygen electrodes {RP1676-14).
Magnetron sputtering, a technique com-
monly used for large-scale semiconductor
processing, provides good control over the
properties and morphology of finished
products.

Today's high-temperature SOFCs use a
perovskite material—strontiumdoped lan-
thanum manganite—as the oxygen elec-
trode. This electrode is also a source of re-
sistance losses in highitemperature cells.
Reducing operating temperatures from
1000°C to 700°C would permit the use of
metals, such as silver, in the oxygen elec-
trode. Electrodes that include metals do not
present the resistance problems associated
with electrodes containing only perovskites.
They are also less expensive and easier to
fabricate.

The ultimate goa! of this project, cospon-
sored by EPRI and the Gas Research Insti-
tute (GRI), is to build a moderate-tempera-
ture SOFC based on a design developed at
Northwestern. The design calls for elec-
trodes composed of very thin (less than 10
um) fayers of catalytically active oxides—
doped ceria on the fue! electrode side and
bismuth oxide on the oxygen electrode
side—deposited on a YSZ electrolyte layer
also less than 10 um thick. (Figure 2 shows
an example of a thin YSZ film.) Thus the
electrolyte layer would be much thinner than
the 1-mm layer of YSZ now used in high-
temperature SOFCs. Ceria, bismuth oxide.
and YSZ have reasonably similar thermal ex-
pansion properties, and deposttion of very
thin layers of these oxides would not signif
icantly complicate cell fabrication.

An SOFC built according to this thin-fitm
design is expected to exhibit fue! efficien
cies greater than 50% at a power density of
about 0.5 W/cm? when operated at 750°C.
The design promises to offer reductions n
materials costs and could be easily incor
porated into stacks with high powerto-
weight and powerto-volume ratios, The
most recently tested cell had a total thick
ness (electrodes and electrolyte) of less
than 20 um

Figure 1 Present-generation solid oxide fuel cells feature thin layers of ceramic electrodes and
electrolyte. In this planar design, composed of flat cells, fuel gases and oxidant flow between the

layers.

Other approaches

Researchers at the University of Utah are
investigating methods of stabilizing com-
posite bismuth-zirconia and cerum-zirconia
electrolytes so that they can be used in a
moderate-temperature SOFC {RP8002-30).
The researchers are testing the effective-
ness of using electrochemical vapor depo
sition (EVD) as a means of creating a very
thin zirconia coating to protect the elec
trolyte from chemical reduction.

Durng 1991 an EVD apparatus was de-
signed and constructed, The design was
validated by using the apparatus to suc-
cessfully deposit thin films of zirconum
chloride. The apparatus was then used to
fabricate a lanthanum manganite cathode
support for use in future experiments. The
results of initial attempts to deposit thin fims
of ceria are encouraging. and additional ex-
periments are under way.

Researchers at Argonne Na-
tional Laboratory are attempt-
ing to synthesize entirely new
materials that have desirable
ion-conducting properties and
remain stable at moderate op-
erating temperatures (RP2706-
5). In work that began in late
1988 under the joint sponsor-
ship of EPRI, GRI, and the U.S
Department of Energy, investi-
gators have identified some of
the properties that are funda-
mental to potentially useful
electrolyte materials. For exam-
ple. some candidate ion con-
ductors similar in atomic con-
figuration to calcium fluorite
have crystal structures that in-
clude “tunnels,” or empty
spaces, large enough to ac

commodate the passage of oxide ions. In
addition to these fluorite-type materials,
candidates include sheelites, orthosilicates,
wurlites, framework materials, and new per-
ovskites (Figure 3).

To date, investigators have identified two
promising types of materials: a bismuth-alu-
minum system and a framework material.
Results have been encouraging, and fabri-
cation and testing of complete fuel cells
made with these materials are under way

Investigators at Stanford University (RP
8002-11) and the institute of Gas Technol-
ogy (RP3070-36) are evaluating the possi-
bility of using known proton conductors as
SOFC electrolytes. When a proton conduc-
toris used, protons (H*) move from cathode
to anode, and water is produced at the cath-
ode. By contrast. ionconducting electro
lytes pass negative ions (Q ) from anode to

Figure 2 Scanning electron micrograph of a human hair su-
perimposed on a 3-im-thick YSZ film. Researchers at North-
western University and the University of Utah are investigat-
ing the use of very thin fitms in fabricating SOFC electrolytes.
The objectives are to reduce resistance losses and enhance
stability at moderate operating temperatures.
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Figure 3 Researchers at Argonne National Laboratory have synthesized new ion-conducting ma-
terials that look promising for use in moderate-temperature SOFCs. These materials—for exam-
ple, the generic orthosilicate shown here-——have a crystal structure with “tunnels” (arrow) large

enough to accommodate migrating oxide ions.

QO Oxygen
@ Metal cation 1
O Metal cation 2

cathode, and water is produced at the an-
ode. Barium cerate has already shown po-
tential for SOFC electrolyte application, and
both projects are exploring methods of fab-
ricaling this new material.

The future of SOFCs

SOFCs have the potential to become eco-
nomically competitive with other power-gen-
erating technologies because of their sim-
plicity of design and, ultimately. their low
manufacturing costs. Their advantages are
expected to include high efficiency, modu-
larity, fuel flexibility, and unprecedeniedly
low emission levels. Although much work
remains to be done to make SOFCs cost-
effective, programs tike those described in
this article are beginning to yield positive re-
sults. For example, twe 5000-hour tests of 3-
kW units have been run by Westinghouse in
Japan, a 25kW unit is alsc beng tested in
Japan; and a 100-kW unit is being built for
testing in southern Californta, System plan-
ners should look forward to the introduction
of SOFC technclogy at the turn of the century.

Atmospheric Sciences

CAMRAQ: Comprehensive Regional Air Quality Modeling

by D. Alan Hansen, Environment Division

Ulililies. industry, and government agen-
cies face a considerable challenge in
determining how best to respond to air qual-
ity issues related to the atmospheric im-
pacts of man-made emissions. These Is-
sues range from visibility impairment io acid
rain to global climate change.

Many who are charged with understand-
ing, studying, or controlling air quality prob-
lems have come to agree that there is a
pressing need for regionally integrated so-
lutions to these problems, and that one of
the best ways 1o plan and select emissions
management options is {0 use numerical air
quatity models. Modeling and computer sci-
ence have achieved a level of maturity thal
in the relatively near term should allow con-
venient and skillful simulations dealing with

34 EPRIJOURNAL Octomer/November 1492

multiple issues, Further, field studies are
yielding many quality-defined dala sets
to support comprehensive evaluations of
model performance,

There is also growing agreement that
sharing resources is the most efficient way
o achieve joint objectives. The days of large
field data collection and modeling studies
funded by a single agency appear to be
over. Regional ar guality-related environ-
mental issues are so large and so complex
that single agencies cannot justify mounting
programs adeauate to provide definitive as-
sessments,

Recognizing all these tactors, EPRI took
the initiative and embarked on the formation
of the Consertium for Advanced Modeling
of Regional Air Quality —CAMRA®. The ex-

press purpose of this effort is to collabora-
lively develop tools for meeting the atr qual-
ity challenge

The basis for Ihe commitment to models
s that they alone enable researchers to in-
vestigate alternative futures in a quantitative
sense. For example, they make it possible
lo take a single set of condilions, perturb
those conditions n many ways—change
the emissions, the climate, the meteorology.
the surtace charactenstics, and so forth—
and simulate outcomes. Those outcomes
can then be analyzed for likely conse-
quences and weighed for their ability to
meet not only the primary obiective of pro-
tecting air quality but also such ancillary cri-
teria as maximizing the benefit-cost ratio.
The most versatile and complete of these



models are referred to as comprehensive
modeling systems (CMSs) because of the
breadth and depth they must have.

To make these modeling systems practi-
cal tools for problem solving, however, ad-
vances must be made in several areas: our
understanding of the scientific underpin-
nings of the models, our ability to quantily
their reliability in terms of predictive accu-
racy, the computational power needed to
exercise the models, their accessibility and
ease of use, the ways In which their output
is displayed, and how the models are inter-
faced to effects and risk assessment and
management modeling systems. CAMRAQ
intends to advance along all these lines.
Origins
Encouraged primarily by the positive expe-
rience of EPRI's participation in collaborative
field measurement and modeling studies,
and convinced of the feasibility of the CMS
concept, in 1989 staff in the Atmaspheric
Sciences Program initiated a project on tro-
pospheric model development and evalua-
tion The goal was to produce a practical
comprehensive modeling system that could
be usedtoassess any conceivable air qual-
ity issue, The project tied together in an in-
legrated framework a number of collabora-
ive, regionally specific field studies and as-
sociated modeling exercises in which EPRI
was already involved. It was to begin with
two planning workshops and was sched-
uled to last about 10 years.

The U.S, Environmental Protection Agen-
cy. as part of a federal initiative on high-per-
formance computing and communications,
is planning to develop a modeling system
(called Models 3) analogous to CAMRAQ's
CMS. The EPA 1s also participating in CAM-
RAQ, and this relationship is expected to
have several advantages: the EPA will ben-
efit from the advances CAMRAQ generates
in the broader scientific arena, CAMRAQ will
benefit from selected spin-offs from the
Models 3 development process, and—
since Models 3 and the CAMRAQ producls
will ali ultimately be part of a consolidated
CMS—the community at large will benefit
from the availability of a greater diversity of
modeling lools.

Other modeling systems similar in some
ways to those proposed by EPRI and the

ABSTRACT As part of its long-standing research on regional air quality,
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EPA have been designed or implemented
by the U.S. Department of Energy, the For-
est Service, and the Nuclear Regulatory
Commission. However, the true groundwork
far the science required by a CMS was laid
by the develcpment of the following three
modeling systems, considered comprehen-
sive by the standards of the time;
o RADM (Regional Acid Depositton Model),
developed initially for the National Acid Pre-
cipitation Assessment Program under EPA
sponsorship
0 ADOM (Acid Deposition and Oxidant
Model), the Canadian equivalent of RADM,
funded by the Ontario Ministry of the Envi-
ronment (OME), the Atmospheric Environ-
ment Service of Environment Canada (AES),
Umweltbundesamt (the German federal en-
vironmental agency), and EPRI
0 STEM-lI, developed at the Universities
of lowa and Kentucky under multiple
sponsorship

All three systems operate on a fully three-
dimensienal Eulerian grid, require the gen-
eration of meteorological tields by separate
mesoscale models for, among other things.
advecting air within the @nd; have pre-
processors (er the input of emissions; treat
gas-phase photochemistry in moderate de-
fail; and slmuliate cloud chemistry and
physics, including gas and particle scav-
enging, and wet and dry deposition. The
complex formulation and internal interaction
characterizing these models challenge our
ability to interpret why they respend as
they do. Nonetheless, recent exercises in

which EPRI has been participating-—exer-
cises that invalve several cycles of evalu-
ation, diagnosis, and improvement—are
paying off n increased insight nto the mod-
els' responses and in better definitien of the
accuracy of therr predictions, With this in-
formation, we can address the gquestions of
what are appropriate medeling applications
and how much confidence can be placed
in the answers,

When EPRI staft began promoting the
CAMRAQ concept, they found a very re-
ceplive environment. Ar quality planners
and regulators were eager to have more re-
liable, practical, and convenient modeling
tools than were available to them, And bus-
get-conscious agency managers were lonk-
ing for opportunities to stretch their dollars
through jointly funded ventures.,

The CAMRAQ planning workshops were
held in November 1990 and March 1991,
Joining EPRI as sponsors were the Amer-
ican Petroleum Institute, the Detense
Nuclear Agency. DOE, EPA. the National
Qceanic and Atmospheric Administration,
and the Canadian agencies AES and OME,
The first workshop assembled atmospheric
scientists, research managers, ar guality
regulators, and regional modelers, lIts ob-
jectives were fo intrcduce the concept of a
CMS to the community at large; lo describe
the sponsors’ missions and their modeling
applications and expectations; and to set
priorities for atmospheric research accord-
ing to s value o CMS development and
evaluation.
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The second workshop brought the re-
search managers and modelers from the
first workshop together with computer sci-
entists in order to stimulate interdisciplinary
cross-fertilization. It was based on two
premises: that to make a CMS a practical re-
ality, modelers must be aware of and apply
the latest in computer technology, soft and
hard; and that they must make their needs
known to the computer science community
so that the latter's efforts can be targeted
loward meeting those needs.

After each workshop. the sponsors and
other interested individuals met 1o lay the
foundation for CAMRAQ

Objectives

The consortium’s objectives are to develop,
evaluate the performance of ard apply
comprehensive modeling systems for the
analysis of air quality issues on regional
and smaller scales. The modeling systems,
which will be used for assessing emissions
management options, should be
0 Suitable and acceptabte for regulatory
applications
B Accessitie to all participating organiza-
tions
o Able to simulate key atmosphenc and air-
surface exchange processes influencing
the issues under study so that optimal so-
lutions to multiple, interactive problems can,
in principle, be found
o Modular in order to promote ready un-
derstanging of mosiel structure and facilitate
the upgrading of process representations
and other programmed components
o Readable and self-documenting
2 Menu-dnven to enable use by nonexperts
& Capable of being exercised in distrib-
uted, heterogeneous computing environ-
ments, wherein any reasonable number of
advanced computers can work on the prob-
lem simultaneously, efficiently, and speedily
o Able to access on-line data sets neces-
sary for mosiel input and evaiuation
o Able to display output data in graphic, ge-
ographic, and other symbolic forms to fa-
cilitate the nterpretation and communica-
tion of resuits

CAMRAQ's subsidiary objectives are to
coordinate research and collaborate on proj-
ects in order to leverage investments and
avoid wasleful redundancies: to contribute
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Table 1
COLLABORATIVE FIELD MEASUREMENT AND MODELING STUDIES

Study Dates
SOS (Southern Oxidants Study), 1990-
SORP {Seulhern Ozone Research 1996
Program). SERON {Southeastern
Regional Oxidant Network)
EMEFS (Eulenian Model Evaluation 1988~
and Field Study) 1893
SJIVAQS/AUSPEX (San Joaguin 1988~
Valley Ar Qualily Sludy/Atmosphenc 1993
Utility Signatures: Predictions and
Expenments) SARMAP (SIVAQS/
AUSPEX Regional Mede! Adaptation
Project)
EUROTRAC/EUMAC (European 1987~
Experiment on Transport and 1995
Transformation ot Environmenitatly
Relevant Trace Constituents in the
Tropasphere Qver EuropelEuropean
Modeling of Atmosptieric Constilusnts)
Denver Arr Quatity Studies/Brown 1987
Cloud |l 1993
SCAQS (Soulhern Callorma Air 1985-
Qualty Study) 1987
SCENES (Subregional Cooperalive 1984~
Electnc Power, Natienal Park Service. 1990

Environmental Prolecuon Agency.
and Depariment of Defense Stuely)

"‘Maoairy and data analysts caniinuing

{$ millions)

Estimated

Cost
Major Sponsors

60 Duke Power, EFA, EPRI, Southern
Elecinical System, Tennessee Vailey
Aulhorily

a7 Atmospheric Environment Service of
Environment Canada, EPA, EPR}
Florida Electnc Power Ceoordinaling
Group  Ontarnio Ministry of the
Environment

20 Caitornia Air Resources Beard (ARB),
Chevron, EPA, EPRI, Pacilic Gas and
Electric, San Joaquin Valley cities and
counties, Western Stales Petroleum

Assocralion
13 European govetnrnenls
8 State of Celorado, Denver Chamber of

Commerce. EPA, EPR!. Motor Vehicle
Manufacturers Association (MVMAY},
Pubtic Service Company of Colorade

14 ARB. ARCO. Coordinating Research
Council, EPA, EPRI. Ford, General
Motors Research {aboratory. MVMA,
South Coast A Quality Management
Dislrict. Southern Catiforma Edisen
(SCE)

13 Department of Detense, EPA, EPRI,
National Fark Service, Salt River
Froject, SCE

to the advancement of knowledge in the at-
mospheric sciences and encourage appli-
cation of the results, and to access, adapt,
and adopt advances in the mathematical
and computer sciences that will contribute
to achieving the overall CAMRAQ objeclive.

Many of the participating agencies have
substantial research on global issues under
way as part of the massive, international ef-
fort to elucidate the causes and conse-
quences of climate change. There is no in-
tention to duplicate this effort; rather CAM-
RAQ aims to complement it and to focus on
regional and smaller-scale applications of
air quality models, including those dealing
with climate change impacts.

The government and nongovernment or-

ganizations nvolved with ar guality use a
variety of models n fulfiling therr missions
Unfortunately, these air quality models have
very different genealogies and often target
localized 1ssues, They have diiferent levels
of explicitness and embody a wide diversity
of underlying assumptions. Thus, when dif-
ferent models are applied {0 the same is-
sue, the resuits often vary. Moreover, single-
or limited-issue medels may perform very
poorly if applied to other 1ssues.

Models typically have evolved over many
years, have been designed and pro-
grammed by individuals having a wide
range of skils and following no standard-
ized methods, have not been adeguately
evaluated or compared. are not well docu-



mented, andl are not computationally effi-
clent. The approach CAMRAQ has aslopted
is designed to remedy these shoricomings.

The result should be CMSs that are con-
structed from a hierarchy of user-selectable
models, At the top will be the most com-
plete and explicit schemes pessible for esti-
mating emissions, representing tropospher-
ic processes, and estimating initial and
soundary conditions. Lower in the hierarchy,
process representations will be less explicit
(i.e., more highly parameterized). When field
ctata are not available for model input. users
will be able to select pretabutated data sets
establishing conditions judeed to be typical
for the modeling domain. Consistent under-
lying assumptions will be maintaned
throughout the hierarchy to make the vari-
eus CMS configuratiens as cemparable as
possible. The performance of each selec-
table centiguration will be evaluated through
sensitivity analyses and against field data
sets of defined uncertainty 1o determine the
{level of confidence that can be placed in
the individual simulations produced. Thus,
as envisioned by CAMRAQ, a CMS can be
used for anything from rapid screening ex-
ercises for narrowing choices among widely
divergent solutions to full-blown, research-
guality, multi-issue assessments.

Organization

CAMRAQ is organized very simply. Partici-
paling agencies (see the accompanying
list) are symbolically bound by a memo-
randum of understanding that articulates
shared goals and a willingness to cooper-
ate in achieving those goals. Guidance is
provided by a committee with one person
from each organization eesiring represen-
tation, It elects a chairperson annually; the
current chair is from EPRI. The cemmittee
meets three or four times a year to discuss
research coordination, share information, re-
view and appreve collaberative projects,
and consider and recommend rew initia-
tives. Ad hoc sumcemmittees are formed to
address selected programmatic issues as
they arise. Committee members use the
electronic network Internet for the exchange
of news, text, data, and models.

EPRI censlucts feasibility studies on pro-
posed activities, serves as a clearinghouse
for coordinating the administration of col-

CAMRAQ MEMBERS

U.S. Federal

Defense Nuclear Agency
Depariment of Energy
Environmental Protection Agency

Nationtal Aeronautics and Space
Administration

National Oceanic and Atmospheric
Administration (NOAA), Aeronomy
Laboratory

NOAA Atmospheric Besearch
Labaratory

NOAA Natienal Metecrological Center
National Park Sefrvice
National Research Ceuncil

U.S. Army Atmossheric Sciences
Laboratory

State and Local

California Air Resources Board

Northeast States for Coordinated Air
Use Management

South Coast Air Quality Management
District

Industry

American Petrolaum Institute
Chevron Research Corporation
Electric Power Research Institute
Pacific Gas and Electric Company
Southern California Edison Company

International

Enviconment Canada, Aimospheric
Environmeni Service

EUROCTRAC/EUMAC

Ontario Ministry of the Environment

laboratively funded activities, produces a
newsletter, provides liaison between con-
sortium participants, and erganizes work-
shops. It also sponsors a contractor to help
administer CAMRAQ.

®nly nitial steps have been taken to co-
ordinate the research of the individual CAM-
RAQ agencies, Descriptions of the agen-
cies' relevant research have been compiled
and distributed 1o steering committee mem-
bers for review. The next step will be to for-
mulate a set of recemmendations for redi-
recting elements of the individual programs
to mount a more efficient and economical
effert,

Collaborative activities

CAMRAQ continues a general trend toward
coliameratively funded research in the face
of complex air quality issues and budget
constraints. Table 1 is a representative list
of recent collaborative projects for which
subsets of CAMRA® participants are key
funders and planners. The results of these
and other studies will be available to further
the consortium'’s objectives as well as those
of the individual study sponsors.

A competition ameng teams te design a
CMS framework based on articulated user
needs and cutting-edge computer and net-
work capabilities (including the recommen-
dations from the earlier workshops) is a
hoped-for next step. This framewerk is ex-
pected to incorporate emerging CAMRAQ
products into the evolving CMS.

Plans for collaborative projects inclusle
O Ectallishment of a generally accessible
distributed data archive to support model
development, evaluation, ang application
0 Recoding of today's advanced modeling
systerns for execution in a gdistributed com-
puting environment that has at least ene
massively paralle! computer
o Progduction of a workbock on troposmheric
chemistry that presents critically evaluated
kinetic, thermodynamic, anel mechanistic
data
2 Review, critique, and performance com-
parison of mesoscale meteorelogical mod-
els
o Assessment of needs and prevision of a
means (er ensuring that future generations
of coupled metecrological and air suality
models are fully compatible, computation-
ally efficient, and interactive
o Establishment of a generally accessible
distributed, heterogeneous computing envi-
ronment and standardized user interface for
exercising the evolving CMSs and interpret-
ing their output

fn addition to the CMS lramewcrk design
competition, other early collaborative efferts
will focus en advancing computational and
data-handling capabilities for building an in-
frastructure to facilitate model access and
use These technoclogical aspects are con-
sidered a high priority. Within the next two
years, a distributed data archive should be
cdesigned and functienal; the recoding of an
advanced modeling system for running in a
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distrbuted computing environment should
be completed, and a protolype user inter-
face for selecting input data, selecting
model configurations, running the models,
and creating visual displays combining
model output with other data should be
ready lor testing.

Improving the scientific understanding of

troposphernic chemistry and physics will be
2 continuing effert, and no specific time
lines for scientific deliverables have been
developed. Many of the participating agen-
cies aiready have under way strong efforts
on the scientific underpinnings of modeling
systems. To facilitate progress, many as-
pects of atmospheric research will be coor-

dinated between agencies, and all partici-
pants will be encouraged to collaborate

It 1s expected that advanced compre-
hensive modeling systems with user-fnendly
interfaces will be available by the end of the
decade. In the meantime, interim versions
will be evaluated and made avalable for
specific applications.

Compressed-Air Energy Storage

CAES Geoloyy

by Ben Mehta, Generation & Storage Division

he country's first compressed-arr en-
T ergy slorage (CAES) plant was started
up by Alabama Electric Cocperalive (AEC)
on May 31, 1991, The solution-mined cav-
ern for this plant, which is located in Mcin-
tosh, Alamama, hae been expected to in-
volve considerable construction risk. How-
ever, AEC's experience has shown that cav-
ern consiruction risk can be successiully
minimized by performing standard geotech-
nical investigations and by using vendors
with previous experience in gas storage In
fact, the Mcintosh cavern proved to be the
least risky, most reliable part of the plant.
In the wake of AEC's success, several
other utilities are considering the construc-
tion of CAES plants in ther service areas and
hence are interested in geologic mvestiga-
tions of prospective sites. It now appears
that If the complexities and heterogeneites
of the subsurface geologic formations are
properly understood, siting is not a critical-
path activity for CAES development.

Mcintosh cavern development

AEC first considered the availability of suit-
able CAES sites in its service area, which in-
cludes much of southern Alabama and the
Flonda panhandle. On the basis of site-spe-
citic geotechnical information and favorable
logistics, the utility selected the Mclintosh
sat dome site. located in Washington
County, Alabama, about 40 miles north of
Mohils.

With EPRI cosponsorship  (RP2615-6),
AEC drifled two test wells at the proposed
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plant site in 1987 to selecl the specific lo-
cation for the cavern, The first well was
drilled near the site’s southwestern bound-
ary to define the shape and edge of the salt
dome formation, as well as to determine the
chemical and structural properties of the
salt and the characteristics of its caprock,
This well proved to be very close to the salt
dome boundary. Also. analysis of salt core
samples from this well revealed the
presence of carnallite, a potassium salt
{KCl*M@Cl,+6H.0) that s 2030 times more
water-soluble than normal rock sall. Seams
of carnallite could cause solution-mining ir-
regularities in the cavern shape, resulting in
an unstable cavern,

The second test well was drilled near the
center of the salt dome, and salt core analy-

sis did nol revea! the presence of carnallite.
The cavern well was subsequently drilled at
Ihis tocation. During solution-mining, the
brine from the process was carefully mori-
tored for carnallite impurities, The second
test well was completed to provide addi-
tional access to the cavern and was later
used in an innovative dewatering scheme
(described below),

The Mcintosh cavern has aboul 19 mi-
lien cubic feet of usable volume. The origi-
nal design called for a volume of 15 million
cublc feet, assuming isothermal cavern
conditiens during the compression and ex-
pansion cycles. For the Mcintosh plant
design parameters, however, the potential
ificfease in cavern ar temperature during
a possible 41-hour continuous compres-
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sion mede was calculated to be 35°F
{RP2894-5), Such a temperature change re-
quires a larger cavern volume—as much as
30% larger than in the isothermal case. (The
calculations are sensitive to initial condi-
lions. the assumed heat transfer coefficient,
cavern wall salt temperatures, air pressure
changes. and salt thermal conductivity.)
Since 1t is relatively inexpensive to mine ex-
tra volume once a selution-mining plant is
in place. AEC elected to revise the design
volume from 15 to 19 million cubic feet.
{Ptant performance tests conducted in Au-
gust 1992, which involved 26 hours of con-
tinuous generation followed by 41 hours of
compression, demonstrated that the cavern
volume is sufficient to operate the plant ac-
cording to specifications.)

The original project schedule defined
cavern solutionmining. dewatenng, and ini-
tial pressurzation as critical-path elements.
As solution-mining progressed, several fac-
tors contributed to extending the cavem
completion schedute. To compensate for
this delay. the dewatering and cavern pres
surization scheme was modified. The origi-
nal schedule caled for complete dewater-
ing ofthe cavern through the main CAES well
before the permanent CAES wellhead was
installed and the cavern was pressurized by
portable compressors The schedule al-
lowed for about 190 days from the start of
dewatering to the attainment of adequate
cavern air pressure for turbemachinery
testing.

The modified dewatering method, devel-

oped by EPRI, entailed simultaneous dewa-
tering from the test well and air pressuriza-
tion through the main well. This approach
saved about 130 days on the plant con-
struction schedule. if the test well had not
been avalable for dewatering, AEC could
have met the commercial operation date
only by settling for a smaller storage vo!-
ume. AEC estimated that this innovative de-
watering scheme saved as much as $9 mil:
lion in avoided costs.

CAES siting

The importance of extensive preconstruc-
tlon geotechnical site evaluation cannot be
overemphasized. As the histories of many
underground construction projects have
shown, most cost overruns and schedule
delays result from the belated discovery of
adverse geologic features or a failure to
recognize therr significance. Hence. in con-
sidering CAES, an important first step for a
utility 1s to determine if appropriate geology
exists in its service area. The geology must
meet both physical and economic criteria to
be suitable for CAES. Geologic formations
oftering potential sites—including porous
rock, hard rock, salt domes, and depleted
gas reservoirs—are available in roughly
three-fourths of the United States (Figure 1).

In many respects, the storage of com-
pressed air is similar to the underground
storage of natural gas. The natural gas in-
dustry has 75 years of storage experience
that provides a wealth of siting and operat-
ing know-how That industry's excellent

Figure 1 Geologic formations poten-
tialy suitable for compressed-air en-
ergy storage are found in three-fourths
of the country. EPRI is working with sev-
eral member utilities to select sites for
future CAES plants.

Salt
D Hard rock
D Porous rock

! Salt, hard rock. ang porous rock

D Hard rock and porous rock

record has demonstrated that storage facil-
ities can be costeffective, reliable, safe,
and environmentally acceptable. Many of
the gas storage facilities, which are located
near gas demand centers and along the
gas pipeline network, were built in depleted
gas fields, porous rock, and salt caverns.
Gas storage and air storage do differ in that
gas is stored for seasonal cycles whereas
CAES plants involve daily or weekly cycles,
Also. there are differences in the physical
and chemical properties of air and gas that
must be accounted for in designing air stor-
age reservoirs.

Today, CAES plants are usually designed
to use natural gas as the primary fuel and
oil as the secondary fuel. For reliable oper-
ation, it is important to have an uninterrupt-
ible source of highpressure gas at a CAES
plant. The similarities in the geologic re-
quirements and construction methods for
gas and air storage facilities may make i
convenient to develop gas storage adjacent
to a CAES plant soon after completion of the
CAES cavern, For example, a gas storage
cavern is being constructed adjacent to the
AEC Mcintosh site in the same salt dome.
The reliability and cost savings afforded by
nearby high-pressure gas fuel storage are
attractive features. Since the dereguiation of
the natural gas industry, utilities have in-
creasingly recognized the value of storing
gas fuel for power production in order to
take advantage of fower-price gas contracts
and ensure reliable gas supply during peri
ods of high demand.
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The selection and evaluation of preferred
sites require engineering analysis 10 maich
CAES turbomachinery to the subsurface
conditions. The turbomachinery train must
be designed to accommodate the range of
underground air storage pressures and
temperalures experienced during plant op-
eraticn, The aboveground machinery must
also be designed with respect to environ-
mental constraints and specitic utility re-
guirements, such as the CAES plant opera-
tion cycle and certain economic variables
(cost of fuel and incrementat off-peak elec-
trcity). Capital and operating costs for the
machinery, the balance of plant, and under-
ground storage determine the commercial
attractiveness of CAES plants.

Many utilities have compleled CAES ge-
ology screening ard economic system
planning analyses with positive results, EPRI
plans to assist a number of utilities n build-
Ing CAES plants. In the near term, the em-
phasis will be on nonsait geclogic forma-
lions: porous rock, hard rock, depleted gas
fields, and existing mines and caverns, EPRI
15 Now cosponsoring site exploration, iden-
fification and evaluation tasks with several
of ts member utifities (Table 1).

The feasibility of air storage in porous rock
was established by successful field testing
n a deep saline aquifter at Pittsfield, lllinois
(EPRI reports GS-6671 ane GS-6688). This
experiment involved the injection, with-
drawal, and storage of compressed air n
daily and weekly cycles. The arflow deliv-
ery and storage pressure responses ab-
served dunng the field testing were pre-
dictable on the basis of engineering princi-
ples and practices used n the natural gas
storage ndustry.

The only unexpected finding at Pittsfield
was that the stored air showed oxygen de-
pletion—from a nominal level of 22% (by
volume) to less than 10%—during a 12-
month geriod of inactvity alter completion
of the aircycling tests. A geochemical re-
action with iron pyrites in the porous rock
was identified as the cause of this phe-
nomencn, which occurred only durng the
extended dormant period. Air withdrawn
during the active cycling period did not
show any loss of oxygen. The topic of oxy-
gen depletion has been studied under
RPB0®0-9 and is discussed In detail In V. S.
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Utility

Alabama Electric Cooperative

Caralina Power & Light

Cenlerior Energy Corp

Duke Power

Florida Power Corp

Inchanapolis Power & Light

New York Stale Energy
Research & Developmenl

Table 1

Geology Type

Sall dome

Rock caverns and
POrous rack

Existing sall caverns

Rock caverns

Rock caverns and
porous fock

Porous rock and
existing caverns

Salt, hard rock, porous
rock. and exisling

CAES GEOLOGY APPLICATION PROJECTS

Status

First U.S CAES piant (19-million-ft*
cavern) operalional snce May 31, 1981

Many sites identitied

Cavern data acguired and conversion
options evaluated

Many siles identitied

Polential sites identified and evaluated

Many sites 1dentified

Sile evaluation In progress

Authonty, Niagara Mohawk cavemns

New York State Etectric & Gas

New York Power Authority

Pacific Gas and Elecinc Depleted gas
reservoir

Public Service Electnc & Gas

Southern Company Services

Tennessee Valley Authorty

Urien Electric

Western Area Power Authorily

Porous rock ane
abandoned mines

Sall caveins

Depteted gas resetvorr

Porous rock and
abandoned mines

Salt, harg rock. porous
rock, and mmnes

Esploratory drillng. conng. and core
testing completed

Porous rock site evaluation in progress
Delatied cast model of a sail-based
CAES plant being developed

Preferted reservor site «dentilied
expleratory arlhng in late 1992

Many sites dentlied

Site evaluation in progress

Welch, M. W. Dann, and B. Mehta, "Pre-
dicting Oxygen Depletion in Reservoir Envi-
ronments,” a paper presenied at the 65th
annual technical conference of the Soci-
ety of Petroleum Engineers, held n New
Orleans in September 1990 (SPE 20721,
pp. 85-96).

EPR! has developed a methcdology to
identify, screen, and rank potential CAES
sites. Studies with member utilities using this
methodology have evaluated various gec-
logic formations, including poraus and hard
rock, existing mines, and depleted gas
fields, The evaluation process uses the Ge-
clogic Information System (GIS) for the dig-
ital mapping of pertinent geologic data and
also considers such logistical information as
the location of power plants and electricity
and gas transmission routes, Candidate
sites are ranked on the basis of cost and
performance comparisens.

These steps must be undertaken for each
potential site:
D Matching available equipment to geo-
fogic conditions (the pressure and temper-
ature ranges of the stored air may limit or
dictate the choice of turbomachinery)
2 Determining the reservoirs viability, the
adequacy of reservor volume for meeting
energy storage regurements, and the po-
tential for future expansion
g Estimating site-specitic capital and oper-
ating costs on the basis of overall plant de-
sign and host utility requirements

When sufficient geologic information is
available, an EPRI-developed computer pro-
gram that integrates above- and below-
ground design parameters can be used (0
establish a conceptual configuration of the
overall plant. On the basis of both the geo-
logic data and economic input, the program
computes the folowing infermation:



o Major underground storage parameters,
including optimal depth, maximum and min-
imum operating pressures, tetal volume re-
quirements, andl, for porous rock formations,
the number and configuration of weils
o The maximum power and energy that can
be generated and stored in the geology
o QOverall plant performance characteris-
lics, such as heat rate and energy ratio
o Differences in capital and operating costs
for the various types of formations, taking
info account aboveground eauipment, en-
gineering and construction, and under-
ground storage development

EPRI's geologic R&D and application proj-

ects have provided some useful insights
into potential CAES sites. They have found
that existing and abandoned mines may of-
ter attractive options for conversion to air
storage service, as may depleted natural
gas storage reservoirs. Also, salt caverns
used for brine preduction or for liguid hy-
drocareon storage may be considered for
ar storage.

Other recent and ongoing CAES geotech-
nical research involves the study of geo-
chemical oxidation of porous rock core sam-
ples. subsidence monitering at Mcintosh,
porous media site investigations with sev-
eral utilities, the study of unlined rock stor-

age caverns in Norway, and cogperation
with Israel and Japan n their CAES plant
construction activities. Many geoctechnical
papers were presented at the Second In-
ternational CAES Conference, sponsored by
EPRI in San Francisco last July (preceedings
farthceming). EPRI alsc helas CAES geoclegy
worksheps annually.

EPRI has become a leading resource on
the use of geologic media for compressed-
air energy storage. Member utilities are en-
couraged to contact EPRI staft for belp in
evaluating the applicability of CAES to their
systems and the suitability of their local ge-
ology for CAES development.

Power System Operations

C2ALM: Control Center Advisor for Load Management

by Rambabu Adapa, Electrical Systems Division

ln today’s compefitive environment, many
utilities are helping customers manage
their energy needs to make the most effi-
cient use of both customer and utility re-
sources. Demand-side management (DSM)
can help utilities improve 1oad shape and
defer the need for new generating capac-
ity, thereby minimizing electricity costs, New
research indicates that for similar reasons
DSM can alse have a significant impact on
transmission and distribution systems,

To help utilities realize the benefits of DSM,
£PRI's Customer Systems Division has been
providing methods and information for as-
sessing energy markets and for designing,
mplementing, and evaluating DSM pro-
grams, It has developed various software
packages, guidelines, and other tools to
achieve these goals

As a result of these and other efforts, util-
ities are implementing a wide variety of DSM
programs. One impettant group of these
programs addresses load management,
Load management aims at meeting the loadl
shape objectives of peak clipping, valley fill-
ing, and load shifting. Peak clioping—the
reduction of system peak loads—can be
implemented through interruptible rate pro-
wrams (also called interruptible load pro-

grams, curtailable rate er load programs, or
direct load control programs), Under these
utility rate offerings, customers who agree
to accept interruption of their power are
billed at lower rates. Utility-customer con-
tracts typically stipulate the ameunt of
power to be interrupted, the time of day of
petential interruption, and the maximum
number of interruptions.

The increasing use of these contracts and
their increasing complexily make a power

system dispatcher's job more difficult. When
the dispatcher anticipates insufficient re-
serve capacity, the interruptible loads of
customers enrolled n these rate programs
can be curtalled to help remedy the prob-
lem. But choosing which customers' loads
to interrupt is a difficult task: reserve re-
quirements must be met at the lowest cost
without violating contract conditions. The
manual dispatching technigues currently
employes do not address the diversity of

ABSTRACT Uutilities are increasingly turning to interruptible rate pro-

grams, a form of demand-side management, to defer generation, transmis-

sion, and distribution capacity additions. As the number of customers partici-

pating in these programs grows and as utility-customer contracts become more

complex, power system dispatchers face difficult choices in deciding how to

make the best use of the programs. EPR} has developed a prototype expert

system that is helping dispatchers at New England Electric System plan load

interruptions to realize maximum benefits. A production-grade version of the

system, now being developed, will extend this capability to other utilities.
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options available or the need to coordinate
their use.

Under RP2944-5, EPRI has developed a
prototype expert system to help dispatch-
ers optimize control center strateges for
managing interruptible loads. This system
forecasts the need for interruption, identifies
and ranks customers whose power can be
interrupted, and suggests appropriate ac-
tions, The Power System Planning and Op-
erations Program of EPRI's Electrical Sys-
tems Division s managing this project,
in cooperation with the Customer Systems
Division's Demand-Side Management Pro-
gram,

Desktop expert

Called the Contrel Center Advisor for Load
Management (CYALM), the new knowledge
based tool will provide benefits to utilities
through Increased efficiency in the use of
interruptible rate programs, These benefits
include avoided costs (1.e., margina-cost
savings resulting from reductions in peak
load), reductions in lost sales, and in-
creased productivity (i.e. savings In the
time and resources required to make deci-
sions in the control center).

The C*ALM pretotype is a desktop work-
station that is supporting system dispatch-
ers at the project's host utility, New England
Electric System (NEES). The prototype auto-
mates the collection and management of
the contract. customer. and system data
necessary for developing nterruptibie load
dispatch strategies. It contains a knowledge
base to help dispatchers understand and
integrate these data, And equally important,
the prototype Is packaged with a graphic
user interface that allows dispatchers to in-
teract with the advisor. display dispatch so-
lutions, and view the impact of decisions on
system load

The C*ALM prototype analyzes various in-
put data, including actual hourly loads, a
three-day load forecast, plant availability
schedules, and the contract terms, Using
its builltin dispatching and contract exper
tise, it makes recommendations to the dis-
patcher.

Dispatchers must first decide whether in-
terruptible load options will be needed to
meet the expected system load. Making this
decision entails forecasting near-term ioad,
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determining available system capacity, and
displaying and evaluating system status.

When a NEES dispatcher decides to re-
duce load. the C?°ALM prototype uses the e x-
pert system to produce a dispatch solution.
This solution is a set of interruptible rate pro-
gram customers and the times at which
each interruption should begin and end.
This process comprises several steps First,
eligible customers are identified on the ba-
sis of the terms of therr contracts and therr
interruption histories. Then this list of cus-
tomers 1s ranked on the basis of such fac-
tors as future availabiity for interruption and
the cost of interruption. Finally C°ALM cal-
culates the impact of these customers on
system load.

To perform this analysis, C°ALM uses a
knowledge base that stores the expertise of
dispatchers and contract managers. 1t aiso
manages a relational database to maintain
up-to-date contract terms and interrupted-
load history. Each day, before dispatching
operations are conducted, the expert sys-
tem determines customer eligibility and pri-
ority. Then, when the NEES dispatcher sets
a load reduction goal, C*AlM calculates a
dispatching solution. To handie the many
combinations of customers and start times,
C2ALM uses a heuristic approach that pur
sues parailel solutions and, like a human
dispatcher. scores them to eliminate unpro-
ductive choices. CALM then presents the
soiution that meets the reduction goal and
best meets utility objectives.

The NEES system dispatcher can accept
the solution, modify it or rerun it with differ-
ent customers. The dispatcher makes the fi-
nal decision about whose power to interrupt

Prototype applications

The C*ALM prototype is a ptanning tool In
that it helps dispatchers plan, hours or days
in advance. the best use of available inter-
ruptible load. Since most utilities experience
their peak system load in the afternoon or
early evening, a dispatcher would typically
run C°ALM in the early morning. This ailows
sufficient time to examine options, fine-tune
projections, and actually interrupt customer
loads if that is deemed appropriate.
C®ALM 1s also useful for planning a few
days in advance For example. If a three
day heatwave is expected 1@ push loads to

high levels, the dispatcher might want to in-
terrupt a substantial portion of customers’
loads each day But contract terms might
prohibit interruption on consecutive days.
C?ALM considers these terms when ranking
customers for interruption.

The prototype accommodates any type of
mnterruptible rate program. Some programs
target residential customers and small com-
mercial and industrial customers, while oth-
ers are aimed at larger commercial and in-
dustrial customers, In some programs the
utility has actual control over the customer
loads, while in others the customer must ac-
tually flip the switch Some programs call for
the interruption of a particular end use, while
others involve the interruption of a portion of
load, regardless of end use. C°ALM ac-
counts for al such variations in contract
terms.

NEES dispatchiers also can use the C‘ALM
prototype to examine, after the fact com-
pliance with the interruptible rate program.
For example, at the end of the day. the sys-
tem indicates how many customers were
contacted for interruption and which ones
complied and which did not; ¢ also indi-
cates the load impact of each interruption.
This information can help NEES dispatch
ers decide which customers to interrupt In
the future.

Commercial version

The successful performance of the C"ALM
prototype at NEES has demonstrated that
applying expert system technology to the
management of interruptible loads is feasi-
ble. However, the prototype is not sufi-
ciently generic for widespread utility use
The next step, now under way, is o create
a commerciakgrade product that any utility
can use to manage interruptible loads and
to rank interruption options on the basis of
cost as well as capacity limits.

This next-generation expert system will
be implemented in an open-systems envi-
ronment to minimize implementation cost.
industry standard products will be used
whenever possible. For example, a 486-
based personal computer and the Microsoft
Windows interface will be used, since utili-
ties can easity obtain and maintain this hard-
ware and software. NEXPERT/QBJECT, a
Neuron Data, Inc., product that is portable



and interfaces with relational databases, will
serve as the expert system shell. Libraries
of modules with well-defined external inter-
faces accessible te users will be created.
Finally, to integrate CALM into existing net-
works, it will be designed according to UCA

(Utility Communications Architecture) and
DAIS (Database Access Integration Ser-
vices) standards.

The Analytical Sciences Corporation, or
TASC—the EPR| contractor that developed
the C?ALM prototype with the cooperation of

NEES—has begun work on the production-
grade version, It is expected to be availabie
to utilities next year. This generai-purpose
workstation will be capable of handling a
broad range of interruptible load options
and dispatching criteria.

Nondestriictive Evaluation

Ultrasonic Pipe Simulator

by Soung-Nan Liu, Nuctear Power Division

he utitity industry’s concern about the

reliability of nuclear power plant com-
penent inspection is reflected in Appen-
dixes VIl and Vit to Section X of the Amer-
ican Society of Mechanical Engineers Boiler
and Pressure Vessel Code. These recently
approved appendixes require that ultra-
sonic testing (UT) inspectors demonstrate
their inspection capability to a peer group
that includles Nuclear Regulatory Commis-
sion, utility, and third-party reviewers. The
demonstration must He conducted on sam-
ples representative of the components a
candidate is scheduled to inspect in & nu-
clear power plant.

Performance siemonstration is mandated
for the entre populatien of UT inspectors
who hope 10 work in nuclear plants. This re-
quirement creates two logistical problems:
ensuring access to samples so that candi-
dates can prepare for demonstration, and
ensunng sample security.

Valid certification of UT personnel requires
preservation of the anonymity of samples to
ensure that inspectors "learn” the sample
set through experience rather than through
secondhand information. Otherwise, the
samples may be randered useless for ex-
amination purposes, At the same time, ac-
cess to samples is important to perfor-
mance demonstration candidates. Practic-
ing and refining their procedures en sam-
ples will help them improve their chances
of achieving a certifiable demonstration.

The pertormance demenstration require-
ment returns inspectors to precertification
status. Expenenced and novice inspectors
alike will need to be trained for performance

demonstration. Although the intent of Ap-
pendix VIl is to increase confidence in UT
inspection, t may also decrease the num-
ber of qualified inspectors. thus raising the
cost of retaining those who are sualified.
Predemonstration f{raining, with access to
samples, will be essential to preserving the
already limited pool of inspectors.

A cost-effective solution

EPRI has sponsared the development of an
dltrasonic pipe simulator (UPS) that offers a
cost-effective approach to ensuring both
sample access and sample security. The
UPS is a personal computer—based vehicle
for multiplying existing samples into a por-
table and virtually inexhaustible database
of sampies for use by UT inspectors. More-
over, the way in which the UPS implements
the database guarantees security.

Sierra Matrix, Inc., seveloped the UPS for
EPR! under RP3148-1. In cooperation with
the EPRI Nondestructive Evaluation Center,
Sierra Matrix recorded ultrasonic inspection
data in a format compatible with the special
computer hardware necessary for real-time
playback et the data. The UPS is configured
to drive a variety of ultrasaonic field nstru-
ments, ailowing users to customize ifs ap-
plication 1o their specitic needs, Users can
also proceed at a pace that best suits their
learning style.

The UPS has two modes: data acquisition
and inspection training. Ultrasenic data must
be recorded and stored in a way that facil-
itates faithful real-time playback. In the data
acquisition mode, the UPS can accommo-
sate existing databases or can be used fo
acquire new data, Manual and automated
data acguisition options are avallable.

ABSTRACT AsME Section X!, Appendix Vill, requires ultrasonic inspec-

tors to demonstrate their inspection capability on samples of power plant com-

ponents that contain both critical and noncritical defects. However, the avail-

ability of such samples is limited because sample construction is very expen-

sive and access to components removed from plants is restricted. EFPA! has

developed an uftrasonic pipe simulfator that enables inspectors to play back

prerecorded ultrasonic data gathered from a representative pool of well-char-

acterized samples. Inspectors can use their own uftrasonic testing instruments

for the playback, which adds another degree of realism to the simutation.
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Figure 1 The personal computer-based ultrasonic pipe simulator plays back prerecorded ultra-
sonic data on a slandard field instrument. lis realism, porlability, and sample-generaling capabil-
ity promise to make the UPS an efieclive, economical lool for training and lesting ulirasonic in-
spection personnel.

In the training mode, the UPS user is given
a test block about the size of a typical
mouse pad. On this block are etched the
salient features of the component being
simulated-—for example, a zero location for
calibration of pesition, the borders of welds,
and an outline of the scan area. As the
trainee scans the test block with an inoper
able transducer. the UPS. under computer
control. recalls stored waveforms and dis-
plays them on the trainee’'s UT instrument
(Figure 1).

Because the digitally stored waveforms
are passed through a digital-toanalog con-
verter before being input into the trainee's
instrument, they appear continuous on the
instrument screen. The display responds to
the transducer movements in real tme, and
the signal I1s interrupted when the trans-
ducer is not in contact with the test block.
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The UPS also simulates transducer skew
and electronic noise. Thus trainees experi-
ence the same “look" and "feel" they would
encounter in a field inspection,

IGSCC training

In its first application, the UPS will support
the training of UT inspectors in the detec-
tion and sizing of intergranular siress corro-
sion cracking (IGSCC) in piping. The UPS will
be configured to represent ultrasonic IGSCC
piping data obtained both from the EPRi NDE
Center IGSCC database and from 1GSCC
pipe samples available at the center These
samples are serviceremoved and are thor
oughly documented with respect to ultra-
sonic characteristics and physical (crack-
ing) condition. The NDE Center has used the
samples effectively for several years in its
IGSCC detection and sizing courses,

Unlike the physical samples at the NDE
Center, the digital sampies stored in the UPS
can be manipulated to simulate new spec-
imens. Database management technigues
can be used to create various combinations
of the digtal samples, much as many dif-
ferent mosaics can be created by rear-
ranging a set of tiles. Thus a very large pop-
ulation of samples is possible, Moreover, se
curity is easily achieved, since only the test
administrator need know the components of
a sample and how they are arranged. Also,
the sample supply is completely portable:
the test administrator can take the UPS to
any training site.

The UPS has been demonstrated for sev
eral EPRI member utilties, who have re
sponded enthusiastically about its imple
mentation as a Iraining aid. Limted appli
cations of the system to evaluate its useful-
ness for training have also had positive
results

To use the UPS, the administrator, trainer,
or trainee simply connects it to a UT instru-
ment. Before a training exercise, the user
can run the UPS options that allow the cre
ation of samples, as described above. Also,
the decisions a trainee makes during an ex-
ercise can be recorded to facilitate evalua
tion.

Benefits

The UPS can reduce the cost of training,
testing, and performance demonstration.
Because of the simulator's ability to gener-
ate multiple samples from the digital data,
fewer physical samples need be available
for training. The portability of the UPS saves
utilitles the expenses incurred when per-
sonnel must travel to a site where physical
samples are inventoried.

The UPS can also be used on a compo-
nent scheduled for destructive assay After
the assay. a postmortem analysis using the
UPS data can be performed to correlate the
ultrasonic responses with the components
physical aspects.



New
Contracts

Project

Customer Systems

Residential Ventiatien Technologies
(RP2417-22)

Developinen! ol the Residential End-Use
Technologies Desk Beok (RP2892-25)

Near-Term Figld Testting of the Low-Caost
Line-Vollage Thermostat (RP2892-26)

Elecincal Actwe Suspension Syslems:
Applicatisn o All-Electnc Vehicles
{RP2918-25)

UNIX-Based Loaa Daia Analysls
Workstation Toal {RP2380-20)

Heal Transfer From Spiral Ground Coils
(RP3024-20)

Market and Electricity Demand Analysis
ol High-Speed Rail arc Maglev
(RP3025-3)

Preliminary Study of Direci Elactrotylic
Steelmaking (RP3243-2)

Shack Wava Litholripsy for Caramic
Care Rermaval (RP3243-7)

DSM Evalialion: Northern Statas Power
and Madisan Gas & Electric (RP3269-7)

Butiding-Code Review With Respeact 1o
Electric Vehicle Disglay, Storage and
Servicing (RP3272-5)

Survey of Uity Eleciric Vehicle
Activilles (RP3272-6)

COOLAID Enhancements and Support
{RP3280-24)

Comimercial Dehumidification
Technology Transfer (RP3280-27}

Colid Ar Dituser Parformance
{HP3280-29)

ERicient Wilization of Eleciric Power far
the Impulse Drying of Paper (RP3328-3)

Paper Recycling Electrotechnology
Opportunities and (mpact on Electricity
Use {(RP3328-6)

Residential End-Use Technologies Desk
Boos: Lighting and Heme Autamatian
(RP3415-1}

Microwave Clathes Dryer Developmant
(RAP3417-1}

Customer Needs Research Enhancement
and Technical Support (RP4001-3)

Etectrical Systems

EMTP Worksiaton Developmant Unoer
MS Windows, UNIX Ompen Look. and
UNIX Molif Plaitorms (RP2149-13)

Error Reduction in State Estimation
Measurements and Modeling
Parameters (RP2473-57)

Value-of-Service Survey at Duke Pewer
(RP2878-3}

FACTS. Evaluation af Flexible AC
Transmission System Techneloges on
Lhe FP&L Systam (RP3022-18)

Static Condenser Performance
Evaliation (RP3023-4)

Funding/
Duration

369,900
8 months

$100,100
8 months
£81,000

§ months

$67,100
# months

858,000
8 months

$125,600
14 months

$75,000
9 monlhs

$80,000
12 monthg

$33.500
23 months

$142,500
35 months

$135,400
9 monihs

$20,500
5 months

$173,400
21 months

$150,700
21 munths

$180,700
23 months

399,008
12 months

$53,000
5 menths

$152,300
11 months

$483,200
12 months

$189,000
9 menths

$70,300
7 manths

$99,800
11 menibs

$258,000
14 months

$223,300
13 months

$158,700
22 morihs

Contractor/ EFRI
Propect Manager

Energy Intemational /
J Kesseiring

Aplech Engineering
Services/J Kesselning

Honeywell {J. Kesselring

San Jose State Universily !
B. Bananes

Quarium Corsulling /
P Meagher

Unversity ot Kentucky
Research Foundation/
P Joyner

Arganne Natienal
Laboratory /&, Radel

Massachuselts Instilule of
Technology ¢
P McDenough

University of Alabama/
P McOonough

ACG{Hagler, Bailly/
P Hurmme!

Navonal Canference of
States pn Building Codes
and Standards/J. Janasik

Theedore Barry &
Associales /. Janastk

Regional Economic
Research{ R Weandiand

Bevllacgua Kntght/
M. Khattar

Colorado State University /
A. Wenatand

Institute of Pgper Sciencea
& Technology /
A Amarnath

Simans-Easlern
Censullanis{A. Amamath

Energy (mernational/
J Kesselring

Thermo Energy Corp |
J. Kesselring

National Analysis/
T Henneberger

Powet Computing Co./
A Adapa

Industral Research &
Development Corp./
o Gralow

Freaman, Sulllvan & Co./
N Balu

Florida Power & Light
Co /R Adapa

Swedish Royal (nstituta of
Technology /S Nilsson

Project

Efiects of Swilching Transisnts an High-
Voitage Curtenl Transtormers (RP3320-1)

Quidoor Astng #f Polymenz Cable
Terminations (AP3358-1}

Installed Cable Testng. Fault Localon
and Performance Degradation
Estimalien (RP3382-1)

Canle-Puting Software Module.
CABLPUL+ {RP78134)

Trench Optimization Andlysls and Design
Program (RF7913-5)

Environment

Southern Oxidari Sludy (RP1630-61)

Elamental Speciation of Arseric i Fly
Ash al Uliratrace Levals Dy
Chromalography (RP2485-26)

Relatonship Between Arsemical-Induced
Genotoxicity and Chaollne Deficiency m
Syrian Golden Hamslers {RP2425-28)

Elmctrokingtic Removal of Coal Tar
Constituents {RP2873-21)

NO, Contmi Technical Support
(R®2916.28)

Electrostalic Pregipitator Tachnical
Support {(RP3605-3)

Monile Pilot Plant for Autociaved Celliiar
Concrele (RP3176-5)

Atmosphera-Surface Exchange of
Mercury in Forests and Lakes
(RP3218-2}

Surlace Waler Risk Managemeant
(RP3221-1}

Regwonal Climate Simulations lar Europe
{RP3287-12)

Risk Management for Norcombustion
Wastes (RP3368-1)

Molecular ang Genelic Toxicology of
Arsenic (RP3370-6)

Metak-Intduced Neeplaslic Progression in
Hurman Epithetiat Cehs (RP3370-8)

Priority-Seting Syslems tor Allacating
Resources for Mullsie lavestigatons
{RP3372-1)

Exploratory & Applied Research

Nanoparticle-Bispersion-Strangthened
Ceramics (RP2426-54)

Structure, Morphelogy. and Distribufion
of Reactive Elemants n Chromigm Oxide
Films (RF2426-56)

Development of Multidimensional Two-
Flud Model of Turbulant Boting Flow
{RPRO0DG-28)

Transporl Phenomena i Ligwd
Crystalline Polymers: Structure-Property
Relrlionship Study tor Maisture
Impermeability (RP8007-14)

Plasma Polymerization Technology for
Improved Extruded Oizlectric Cawles
{RPBOO7-17)

Fundirg /
Duration

$313,300
13 months

$221,000
34 ronths

$306,200
35 menths

$135,000
8 momths

$360.100
15 months

$7.6€10.000
66 months

$108,800
35 monlhs

$74,300
9 months

$105,400
17 monihs

$185,100
14 manths

$112.200
10 months

$400,000
10 monihs

$1,155,400
36 manths

$200,000
12 months

$54 600
12 rmenlhs

$100,000
12 months

$92 400
9 months

$60.400
6 months

$200,000
12 months

$158,000
44 monihs

$457.300
48 months

$65,100
22 monthg

$79,900
38 monlhs

$160.000
36 months

Corntractor /EPAY
Projsgt Manager

BBM Corp./S. Lindgren

Arizona State University /
8. Bernsten

Caoble Technalogy
Laboratones ! B. Bemsten

Power Computing Co. /
T. Rodtenbauigh

Power Computing Co {
T. Rodenbaugh

Universily Cerp. for
Alimosphietic Research/
A. Hansen

Unwersity of Cincinnati
L. Golgsten

Inlegrated Lavoralory
Systems/J Yager

Lehigh University
t Rdurarka

Decision Focus/
D ECswnaz

Systems Applications
Imernational { R Atfman

Nerth American Celular
Concrete Co./D Goiden

QOak Ridge Nationa!
Laboratory { D Porcetla

Dacision Focus/
AR Goldstemn

tniversita Degli Stud),
Aguila/C. Hakkannen

Decsion Focus {
A. Goladstein

University of Calitarnia,
San Francisca /A Wyzga

University of Calitormia,
San Franeisco/
L, Golasten

Uecision Focus/A Thratf

Letigh Uintversily £
W. Bakker

Oregon Graduate Center /
J. Stringer

Arlzona State Universidy /
P Kafra

Norlh Carolina State
Unriversily /8. Bernstamn

Urivarsity of Missaurl,
Celumbia (8. Bernstein
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Frofect

Exploratory & Applied Research {cont.)

Craractenzabon of Mechanical and
Thermal Properhes of Advanced
Cempesiie Pullrusion (RPRE07-20)

wisible-Light-Eimting Diodes Fapricaled
From Soluble Sermiconducting Polymers
{RPAO®T-21)

High-Temperature-Supercanductar Flux
Laitice Qynamics (RPB803-24)

High-Technetium Figld-Effect Switches
ier Melor Applications {RPB0N09-27)

Avoiding Bilurcation Instamilibes o
Elecine Power Syslems (RPE018-30)

Analysis of a Mulliprocesser
Perfarmance AcCaleraior Runming
ETMSP (RP8810-31)

Cellular Responses to Lew-Frequency
EMF Resconant Effects et Calciurm
Binding 1o Calcium-Binging Pralens
{RPB011-16)

Interdisciplinary Research on CO, and
Climate Using a Three-Bmensional
Model Constrained by Isotopic Carban
Measuremani (MP8011-20)

Nenmaging Oplics Rellecier Designs
(RP8012-14)

Flucrecarbon Migture Allernatives fer
R-11 M-12 R-22. and R-502 (RPS013-3)

Wealhar Foracasts lor Use in Laad
Forecasling {MP&013-10}

New Approach te Fine Gringing of Coal
(RPBD13-12)

Evaluation and Field Demonstration of
NOREM Allsys tor Hydroelec!ric
Amplicalions (RPS00E-14)

Generation & Storage

Developmeit sl Alternative Fuels From
Ceat-Berivee Syngas (RP317-7)

Supercritical Wel @xidation Feasiilily
{RP1403-116)

Ramial-Flow Solid @xicle Fuel Cell
Develepment (RP1678-17)

Heat Excnanger Expert System
(RP1711-12}

Cerrazien Fatigue Inifvation n Beiler
Tubing (R FBR0-18}

Batlery Sterage Benafia Study ler
Conssiidated Edisen Commany of New
York (ARP2123-20)

T&D Benelils of Micre-Supercanducting
Magnenc Energy Storage (RP2123-23}

Arvanced Graphic User iMarface
Development for Sequential Optimizahon
Engines {RP2147-28)

Lite Assessment o Walded Header and
Pine T Pieces {RP2253-11)

Magretehydrodynamic Power Plant
Inslrumentation and Control {(RP2468-14)

Micre-Superconductng Magnatic
Energy Starage Amplied o Eleciric Rail
Transil Syslems (RP2572 11)

Conceptusl Enginening and Cost
Esumale [ar CAES Plant With CASH
Cycte (RP2E76-5)

Mantenanoe Accourding Relizbiity
System for Cornsusiien Turbing Power
Plants (RP2774-10)

Funeing /
Chutatiar

$134.300
35 months

5450080
38 moriths

$171.800
35 montns

$118,000
12 menths

$208.200
57 menths

$278,800
® monihs

$182.400
12 manths

$296.300
36 monihs

$149.300
33 rmoriths

$349.400
23 months

$185,000
14 months

$348.600
23 ronnths

$168.300
35 monthe

$100 000
21 menths

$83.600
6 months

$393,200
21 morhs

$251,008
18 menihs

$355.008
18 months

$100,600
9 months

75000
11 months

$125.000
12 monins

$297,000
84 months

$309,300
44 months

$50,000
8 months

$133.008
9 months

31475080
12 months

Contracler/EPRY
Prarect Mahager

University of Mississipoi/
8. Bernslain

University ef Califarria,
Sania Barbara/S Afper!

Stanlord University
T Schnerder

Universily ol Maryland/
T. Schreider

Universdy of Wisconsin,
Madison { A. Wilaberger

Petformance Processors /
G Caulgy

Urtiversity of Utat/
C. Rafferty

University of Callformia,
San Dhago/t Pusika

Ecele des Mines de
Pans /K Johnson

Nalioral shlute of
Standards and
Technalogy /T Statt

Centrol Cemmand {
B Maratukutarm

Unversity ol Calilormia
Berkeley (S Atpert

Pacific Gas and Eleciric
Co tH, Ocken

Air Products and
Chemicals{N Srewar!

PSI Technology Co /
S Bartz

Techretagy Managemant/
M Galdstemn

Karla Technalogy /. Tsou

Babcock & Wilcos Co /
8 Dootey

Powsar Tachnaiog es/
5 Chapef

Pacihc Gas and Eleclnc
Ce /S Chanet

Oacisian Focus (S Yurkar

Era Technoiogy {
R Viswanathan

MHB Deveiopment Cerp /
A Cohn

Pacific Gas and Eleciric
Co (R Schamnker

Energy Siorage & Pewer
Cansulianls /R Foltak

Strategic Poawer Systems/
C Oohnar

Propect

intearated Gasificaten--Compressad-Ar
Sterage With Humid ficalien: Technical
Support (HP2834-4)

Determining the Prebadte Maximum
Fload for Civil Werks (RP2917-36)

Plarmt and Envirenmental Comlrol and
Optimizalion System (RP2922-7)

Development of CAES Cosl Madet and
System Planning (RP3049-12)

Evatuanen ol CAES Benafis and
Idenuficatien of Sles {or New Yerk Stale
{RP3049-13)

Integrated Energy Systems

Intagrated Reseurce Planning Dala
Comgalibilly: Scoping Study {RP27G7-E1

Buik Pewer Planning Markei
Development ang Supwort (RP3145-4)

Hevelopment ol a Relabilily Predichon
Metnedology for a Gasification
Combined-Cycle Pewer Planl
{RP3360-1)

Nuclear Power

Qn-site Meplacerment of kradiated
Conlrol Bladm Pins and Rollers
{RP1935-23)

|dentiicanan of Crcurt Braaker Aging
Mecharisms in Field Conditions
(RP2408-12)

Main Cosilant Pump Seal Mainlenance
Guide (RP2814-72)

Instrumentztion and Contral
Maintenance Guige (RP2814-73}

Modeling of High-Burnup Fust and of
Failed-Fuel Degyraganan (RP2905-3)

Aazciar Ceslant and Recrrculaken Purp
Seal Maintenance Measurement ang
Data-Recordng Aids (RP3111.4)

Infrared Inspection Technical Evaluatien
(RP3235-3)

Advarced LWR Piping Systern Analysis
Suspert (RP3260-26)

Application of Risk and Reliawility
Metnoos ta Regutarily Issues {RP3300-3)

Hydrogen Water Chamisiry Radwaton
Contral Evaluabion (RP3313-4)

Local Arga Nelwork Plant Analyzer
Computer System (RP3317.1)

Rulz-Based Datenoration idennfication
and Management Sysiem (RP3343-9)

Development ol Process Cantrol
Capabtiity Through the Browns Fetry
inlegraled Compuler System (RF3351-2)

Fire PRA Method ang Soltware
Development ang Bemonslrahign
(RP3385-1}

High-Temperalure Elecirochemical
Polential Moniering System {RPS418-2)

Chemistry Tieaiment for Enhanced
Rernaval of Steam Generatar Tutie
Depesis' Process Davelopmen]
{RPS416-4)

Invesiigaten of Sources of @rganics ana
Cation Cenductivily Discremancigs at the
Fartey Nuclear Planl (RPS416-6)

In-pile Zirealoy Carrogion Tests With
High Coolant Liimum Centent
(RPE102-45)

Funding/
Duratran

$111.800
12 monlhs

$118,100
& menihs

$195,100
12 months
385,000
13 monins

$195.000
12 menths

$103.600
& rmonthns

$59.900
7 manins

$564 408
24 mopnths

$175,108
10 manths

S187,100
28 months

$117 400
16 months

18,000
10 months

$52400
8 manlhs

$£319.200
21 monlhs

$50.080
8 months

$51.080
12 meniths

$134,280
21 months
$182.309
15 months
$428 300
20 merihs
B78 400
9 months

$146,000
8 monlhs

$700.000
21 manlhs

$124 400
13 months

364 208
4 menths

$218.900
11 menths

$510.008
19 manthg

Coriractor/EPRE
Project Manager

Energy Sterage 8 Pewer
Consultanis/A Cobn

Bechial Groum /2. Moris

Praxis Enginears /
A Metia

Soulhern Cornparty
Services/8 Mehia

Energy Storage & Power
Consullants{ B. Mehia

Apacus Programming
Corp /L Aubin

Decision Systems
Intarnational / A, Siddig

ARINC Research Corp.f
J. Werss

Cemoustien Engineering/
H Ocken

Grove Engineenng /
J OBren

Quadres Energy Services
Corp. /K. Barry

Enn Enginsenny &
Regearch/J Jenco

Anatech Research Corp /
0. Qzer

Westnghouse Elacing
Corp {J. Yasutake

Amertcan Risk
Management Cerp /
A Singh

ATl Consulting/ C. Welty

Quatrex Energy Services
Core. {F. R3hn

NWT Carg /C Wooa

83 Technologias Co /
J. Kim

Grove Enginggnng
M Lapdes

Seience Applications
Internatienal Corw /
J Naser

Science Applicauons
Inlernational Corp ¢
A. Oehleery

NWT Care.f P Paing

Gebce Enginearng/
L Witiams

Adams & Howarl/ P Pame

Instiult far Energitaknik /
S. Yagrk
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New
Technical
Reports

Requests for copies of reports should be directed
to the ERRI Distribution Cenler, 287 Coggins Drive.
PO Box 23205, Pleasani Hill, Calforma 94523;
{510) 934-4212 There is na charge for reperls re-
wuested by EPRI member utitities and alfilates, Re-
pers will be provided lo nonmember U.S. utililies
oty upon purchase of a license, lhe price of which
will e esual 10 the price of EPRl membership
Others pay the listed price or, In seme cases {when
noted), must enter 1nto a licensing agreement

CUSTOMER SYSTEMS

Environmental Benefits of
Adjustable-Speed Drive Applications
TR-100200 Final Mepori (RP2851-11); $260
Contractor JARSCO Engineering Corp
EPR! Project Manager M Samotyj

Electric Motors: Markets, Trends,

and Applications

TR-100423 Final Report {(RP2813-10); $200
Contracior: Rasource Dynamics Corp

EPRI Preject Managers: M. Jones, B. Banerjee

Evaluation of Electric Vehicle Battery
Systems Through In-Vehicle Testing:
6th Annual Report (1990)

TR-100657 Final Report {RP1136-33); $200
Contractor Electrelek Concepts, Inc

EPRI Project Manager; R, Swarcop

Customer-Focused Planning:

Getting Started

TR-10076} Final Report (RP2982-4); $200
Contractor: Putnam, Hayes & Bartlelt
EPRI Project Managers: P. Hanser,

T Henneberger

Customer-Focused Planning:

Interim Report

TR-100762 Final Repart (RP2982-4); $200
Conlracter: Futnam, Hayes & Bartlett
EPRI Project Managers: £ Hanser,

T Henneoerger

Electric Utility DSM Programs:
Terminology and Reporting Formats
TR-180763 Final Repert (RP2982-8), $200
Contractor Oak Ridge National Laboratory
EPRI Project Manager: P. Hanser

Customer-Focused Planning:
Concepts and Tools

TR-108815 Final Report (RP2382-4); $200
Contractor. Putnam, Hayes & Bartlell
EPRI Project Managers: P. Hanser,

T. Henneberger

Advances in Residential Lighting
Technologies

TR-100868 Final Report (RF2034-41), $200
Contractor Energy International, Inc

EPRI Preject Manager J. Kesselrng

ELECTRICAL SYSTEMS

TLWorkstation™ Code, Version 2.3, Vol 3:
CORRIDOR Manual

EL-6420 Final Reporl {RP1902-7); Vol. 3, $200
Contraciors: BIRL: Nerihwestern University
EPRI Project Manager: J Halt

TLWorkstation™ Code, Version 2.3, Vol. 7:
ACDCLINE Manual

EL-8420 Final Report {RP2472-6); Vol 7, $20@
Caontraclor: General Eiectric Ce

EPRI Prolect Manager: J. Hal!

TLWorkstation " Code, Version 2.3, Vol. 15:
MAG3D Manual

EL-8420 Final Report (RP2472-6); Vol. 15, $200
Contractar: General Electric Co

EPRI Project Manager: J Hall

Hybrid Transmission Corridor Study, Vol. 1:
Phase 1—Scate Model Development
EL-7487 Final Report (RP2472-6), Vol 1. $200
Contractor: General Electnc Co

EPR) Fraject Manager: ). Hall

Waltz Mill Testing of 765-kV
Paper-Polypropylene-Paper (PPP) Cable
TR-100422 Final Report (RP7801-7): $200
Contractor- Westinghouse Electric Corp,
EPRI Project Manager: J, Shimshock

Proceedings: Geomagnetically Induced
Currents Conference

TH-180450 Preceadings; $1008

EPRI Project Manager: B. Damsky

Proceedings: Expert System Applications

for the Electric Power Industry

TR-100623 Proceedings; $200

EPRI Project Managers: M. Lauby, M Diwvakaruni,
J. Naser

tmproved Static VAR Compensator Control
TR-108696 Finai Report (RP2707-1), $200
Contractor’ General Electric Co

EPRI Projact Manager- S, Lindgren

Fundamenta) Studies of TI-Ba-Ca-Cu-O
Single Crystals and New High-Temperature
Superconducting Compounds

TR-100731 Final Report (RP4000-24), $200
Contractor University of Coloraelo, Boulder
EPRI Projeci Manager: M Rabinewiz

Prototype Expert System for Load
Management, Vols. 1 and 2

TR-108732 Final Report (RP2844-5); $200
each volume

Coniracter: TASC

EPRI Project Manager: R. Adapa

ENVIRONMENT

Sourcebook for Utility Communications
on EMF

TR-100580 Final Report {(RP2955-7), $200
Contractor: Creighton & Creighton, inc
Cesponsor. Tennessee Valley Public Power
Association

EPRI Project Manager: G, Hester

Analysis and Review of EPA Discharge
Monitoring Report for Electric Utilities:
Quality Assurance Data

TR-1005H Final Report (RF1851-1), $200

Conlractor: TRW, Ing,

EPRI Project Managers: W. Chow, B. Notl

Creosote-Treated Wood Poies and
Crossarms: Toxicity Characteristic

Leaching Procedure (TCLP) Results
TR-100870 Ierim Reporl {RP2485-9, RP2875-6)
$200

Centractors: Environmenial Management
Services;, Radian Corp

EPRI Project Managers: J. Goodrich-Mahonesy,

. Murarka

Physiological, Toxicotogical, and

Population Responses of Smallmouth Bass
to Acidification: Lake Acidification and
Fisheries Project

TR-101062 Interim Report (RP2346-1); $200
Conltractors; University of Wyoming: Oak Ridge
National Laboralory;, Western Aquatics, Inc
McMaster Unlversity

EPRI! Project Manager: J. Mallice

GENERATION & STORAGE

Evaluation of a 510-MWe Destec

GCC Power Plant Fueied With lllinois
No. 6 Coal

TR-108312 Fina! Report (RP2773-12), $200
Contractor: Fluor Danel. Inc

EPRI Project Manager M Epstein

Control System Retrofit Guidelines, Vols. 1-3
TR-100343 Final Report (RP2710-15, -16); $280
each volume

Centraclors, Sargent & Lunsy Engineers;

Black & Veatch

EPRI Projmct Managers: M. Divakaruni, 4. Weiss

Corrosion Fatigue Boiler Tube Failures in
Waterwalls and Economizers, Vol. 2:
Laboratory Corrosion Studies

TR-100455 Final Repor! (RF1890-5), Vol, 2, $200
Contraclors: @mario Hydro; Babcack & Wilcox Ce
EPRI Preject Manager B. Doeley

Proceedings: 9th EPRI Conference on
Gasification Power Plants

TR-100466 Proceedings (RP1654), $400
EPRI Project Manager: N Holt

Conceptual Design: 10-Ton-per-Hour
Soil-Cleaning Plant

TR-100636 Final Report {RP2991-6); license
required

Contractors: Mill Creek Cao.; Nerwest Mine
Services, Inc

EPRI Project Manager: C Kulk

Retrofits for Improved Heat Rate and
Availability: Low-Level Heat Recovery
Economizer Retrofits

TR-100682 Final Report (RF1403-16), $208
Contractor: Gilmert/Cemmonweailh, Inc
EPRI Project Manager: J. Barlz

Proceedings: Optical Sensing in
Utility Applications

TR-100849 Proceedings: $200
EPRI Projecl Manager: J, Stemn

EPRI JOURNAL Octemer/November 1992 47



Proceedings: Power Plant Electric
Auxiliary Systems Workshop
TR-100850 Proceedings; $200
EPRI Project Manager J. Stein

Proceedings: 1991 EPR! Heat-Rate
Improvement Conference
TR-10090) Proceedings; $200

EPRI Project Manager. R. Leyse

NUCLEAR POWER

Sourcebook for Plant Layup and

Equipment Preservation (Revision 1)

NP:5106 (Rev 1) Final Reporl (RP2495-15) $200
Contractor: B&W Nuclear Service Co

EPRI Projecl Manager G Allen

MULTEQ: Equilibrium of an Electrotytic
Solution With Vapor-Liquid Partitioning

and Precipitation, Vol. 1: User's Manual
(Revision 2)

NP-5561 Computer Code Manua (RPS407-30):
Vol 1(Rev 2) license required

Contractor: Maxwell Laboratories. Inc

EPR) Projecl Manager P. Paine

Guidelines for Establishing, Maintaining,
and Extending the Shelf Life Capability of
Limiled-Life Items (NCIG-13)

NP-6408 Final Reporl (RPQ101-10), $200
Contractor: Wyle Laboratories

EPRI Project Manager: W Bilanin

Water Hammer Prevention, Mitigation, and
Accommodalion, Vol. 1: Planl Experience
NP-6766 Final Reporl (RP2856:3); Vol 1. $200
Conlraclor: Stone & Websler Engineering Corp.
EPRI Project Manager M. Merilo

Decontamination Experience During the
Cleanup of TM#2

NP-7157 Intenm Report (RP2558:2): $200
Contractor: Pentek, Inc

EPR! Project Manager: R. Lambert

Integraled Instrumentation and Control
Upgrade Pfan

NP-7343 (RP3114-59), $200

Conlraclors: Mollerus Engineefnng Corp.
Science Applications International Corp
EPRI Praoect Manager C. Wilkinson

Guidelines for the Use of Microcomputer
Applications in Safety-Related Activities
(NCIG-20)

NP-7376 Final Report (RPQ101-28): $200
Conlraclor: Vanguard Technetics, Inc.

EPRI Project Manager: T Mulford

Radwaste Desk Reference, Vol. 2:
Transportation and Disposal

NP-7386 Final Report (RP2414-34); Vol 2, $200
Contracior: Right Angle Industries

EPRI Project Manager: C Horni®rook

Circuit Breaker Maintenance, Vol. 1, Part 2:
Low-Voltage Circuit Breakers—GE AK Models
NP-7410 Final Report {(RP2814-40): Vol 1, Parl 2
$16.000

Contractor Grove Engineenng, Inc.

EPRI Project Manager: J Sharkey
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Maintenance Guide for Air-Operated
Valves, Pneumalic Acluators, and
Accessories

NP-7412 Final Reporl (RP2814-45); $9500
Contractor: Fossil Technologies, Inc
EPRI Project Manager: K. Barry

RETRAN:03 (A Program for Transient
Thermal-Hydraulic Analysis of Complex

Fluid Flow Syslems), Vol. 1: Theory and
Numerics

NP-7450 Computer Code Manual (RP889-10):
Vol. 1. $200

Contraclor: Computer Simulation & Analysis. Inc.
EPRI Project Manager: L Agee

Power Plant Practices to Ensure

Cable Operability

NP-7485 Final Report (RP2814-8, -37), $9450
Contractors Ogden Environmental and Energy
Services Co: EcoTech/Ram Q Induslries, fnc
EPR) Project Managers. J. Ctristie. W Johnson.
G. Sliter

Electric Motor Predictive and Prevenlive
Maintenance Gulde

NP-7502 Final Report (RP2814-35), $11.300
Contraclor Bechtel Group, Inc.

EPRI Projecl Managers: W Johnson. V Varma

Proceedings: Twelfth Annuail EPRI
Nondestructive Evaluation Information
Meeling: NDE Research Progress in 1991
NP-7560-M Proceedings (RP1570-14); $200
NP-7560-SL Proceedings license required
EPRI Project Managers. S. Liu. M Avioli

Advanced Imaging Tools and

Their Applications for Nuciear Power

Plant Operation and Maintenance

TR-100165 Final Report (RP2705-14); $200
Coruractor: ENCORE Technical Resources, Inc.
EPRI Project Manager J. Ketchel

tinterim On-Site Storage of Low-Level
Waste, Vol. 1: Licensing and Regulatory
Issues

TR-100298 Final Report (RP3800): Vol 1. $200
Conlractor- Newman & Hollzinger PC,

EPRI Project Manager C. Hornibrook

Pertormance Testing and Analyses of the
VSC-17 Ventilated Concrete Cask
TR-100305 Final Reporl (RP3073-1), $200
Contractors Wisconsin Electric Power Co..
Pac/fic Northwest Laboratory; EG&G Idaho,
|daho National Engineenng Laboratory; Siema
Nuclear Corp.

EPRI Projeclt Manager: R Lambert

Containment Filtration Systems Tests:
Advanced Containment Experiments (ACE)
Project, Summary Report

TR-100346 Summary Repor| (RP2802),
$100,000

Contractors: Batlelle, Pacific Northwest
Laboratories: Westinghouse Hanford Co
EPRI Project Manager' M. Merilo

Steam Pressure Trends at R. E. Ginna
TR-100371 Topicat Report (RPS401-1); $200
Contractor: NWT Corp.

EPRI Projecl Manager- L Williams

Pipe Failures in U.S. Commercial Nuclear
Power Plants

TR-100380 Interim Report (RP2681); $200
Contraclor' Halliburion NUS

EPRI Project Manager: B. Chu

A Database of Common-Cause Events for
Risk and Reliabilily Applicalions
TB-100382 Final Reporl (RP3200-2); $200
Coniractor PLG, Inc.

EPRI Project Manager: B Chu

Demonsiralion of a Risk-Based Approach
to High-Level Waste Repository Evaluation:
Phase 2

TR-100384 Interim Report (RP3055-2); $200
Contractor: Risk Engineernng. Inc

EPRI Project Manager R. Shaw

Balance-of-Plant Heat Exchanger Condition
Assessment Guidelines

TR-100385 Final Report (RP2495-9); $200
Contractors. Service Water Working Group:
EPRI N®E Cenler

EPRI Project Managers: N Hirota, R. Edwards

Guidelines for the Repair/Replacement
Welding of Nuclear Service Waler Systems
TR-100386 Final Report (RP3232-1)
Contractors: Service Water Working Group.
EPRI NDE Cenler

EPRI Project Managers N. Hirota, R Edwards

Effecl of Decision Making on Ulirasonic
Examination Performance

TR-100412 Final Report (RP3112-1); $200
Contraclor. Anacapa Sciences, Inc

EPRI Project Manager J Yasutake

Methods of Quantitative Fire Hazard
Analysis

TR-100443 Final Report (RP3000 37); $5000
Contractor. Frederick Mowrer

EPRI Project Manager: J Sursock

Survey and Characterization of Feedwater
Venturi Fouling at Nuclear Power Plants,
Vol. 1

TR-100514 Final Report {RP3097-1); Vol. 1
$10.000

Conlraclor. Babcock & Wilcox Co

EPRI Project Manager: H, Ocken

Application Guide for PC-Based
Nondestructive Evaluation Workstation
TR-100522 Finat Report (RP3232-1)
Contractor: EPRI NDE Cenler

EPRL Project Manager J O'Brien

Electropolishing of Replacement

Steam Generator Channel Heads at
Millstone-2 PWR

TR-100559 Final Report (RP3358-2), $200
Conlractors: FinTech, Inc.; Northeast Ullities
Quadrex Corp,

EPRI Project Manager: C. Wood

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

TR-100601 Intenm Reporl (RP1935-14), $10,000
Contractor, Alomtc Energy oi Canada, Ltd.
EPR) Project Manager H, @cken



TMI-2 Waste Management Experience
TR-100640 Intenm Reporl (RP2558-2); $200
Contractor: Analytical Resources, In¢

EPRI Prolect Manager R. Lambert

Final TMI-2 Technology Transfer Progress
Report

TR-100643 Final Report (RP2558-10), $200
Contractor ENCORE Technical Resources, Inc
EPRI Project Manager: R Lamberl

Effect of Hydrogen Water Chemistry on
Ultrasonic Response From Intergranular
Stress Corrosion Cracking

TR-100649 Final Report (RPC105-3), $10,000
Contractor; Ishikawajima-Harima Heavy
Industries Co., Lid,

EPR) Project Manager M Behravesh

Pilot Testing of Electrochemical
Separation ot Hydrogen From the BWR
Off-Gas Stream

TR-100650 Final Report (RPC101-18). $2000
Contractor Grove Engineenng, Inc
EPRI Project Manager: M Behrevesh

R&D Value Assessments for the Nuclear
Corrosion Control Program

TR-100652 Final Report (RPC101-81); $5000
Contractor' Decision Focus, Inc.

EPRI Project Manager M, Behravesh

Stress Corrosion Cracking of Alloys 600

and 182 in BWR Environments

TR-100658 interim Reporl (RP2293:1 RPC101-2)
$50000

Contractorr ABB Atom AB

EPRI Projecl Managers J. Nelson. D. Cubicc:olti

Examination of Spent CANDU™ Fuel
Following 27 Years of Pool Storage
TR-100674 Interim Report (RP2062- 15); $200
Contraclor: AECL Research

EPRI{ Project Manager R, Lambert

Limit-Vatue Approach for Determining
Best-Estimate Code Uncertainties in LOCA
Calculations and Plant Applications
TR-100675 Final Reporl (RP2956-2), license
required

Contractor ABB-Combushion Engineenng
EPRI Projecl Managers: J. Chao, P Kalra

Proceedings: 1992 EEI/UWASTE-EPRI
Workshop on At-Reactor Spent-Fuel Storage
TR-100676 Proceedings (RP3290-5), $200
Conlraclor Energy Resources Inlernational, Inc
EPRI Project Manager: R. Lambert

Development of Steam Generator Vessel
Database

TR-100677, Tier 1, Final Report (RP3147-2), $200
TR-100677, Tier 2, Final Report: license required
Contraclor: Science Applications International
Corp.

EPRI Project Manager- S Liu

MAAP Thermal-Hydraulie Qualification
Studies

TR-100741 Final Report (RP3044-1): $200

Contractors: Gabor Kenlon and Associales, Inc.;

S. Levy, Inc.
EPRI Project Manager: P Kalra

MAAP BWR Application Guidelines
TR-100742 Fina) Report (RP3044-1); $200

Conlraclors: Gabor, Kenton and Associates, Inc.;

S. Levy, Inc.
EPRI Project Manager: P Kaira

MAAP PWR Application Guidelines for
Westinghouse and Combustion
Engineering Plants

TR-100743 Final Report (RP3044-1); $200

Contractors® Gabor. Kenlon and Associates. Inc..

S, Levy. Inc,
EPRI Project Manager’ P Kalta

Transuranic Burning Issues Related
to a Second Geologic Repository
TR-100750 Final Reporl (RP3030); $200
EPRI Project Manager E. Rodwell

Performance of 9 » 9 Demonstration
Assemblies in Dresden-2

TR-100752 Final Reporl (RP1580:5); $200
Contractor- Siemens Nuclear Power Corp.
EPRI Project Manager: S. Yagnik

Evaluation of Nondestructive Hydrogen
Detection Methods in Zirconium Alloys

TR-100753 Final Report (RP1250-22); $200
Contractor S, M. Sioller Corp,

EPRI Project Manager: S. Yagnik

PWR Advanced Ali-Volatile Treatment
Additives, By-Products, and Boric Acid
TR-100755 Final Reporl (RPS409-2); $1000
Contractor San Diego State Universily
EPR! Project Manager T Passell

Loop Testing of Allernative Amines for All-
Volatile Treatment Control in PWRs
TR-100756 Final Report (RPS409-11); $1000
Contractor Calgon Corp.

EPRI Project Manager T Passell

Advanced Studies in Chemistry Conirol
With Morpholine

TR-100758 Final Report (RPS409-1), $200
Conltraclor NUS Corp.

EPRI Project Manager: T. Passell

Borated Stainless Steel Application in
Spent-Fuel Storage Racks

TR-100784 Final Report (RP2813-21); $200
Conlractor Engineering Resources. inc
EPRI Project Manager: R. Lambert

Effect of Organics on Nuclear Cycles
TR-100785 Final Report (RP2977-8); $200

Contractor: Halfiburton NUS Environmenial Corp.

EPR| Proect Manager: 1. Passell

Compatibility of PWR Gasket and Packing
Materials and Resins With Organic Amines
TR-100794 Final Report (RPS409-4); $500
Contractor Adams and Hobarl Consulling
Engineers

EPRI ProjectManager: T Passell

Qualification of Morpholine for Secondary
System pH Control in Once-Through Steam
Generator Plants

TR-100795 Final Reporl (RPS409-9); Tier 1, $200:

Tier 2, $1000
Contraclor; B&W Nuclear Service Co,
EPRI Project Manager: T. Passell

BWR Hydrogen Water Chemistry:
Predictive Methods

TR00805 Final Report (RPC101-23}, license
required

Contraclor: Aptech Engineering Services. Inc.
EPRI Projecl Manager- J, Nelson

Statistical Signal Processing Methods for
Ultrasonic Nondestructive Evaluation
TR-100836 Final Report (RP2614-75); $200
Contraclor* llinois inslitute of Technoogy
PRI Project Manager: M. Behravesh

Alarm Processing and Diagnostic System
TR-100838 Final Report (RP2902-4): license
required

Contraclor: Bechiel Group, Inc

EPRI Project Manager: J, Naser

Proceedings: 1991 EPRI Workshop on
PWSCC of Alloy 600 in PWRs
TR-100852 Proceedings (RP3223-1); $1000
Contraclor' Dominlon Engineering, Inc,
EPRI Project Manager- R. Pathania

Effect of Chromates on IGSCC in BWR

Environments

TR-100853 Final Report (RPC101-17); $400
Contraclor Siructural Inlegnty Associales

EPRI Project Manager. R, Pathania

Doffing Procedures for Firefighters’
Contaminated Turnout Gear:
Documentation for Videotape

TR-100854 Final Report (RP2705-12), $200
Contraclors: Yankee Alomic Electsic Co,;
ENRG, Inc

EPRI Project Manager. J Kelchel

Ginna Station Steam Generator U-Bend
Tube Analysis for Chemical Cleaning Data
TR-100866 Final Report (RPS413-1); $200
Contractor: B&W Nuclear Service Co

EPRI Proect Manager- L Wilhams

Assessment of Inspection Options for
Steam Generator Tubing

TR-100909 Final Report (RPS404-6); license
required

Conlractor Westinghouse Electrnic Corp
EPR) Project Manager- L. Williams

Tensite Deformation and Recovery
Kinetics of Alloy 690

TR-100910 Final Report (RPS408: 3); $200
Conltractor: Rulgers University

EPRI Projecl Managers: C, Shoemaker,
A. Mcliree

PWR Primary System Chemistry:
Experience With Elevated pH at Millstone
Point Unit 3 (Progress Report Number 2)
TR-100960 Interim Report (RP2648-1). $200
Conlractor- Weslinghouse Elecinc Corp,
EPRI Project Manager H, Ocken

Correlation of Secondary-Side

IGA/SCC Degradation of Recirculating
Steam Generator Tubing With the
On-Line Addition of Boric Acid

TR-101010 Tepical Report (RPS407-7); $2000
Contraclor; Dominion Engineering, Inc.
Project Manager: P Paine
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New
Computer
Software

The Electric Power Software Center (EPSC) pro-
vides a single dislribulion cenler for computer pro-
grams developed by EPRI. The programs are dis-
(nbuled under license lo users EPRI memoer utll-
ilies, n paying their membership lees. prepay all
royattes Nonmember organizations{icensing EPRI
compuler programs are reguwed to pay foyallies.
For more Information about EPSC and licensing
arrangements, EPR! member uliiles should
contact the Elecinc Power Software Center, Power
Computing Co . 1930 Hi Line Drive, Dallas. Texas
75207, (214) 655-8883. Other orgarnzations should
contact EPRI's Manager of Licensing, PO Box
10412, Palo Alto, Californta 94303, (415) 855-2866

AWARE'™: Methodology for the
Allocation of Water Resources
Versign 1 1 (PC-DOS)

Developer. Decisien Focus, In¢

EPRI Project Manager Gharles Sullivan

BLANKET {EMWorkstation Module)
Version 110 {(PC-DOS)

Developer Enertech Consultants

EPRI Project Manager: Giora Ben-Yaacov

CEM Database: Continuous-Emissions-
Monitoring Utility and Vendor Databases
Version 1.2 (PC-DOS)

Developer Engmneenng Science, Inc

EPRI Propect Manager- Ruseli Binsol

CIP Database: Concentrations

of Indoor Poliutants

Version 4.0 (PC-DOS)

Developer: Lawrence Berkeley [aboraiory
EPR! Project Manager John Kessélring

COMMEND: Commercial Sector End-Use
Energy Demand Forecasting Model
Version 3 2 (PC-DOS)

Developer Regional Economic Research
EPRI Project Manager: Phil Hummel

DATACALC (EMWorkstation Module}

Version 2 20 (PC-DOS)
Devetoper Enerlech Consullants
EPR! Project Manager Giora Ben-Yaacov

COSMLINK

Version 6 14 {PC-0S/2)

Developer Stone & Webster Managemen!
Consultants, Inc

EPRI Preject Manager Rambabu Adapa

DSMRank: Demand-Side Management
Alternatives Selection and Screening Model
version 2.0 (PC-DOS)

Developer Polydyne, Inc

EPR! Project Manager Philip Hanser

DYNAMICS

Version 0 99 (Sun-SPARC)
Develoger Oegision Focus. Ine
EPRI Project Manager Robeft Schainker
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EGEAS: Electric Generation Expansion
Analysis System

Version 6,14 {PC-0S/2 1BM-MVS}
Developer. Stene & Webster Managemen!
Consullants, Inc

EPRI Project Manager Rambabu Adapa

EGEASPM (Presentation Manager for EGEAS)
Version 6,14 (PC-0S/2)

Developer. Slone & Webster Management
Consullants, Inc

EPRI Project Manager Rambabu Adapa

EMWorkstation: EPRI Electric

and Magnetic Fields Workstation
Version 10 {PC-DOS}

Developer. Enertech Consullants

EPRI Project Manager: Giora Ben-Yaacou

ENVIRO (EMWorkstation Module)
Version 3.0 (FC-DOS)

Developer Enertech Consultants

EPRI Praject Manager Gora Ben-Yaacov

ETADS: EPRI Tower Analysis and Design
System (TLWorkstation Module}

Version 2 2 (PC-QS/2)

Developer: Sverdrup Tachnologles

EPRI Pruject Manager Paul Lyons

EXPOCALC (EMWarksiation Module)

Version 30 (PC-DOS)
Oeveioper Enerlech Consultanis
EPR( Preject Manager' Giota Ben-Yaacos

HARMFLO+*: Harmonic Simulation
and Analysis Tools

Version 10 {PC-DOS)

Devaloper Elactrotek Concepts

EPRI Project Manager Rambabu Adapa

IPFLOW: Interactive Power Flow

Version 10 (DEC-VMS_ IBM-MVS Prime-PRIMOS!
Sun-UHIX, RS6000-UNIX)

Developer Onlano Hydro

EPR1 Project Manager Neal Bals

MCM

Version 10 {PC-Macintosh)

Deveioper Tetra Tech, Inc

EPRI Project Manager Donald Porcella

NuCM: Nutrient Cycling Model
Version 2.01 (PC-DOS)

Developer Tetra Tech, Inc

EPRI Project Manager Lous Pitelka

PORTHOS

version MOO- 1 {RSB000-UNIX or other UNLE
workstalions)

Developer, Jaycor

EPRI Project Manager Gowvinda Srikantign

RISKLINK

Version 6 14 {PC-05/2)

Developer Sione & Websier Management
Consuliants, Inc

EPRI Project Manager Ramhabu Adapa

STAR {EMWorkstation Module)

Version 10 (PC-DOS)
Developer Enerlech Consultanis
EPR| Projact Manager Giora Ben-Yaacov



EPRI Events

JANUARY 1993

13-15

Acoustic Leak and Crack Detection
Eddystone, Pennsylvania
Contact: John Niemkiewicz,

(215) 595-8871

14-15

Adjustable-Speed Drives as a DSM Tool:
Fact or Fiction?

Monterey, California

Contact: Carrie Koeturius, (510} 525-1205

21-22

Dynamics of Interconnected Power
Systems

Dailas, Texas

Contact: Gerry Cauley, (415) 855-2832

FEBRUARY

2-3

NMAC 3d Annual Conference and
Technical Workshop

Charlette, Nerth Caroiina

Contact: Ken Barry, (704) 547-604G

3-5

Coal-Handling Systems: State of the
Future

Pensacela, Florida

Centact: Barbara Fyock, (412) 479-8015

8-10

International Workshop: Nuclear Plant
Instrumentation and Control Modernization
Orlande, Flerida

Contact: Lori Adams, {415) 855-8763

9-10

Conference on Energy-Efficient Electric
Motor Systems

Baltimore, Marylane

Contact: Les Harry, (415) 855-2558

9-11

Conference on Cable Condition Monitoring
San Francisco, California

Contact: Linda Nelson, (415) 855-2127

9-1

2d Internationat Pltasma Symposium
Pato Alto, California

Centact: Jane LeGear, (415) 855-2561

17-19

New Eqguipment and Services for
Commerciat Foodservice Customers
New Orleans, Louisiana

Contact: Susan Bisetti, (415) 855-7919

22-24

Symposium on Environmental Applications
of Advanced Oxidation Technologies

San Francisco, California

Contact: Carrie Koeturius, (510) 525-1205

MARCH

1-3

International Sympasium on Improved
Technology for Fossil Power Plants:
New and Retrofit Applications
Washington, D.C.

Contact: Lorl Adams, (415) 855-87@3

2-4

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

24-26

6th National DSM Conference

Miami Beach, Florida

Contact: Pam Turner, (415) 855-2010

29-April 2

ETADS Seminar

Haslet, Texas

Contact: Paul Lyons, (817) 439-5900

30-April 1

Biomass and Waste Fuels

Washington, D.C.

Contact: Susarn Bisetti, (415) 855-7919

APRIL

1-2

Dynamics of Interconnected Power
Systems

St. Petersburg, Florida

Contact: Gerry Cauley, (415) 855-2832

5-8

10th Particulate Control Symposium
Washington, D.C.

Contact: Leri Adams, (415) 855-8763

1315

Continuous Emissions Monitoring
Baltimere, Maryland

Centact: Linda Nelson, (415) 855-2127

20-22

Achieving Accurate Coal Weighing and
Sampling Systems

St. Louis, Missouri

Contact: Barbara Fyock, (412) 479-6815

27-30

Transformer Performance Monitoring and
Diagnostics

Eddystone, Pennsylvaria

Contact: John Niemkiewicz,

{215) 595-8871

MAY

3-5

Nuclear Plant Support Engineering
Products and Issues

Atlanta, Georgia

Contact: Sheryl McBane, (704) 547-6086

5-7

Plant Communications and Computing
Architectures, Control Rooms, and
Workstations

Tampa, Florida

Contact: Linda Nelson, (415) 855-2127

10-11

Nuclear Plant Performance Improvement
Scettsdale, Arizona

Contact: Susan Otto, (704) 547-6072

19-21

Rotating Machinery Vibration

San Diego, California

Contact: Susan Bisetti, {415) 855-7319

23-27

Stationary Combustion NO, Control
Miami, Florida

Contact: Pam Turner, {418) 855-2010

JUNE

=9,

ISA POWID-EPRI Controls and Instru-
mentation Conference {(Nuciear and Fossil)
Phoenix, Arizona

Corntact: Lori Adams, (415) 855-8763

7-1

High-Voltage Transmission Line Electric
Design Seminar

Lenex, Massachusetts

Contact: Jim Hall, (415) 855-2305

8-10

Cooling Tower Performance Prediction
and Improvement

Eddystone, Pennsylvania

Contact: Jehn Niemkiewicz,

(215) 595-8871

14-16

Seminar on Advanced Concepts in Line
Structure Evaluation Techniques
Haslet, Texas

Contact: Paul Lyons, (817) 433-5300

1416

Technology Transfer

San Francisco, California

Contact: Susan Bisetli, (415) 855-7919

15-16

Low-Level Mixed Waste Conference
Boston, Massachusetts

Contact; Linda Nelson, {4158) 855-2127

15-18

Boiler Tube Failures: Correction,
Prevention, and Conirol
Eddystone, Pennsyivania
Contact: John Niemkiewicz,
(215) 595-8871

29-duly 1

Heat Exchanger Performance Prediction
Eddystone, Pennsylvania

Centact: John Niemkiewicz,

(215) 595-8871
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Contributors

—

Hingorani Stahlkopf

)
Nilsson .

2.
a

Starr

Mehta

Chao

Hester

he Delivery System of the Future

(page 4) was wrilten by science
writer John Douglas with assistance
from a number of experts in EPRI's
Electrical Systems Division.

Narain Hingorani, vice president for
electrical sysiems since 1986, came to
EPRI in 1974 after six years with the
Bonneville Power Administration. Ear-
lier he spent 11 years in research, teach-
ing, and consulling on the facultics of
three British universities. Hingorani
has a BS degree in electrical enginerr-
ing from Llhe University ol Baroda in
India and MS and PhD degrees from
the University of Manchester Institute
of Science and Technology in England.

Karl Stahlkopf became the director
of EPRIl’s Electrical Systems Division
early in 1992, Before thi= appointment,
he directed the Nuclear Power Divi-

sion’s Safety and Reliability Depart-
ment, and from 1980 to 1989, he headed
that division’s Systems and Materials
Departiment, Stahlkopl came to EPRI in
1973 after zeven years in the Navy,
where he specialized in nuclear propul-
sion. A University of Wisconsin gradu-
ate in electrical engineering, he also
holds MS and PhD degrees in nuclear
engineering from the Univerzity of Cal-
ifornia at Berkeley.

Stig Nilsson, longtime manager of
the Transmission Substations Program,
has been with EPRI since 1975, He
worked briefly for Boeing Computer
Services in the early 1970z and before
that was with Sweden’s Asea for 11
vears, coming to the United States in
1967 for the installation and testing
of control equipment on the Pacific
orthwest-Southwest  HVDC
He holds an electrical engineering de-
gree from HTL, Malmd, Sweden, and an
MBA from Santa Clara Universily.

Ben Damsky is manager for power
electronics systems in the Transmission

Intertie.

Subslaliens Program. Before joining the
Institute in 1984, he spent 19 vears with
General Electric, managing engineering
projects in a number of areas, including
advanced valves for HVDC systems and
ultrahigh-power thyristors. He holds
BS and MS degrees in physics from
Princetlon University and the Univer-
sity of Pennsylvania, respectively.

Neal Balu has managed the Electri-
cal Systemns Division’s Power System
Planning & Operations Program since
1988. Her came to EPRI in 1979 after
seven years at Southern Company Ser-
vices. Earlier he spent four years on the
faculty of the Indian Institute of Tech-
nology in Bombay. Balu received an
MSc degrie from the University of Sas-
katchewan, an MS [rom Louisiana Stale
University, and a PhD from the Univer-
sity of Alabama, all in electrical engi-
neering. He also holds an MBA from
Santa Clara University.

Harshad Mehta, a subprogram man-
ager in the Distribution Program, has
focused on R&D in power electronics

and robotics technologies for the last
nine years. Before joining EFRI in [923,
he worked at Fairchild Semiconductor
as a device research engineer. Mehta
received Bs and MS degrees in physics
from Vikram University in Ujjain, In-
dia, and a PhD in electrical engineering
from the University of Florida. m

hat Are You Afraid Of? (pagp

20) was written by Leslie La-
marre, fournal senior feature writer,
with help from three EPRI sources.

Chauncey Starr, president cmeritus
of EPR], founded the Institute in 1973
and gerved as its president for five
years, Previously he was dean of the
School of Engineering and Applied Sci-
ence at the University of California at
Los Angeles for six years. That position
followed a 20-year career in industry,
during which he was vice president of
Rockwell International and president
of its Atomic [nternational Division.
Starr received an electrical engineer-
ing degree and a PhD in physics from
Rensselaer Polytechnic Institute.

Hung-Po Chao, manager of EPRI's
Environmental Rizsk Analysis Program,
came to EPRI in 1979 after serving a= a
research astociate at Stanford Univer-
sity. During the 1981-1982 academic
year, he was a visiting assistant profes-
sor in the School of Business Adminis-
tration at the University of California at
Berkeley. He received a B in electrical
engineering from Taiwan University,
MS degrees in operations research and
statistics from Stanford University, and
a PhD in vperations research and eco-
nomics, also from Stanford.

Gordon Hester, manager for energy
analysis in the Integrated Energy Sys-
tems Division, joined EPRI in 1990. He
was previeusly a researcher in risk
communications at Carnegie Mellon
University. Before that, he was an eco-
nomic policy analyst for the state of
Minnesota for four years. Idester re-
ceived a BS from Southern Oregon State
College and a PhD in public pelicy
analysis from Camegie %lellon. m
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The Information Service for the Electric Utility industry

EPRINET

1 WouLp Like TO MAKE THE CONNEICTION

¢ For U.S. newcomers in 1992 and 1993, EPRI effers the
EPRINET package {software, documentation, and services) at
no cost.*

* For all U.S. participants in 1992 and 1993, LRI pays the on-
going telecommunications cost* for commercial network dial-in.
* Plus! There are no access charges* for U.S, participanls.
"Does not apply to nunmember LS. utilities.

PLEASE SIGN ME Up Now

Namu

Title

Ltility/Organization

Address

City Stale Zif

e
EPRI member? Ll Yes [0 No
[F 1 use an IBM or compatible PC with medem,
D1 use a Mavintosh with modes.
11 do not oow have all the required suipment, Call me in ___ manths,

CONNECTIVITY

Cl Tymnet  [CHIN (IBM Informalion Metwirk)

1 Direct long-distance dial-up to an EPRI number in the 415 area code

[ Hasl-to-host connection

{.1'T will be sharing a computer that is already equipped with the
EPRINET software, | need only my own ID and the documentation,

eqgnaiuer|

The Information Service for the Electric Utility Industry

EPRINET

I Wour .o LixE TO MAKE THE CONNECTION

» For U.S. newcomers in 1992 and 1993, EPRI offers the
EPRINET package (sottware, documentation, and services) at
no cost,”

* For all U.S. participants in 1992 and 1993, EPRI pays the on-
going telecemmunications cost® for cemmercial network dial-in.
* Plus! There are ne access charges™ for U.S. participants.
‘Bues not apply to nonmember U.S. utilities.

PLEASE SIGN ME Ur Now

Name

{itle

Utility/Organization

Adddress

City State Zip

[husne

EPR! member? O Yes  El No

O3 1 use an BM or compatible PC with madem.

01 [ use a Macintosh with modem.

7] do not now have all the required equipment. Call me in ___ months.

CONNECTIVITY

U Tymnet L1 [N (IBM Information Nelwork)

(1 Direct long-distance dial-up to an EPRI number in the 415 area code

LI Host-to-host conriection

L Iwill be sharing a computer that is already equipped with the
EPRINET software. | need only my own [D and the docimentation.

{Signature)
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