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EDITORIAL

Opportunity for Partnerships

The water and wastewater industries servicing our nation's communities are undergoing rapid trans-
formation, as existing water treatment systems are being modified or replaced tc meet stringent new
federal and state environmental regulations. Most technologies to be adopted will be electrically rather
than chemically based, and as this month's cover story points out, that presents unique opportunities for
electric utilities to work with a major customer class for mutual benefit and community progress.

Recognizing the importance of maintaining and improving the urban infrastructure for the
benefit of all citizens, EPRI and its members have taken the lead in developing partnerships toward the
development and deployment of new technologies that water and wastewater utilities can use in support
of their local communities. Many of our R&D efforts have focused on new technologies needed for
environmental compliance—ozone treatment for potable water, ultraviolet treatment of wastewater, and
advanced reverse-osmosis designs for desalination facilities, among others.

However, potential opportunities extend beyond water treatment technologies. Currently 3%
of the electric power consumed in the United States is used for water treatment. Efficiency improvements
now available for such mundane items as pumps and air compressors can substantially reduce water
facilities' operating costs while supporting electric utilities' demand-side management objectives. Sig-
nificant cost reductions can often be achieved immediately through the use of advanced motors and
adjustable-speed drives. In some seacoast regions where potable water is in short supply. it may make
economic and environmental sense for water and power utilities to become even more closely
connected—through the construction of desalination facilities right at electric power plants.

Perhaps most important are the strong partnerships EPRI has formed with the American Water
Works Association Research Foundation, the Water Environment Research Foundation, and several
dozen other participants in the Industrial Program’s Municipal Water and Wastewater (MWw) Project.
Through this project, electric utilities and water-related utilities are working together 1o address shared
concerns about the environment, the public service infrastructure, and rising costs,

Changes in water and wastewater treatment requirements represent only one of a growing
number of infrastructure challenges to the nation's urban environment. Our objective is to build on the
experience with the MWW Project to establish a new center—the Community Environmental Center—that
will expand opportunities for partnerships into such areas as solid waste management and medical
waste disposal, | urge other interested EPRI members to join us in this effort.

Robert D. Jeffress
Manager, Industrial Program
Customer Systems Division
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hallmark of the complexity of

modern  life is that ‘many

things once taken for granted

can no longer be ignored.
Consider safe drinking water, for example.
Various means of disinfecting water have
been used since the mid-nineteenth cen-
tury, and the first continuous chiorination
of a public water supply-in the United
Stales was inaugurated in 1908. Disinfec-
tion processes then changed little until the
1970s, when the development of advanced
analytical equipment led to the discovery
that chlorine could react with organic ma-
terial in water to formcompounds, such
as chloroform, that are catcinogenic. By
the 1980s, more concerns had arisen about
whether conventional water treatment,

designed to kill bacteria, was also ade-
quate to protect the public against infec-
tion by parasites and viruses.

As a result of these and other health and
environmental considerations, new regu-
lations _affecting the treatment of both
drinking water and wastewater have re-
cently been imposed. For many munici-
pal water utilities, these regulations meah
that additional treatment steps must be
added and that new :technologies will
be needed — generally increasing both en-
ergy consumption and treatinent costs.

Because the potable: water and waste-
water treatment industries consume ap-
proximately 2-3% of total U.S. electric
power, electric utilities have an important
stake in these changes; moreover, this seg-

ment of electricity demand is expected to
grow by some 40% over the next 20 years,
in part because of the new regulations and
in part because of population growth.
Consequently, EPRL has been working
with the American Water Works Astocia-
tion Research Foundation (AWWARF) and
the Water Environment Research Founda-
tion (WERF) to improve energy efficiency
at treatment facilitiés and to support the
development of advanced treatment alter-
natives. This cdllaborat_ive effort, initi-
ated in 1990 and called the Municipal Wa-
ter and Wastewater (MWW) Project, will
help water and wastewater utilities reduce
electricity and environmental compliance
costs while enabling electric utilities to
meet demand-side management (DSM)




objectives (sce sidebar). The project cur-
rently has 42 participants, including indi-
vidual electric utilities, state and federal
agencics, and private research organiza-
tions.

“Most water and wastewater utilities
are having budget problems, and since en-
ergy is a major cost, that’s where changes
can be made that will benefit both the util-
ities and their ratepayers,” says Charles
*oss, directer of research at WERF. “The
MWW Project helps fill a gap in research
that other funding agencies are not ad-
dressing. EPRI is looking at fundamental

development issues, taking new technolo-
gies from the laboratory and putting them
inte useful demonstration.”

Regulations and

treatment strategies

Most of the drinking water used by large
community systems comes from surface
seurces, such as lakes and rivers. Many
smaller systems and a few large systems
rely on groundwater from wells. The treat-
ment of water from surface sources usu-
ally involves both the physical removal of

suspended material, through sedimenta-

QOzonation pilot plant, Kansas City, Kansas
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tion and filtration, and chemical disinfec-
tion, usually with chlorine. For many
groundwater systems, dizinfection is the
only treatment, and some groundwater is
net treated at all.

Many water utilities are having to make
major changes in their treatment proce-
dures because of 1986 amendments to the
Safe Drinking Water Act. In particular, nu-
merous treatment facilities will have to b
upgraded by June 1993 to mert new re-
quirements for the meduction of viruses
and cyst-forming parasites, such as Giar-
dia lamublin. By 1996, water utilities will also
have to comply with new regulations for
limiting by-products of disinfection, such
as chloroform, in potable water.

On the wastewater gide, treatment in
the United States has already been going
through major changes fer several years,
and more improvements will soon be re-
quired. In response to the federal Clean
Water Act of 1972 —the goal of which was

OZONE DISINFECTION The use of ozone to
disinfect drinking water, practiced in Europe for a

century, is just now being pursued in the United

States as a substitute for less-expensive but environ-
mentally problematic chiorination processes. Ozone is
produced by electric corona discharge through air or
oxygen and is then bubibled through water to inacti-
vate Giardia cysts and destroy organic materials and

herbicide residues.
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to achieve “fishable and swimmable” sur-
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face waters througheut the country —the
number, size, and complexity of waste-
water treatment facilities have already
grown rapidly. More recently, the Water
Quality Act of 1987 strengthened federal
water quality regulations and placed new
emphasis on the control and disposal of
sludge formed during wastewater treat-
ment.

Virtually all wastewater systems use
some form of preliminary treatment — the
removal of coarse solids, such as debris
and grit—and primary treatment, in

which screening and sedimentation are

Producing ozone with corona discharge




UV DISINFECTION  Ultraviolet light wil quickly
kill bacteria and viruses, which are the primary
contaminants in wastewater. The water is
channeled through a bank of several thousand
flucrescent lamps made from special quartz glass
that transmits 90% of UV light. Unlike chiorination
approaches, UV treatment leaves no residual

contaminants.

used to remove a portion of the suspended
solids and erganic materiale. Because this
level of treatment allows a considerable
amount of organic material to remain in
the effluent, however, plants that rely enly
on these twe steps will generally have to
be upgraded under the new regulations
by adding secondary and advanced treat-
ment.

Secondary tratment is directed princi-
pally toward the removal of biodegrad-
abliz organics and suspended solids and
toward disinfection. Secondary treatment
usually involves aeration of the waste-
water, separation of sludge, and chlorina-
tion of the final liquid effluent. Procedures
for the removal of nitrogen and phospho-
rus nutrients may also be included to pre-
vent blooms of algae and aquatic plants
in lakes or other deleterious effects in
streams and groundwater. Advanced waste-
water treatment is defined aw the need for
processes beyond conventional secondary
treatment in order to remove nutrients,
toxic compounds, organic material, and
suspended solids. The number of sec-
endary and advanced treatment facilities
is expected to grow significantly during
the next several years, together with a
need for new ways to treat and dispose of
the increased amount of =ludge that will
be produced.

Some of the changes required in the
treatinent of water and wastewater can be
implemented by enhancing or moderniz-
ing existing facilitiez. In some cases, how-
ever, new technelogies will be needed.

Electrotechnologies
for disinfection

Disinfection is the key to water and waste-

water treatment. As new regulations place

UV system at Central Contra Costa Sanitary District, California

tighter restrictions on the treatment of
potable water, wastewater, and sludge,
several new technologies offer attractive
alternatives to traditional treatment meth-
ods, some of which have changed little in
the last hundred years. Most of these new
technologies are electrically based in order
to achieve greater effectiveness, higher ef-
ficiency, lower environmental impact, or
some combination of these factors. EPRI
has been actively involved in the evalua-
tion of these electrotechnologies and, in
some cases, is sponsoring demonstrations
in cooperation with member utilities.
Although chlorination remains the lead-
ing generic disinfection treatment for
petable water, a search is under way to
find alternatives that are more effective
against Giardia and viruses and that pro-
duce fewer disinfection by-products
{DBP=). All public water systems using
surface water must now achieve a 99.9%
reduction of Giardia cysts and a 99.99% re-
duction of viruses. Current regulations
limit the maximum levels of certain DBPs
to 100 parts per billion, but a much more
restrictive rule to limit combined fotal
DBPs to 50 ppb is under consideration.
For inactivation of Giardia cysts, dis-
infection with ozone (O3} can be 100 to
300 times more effective than disinfec-

tion with chlorine, while reducing DBPs.
Ozonation also destroys many of the or-
ganic materials in drinking water that can
give it an ebjectionable taste or odor. The
reduction ef herbicide residues in water
supplies can alzo be achieved with ozona-
tion, as demonstrated in an EPRI-funded
project with Union Electric Company and
the St. Louis County Water Company.
Ozone has been used to disinfect potable
water since 1893 in Europe, where such
treatment is now quite common. Only a
few ozonation facilities are currently op-
erating in the United States, but a number
are either under construction or being de-
signed.

Ozone is produced from oxygen by
means of an electric discharge through air
or pure exygen that is passing between
concentric tubular electrodes. (Ozone gen-
erators differ primarily in the percentage
of initial oxygen enrichment, the fre-
quency and voltage of power =upplied,
and the configuration and materials used
in the generator cells.) The ozone-enriched
gas is then bubbled through water, and the
residual ozone is destroyed or recycled.
Since ozone treatment leaves no residual
disinfection capability in the water, a
small doze of chlorine or a chlorine cem-
pound is usually added to the purified
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Help for Small Community Systems

I\ﬂ any small US. communities lack
the financial resources to bring

their water and wastewater facilities
into compliance with new regulations.
As a result, these communities are
responsible for some 90% of current
water quality violations. To see how
electric utilities could help, EPRI, the
Environmental Protection Agency, the
American Water Works Association
Research Foundation (AWWARF), and
the National Rural Electric Coopera-
tive Association (NRECA) sponsored a
study of small community treatment
systems and identified both short- and
long-term actions that water and elec
tric utilities can undertake coopera-
tively.

The depth of the problem is illus-
trated by considering the case of Ore-
gon, a relatively rural state with one
major urban corridor, Approximately

90% of the total water systems in the
state serve populations of under 3300.
The total cost of improving these small
systems is estimated to be $225 mil-
lion—as much as $12,000 per person
served. The median family income in
the rural areas affected, however, ranges
from about $20,000 to $31,500. In other
words, for a family of three, the prorated
cost of improving community water-
works would exceed median family in-
come. In addition, some of the technical
and managerial skills required to up-
grade water and wastewater facilities
may not be available in many of these
communities,

Although many of the institutional
and political problems posed by the new
regulations remain to be solved, local
electric utilities can provide help to
many small community water and
wastewater systems in a variety of

ways. Almostimmediately, they can of-
fer technical assistance in developing
plans for system upgrading, financial
assistance through the design phase,
and administrative assistance once a
project is completed. Already some
utilities, including Buckeye Power in
Ohio and Dixie Electric Cooperative
in Alabama, have assisted communities
in developing improved water systems.
Over the long term, utilities can help
communities overcome institutional
barriers, introduce new technologies,
and consolidate treatment systems—
cither physically or administratively—
into more-efficient entities. For exam-
ple, a utility might undertake monitor-
ing and maintenance duties for several
community facilities. Further research
on such longterm options is currently
being conducted with funding from
EPRI, %RECA, and AWWARF. a




water befere distribution to prevent re-
contamination. The small amount needed
for this use, however, should remain well
below problem levels for chlorine.

The main drawback of ozonation is that
its capital and operating costs are consid-
erably higher than those of chlorination.
Using ozone to disinfect potable water is
about twice a= expensive as using chlo-
rine. About 75% of the operating cost is
for electricity, however, so specific costs
depend on local electricity rates and other
factors. Unfortunately, from a DSM point
of view, ozone must currently be pro-
duced on-site for immediate use, since
storage is difficult and dangersus because
of its high reactivity. Power use for iszone
water treatment therefore generally coin-
cides with the daily utility peak de-
mand —the most expensive time to be
buying electricity.

For the disinfection of wastewater, ul-
traviolat (UV) tizatment not only offeérs
several advantages but also promizes to be
li=s costly, especially in terms of capital in-
vestment for new facilities, Compared
with chlorination, UV offers theze advan-
tages: it disinfects wastewater without the
need to &tore or handle dangerous chim-
icals; the short contact times needed with
UV make it practical to neduce the size of
treatment tanks; and the absence of mov-
ing parts considerably simplifies the op-
eration. Because UV does not inactivate
Giardin cysts, it is generally not a good
candidate for treating piotable water from
surface sources, but it may be an option
for disinfecting groundwater where Giar-
din is not a problem.

UV disinfaction systems consist of a
nitwirrk of several thousand fluorescent
lamp= with special quartz glass that trans-
mits 90% of UV light. Wastewater i& chan-
neled betwgen the lamps, where expo-
sure to UV quickly kills the bacteria and
viruses that are the predominant contam-
inants. The absence of any chlorine by-
products means that treatment facilities
uzing UV do not have to dechlorinate the
etfluent after disinfection to prevent envi-
ronmental damage. Current regulations
limit total residual chlorine to 19 ppb for
eftluents discharged to fresh water and 13
ppb for those discharged to salt water. As

ELECTRON-BEAM DISINFECTION EPRI has sponsored tests of an experimental wastewater
disinfection approach that involves bombarding the water with high-energy electrons from a

particle accelerator. The fast-moving electrons and the chemical radicals created by their impact

have been shown to destroy both microerganisms and organic contaminants. While E-beam

disinfection is an intriguing idea, more work will be required to demonstrate its practicality. The

blue light in the photo reveals theline where electrons strike the water flowing over the weir.

E-beam

a result, many wastewater facilities are ei-
ther installing dechlorination equipment
or seeking residual-free alternatives, such
as UV treatment. An EI'Rl evaluation of
ozone and UV systems for disinfection has
been completed.

An experimental electrotechnology that
can disinfect wastewater while alzo de-
stroying toxic organic compounds= has re-
cently been demonstrated with EPRI fund-
tng. Called electron-beam (or E-beam) dis-
infection, this process involves the use of
an accelerator that shoots high-energy
electrenz into wastewater. E-beam tech-

Water flow

nology has JTong bien used in manufac-
luring plastics, wherne the electrons break
long molecular chains, creating cross-
links to stringthen polymers. More recent-
ly, electron beams have also been used
to sterilize¢ medical equipment and fond.

[n wastewater, the fast-moving elec-
trons and the chemical radicals created by
their impact destroy both microorganisms
and the organic molecules often found in
indugtrial waste. During February 1992,
EPR! =ponsored multiple tests of E-beam
disinfection on wastewater at the Palo

Alto, California, Regional Water Quality

EPRI JOURNAL March 1993 9
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Dealing with sludge

The big problem with sludge produced as

a by-product of water and wastewater

Inner belt treatment is, of course, how to get rid of
\ = it. Currently, some of it is composted,
s some landfilled, some incinerated, and
some spread on land. If better methods
could be found to dewater sludge, its dis-
s posal costs would be reduced, and bene-
',-'.-Cake ficial uses — for example, a= a soil amend-
discharge  ment or fertilizer —would be promoted.
EPRI is supporting the development of

two promising electrotechnologies for

sludge dewatering.

Cathode
belt
ELECTROACQUSTIC SLUDGE DEWATERING

In electroacoustic dewatering, sludge is sandwiched

Outer
belt

between two belts that are pressed against a large
roller and subjected to an electric field and ultrasonic
sound. The mechanical pressure and high-frequency
sound waves separate the solid and liquid fractions

Ultrasonic transducer assembly

of the sludge, and the electric field pulls the frac-

tions in opposite directions.

In electroacoustic dewatering (EAD),
sludge is sandwiched between two belts
that are pressed against a roller while be-
ing subjected to an electric field and ul-
trasonic sound. The high-frequency sound
waves agitate and separate the solid and
liquid fractions of the sludge, and then the
electric field pulls the fractions in opposite
directions. An EPRI-sponsored demonstra-
tion of EAD iz expected to begin in 1993 at
three municipal sewage treatment plants
in Morth Carolina; the equipment i= man-
ufactured by Ashbrook-Simon-Hartley of
Houston, Tewas, and Duke Power L om-
pany is the host utility.

Testing of a mechanical freeze/thaw de-
watering process is under way at the Mew
Jersey American Water Company with
EPRI funding. Jersey Central Power &
Light Company i= the host utility. In this
technique, a slurry of water treatment
sludge i dropped inte the refrigeration
Control Plant, using a 1-kW linear accel- extremely sensitive to flow control con- chambuerinfa commercial ice maker. As the
erator developed by Mutek Corporation of  figuration and beam shape. FPRI is con-  sludge freezes on the surface of refriger-
Palo Alto. These tests established the E- sidering further demonstrations of this ated plates in the chamber, the solids ag-
beam dose required for disinfection and technology with higher-power E-beam glomerate and become easy to separati
also showed that system effectiveness is  generaters. from the liquid fraction.

10 EPRIJOURNAL March 1993



Photos courtesy of lonics, Inc. (Mark Mattivi)

REVERSE-OSMOSIS DESALINATION Advanced designs have made reverse osmosis and other

Desalination and water reuse

In coastal areas with limited freshwater re-
sources—including some heavily popu-
lated regiens of the East Coast, the Gulf
Coast, and California— utilities can play
an even more direct role in providing
petable water, through the desalination
or reclamation of wastewater at power
plants. A lack of sufficient water supplies
has impeded economic development in
some impacted areas. Since all desalina-
tion and water-recycling processes are en-
ergy-intensive, some advantages of such
combined Iﬁower and water facilities are
obvious: either waste heat or electricity
could be provided with minimal distribu-
tion costs and lesses. As recent studies
conducted for EPRI and Flerida Power &
Light Company (FPL) show, however, the
potential synergism goes even deeper.
Siting power and desalination plants to-
gether also provides an opportunity for
the sharing of facilities that would other-
wise be duplicated. Probably the most im-
portant of these are seawater cooling in-
take and discharge structures, which typ-
ically represent some 20% of the capital
cost of a desalination plant. Adding such
a facility to an existing power plant can
eliminate the need for building new in-
take and discharge structures. Combining

processes more economical for seawater
desalination projects and for the recla-
mation of wastewater at power plants.
Studies have shown that locating power
and desalination plants at the same site
can lower costs by minimizing power
distribution costs and enabling shared use
of expensive intake and discharge
structures.

these facilities could alse have environ-
mental benefits. Warm effluent from a
power plant normally flows near the
ocean surface after discharge, while the
dense brine produced by desalination
sinks quickly to the ocean floor. Mixing
the two could mere clozely approximate
neutral buoyancy, enabling the combined
effluent to mix more rapidly with the sur-
rounding water and thus minimizing eco-
logical effects.

Technological developments, too, have
stimulated interest in combining power
and desalination facilities. Low-tempera-
ture, multieftect distillation (LT-MED), for
example, can make more-efficient use of
relatively low-temperature steam from a
power plant. Because of its high energy ef-
ficiency and suitability for cogeneration,
LT-MED has largely displaced elder, high-
temperature flash #vaporatien methods,
except in energy-rich countries of the Mid-
dle East. -

Reverse-osmosis units at Diablo Canyon nuclear plant

Santa Barbara, California, desalination facility

Anether technological advance, desali-
nation through reverse osmosis (R®), in-
volves the use of electric power directly.
In erdinary osmosis, a semipermeable
membrane separating plain water and salt
water inhibits the passage of dissolved
solids but allows water to flow from the
region with lewer salt concentration to
that with higher concentration. This flew
can be reversed, however, by applying
high pressure te the seawater side —es-
sentially pushing fresh water through the
membrane while leaving the salt behind.

At first, RO desalination usad flat mem-
branes, which proved to be uneconomical.
More recently, however, two advanced de-
signs have made RO more competitive, In
a spiral-wound RO module, a layer of
porous material that will carry the fresh-
water product is sandwiched between two
membranes. These, in turn, are covered by
spacer sheets that provide an inlet for
feedwater, and the whole assembly is
wound around a hollow tube. Fresh wa-
ter from the porous central layer of the spi-
ral winding flows through holes into the
hollow tube. Such assemblies can with-
stand pressures as high as 1000 pounds
per square inch (psi), enabling them to
achieve high flow rates. Spiral-wound RO
units are used mainly for desalinating
brackish water, which has a lower salt con-
centratien than seawater.

EPRIJOURNAL March 1993 11



ost existing water and waste-
water facilities were not built
with the efficient use of energy in mind.
As new and more expensive treatments
are required, however, the cost of en-
ergy is becoming a more important
consideration for plant operators. At
the same time, many electric utilities
are actively seeking ways to influence
the demand for electricity through de-
mand-side management (DSM) pro-
grams. Specific DSM objectives differ
considerably among utilities, but com-
mon goals include strategic energy
censervation to reduce the need for
adding new facilities and load-shape
management te lower demand peaks.
“Water utilities and electric utilities
share a mutual area of concern in en-
ergy management,” says Elizabeth
Kawczynski, a senior project manager
at the American Water Works Associa-
tion Research Foundation. “By work-
ing with electric utilities, we can take
advantage of what they already know
about demand-side management. In
addition, EPRI offers a lot of expertise
about electrotechnologies that we can
use to good advantage.”
Potable water treatment facilities are
particularly attractive candidates for
introducing more-energy-efficient tech-

12 EPRIJOURNAL March 1993

nology, since electricity represents

about 20-30% of plant operating costs,
and 80% of the electric power is used
for just one applicatien—pumping wa-
ter. Under such circumstances, the in-
stallation of high-efficiency motors for
pumps or of adjustable-speed drives
(ASDs) to optimize the performance
of existing pump motors can result in
significant reductions in energy use
and savings on power bills. In many
applications, payback periods may be
less than three years. Installing more-
sophisticated instrumentation and con-
trols to monitor and optimize system
operations can facilitate both energy
conservation and load-shaping efforts.
And if the difference between peak and
off-peak power rates is particularly
great, the construction of increased
storage capacity that can be filled by
pumping during periods of low de-
mand may be justified.

In any case, the development of a
DSM strategy begins with an energy au-
dit in which the electric and water util-
ities cooperate te analyze how power
is being used and what potential ben-
efits could be achieved by implement-
ing changes. Some electric utfilities also
offer incentives for industrial cus-

tomers to undertake DSM measures, in-

Improving Energy

cluding loans or rebates for purchasing
high-efficiency equipment. These ini-
tiatives can be supplemented by special
rate structures that weuld be applica-
ble to water facilities, such as time-ef-
use charges and interruptible service
discounts.

In a recent exampie of such efforts,
Jersey Central Power & Light Com-
pany has been coeperating with the
Mew Jersey American Water Company.
After conducting an energy audit, the
utilities proposed undertaking a vari-
ety of DSM projects. In four projects
now completed, ASDs were installed to
control several pumps; the result was
annual savings of more than $100,000.
Other projects currently under evalua-
tion include energy recovery with a
turbine generator and replacement of
conventional air conditioners with wa-
ter-source heat pumps. Using commer-
cially available heat pumps to recover
heat from treated water to meet process
and space-heating needs appears to be
a promising DSM option for both water
and wastewater treatment facilities.

In wastewater systems, the largest
single user of electricity is the aeration
system, which accounts for 50-60% of
operating costs. Here the challenge is
to optimize power utilization in an air
cempression system that may have a
ninefold fluctuation in demand ever
the course of a day. The installation
of dissolved-oxygen monitors and of
ASDs that can adjust the eperation of
aeration equipment as needed can sub-
stantially enhance syatem performance
and provide energy savings. Replacing
conventional coarse-bubble aeration
systems with fine-bubble equipment
has resulted in energy savings of 20-
35% for many plants. Also, peak load
can be reduced by adding wastewater
storage ahead of aeration tanks.



Efficiency

Pumping systems and sludge pro-
cessing are also significant users of
electricity in wastewater treatment. In
the case of siudge, one valuable DsM
measure js to use a lower-horsepower
belt press for thickening instead of
largir centrifuges or filters. The perfor-
mance of pumps used to move sludge
cann also be improved significantly
through the use of high-efficiency mo-
tors and ASDs.

The effectiveness of DSM for waste-
water systems was demonstrated at the
treatment facility of the city of Colum-
bia, Tennessee, in cooperation with the
Tennessee Valley Authority. The project
not only saved significant fractions of
the plant’s energy consumption but
also provided improved process con-
tral and a reduction in labor cests. The
addition of ASDs to seme pumps re-
duced their power consumption by
nearlw' one-quarter. Dissolved-oxygen
monitors were also installed, which
helped reduce the operator time de-
voted to adjusting aeration equipment.
On the basis of energy savings alone,
the payback period for the purchase of
the new equipment was expected to be
four yrars.

A study of DSM options tar water
and wastewater treatment facilities has
been completed, with results to be pub-
lished this vear. Myron Jones and Paul
Meagher of the Customer Systems Di-
vision are the EPRI project managers.
The study report concludes: “Utility
experience with DSM in the water and
wastewater treatment industries has

“been limited to date. Most of the expe-
riences have been as part of general in-
dustrial programs. Because of the in-
dustry-specific processes found in wa-
ter and wastewater treatment, it may
be useful for utilities to target these in-
dustries specifically.” 0

The other advanced RO design uses
membranes composed if hollow fibers.
These fibers have an outer diameter of
only 0.1 mm and can withstand pressures
as high as 1500 psi. Under pressure, wa-
ter permeates the fibers and flows down
their centers for collection at the end of a
bundle of fibers. Hollow-fiber membranes
are currently favored for seawater desali-
nation because of their suitability for high-
pressure operation and relatively high re-
cuvery rates for fresh water.

In the studies for EPRI and FPL, LT-MED
and RO desalination systems were evalu-
ated for use at specific power plants for
both brackish water and seawater. The re-
sults showed that RO technology is less ex-
pensive than LT-MED for both water
sources because df its lower capital re-
quirements. For seawater desalination, an
RO plant can produce fresh water for
20-30% less than LT-MED. Other advan-
tages of RO include ease of implementa-
tion, a smaller installation footprint, and
greater operating flexibitity.

Detailed case studies at particular
plants indicated that a 50-million-gallon-
per-day desalination plant based on R@
technology could produce tresh water
at $1.50-$2.00 per 1000 gallons from
brackish water and at $2.00-53.00 per 1000
gallons from seawater. For comparison,
the next-most-efficient technology —LT-
MED—would produce fresh water from
seawater at about $2.50-$5.00 per 1000
gallons. Such figures may seem high in
comparison with the average retail cost
of water in the Uniled States —about
£1.00-%1.50 per 1000 gailons—but that
cost s the result of heavy gavernment
subsidization fer auch capital projects as
aqueduct construction.

EPRI i% alse sponsoring studies of mem-
brane applications in wastewater reclama-
tion, including the use of reclaimed water
for recharging groundwater aquifiers or in-
dustrial use. Consideralion is also being
given to the funding of other technologies.

Future initiatives
The diverse research taking place under
the Municipal Water and Wastewater Proj-

ect s currently being coordinated by a
project office in Oakland, California, un-

der the direction of a steering committee
representing project participants. Plans
are now being made to establish a per-
manent center to manage the MWW Proj-
ect and related areas of collaborative re-
search, such as solid waste management
and medical wasté disposal. Th# new
Community Environmental Center is ex-
pected to become operational in 1993; like
other EPRI technology applications cen-
ters, it will provide technical support to
member utilities, foster technology trans-
fer, and facilitate collaborative research
profects involving multiple industries.

“The field of water and wastewater
treatment offers significant opportunities
for electric utilities to work with a major
industrial customer te the benefit of the
whole community,” says Myron Jones,
project manager for environment and en-
ergy management in EPRI’s [ndustrial Pro-
gram. "Environmental concerns, an aging
infrastructure, rising costs, and new regu-
lations have created serious problems for
water and wastewater utilities across the
country. Finding solutions for these prob-
lems will require research and coordina-
tion efforts that reach across traditional in-
dustry boundaries. Electric utilities can
play a major role, as we have already seen
in the $1WW Project. Once the Community
Environmental Center is established, we
will be able to expand this work substan-
tially in response to a growing demand for
cooperation in providing essential com-
munity services.”

Further reading

Water and Wasfewaler Industries Charactenstics and
DSM Opportunities Final reporl for RP3046, prepared by
Melcall & Eddy, Inc Forthcoming EPRI TR-102015,

Rural Waler/Wasiewater Study, Vol 1 Final report for
RP2662-20. prepated by Kennedy/denks Consuitanis
January 1993 EPRI TR-100820

Desatination Study of FPL Power Plants Final report for
RP2662-23, prepared by General Aibmics December
1932 EPAl TR-1012386

Desannation  Techrnology Evafuaton Final repont for
RP2662-23, prepared by General Atomics November
1992 EPRI TR-101019

Review of Electratechnologies Used i the Disinfection of
Water and Wastewater. Final report for RP2662-10, pre-
pared by Metcalf & Eddy. Inc October 1392 EPRI TR-
100977

Backgreund nfermanon (or this arlicle was provided by
Myron Jones, Customer Systemns Divisian
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by Taylor Moore

Images in Infrared

lectronic sensors and imaging
systems that respond not to vis-
ible, reflected light but to the
slightly-longer-wavelength in-
frared radiation emitted by warm or hot
objects have been used in military appli-
cations ranging from early night-vision
scopes to heat-seeking missiles. Tele-
scopes incorporating such technology
have peered into the far reaches of the
universe to see planets and stars that are
optically obscured by interstellar dust.

Over the past 15 to 20 years, infrared
(IR) imaging systems have also come to be
used in a broadening spectrum of indus-
trial and manufacturing applications in
which the ability to visualize heat flow or
a thermal anomaly can yield valuable, but
otherwise invisible, information. One of
the most familiar uses of these thermo-
graphic systems is gauging heat loss
through the doors and windows of build-
ings as part of efforts to control energy
costs.

Mow, electric utilities are increasingly
turning to R as a powerful teol for non-
destructive evaluation (%DE), both in
pewer plants and for transmission and
distribution systems. They are document-
ing substantial benefits from using IR in
predictive, preventive maintenance strate-
gies that try to avoid the premature repair
or replacement of components while min-
imizing failures that can take down re-
lated equipment or systems. In fact, utili-
ties are finding that the value of the in-
formation available from IR systems can
far exceed the capital investment for the
equipment itself. Nonetheless, effective in-
spection programs that yield the maxi-
mum benefit from IR technology require
an jnvestment in personnel and training l
as well as in hardware, r

Many utilities routinely survey distri-
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THE STORY IN BRIEF Electronic heat-imaging systems that
work by sensing the infrared energy emitted by objects are
being broadly applied in the electric utility indusiry in a

variety of diagnostic maintenance applications. Infrared (IR)

detectors range from simple qualitative devices to scanning

imaging systems with color video output. EPRI is playing a
supporting role in fostering utility use of IR systems with publi-
cations and hands-on training to familiarize utility personnel
with such equipment and its many possible diagnostic uses.
And work is planned to develop expert system software to aid
utility engineers in comparing different thermal images to spot

early signs of wear or needed maintenance.

bution lines and substations with van- or
truck-mounted IR scanners, looking for
hot spots that are a sign of higher-than-
normal resistance to current or of loose,
corroded, or worn connections. One util-
ity has mounted a unit at a substation to
perform continual freeze-frame scanning
of a busbar to record the location of
flashovers. Utility or contractor crews in
helicopters with gimbal-mounted IR scan-
ners fly over transmission lines. In a sub-
station, an IR scanner can identify a
blocked cooling fin in a large transformer
long before the transformer itself would
overheat and fail.

The practice of using IR in trouble-
shooting a wide range of power plant
equipment, both electrical and mechani-
cal, began and grew in nuclear stations.
Now the trend is spreading to fossil units,
as operations and maintenance (O&M)
staffs in those plants become familiar with
the technology and its potential. Many
IR applications— from examining cables,
steam pipes, valves, and motors to locat-
ing steam traps and scoping switchgear,
transformers, and fuse boxes—are similar
for both nuclear and fossil plants. And
other applications with potential for both
kinds of plants are being explored and de-
veloped —for example, the use of IR to
recognize small temperature differences
for leak detection among hundreds of con
denser tubes. Moreover, except for appli-
cations that involve steam, power plant
uses of IR apply equally to hydro stations.

“Infrared thermography is becoming an
important diagnostic tool that is not
equipmentspecific—it can be applied to
virtually the whole spectrum of equip-
ment in power plants,” says John O’Brien,
EPRIl program manager for nuclear plant
operations and maintenance. Adds Larry
Nottingham, a manager at EPRI's Nonde-




structive Evaluation Center in Charlotte,
North Carolina: “Just about any kind of
problem you can imagine that manifests
itself by some temperature change is a
candidate application for infrared inspec-
tion.”

EPRI's Nuclear Maintenance Applica-
tions Center (*MAC), located at the NDE
Center, has produced the Iifrared Ther-
mography Guide, which gives utilities the
basics of IR theory, covers instruments and
applications, and provides guidance on
how to set up in-house IR inspection pro-
grams. An updated, expanded version of
the guide, including full-color coverage of
new applications, isin preparation. NMAC
also sponsors, in cooperation with EPRI’s
Generation & Storage Division, work-
shops and training courses on IR Lher-
mography at EPRI's Maintenance & Diag-

DETECTING LIGHT BELOW THE RED

A chart of the electromagnetic spectrum
shows where the infrared region is located,
just beyond the red end of the visible spec-
trum. IR inspection systems can detect

hot spots because hotter objects radiate more
of their energy at shorter wavelengths (point
A, closer to the wavelength of visible light)
while cooler targets radiate more energy at
longer wavelengths (point B). Most IR thermal
imagers used in power plants or other utility
applications operate in the spectral region of
3-5 or 8-12 micrometers.

nostic (M&D) Center at the Eddystone sta-
tion of Philadelphia Electric Company.
Meanwhile, plans are under way to in-
crease the sophistication of IR thermogra-
phy as a plant diagnostic tool by devel-
oping expert system software that can
manage and interpret massive databases
of stored thermographic images. Also, in
the electrical systems area, there are plans
to include IR technology in a detailed eval-
uation of advanced assessment and in-
spection methods for overhead transmis-
sion lines. There is even hope that IR ther-
mography can be used to make accurate
measurements of conductor temperatures
to help determine line current loadings.

16 EPRI JOURNAL March 1993

Heat beyond the light

Our understanding of the fundamental
relationship between light and heat can
be traced to thie early nineteenth century,
when the English astronomer Sir William
Herschel used a thermometer to show that
the red end of the spectmun emerging
from a prism was warmer than the blue
end. Herschel found still-higher tempera-
tures just beyond the red, where no light
was visible. Hence, the invisible light be
low the red, or infrared. A theoretical ex
planation for the relationship camme a cen-
tury later, when the German physicist
Max Planck described how a perfect ab-
sorber of incidenl electromagnetic radia-
tion—a blackbody —emits radiation at
infrared wavelengths (1-20 micrometers)
as a function of its temperature.

The earliest infrared camera had an oil-
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coated membrane and sensed thermal en-
ergy directly as the oil evaporated. By
World War i, sensors that detected pho-
tons of infrared light with a metal-cathode
vacuum tube were being used to track
ships and tanks. [t was several more
decades, however, before electronic detec-
tor arrays based on semiconductors and
coupled with microprocessors were de-
veloped that offered the spectral response
and spatial uniformity necessary for high-
performance IR cameras.

Today there are several mature IR de-
tector technologies based on such semi-
conductor combinations as platinum-sili-
cide, indium-antimonide, and mercury-
cadmiume-telluride. In this country alone,
IR instruments and cameras of various
kinds and specifications are available from
three or four dozen manufacturers, in-
cluding Agema, FLIR Systems, Inframet:
rics, and 1SI. These products range from
pocketsized probes and guntype ra-
diometers for spot measurements (both of
which provide a digital temperature read-
out of whatever they are aimed at) to scan-
ning IR imaging systems that—on a sin-
gle computer chip—electrenically process
and integrate the signals from thousands
of detectors to generate a digital thermo-
graphic data image. Such images can be
stored on videotape or computer disk,
printed, or digitally manipulated and an-
alyzed using special software. Most IR
thermal imagers are designed to respond
to the spectral region of either 3~5 or 8-12
micrometers.

For most utility applications, lhere are
two broad types of IR thermographic
imaging systems: qualitative and quanti-
tative. In general, the former are designed
to assist in visual inspections for obvious
temperature anomalies, while the latter
are capable of making fairly precise mea
surements (+0.1°C) of what the cross hairs
are trained on. In addition to generating
black-and-white IR images, both types can
assign colors to different temperature
ranges along the so-called steel scale from
very cool to very hot (blue to green to red
to yellow to white) to heighten contrast
and so emphasize the thermal patterns.

IR systems are far more versatile and
durable than physically attached thermo-
couples. As a noncontacl, nonintrusive
tool for temperature measurement, IR can
be used on normally operating equipment
that is in motion, is electrically energized,
or is too fragile, hot, or remote for ther
mocouples.

But with any IR sensor or scanner, the
accuracy of temperature measurement de-
pends on proper calibration of the instru-
ment. That requires determining as pre-
cisely as possible the emissivity of the sur-
face to be measured, taking into account



HANDS-ON TRAINING IN IR
THERMOGRAPHY EPRI's
Maintenance & Diagnostic
Center at Philadelphia
Electric Company’s
Eddystone station puts on
three-day workshops for
member utility personnel
in the application of
thermography in the

early detection of
equipment anomalies. The
workshops are presented jointly with EPR!'s Nuclear
Maintenance Applications Center, located in Charlotte, North Carolina.

Classroom sessions cover theory and equipment, and lield demonstrations using power plant

mechanical and electrical

equipment give parlicipants hands-
on expertence in thermography
applications. The M&D Center also
conducts more-extensive iR
training in two live-day courses
directed toward ASNT Level | and

Level Il ceriification.

background thermal radiation reflected
from the surface or transmitted through
the component.

For example, polished aluminum has a
much lower emissivity than anodized alu-
minum because it reflects more incident
radiation. A widely used technique for re-
ducing reflection and improving emissiv-
ity for thermography is to spray a surface
with foot powder or dye-check develop-
ing fluid.

The complexities of instrument calibra
tion and of techniques for obtaining accu-
rate temperature measurements have led
to a demand for technical training for IR
thermographers. In addition to conduct
ing an annual three-day workshop on IR
thermography, EPRl's M&D Center now
offers five-day courses directed toward
Level I and Level II thermography certifi-
cation by the American Society for Non-
destructive Testing (ASNT). The first Level
I course is scheduled for this May. Such
training is also commercially available
from several firms, some of which also do
technical consulting on IR applications or
will contract to conduct IR surveys.

The ASNT accepts IR thermography as a
valid NDE method, and it has issued rec
ommendations for various levels of IR
training and suggestions for inspection
program design. It is expected to eventu-
ally outline formal guidelines for training
and certification.

Quantitative IR imaging systems of the
sort favored by many utilitics for power
plant applications can be purchased for
about $50,000-$70,000; additional features
and software can bring the cost to as much
as $100,000. Because the semiconductor
detectors in such imaging systems must
operate at a low temperature to ade-
quately sense infrared photons, most of
the early systems introduced in the 1970s
required liquid nitrogen cooling, which
can be cumbersome and impractical.
More-recent IR systems, however, feature
onboard electric coolers that can be pow-
ered for several hours by a battery belt-
pack.

The technology is catching on

“IR imaging systems have been around for
a long time, but they’ve really caught on
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with utilities in just the last few years,”
notes Paul Zayicek, a technical specialist
in IR at EPR{’s NDE Center “EPRI has been
promoting the technology because it has
turned out to be a very valuable tool for
predictive maintenance.”

Zayicek observes that there are proba-
bly as many utilities using IR in transmis-
sion and distribution applications as in
power plants. “The electrical equipment
area, including T&D and power plant ap-
plications, seems to most easily lend itself
to IR inspections, and the images seem to
be the most easily interpreted.” Typical ex-
amples of electrical applications, besides
those already mentioned, include inspec-
tions for corroded, loose, or undersized
conductors; open conductor strands; or
hot spots from induced currents. IR can
also be used to detect a phase imbalance
in a three-phase circuit (because one con
ductor will glow hotter with infrared en-
ergy than the others). And battery cells
with high internal resistance because of a
connection problem can be identified by
comparing their IR readings with those of
other batteries.

Major types of mechanical equipment
are amenable to IR inspection as well. IR
systems candetect triction heating of such
rotating or moving equipment as motors;
discern leaks or blockages in valves, pipes,
and boiler tubes; inspect pipe or valve in-
sulation for integrity; and assist in various
building inspection jobs. Besides pin-
pointing heat losses in buildings as part of
energy conservation efforts, IR imaging
systems can be used to locate air loss or
ingress, poor insulation, and wet roofs.

IR imagers have also been used in in-
specting condensers for vacuum leaks.
And systems have been taken aloft in a he-
licopter or plane to observe a plant’s ther
mal plume to help verify compliance with
environmental discharge limits. Some (R
applications are unique to nuclear power
plants. For example, an IR imager with a
telescopic lens can be used to observe hy-
drogen igniters inside containment or to
monitor the flow of heated air pumped
through containment spray header noz-
zles to verify that they are unblocked.

To assess the overall implementation
status of IR technology in nuclear plants,
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NMAC recently surveyed member utilities
and asked them to describe all their cur-
rent and planned applications. According
to the responses received—from 15 boil-
ing water reactor plants and 37 pressur-
ized water reactor plants—IR is used
more at PWRs, for reasons that are not
readily apparent. About two-thirds of the
plants responding indicated that a formal
IR inspection program was either under
way or planned. Despite the fairly exten-
sive use of IR at nuclear stations, the range
of applications remains somewhat narrow,
probably owing to a lack of experience
with other applications.

That situation is changing, however, as
more plant O&M personnel get up to
speed with IR technology, says the NDE
Center’s Zayicek. “A lot of the people who
are trained in IR thermography are self
starters, and as they become more com-
fortable with the technology in their
hands, they take the equipment out into
the plants and try it in different situations
on their own.”

One plant that has had IR equipment for
some time and is considered one of the
most aggressive in applying it is the
Southern Company’s Farley nuclear plant
near Dothan, Alabama. The plant volun-
teered to host an EPRI demonstration in-
volving a comprehensive inspection with
IR systems. An initial survey to identify
temperature anomalies that pointed to po-
tential equipment failure was followed up
four months later to determine whether
corrective actions were effective.

The inspections at Farley led to an im-
mediate benefit in that the site’s annual
insurance premium was reduced by ap-
proximately $20,000 as a result of includ
ing specific equipment for examination in
the inspection program. Another quantifi-
able benefit resulted from identifying an
overheated terminal board connection in
one of the cabinets housing the control
rod drive system. The anomaly coutd have
eventually resulted in a plant trip. Taking
startup and troubleshooting time into ac-
count, discovery and repair saved over
$200,000. Other potential problems identi-
fied at Farley orin subsequent inspections
at other plants operated by Southern Nu-
clear have included high-resistance con-

nections in electrical control circuits, con
denser atr in-leakage (some leaks being
per
minute), high-resistance connections on a

less than 1 standard cubic foot

4160-kV bus, andleaking feedwater heater
shell relief valves.

“My feeling is that we have just
skimmed the surface with IR inspections
and that their use in the plant will go a lot
deeper,” says Don Mansfield, manager of
Farley’s mnuclear maintenance support
group. “If temperature is involved with a
problem or can tell you that you have a
problem, you can use IR for troubleshoot
ing. The project with EPRI has given us a
much better understanding of what the
equipment can do for us. Since then,
we’ve formed a task force and shared the
technology with the company’s Hatch and
Vogtle nuclear plank in Georgia as well.”

Al Hammett, a nuclear specialist with
Southern Nuclear, says the Farley and
Vogtle plants recently purchased new IR
equipment, while a third system was pur-
chased for use by Southern Nuclear’s in-
spection and testing group for routine
plant surveys at all three sites. HHammett

PG&E VAN CUSTOMIZED FOR (R INSPECTION
Like a growing number of other utilities, Pacific
Gas and Electric routinely uses IR imaging
detectors to inspect lines and components on its
distribution system for hot spots—signs of wear.
corrosion, or needed maintenance. The utllity has
put five IR inspection systems on wheels for
greater flexibility and speed. PG&Es Mission
Division office in Hayward, California, uses a
modified 1-ton, natural-gasfueied service van
equipped with a rootmounted. remotely operated
video camera and tR image scanner; conveniently
arranged inside the van are color video and IR
image monitors, plus video recording, color
printout, and remote contrel equipment. 1A and
video images can be compared side by side on a
single screen to quickly identily hot spots.
Supetvisor Bob Loggins says that virtuaily all
substations and distribution lines, as wel! as some
transmission equipment, can be viewed from the
truck with a zoom lens; also, the camera heads
can be lowered and directed out the back of the
van to inspect underground equipment.



notes that once personnel are adequately
trained in using the IR systems, “the most
difficult decisions are not related to the
technology. The hardest part is dedicating
the man-hours and deciding what to look
at first. There are so many components
to inspect, you have to prioritize and fo-
cus on those things with the greatest pay:
back. It must be a flexible program that al-
lows components to be easily added or
removed or their inspection frequency
changed.”

Hammett says one lesson about IR in
spection programs already learned at
Southern Nuclear is that the expertise and
knowledge of the personnel trained in the
use of the technology and in the interpre-
tation of IR images are too valuable to let
easily or quickly slip away. “You have
to have people who are knowledgeable
about plant equipment as well as IR the-
ory. But if they’re soon promoted or trans-
ferred or otherwise leave, the effectiveness
of an IR inspection program will decline
drastically.”

Duke Power is another nuclear utility

aggressively using IR inspections. Marc

Snyder, an IR thermographer and nuclear
maintenance specialist at the utility’s
three-unit Oconee station in South Car-
olina, says the plant has been using IR sys-
tems for less than two years and has doc-
umented over $1.5 million in savings from
avoided equipment failures in just the last
year. In one recent outage alone at Unit 2,
he says, IR inspections (combined with ul-
trasound scanning) of the unit’s four main
steam bypass valves revealed that only
two required teardown and rebuilding,
saving the utility over $100,000 in deferred
work.

Snyder says that some of Duke’s nu-
clear thermographers recently took their
equipment to several of the utility’s hy-
droelectric dams and in two months of in-
spections identified anomalies worth an
estimated $1 million in avoided repair
costs. The hydro maintenance group “was
really impressed, and we’ve since helped
them get their own IR program started.
They're now using IR extensively in a pre-
ventive maintenance program, along with
vibration analysis.” Snyder also gets in-
volved in IR surveys of Duke’s substa-
tions, although most of the surveys of T&D
lines are handled by contractors.

Speaking from the perspective of 18
years’ experience in the power generation
field, Snyder says “the evolution in the
technical capabilities of the IR equipment

that is available now has been amazing
and parallels that of the computer. Each
year it seems there’s a new generation of
systems witl1 better electronics, better de-
tectors, better storage, and better graphics
software. And the resolution is so much
better now.” But the cost of IR systems has
followed the climb in functionality and
image quality, he adds “You can get a
high yield in terms of image quality with
a low to moderate investment in a quali-
tative IR system if you just want to hunt
for hot spots and follow a seek-and-repair
strategy. But if you want to do quantita-
tive IR thermographic surveys, you need
to have a program and some full-time
people.”

Working with utilities to
extend IR's reach

Although IR technology already is used
fairly routinely in most nuclear plants and
on mostutility T&D systems, there are still
significant opportunities to refine and ex-
tend its utility applications. EFR1is pursu
ing some of these opportunities through a
combination of efforts, including the IR
workshops at the Eddystone M&D Center,
collaborative projects with several utili-
ties, and new work to demonstrate addi-
tional applications and develop advanced
IR diagnostic capabilities using expert sys-

tem software.

EPRI JOURNAL March 1993 19



Typical hot spots on normally
operating motor

“In fossil plants, IR has the potential for
becoming a major diagnostic tool, al-
though utilitzes have not yet applied it to
the optimal extent,” says Rob Frank of the
M&D Center’s staff. “An IR system that
costs $50,000-$70,000 has the potential for
saving on the order of over a million dol-
lars a year per plant.”

Such an estimate has been substantiated
by direct experience at the Eddystone sta-
tion, where Philadelphia Electric docu-
mented over $1.2 million in savings last
year from IR inspections of Units 1 and 2.
Temperature anomalies were identitied in
equipment that ranged from electrical
gear to vacuum-pump valves to motor
bearings. As part of EPRI’s threeday iR in-
spection workshop at the M&D Center—
ashowcase forthe full range of fossil plant
monitoring a#ind diagnostic techniques—
attendees are taken through the Eddy-
stone plant for hands-on JR demonstra-
tions.

But EPRI is not just waiting for utility
personnel to go to Philadelphia to learn
what IR can do for their plants. The M&D
Center’s IR specialists are currently work-
ing with several utilities at individual
power plant sites to further expand the
technology’s capabilities. They are con-
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Deteriorated fuse-holder connection in
threephase service panel

ducting combination IR plant surveys and
intensive training designed to jump start
in-plant inspection capabilities. The par-
ticipants include Pacific Gas and Electric,
Florida Power & Light, Toledo Edison,
and Philadelphia Electric. The plants in-
clude both fossil and nuclear units. “Most
of them have already purchased equip-
ment. We help them get it up and running
and show them what to look for,” says
Frank. “But as we survey the plants, we're
also building a database of leak detection
techiniques and IR images.”

At Unit 7 of PC&E’s gas-fired Contra
Costa piant, an IR team from the M&D
Center helped utility personnel look for
hot spots i a variety of mechanical equip
ment, as well as for air in-leakage in the
condenser and associated air ejectors.
“One of the main goals of the collabora-
tive effort here with EPRI is to find out if
we can use R to reliably and repeatedly
find these types of leaks,” says Mike
Teskey, an NDE supervisor in PG&E'’s Tech-
nical and Ecological Services Department.
“You have to be able to discern a tenth of
a degree difference between ambient tem
perature and the component temperature
in locations that are difficult to access.
When you look at the condenser box with

A SAMPLER OF IMAGES A few
selections from the current and forth-
coming editions of EPRI's /nfrared
Thermography Guide (NP-6973)—
produced by the Nuclear Maintenance
Applications Center to help utility person-
nel apply iR systems—illustrate the
variety of situations in which the ability to
visualize temperature differences can
have great value from a preventive
maintenance perspective. More-general
uses of 'R scanners include visualizing
heat loss from buildings.

an IR viewer, it seems to breathe and pul-
sate with the heat flow. We've recorded
these different images on videotape.”

Frank, of the M&D Center, says that
many of the thermograms being gener-
ated in the collaborative efforts with util-
ities are added to a growing database of
images for various applications. Eventu
ally, researchers hope to use the thermo-
graphic database in the development of
expert system software that can help ther-
mographers and engineers interpret im-
ages for equipment diagnostics. Image
processing and diagnostic software al-
ready available from IR systems manufac-
turers can analyze each pixel of an image
and present a variety of information to the
user. But an expert system, programmed
with a ruleand-knowledge base, conceiv-
ably could rapidly analyze many different
images taken at different times, compar-
ing them in detail to a baseline image and
perhaps recommending, on the basis of
the severity of observed temperature
anomalies, when to replace a component.
The U.S. Army pioneered such differential
thermographic techniques for identifying
defective components on the surface of a
printed circuit board.

At EPRI’s NDE Center, a program in el-



Localized hot spot n 250-kV,
single-phase main transformer

ement diagnostics is investigating utility
use of differential thermography in elec-
tronic, electrical, and mechanical applica-
tions. The MDE Lenter, the M&D Center,
and MMAC are jointly developing a pre-
dictive maintenance guide for implement-
ing and executing power plant IR inspec-
tion pregrams and are also investigating
advanced IR techniques for detecting such
problems as pipe thinning,

Avtar Singh, a Muclear Power Division
project manager in human and component
reliability, say= that an expert system mod-
ule has already been developed for diag-
nosing problems with various types of
valves, and modules for several other
power plant components are planned over
the next two fo three years. EPRI hopes to
have an IR thermographic #xpert system
medule in the pilot stage this year, he
adds.

EPRI's john O’Brien says building a
plant database of IR images is semething
that utilities already using IR should con-
sider. “While the IR gear is not equipment-
specific, the interpretation of the thermal
images that you get with this technolegy
will become equipment-specific. To de an
IR inspection program right should in-
clude creating a database of images and

Hot spot in pulverizer
worm-gear bearing
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acquiring the trained expertise over time
in comparing different images. Eventually,
an expert system of the type EPRI is de-
veloping may assist in thi= interpretation.”

There are also new developments in IR
technology in utility T&D systems. For ex-
ample, an IR system for continual freeze-
frame scanning of substation equipment
was developed through EPRI support and
recently commercialized by Xedar Com-
pany of Colorado. The firat unit is now in
operation at an SF-insulated enclesed
substation on Louisiana Pewer & Light's
transmissien system, according to EPRI
program manager Stig Milsson. Protective
relays activate the [R image recorder with
millisecond spred in time to reveal the ex-
act location of an incipient flashover in-
side a metal busbar.

“eanwhile, work is under way in a
two-year project to evaluate advanced as-
sessment and inspection methods for
transmission lines. IR systems are one of
several technologies that will be explored
for their potential to more accurately as-
sess the condition of conductors and as-
sociated equipment and possibly deter-
mine the line current lcadings themselves.
Some utilities are already taking their IR
equipment to EPRI'= Transmission Line

l_oose or corroded connection
on transtormer bus air brake

-“
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Mechanical Research Center in Texas to
calibrate the instruments for determining
the temperature of transmission lines un-
der various conditions.

Seeing the future in a warm glow

From all indications, IR thermography is
a maturing, yet still evolving, diagnostic
tool with a future that is bright across a
broad spectrum of utility plant and T&®
applications. Experts say IR thermography
may eventually become as standard at
electric utility facilities as any other in-
spection technique, in many cases com-
plementing other methods, in other cases
vielding unique insights from an other-
wise invisible world of light below the
red.

Further reading

C. Paxten. "Infrared-Thermographic Inspection Improves
Service Reliability." Transmisston ane Distribulion, Vol. 44,
No. 4 (April 1992), pp. 32-35

J Siverman et a ‘“Infrared Video Cameras.” Scientific
Amaerican, Vol. 266, No, 3 {March 1892), pp. 78-83

nfrared Thermography Guide. NMAC fnal report lor
FAP2814-18, prepared by Amencan Risk Management
Cerporation and Honeyhill Technical Cempany, Septem-
ber 1990 EPMI NP-6873 Second edilion forthcoming.

Background informatien for this arhicle was provded by
Mike Downs and John O'Brien, Nuciear Power Bivision
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Compact Fluorescent.......

early a decade of utility pro-

grams to encourage the use

of compact fluorescent lamps

(CFLs) has boiled down to this:
many folks just haven’t warined up to
them in the United States. [n Japan, on
the other hand, they’re selling about as
fast as raw fish at a sushi bar. Now, from
the vantage point of 10 years of utility ex-
perience with this technology, EPRI is be-
ginning to draw conclusions about the
US. phenomenon, with the intention of
laying the groundwork for the next step
in effiicient-lighting programs for the resi-
dential sector.

Aside from being expensive (costing up
to 40 times as much as incandescents), cur-
rently available CFLs may not fit into ex-
isting light fixtures for the home, cannot
be used with dimming devices, and may
not produce enough light for such tasks
as reading. These were some of the con-
cerns aired in a recent EPRI survey of near
ly 400 consumers in five major markets
across the United States. Overall, the study
showed that when offered three types
of lighting technology (incandescents,
fluorescents, and CFLs), 43% of compact
fluorescent users and 53% of nonusers
were “least likely” to buy CFLs in the fu-
ture. Even those who had tried this tech-
nology and indicated that they were sat-
isfied users rated CFL lighting poorly.

“Are we saying that some utility light-
ing programs failed?” says John Kessel-
ring of EPRI, manager of residential sys-
tems. “Absolutely not. We're saying the
technology was not ready for a broad, en-
ergy-disinterested public and simply did
not live up to the high expectations the in-
dustry had for it. The lighting programs
still succeeded from an educational stand-
point in that they introduced thousands
of U.S. consumers to advanced lighting
technology.” In fact, despite the consumer
dissatisfaction, utility lighting programs
saved 300 million kWl of electricity in

1990, which is enough to meet the residen-
tial electrical needs of 80,000 people for
one year.

Kesselring notes that the lamps were
successful for a small group of consumers.
About 25% of CFL users said that, given
the choice of incandescents, fluorescents,
and CFLs, they were “most likely” to buy
compact tluoreseent products in the fu-
ture. These users cited long-term energy
savings and concern for the environment
as issues that make CFLs “worth the extra
effort.”

Utility action

Back in the early 1980s, when utilities be-
gan to launch efficient-lighting programs
for the residential sector, CFLs certainly
seemed alluring. Up to four times moreef-
ficient than incandescent bulbs, they also
have the potential to last 10 times longer.
Making them even more attractive, some
models can be screwed directly into in
candescent sockets—ballasts and all.

Utilities were drawn to compact fluo-
rescents like environmentalists to solar
power. Across the country, utilities began
to establish efficient-residential-lighting
programs that revolved around compact
fluorescent technology. In fact, a recent
EPRI study (TR-101221) reports that 27 of
the 29 utility programs surveyed featured
CFL technology.

As with other efficiency improvement
efforts—part of the industry’s demand-
side management initiatives— the intent
of these programs was to save energy and
help postpone the need to build new
power plants. To encourage the use of
CFLs in the home, utilities disseminated
educational material on the technology,
offered rebates to customers who pur
chased the lamps, and sometimes even
gave them away free. Public interest
groups heralded the arrival of such pro
grams, as did public utility commissions,
which encouraged —and even mandated

—their implementation. In recent years,
some commissions have offered financial
incentives for utilities to sponsor such pro-
grams.

Today, 133 U.S. utilities offer 196 effi-
cient-residential-lighting programs, the
oldest of which date back to 1983. But as
EPRI’s recent customer survey revealed,
the CFLs promoted by these programs
haven't always been well received. (This
survey, documented in TR-100734, was
part of a broader initiative to investigate
the impact of utility lighting programs fea-
turing CFLs.)

The survey found a widespread per-
ception among consumers that CFLs fall
short of manufacturers’ claims for light
output, life expectancy, and versatility.
The resulting dissatistaction has caused
many consumers to return to the use of
the relatively inefficient incandescents,
which makes it difficult for utilities to
gauge the impact of efficientlighting pro-
grams. Another problem making such
evaluation difficult is the snapback phe
nomenon—a change in energy use pat-
terns that follows the implementation of
energy efficiency measures and results in
the loss of part or all of the energy sawv
ings. For example, a consumer who is dis
satisfied with a CFl. may wind up using
supplemental incandescent light to make
up for diminished lighting intensity. One
utility reported a snapback rate as high as
33% for its residential lighting program.

Kesselring points out that some prob-
lems result from a lack of communica-
tion. For instance, although the claims of
longevity for CFLs may be technically ac-
curate, the frequent tuming of a lamp on
and off can significantly shorten its life
span. Similarly, CFL light output can be re-
duced by up to 30% if a lamp is installed
in a fixture that directs the light upward.
“Consumers need to be informed about
these kinds of things,” says Kesselring,
who notes that EPRI is now producing
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Aftribute CFL (%) Incandescent (%) Fluorescent (%)
PERCEPTIONS OF RESIDENTIAL RESLTR0e JolE H ek 1
LIGHTING TECHNOLOGIES
EPRI-funded researchers asked e laiens WY L e 1 «
178 users of compact fluorescent
lamps (CFLs}) to rate three resi- 2F g sl g 4 5y
dential lighting technologies on the
Basis oflseveralatiritlies. The Mest environmentally friendly 42 35 23
chart lists some of these attributes,
indicating the percentage of CFL Best value 42 21 37
users who favored compact
fluorescents, incandeseents, and Best for homes 32 S2 18
flucrescents in each category. While
CFLs did well in some categories Best looking 26 53 21
and poorly in others, conventional
incandescents were preferred Best for lights switched on ang off 18 69 12
overall by a significant margin.
Easiest to install 13 78 10
Fits into most placesffittings 11 84 )
Cemes on maost quickly 8 85 7
Most likely to buy 24 67 9
Least likely to buy 43 17 40

brochures to help utilities add ress such is-
sues. He believes it is impertant to be open
with consumers about any drawbacks in-
herent in today’s efficient-lighting tech-
nology. “We want to help ensure that the
introduction of improved CFLs by manu-
facturers is met with greater enthusiasm
by consumers”

The overriding drawback of current
LCFLs is their cost, which can be over $20
per lamp without utility subsidies. “Even
at a price of $10, which is cheap for these
lamps, most people aren’t interested in
buying them,” says Michael Evans, a de-
mand-side management expert at EPRI
who collaborated with Kesselring on zome
aspects of the CFL initiative. “They think
about paying $10 for a light bulb, and it
just doesn't make sende. In their minds,
light bulbs are supposed to cost under $1.”

Indeed, consumers surveyed by EPRI
considered price=of $10 or higher for com-
pact fluorescents “outrageous.” Few of the
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consumers who had tried CFL= paid full
price for the lamps. Rather, they received
them through utility programs, either free
of charge or for a significantly reduced
price. As Evans points out, the cost factor
is linked to other concerns. “At prices over
$10, consumers want to see guarantees on
longevity, and they want to make sure
these things don’t break,” he says. “But
broken light bulbs are a fact of tife, it's
bound to happen to someone.”

Meanwhile in Japan . ..

Despite the drawbacks of compact fluo-
rescents, th Japanese have a seemingly
insatiable appetite for them. CFLs now
provide more than 80% of that country’s
home lighting, according to a new EPRI
study (TR-100868) that is part of EPRI's CFL
initiative. By contrast, the use of CFLs in
U.S. homes is negligible, with the rare user
typically employing only one or two
lamps.

There are several reasons for this dis-
crepancy. To start with, Japanese con-
sumers are accustomed to residential flu-
orescent lighting. Acute energy shortages
after World War 11 led to a massive cam-
paign to encourage consumers to switch
from incandescent to fluerescent lighting.

HERE VERSUS THERE Although the uise of
compact fluorescent Jamps in U.S. homes is
negligible, CFLs provide more than 80% of
Japan's residential lighting. Acute energy
shortages, high electricity rates, and a wide
availability of sophisticated CFL fixtures in Japan
are among the explanations for the sharp
contrast, a recent EPRI report states. Cuttural
differences also play a significant role; on the
whole, Japanese consumers are far more
interested in high technology than the typical U.S.

consumer.



Cost incentives and aesthetic improve-
ments in lamps and fixtures helped the
movement gain momentum.

Today, the relatively high electricity
rates for residential consumers in Japan —
their average rate is about twice the aver-
age U.S. residential rate —continue to en-
courage the use of efficient lighting. But
perhaps more significant, there’s a cultural
difference between U.S. and Japanese con-
sumers. The Japanese are keen on high
technology, and lighting is no exception.
“The Japanese are much more willing to
try new technology,” says Kesselring, not-
ing that this cultural difference was
peinted eut by a consultant working on
EPRI’s study of lighting use in japan. The
consultant is a vative [apanese who has
also lived in the United States. “The Japa-
nese take pride in having the latest tech-
nology in their homes, and they show it
off,” Kesselring says. For instance, while
Americans hide their heating and cooling
systems in basements and other out-of-
the-way places, the Japanese put them in
plain view. Indoor units, which are slim

A high-tech Japanese kitchen
illuminated by advanced lighting

and attractive compared with U.S. med-
els, are mounted on the walls of central
rooms. Outdoor units typically hang on
balcony railings.

Japanesi# consumers can’t seem to get
enough CFLs, and they are already de-
manding niew technical advances, such as
more-intense light, brtter color rendition,
and higher efficiency. Their enthusiasm
has led to the wide availability of CFL
products, as Japanese manufacturers
scramble to fill the market need and com-
pete with one another to introduce en-
tirely new residential product lines.

The situation in the United States is
markedly different. U.S. lighting manu-
facturers focus almost exclusively on the
incandescent market, with virtuaily all the
CFL production stimulated by utility pro-
grams. Consumers cannot find CFLs in
grocery stores and other outlets where
they most frequently purchase light bulbs,
and thety face a dearth of options on at-
tractive fixtures for the lamps. Indeed,
according to EPRI's research, typically
90% or more of the stock at retail fixture
outlets in the United States is dedicated
to incandescent technology. Aesthetically
pleasing fixtures are simply not being de-
signed for use with compact fluorescents.
Decorative wall and ceiling CFL fixtures
are nonexistent.

There are some fundamental inhibitors
to the grewth of the CFL market in the
United States. To start with, the country’s
lighting industry is segmented, with
lamps, ballasts, and fixtures produced by
different companies with sometimes con-
flicting business philosophies. The result
is a lack of synergism in the development

g
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Sowurces: U.5 Depanmont o Commesca, 1958 -1384: illummation Engineenng Inshitie of Japan,
1950 -1984. Figures ewchude atandard lluorescent lighting 1echnology ae welk 85 CFLs

and production of components and in
their integration into complete lighting
products, Also contributing to the confu-
rion is the absence of standardization in
the production precess.

By contrast, well-defined lighting stan-
dards guide the productien of CFLs in
Japan. The CFL manufacturers are part of
vertically integrated conglomerates that
produce all the necessary lighting compo-
neuts and incorporate them into the fin-
ished products. Since the conglomerates
manufacture other product lines that in-
clude components useful in lighting, R&D
fer advanced lighting technologies can be
carried out at reduced risk and cost. Fur-
ther lowering costs is the already-estab-
lished large-volume production base for
this technology.

Although it appears that US. and
Japanese CFL technologies are comparable
at this time, EPRI's report suggests that
Japanese manufacturers’ expertise in ad-
vanced, high-frequency fluorescent light-
ing technology will allow them to address
the kinds of problems inhibiting pur-
chases by American consumers. “If ac-
companied by appropriate marketing pro-
grams,” the report states, “the introduc-
tion of lew-cost high-frequency fluores-
cent lighting products into the American
marketplace coutd be highly successful.”
The report does not specify how likely it
i= that the Japanese will pursue this path.

Like their counterparts in the United
States, utilities in Japan actively promote
advances in lighting. However, Japanese
utilities are able to maintain a stronger al-
liance with manufacturers to ensure the
continued development eof advanced
lighting products. This is partly because
the same firms that manufacture lighting
equipment alse manufacture utility equip-
ment, so utilities represent a significant
market for them. In the United States, CFL
production, marketing, and distribution
are plagued by a lack of coordination
among manufacturers, utilities, and retail-
ers. This creates a number of problems for
utilities— for example, the availability of
products that generate harmonic distor-
tion, which can interfere with the smooth
operation of electronic appliances in cus-
tomers” homes.
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Compact fluorescent lamps (CFLs)
are only one type of efficient-light-
ing technology. Below are descriptions
of the efficient-lighting technolegies
available for indoor residential use.

Fluorescents Standard 4-foot fluores-
cent tubes are four to five times more
efficient than standard incandescent
lamps and last up to 20 times longer.
Commercially available since the late
1930s, the standard fluorescent tubes
arir filled with a mixture of gases,
including mercury vapor, and coated
on the inside with phosphors. During
operation, an electric charge passes
through the lamp and excites the mer-
cury vapor, praducing ultraviolet en-
ergy. The phosphor coating absorbs
this energy and converts it into light.
Fluorescent lamps require ballasts,
which provide the high voltage need-
ed to start the lamp and control the
current provided to the lamp during
operation. Advanced, electronic bal-
lasts operate lamps at high frequency
(20,000-60,000 Hz, compared with 60

Hz for conventional, magnetic bal-
lasts). Fluorescent tubes come in a va-
riety of sizes and are available in a U-
shape to fit special fixtures.

Compact fluorescents Available
since the early 1980s, CFLs are up to
four times more efficient than incan-
desicent lamps and last up to 10 times
longer. They are single-ended, and
most have a small-diameter tube coiled
up to provide increased surface area

(the light output of fluorescent lamps
increases with surface area). Like stan-
dard fluorescent lamps, CFLs require a
ballast for startup and operation.
Generally available CFLs fall into
three categories. The T-4 twin-tube and
quad-tube models measure 4 inch in
diameter and use starter devices and
magnetic ballasts. (Special T-4 famps
without starters can be used with cer-

tain dimmable ballasts that are now be-
coming commercially available.) The T-
5 twin-tube lamps are % inch in diam-
eter and are designed to operate with
either magnetic or electronic ballasts.
T-4 and T-5 models offer separate lamps
and ballasts so that the lamps, which
don’t last as long as the ballasts, can be
replaced as needed. The third category
of generally available CFLs consists of
models that integrate ballasts and lamps.
These models, some of which mimic
the shape of incandescent bulbs, screw
directly into incandescent sockets.
Another type of CFL is the circular
fluorescent, which offers about the same
light output as other CFLs and has a
slightly longer life (12,000 hours versus
10,000 hours). However, because these
lamps are larger than other compact
fluorescents, they fit into fewer fixtures.
Tungsten halogens A type of incan-
descent lamp offering an efficiency in-
crease of about 35% over standard in-
candescents, tungsten halogen Jamps
have been commercially available since
the Jate 1950s. Like standard incandes-

cents, these lamps produce light when
electricity passes through a coiled
tungsten wire filament, heating it until
it glows. In standard incandescents, the
filament slowly evaporates, its residue
accumulating on the bulb wall, reduc-
ing light output. In tungsten halogen
lamps, halogen gases combine with the
evaporated tungsten particles before
they can accumulate on the bulb wall.
This mixture then migrates to the hot
filament, where the halogen separates
from the tungsten and the process be-
gins again. As a result of this continu-
ous process, the quality of these lamps’
light output does not degrade as
rapidly as that of standard incandes-
cents. Also, tungsten halogen lamps of -
ten last longer. Like standard incan-
descent Jamps, many tungsten halogen
lamps are dimmable, thus increasing
this potential for energy savings.

A newer type of tungsten halogen
lamp, the infrared parabolic alumi-
nized reflector lamp, is designed for
floodiight and spotlight applications. It
uses an infrared-reflecting coating to
direct much of the heat generated dur-
ing lamp operation back into the fila-

ment. This increases the Jamp’s light
output and efficiency by raising the

temperature of the filament without
requiring a higher wattage. These ad-
vanced tungsten halogens are 30%
more efficient than standard tungsten
halogens and have been available for
about two years. O
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Other groups have complaints as well.
Retailers and distributors grumble about
utility programs that circumvent their role
as middlemen in the lighting purchase
transaction. Manufacturers gripe about
the typically short notice given for major
utility orders; because CFLs are not yet in
high-volumi production in this country, a
large order can tie up supplies for several
weeks. Manufacturers are also concerned
that short-term ulility efforts may have
created unrealistic price expectations
among consumers and hurt the long-term
potential fer compact fluorescent prod-
ucts. They encourage utilities to collabo-
ratively set product performance stan-
dards for CFLs and serve as industry
watchdogs, restricting rebate and dizcount
programs to high-quality lamps.

New directions

Mew utility efforts are addressing some of
these concerns. For instance, Pacific Gas
and Electric has initiated a program that
offers cash incentives directly to CFL man-
ufacturers to lower the cost the manufac-
turer= charge retailers. The idea is that the
lower cost will travel through the distri-
bution channel to the shelves of retail out-
lets, where consumers will ultimately ben-
efit. Susan Fisher, appliance efficiency pro-
gram manager for PG&E, notes that the
program allows the lamps to flow through
middlemen
who are excluded in conventional utility
programs. The cash incentives to the man-
ufacturers of the 320,000 CFLs produced
for this program are $5 or $7 per lamp, de-
pending on the lamp’s efficiency. Retail
prices range from about $4 to $13. PG&E
will share its findings on the effectiveness

distributors and retailers,

of this program with fellow members of
the California Compact—a consortium
formed by five Pacific Coast ulilities, the
Matural Resources Defense Council, and
Lawrence Berkeley Laboratory to promote
the residential use of CFLs.
Acknowledging consumer dissatisfac-
tion with CFL technology, Fisher sava
manufacturers are working on improve-
ments that will be ready for future utility
programs. “Our customers want CFLs
brighter and smaller, and that’s what we
will be focusing on in the future. 1 think

that in 1993 we're going to see significant
changes te increase the application of
CFLs.” Already manufacturers have suc-
cessfully addressed the issue of poor color
rendition, an early CFL weakness (al-
though mnol a cause of significant com-
plaint among the consumers interviewed
for EPRI's survey). Also, Fisher notes that
at recent conferences sponsored by the
California Compact, manufacturers have
demonstrated dimmable and three-way
CFL technology that they intend to make
commercially available within the next
few years.

EPRI's research shows that CFLs will not
be widely adopted by consumers until
certain technical drawbacks are addressed
and the lamps become available fer less
than $10 through the retail outlets, such as
grocery stores, where consumers normally
purchase light bulbs. But compact fluo-
rescents are, after all, only one type of
efficient lighting for the heme. Perhap=
upcoming advances in CFL technology
will keep it a favorite of utility programs,
or perhaps utilities will opt fer mther tech-
nologies that are less efficient but that
may prove more effective in meeting pro-
gram objectives, One possible alternative
i# the tungsten halogen lamp, an efficient
halogen-gas-filled incandescent.

Costing approximately five imes the
price of incandiscent lamps, tungsten
halogen lamps offer energy savings of
about 35%. Although this is considerably
less than the 75% savings offered by CFLs,
tungsten halogens are more likely to be
used throughout the home because they
produce a white light similar te that of tra-
ditional incandescents —at an acceptable
cost. Moreover, improvements are being
made to these lamps to increase their
longevity and light output, Says EPRI's
Evans, “Maybe it's worth geing after a
technology that =aves less energy but
would be used more widely. If we can get
a $2 bulb used fer half the lighting in a
home, that's better than a couple of $20
compact fluorescents that ultimately wind
up on a cleset shelf.” (The sidebar offers
more information on tungsten halogens
and other efficient-lighting technolegies
for the residential sector.)

EFRI managers have been communicat-

ing with manufacturers about potential
collaborative efforts to improve efficient-
lighting technology. One possibility i= to
wark together to increase thi light output
of CFLs. Currently, the lamps produce a
maximum illumination equivalent to that
of a 75-watt incandescent bulb. But con-
sumers prefer the illumination of a 100-
watt incandescent for certain tasks, such
as reading. The I[nstitute would also like
to encourage thir establishment of stan-
dards for CFL lighting. "I think there are
toe many optiens for manufacturers right
now,” says Kesselring, “The lamps can be
any shape or any size, and they can plug
in or screw in. Manufacturers need some
kind of boundaries that will help limit
those options and guide them in produc-
ing quality products.” For example, stan-
dard testing could be instituted to help en-
sure that actual light output matches the
output stated on lamp packaging,

But is it really wasrth the effort to search
for energy savings in lighting, which ac-
counts for only 10% of the electricity used
in homes? “We certainly think so,” Evans
says. While it may sound like a small
amount of electricity, this 10% represents
about 94 billion kWh per year. A savings
of just 20% of this sum would be about 19
billion kWh, ar more than enough to meet
the annual residential electricity needs of
Chicago.

Further study is needed to determine
precisely the appropriate course for utility
lighting programs in the future. But,
Kesselring says, EPRI's research has of-
fered a good starting point, taking lLhe first
step toward moving the ulility industry
into a new phase in residential lighting
programs-—a phase that is almost certain
to focus on the marketability of efficient-
lighting products. “Ultilities have been try-
ing to introduce residential customers to
the new technologies available,” Kessel-
ring says. “But they can't subsidize the
technolegies forever, They must begin to
design programs that will stimulate the
market 50 it can sustain itself, At some
point the market must take over.” i

Background information lor this arlicls was provided by
John Kesselring and Michael Evans, Custemer Systerns
Division
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Timely Low-Level Waste
Guidelines Help Utilities

ith the recent closing of one of the
Wthree US. dispo=al sites for low-
level radioactive waste, the impending
closure of another, and the impositien of
access ristrictioms at the third, utilities
across the country are grappling with the
issue of temporary on-site storage of low-
level waste (1LLW). To aid utilities with the
technical and regulatory processes en-
tailed in such interim on-site =torage, EPR
recently released Guiddetines for friterim Stor-
age of Low-Level Waste (TR-101669).

The new guidelines provide a frame-
work for utilities to use in planning for
long-term interim LLW storage. Useful for
utilities that are either developing, re-
viewing, or medifying on-site storage pro-
grams, the guidelines identify the signifi-
cant planning issues te consider. They in-
clude an executive summary of a complete
on-site storage preject, as well as a flow-
chart showing the various phases of the
planning and implementation process. An
extensive lessons-learned section high-
lights significant {ssues that can impese
limitations on &terage facility operations.
The guidelines also provide a means of
evaluating ongoing storage projects and
supply numerous references to applicable
information in a related five-viillume set of
EPRI rrports on LIW.

“Every utility faced with interim stor-
age of low-level waste will ne¢d to evalu-
ate its unique situation relative to dis-
posal,” says Carel Hornibrook of EPRI,
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manager of the project that produced the
guidelines and related reports. “Utilities
considering on-site storage will need to
make informed decistons on licensing is-
sus, facility design, storage duration and
capacity, waste form, and other issues.
These reports document industry experi-
ence and offer insight from LLW euperts.
Equipped with this comprehensive set of
data, utilities can make decisions on the
basis of the best available information
without having to develop the informa-
tion independently.”

The five-volume series (TR-1(0298), to
be used with the guidelines, presents the
methodologies utilities need fer inter-
im storage planning. Volume 1 addresses
the licensing and regulatory jssues with
which utilities must comply. Volume 2 has
two parts. The first covers the range of de-
sign options for LLW facilities and lavs
out a technique for examining thoze de-
gigns to determine which one would best
suit a utility’s unique sitvation. Part 2 is
a survey of existing on-site storage facili-
ties.

The third volume also has two parts.
Part 1 discusses how to estimate the vol-
ume of waste a utility i= going to gener-
ate and offers a framewark for managing
the data on this waste during the storage
period. Volume 3, Part 2, presents a com-
puter program for projecting waste vol-
umes. Volume 4, Part 1, addresses con-
tainers for interim storage, identifving
various liners and coating materials to
help utilities determine which type is ap-
propriate for the kind of waste to be
stored. Volume 4, Part 2, covers contain-
er monitoring, dizcussing the usefulness
of currently available monitaring tech-
niques. Volume 5 provides guidance on
the form in which waste should be stored
in order to optimize storage capacity and
minimize the likelihood that waste will
have to be reprocessed befere disposal.

Several of the TR-100298 reports are
already available. The remaining three —
Part 2 of Volume 3, Part 2 of Volume 4,
and Volume 5—will be published in Au-
gust. @ EPR!I Contact: Carol Hornibrook,
(415) 855-2022

EPRINET Bulletin Boards
Get Utilities Talking

hen a Carolina Power & Light em-

pluyee recently wanted some infor-
mation on reducing the moisture content
of coal, he didn't pick up the telephone.
Mor did he flip through an EPRI report. He
simply keyed a brief question onto the
screen of his computer.

The next day, a response came from
George Wiltsie, the maderator of the elec-
tronic bulletin board that the CP&L em-
ployee had accessed —the Upgraded Coal
Production and Utilization Bulletin Board.
Wiltsee explained that EPRI’s work on the
removal of moisture from coal falis into
two categories, and he provided a list of
rilevant EPR] reports, A couple of days
after that, a Union Electric employee ac-
cessed the same bulletin board and added
some information about his utility’s ex-
ploration of this topic. He alsa offered his
telephone number and encouraged others
to contact him.

These two utility employees were tak-
ing advantage of just one of the 20 bulle-
tin boards now available on EPRINET, the
Institute’s electronic information system.
“The bulletin boards are among the most
helpful services EPRIMET offers, putting
users in touch with one another and es-
tablishing professional relationships that
can go beyond a mainframe terminal in-
teraction,” says D. W. Sohn, program man-
ager for technology transfer systems mar-
keting at EPRI

EFRIMET began offering electronic bul-
letin boards in 1998, about a vear after it
was launched. Taday the system’s bulletin
boards cover timely topics ranging from
electric and magnetic fields to distributed
generation. Mot everyone who subscribes
to EPRINET can access the bulletin beoards;
this special form of service is reserved for
member utilities and selected contractors.

Each EPRINET bulletin board has a mod-
erator, typically an EPRI manager or can-
tractor, who is responsible for checking in
with the service regularly. The maderators
oversee the daily interactions between
those who access the bulletin boards and
help ensure that participants stay on track.




EPRINET's moderators alsck initiate discus-
sion on relevant topics and are available
to answer guestions and offer advice.
Most of EPRINET’s bulletin board moder-
ators try to log on every day, although this
is not always possible.

According to Sohn, EPRINET's bulletin
board services are not nearly as popular
as its news services at this time. “Our
subscribers are accustomed to the news
format, simply reading infoermation pro-
vided,” Sohn say=. “We're trying to get
them more interested in taking advantage
of the great resources available through
the more active involvement that our bul-
letin board services offer. Utility members
in different parts of the country may be
going through similar experiences and can
really benefit from an interactive dia-
logue.”

Subscribers don't necessarily have to ac-
tively participate to benefit from the bul-
letin boards. They can simply browse
through the dialogue on any given topic
and learn from the information relayed,

The Upgraded Coal Preduction and Uti-
lization Bulletin Board, formerly called the
Clean Coal Utilization Bulletin Board, i=
intended to help utilities develop cost-ef-
fective atrategies for complying with the
1990 Clean Air Act Amendments. It breaks
the main topic down into four areas for
discussion, including low-rank-coal up-
grading technologies and cost and perfor-
mance impacts. Like other electronic bul-
letin boards on EPRINET, it alsa offers a
place for comments about the bulletin
board itself, such as reminders to the mod-
erator and suggestions for bulletin board
improvements,

The Upgraded Coal Production and Uti-
lization Bulletin Board is relatively new to
EPRINET, having come on-line late last De-
cember. Anether new bulletin board is de-
signed to help utilities characterize and re-
solve soil, surface water, and groundwa-
ter contamination at manufactured gas
plant sites. Called the MGP Soil Cleanup
Bulletin Board, it offers 15 subtopics for
discussion, including cleanup technolo-
gies and health/ecological risk.

Conrad Kulik, a manager in EPRI’s Gen-

cration & Storage Division who oversees
these two new bulletin boards, notes that
both Wiltsee and Jacques Guertin, the
moderator of the MGP Soil Cleanup Bul-
letin Board, have worked for EPRI in the
past. “They are first-class moderators,”
Kulik says. “Both of them are experts in
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their subject areas, they knew the utility
business, and they know what our mem-
bers are looking for. They are good at cri-
tiquing suggestions and offering advice.
[t's like having a consultant at your fin-
gertips.”

Users can access EPRIMNET' electronic
bulletin board services through the main
EPRINET menu. further information
about the builetin boards, contact the
EPRIMET help desk at (800) 964-8000. n

For

EPRI Releases
Waste-to-Energy Guide

he rapidly growing waste-to-energy

business has drawn significant inter-
est from the utility industry in recent
vears. A new EPRI report, Waste-fo-Encrgy
Screening Guide (TR-100670), and its asso-
ciated software program provide utilities
with the information and tools they need
to quickly estimate the cost and perfor-
mance of waste-to-energy projects. Ac-
cording to the report, despite their rela-
tively high capital cost—typically two to

three times that of conventional power
plants—waste-to-energy plants can be
cost-effective when payments, or “tipping
fees,” for waste disposal exceed $80 per
ton.

EPRI has menitored and assessed devel-
opments related to the use of municipal
salid waste (MSW) as a pewer plant fuel
since the industry’s first cofiring experi-
ments at Union Electric in St. Louis in
1975. Commercial development of waste-
to-energy plants accelerated rapidly in the
mid-1980s. By 1991 more than 140 power
plants in this country generated abeut
2000 MW from the combustion of MSW.

The =creening guide consists of two vol-
umes. The first is a guidebook that offers
key descriptions of waste-to-energy tech-
nology, economics, and issues. It covers
the #ix major technologies for converting
MSW to energy and offers quantitative and
qualitative information for utilities to use
in screening waste-to-energy options. The
data were developed from technical liter-
ature; from the experience of the contrac-
tor, Bechtel Group, Inc., in designing, build-
ing, and operating commercial plants; and
frem analyses conducted for this project.

The second velume, calied Data, Formu-
fas, and Verification, offers documentatien
for the software program, WTE SCREE™, a
PC program that performs screening cal-
culations. The velume contains data on
cost, performance, MSW properties, and
fuel properties. Among other things, the
fuel module addresses issues that arise
from recycling, ¢nabling the user to see
how difterent levels of recycling in differ-
ent parts of the waste stream will affect
the amount and quality of fuel available
for combustion.

Also prepared as part of this project
is a separate report— Waste-fo-Energy Per-
mitting Sourcebook (TR-100716)—on envi-
ronmental and permitting issues, which
are critical considerations in any utility
evaluation of a waste-to-energy preject.
Other recent EFRI reports on waste-fired
power plants and technology include
CS-5754, C5-6994, GS-7538, and TR-100058.
W EPR! Contact: Evan Hughes, (415) 855-
2179
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RESEARCH UPDATE

Residential Program

Hydronic Thermal-Distribution Systems

by John Kesselring, Customer Systems Division

or many years home heating and cool-

ing were considered commaodities, anal
space-conditioning esuipment was pur-
chased, not on the basis of individual prod-
uct features, but with an eye toward mini-
mizing the installed cost. As a result, home
builders have typically packaged relatively
Inefficient gas furnaces with relatively inex-
pensive air conditioners and have installed
networks of sheet-metal ducts for the distri-
bution of cenditioned air throughout homes.
In the typical arrangement, a single ther-
mostat controls the operation of all the
space-conditioning eguipment.

Changing approaches
to home space conditioning

In recent years, at least five developments
have forced home builders and space-con-
ditioning equipment manufacturers to re-
consider the traditiona! approach and have
stimulated interest in hydronic, or circulat-
ing-water, thermal-distrisutien systermns

First, the National Appliance Energy Con-
servation Act has mandated that all newly
manufactured residentia! heating and cool-
ing equipment meet specified minimum ef-
ficiency ievels. This has increased con-
sumer interest in energy efficiency.

Second, "smart" microprocessor-based
controls are now available for agglication in
many home functions, including space con-
ditioning, and they are expected to grow in
power and sophistication. As a result, there
is increased interest in eplimizing residents’
options fer improving eoth comfort and en-
ergy efficiency. Using advanced controis.
residents can easily control space condi-
tioning on a room-by-room basis. Different
notions ef comfortable temperature can be
accommodated, and energy consumption
can e reduced by adjusting temperature
settings N unoccupied rooms.

Thirg, the appearance on the market of
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so-called ductless mini-split air conditioning
and heat pump systems (which maove re-
trigerant from one ar conditioning zone to
another) has drawn attention to the advan-
tages of using liquids rather than air for ther-
mal distribution. Fluid lines are less bulky
than air ducts, do not leak supply air into
unconditioned spaces, and de not collect
dust and build up moid. However, wide-
spread concern about the release of chio-
rine-based refrigerants to the atmosphere
may well preclude this approach, which re-
quires installers to make many, potentially
leaky, refneerant-line connections on-site
Fourth, as an outgrowth of consumer
concern with energy efficiency, several
manufaciurers have developed multitunc-
tion appliances. For instance, water heating
has been combined with space heating in
some devices and with both air condition-
ing and heating in advanced, highly efficient

heat-pump-based systems., Such equip-
ment can offer greater energy efficiency and
smaller size

Fifth, because of delays in nuclear piant
construction and difficulties in financing new
plants that meet increasingly stringent emis-
sions reguiations, capacity margins for U.S,
utilities are shrinking. Seeking ways to flat-
ten peak ioad and to defer the isuilding of
new generating capacity, utilities are en-
couraging the use of heat- and cool-storage
equipment and of devices that facilitate the
implementation of utility load management
options,

Comparison of thermal-
distribution systems

In hydronic systems, water {or water withan
antifreeze additive) is used to distribute ther-
mal energy. This approach aveids several
drawbacks associated with air distribution.

ABSTRACT An £rR! study has shown that hydronic, or circuiating-water,
thermal-distribution systems compare favorably, on an economic basis, with
other methods of distributing the output of residential heat pumps. Severaf
other factors — including an increased concern with energy efficiency, a grow-
ing use of microprocessor-based space-conditioning controls in homes, and
an emerging utility interest in load management options— make the use of
hydronic heat pump systems even more attractive. Instaliation of these sys-
tems either during new construction or during home renovation — when home
owners can replace fossil fuel systems with electrical systems — could offer
customers greater energy efficiency and lower heating and cooling costs. The
time seems ripe for bringing hydronic thermal-distribution technology to the

residential heat pump market.



Air ducts tend to leak supply air, often into
unconditioned spaces, and the resuiting
static pressure variations can promote in-
fitration, which imposes an additional load
on the space-conditioning system. Further,
zoned contrel in an air distribution system
requires dampers, and unless these are of
relatively expensive construction, they tend
to leak when closed.

Under EPRI sponsorship, Tecegen, Inc., is
developing hydronic systems for linking
heat pumps with conditioned spaces.
These systems represent a cost-effective
ane energy-efficient approach to residential
zoned centrol. While providing the benefits
of multifunction appliances, this approach
does not involve the movement of refriger-
ants through residential systems, and it
could eventually help utilities exercise seme
control over residential load.

As documented in a two-volume EPRI
report (CU-6962), Tecogen sought to iden-
tify cost-effective thermal-distribution sys-
tems for use with electric heat pumps. Re-
searchers performed detailed cost analyses
for several optiens, including conventional
and hypothetical air distribution systems: in-
dividual distributed heat pumps; refrigerant
distribution systems; and hydronic distribu-
tion systems. The researchers studied ap-
plications in houses with single-zone contro!
and with multiple-zone control.

The cost study indicated that for single-
zone systems, an improved air distribution
system—one designed to be easier 10 in-
staill than sheet-metal ducts— would con-
stitute an attractive approach. A patent was
assigned to EPRI for a design featuring plas-
tic ducts and terminals that could be in-
stalled very quickly in a typical residence.
A review of applicable building cedes, how-
ever, indicated that the ali-plaslic construc-
tion would not prove acceptable, and it has
not been pursued. (Plastic flex-duct is cur-
rently in use, but { is wire-reinforced and is
considered acceptable under Natienal Fire
Protection Association codes.)

The results on hydronic distribution sys-
tems were encouraging. The study found
that when operated from a single thermo-
stat, a hydronic system—which obviates
the need for expensive, bulky, and poten-
tially leaky air ducts —is competitive with a

Figure 1 A multiple-zone heat pump system with hydronic distribution. In a heat exchanger housed
in a compact indoor unit, thermal energy is transferred between refrigerant and water, which Is
circulated to space-conditioning zones with fan-coil units under thermostatic control, Flexible mul-
tichannel cables contain both ihe water passages for thermai distribution (blue) and the electrical

wires used in system control (red).
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single-zone air distribution system. The
study further concluded that hydronic sys-
tems represent a flexible, cost-effective, en-
ergy-cfficient approach for muttiple-zone
applications as well.

Hydronic system design

Figure 1 shows the principal components of
a multiple-zone hyalronic distribution sys-
tem. The heat pump's indoor untt is built
around a refrigerant-to-water heat ex-
changer. The water is clrcuiated through
compact, easy-tc-install hydronic lines to
terminal fan-ceil units, and thermostats con-
trol individual or clustered terminal units as
appropriate. The indoor unit is slightly more
complex than units in air distribution sys-
tems, but it is not larger, since, in the ab-
sence of airflow, less space is required for
heat exchange and no blower is necessary.

The outdoor unit may be a cenventional
single-speed unit, a multispeed unit, or a
unit that can vary speed continuously, The
precision with which the beat pump system
can follow the variable indoor load depends
onthe degree of conirol thatcan be exerted
over the outdoor unit's motor speed. (Varia-
tions in load reflect changes in the mix of
terminal units operating in response to the

individual thermostats.) When contral over
the outdoor unit is limited (i.e.. when a sin-
gle-speed mator is used), the value of a
thermal buffer, such as a smail water stor-
age tank, becomes apparent.

To ensure proper control of the system, a
thermostat must communicate with the in-
door unit, which then sends a signal that
switches the fan-coil on or off, The ideal in-
terface between the fan-coils and the indoor
unit is a flexible multichannel cable with both
fluid passages and electrical wiring. Such
cable will have two fluid passages (supply
and return) and perhaps a third, depending
on how the condensate is handled in the air
cenditioning mode. (The condensate can
be drained directly to the outdoors at the
fan-coil, or it can be returned to the indoor
unit and draned there.) Typically, the cable
will alse have three or four electrical wires,
depending en how the system controls the
tan-coils. If the installation is in a smart
house, hewever, communication can take
place through the house network and only
fluid passages are necessary. In any case,
system designers prefer to use a continu-
ous cable between the central unit and
each fan-coil to avoid having to make con-
nectiens in difficult-to-reach places.
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In addition to avoiding problems inherent
in air distribution systems, hydronic distribu-
tion systems present opportunities. For ex-
ample, given a simple hydronic systern, one
could easily incorporate heat pump water
heating from the heat exchanger and could
add dual-fuel capatility by instaling a fos-
sil fuel water heater in the circuit (which
could serve as a utility-commanded de-
mand control device).

Further benefits could be realized by us-
ing a water-to-water heat pump as the heart
of the system. Such a dual hydronic sys-
tem uses water to connect fo the amiient
(ground, groundwalter, or air) as well as o
distribute thermal energy throughout the
home. The terminal fan-coil units are the
same as in the simpler system. Now, rather
than reversing the heat pump to switch be-
tween heating and cooling, the valves in the
hydronic circuit can be repositioned to redi-

rect condenser and evaporator water. Be-
cause the switching is done on the hydronic
circuit, not on the refrigerant circuit, the lat-
ter can be factory-sealed; the installer has
to make only water conpections at the site,
and the risk of refrigerant escaping to the
atmesphere is minimized. Also, the perfor-
mance of the evaporator and the condenser
can be optimized for component function
and for relative load, instead of reversing the
loading on each component and having
them serve dual functions. Further, this
arrangement simplifies heat pump water
heating off the condenser in the air condi-
tioning mode.

Future prospects

Compared with heat pump systems using
conventional air distribution, systems using
hydronic distribution could offer a lower first
cost, improved efficiency, ane greater com-

fort. To gather more data on this technology,
EPRI installedl a multiple-zone hydronic dis-
tribution system in an unoccupied test
house in Gaithersburg, Maryland, in late
1992 and is conducting extensive perfor-
mance testing. The field test system tea-
tures a two-speed outdoor unit and a sup-
plemental heater that is housed in a smal!
but adequate water storage buffer. Test re-
sults will be availawle late this year.

Hydronic distrisution represents a new
approach that will take time to gain accep-
tance, but ongoing changes In residential
heating, ventilation, and air conditioning
practices and technology will speed that
acceptance. In the coming years, the in-
staflation of hydronic heat pump systems
during new construction ane during reno-
vation or expansion of existing homes couls
increase the electric utilities’ share of the
home space-conditioning market.

Electrical Systerns Software

ESWorkstations: The Next Generation

by Giora Ben-Yaacov, Eleclrical Systems Division

ver the years, dtilities have used com-

puter programs in a variety of tasks,
ranging from generation planning to equip-
ment troubleshooting. Developed one at a
time, these programs use differing data-
bases and interfaces. As a result, utility per-
sonnel have had te learn how [0 use a va-
riety of programs and have had to develop
data to input inte each program.

Te faciltate and expand software use.
EPRI has developed integrated packages of
programs, each package related 10 a com-
mon engineering function—for example,
system grounding, Known as Electrical Sys-
tems Workstations (ESworkstations), these
packages of sofiware allow users to perform
a number of related and interdependent
tasks much more efficiently than if the pre-
grams were used individuaily. Taking ad-
vantage of a standard interface and a com-
mon database, these software workstations
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ABSTRACT Uutilities have responded positively to the first generation of

Electrical Systems Workstations (ESWorkstations), integrated packages of

computer programs that address various engineering functions. Now EPR!

is making these software tools even more useful and accessible. In response

to utility suggestions, the next generation of the workstations will include

knowledge bases, on-line reference and engineering tools, and standard data

links to other software. What's more, the EPR! workstation programs are

being designed to be compatible with software developed in-house at utilities.

These enhancements will enable more utility personnel to use the worksta-

tions more efficiently.




(not to be confused with hard-
ware workstations) reduce the
time spent learning individual
programs and developing In-
put data. Because they inte-
grate programs that address
various aspects of a given en-
gineering function, ESWorksta-
tiens can help utilities develop
more-comprehensive  designs
and selutiens to problems.
Industry response to these
integrated software packages
has been posilive. From 25 to
150 utilities are using the six

Figure 1 The next generation of ESWorkstations will feature a built-in ex-
pert advisor called MENTOR, will be compatible with utility-developed soft-
ware, and will have standard links to external databases (using the Utility
Communications Architecture) and to CAD systems (using the Data Ex-
change Format). Also, users will be able to exchange information elec-
tronicaily via EPRINET.

Analysis and
design modules

original ESWorkstations, and
utility benefits are mounting. ] UCA DXF
For example, by using EPRI's databases * * T

DYNAMP program, a dynamic

ampacity mosiule in the Trans-

mission Line Workstation (TLWorkstation™),
the Salt River Project expects to save $8.6
million in deferred ang canceled transmis-
sion projects during the next four years, In
another case, Southern Company Services
used the Extended Transient-Midterm Sta-
bility Program {ETMSP) and the Small Signal
Stability Program (SSSP)—two EPRI soft-
ware modules that will be incorporated into
the Power Systemn Analysis Werkstation—to
develop an alternative strategy to building
a new transmission line, thereby deferring
an estimated $120 million in line construc-
tion costs

As utility persennel with an increasingly
wide range of technical mackgreunds and
computer experience use the ESwerksta-
tions, and as utilities find new ways to ap-
ply these tools, new areas for software R&D
are being identified. On the basis of this ex-
perience, EPRI's Software Advisery Commit-
tee. compased of utility representatives, has
suggested various ways to make the work-
stations even mere useful.

These suggestions have led to the de-
velopment of the next generation of work-
stations (Figure 1). The new workstations wil
operate on standard computer systems, in-
corporate open-systems technology, and
feature graphic user interfaces. They will be
compatible with software developed in-
house by utilities, Equally important, the
workstations will have standard finks te util-

ity databases, to external computer-aided
tesign (CAD) systems, and o EPRINET
(EPRI's electronic information and commu-
nications network), At the core of each of
the next-generation workstations will be a
built-in expert advisor called MENTOR {for
metheds, engineering tools, and on-line ref-
erence),

A MENTOR for users

Designed to complement the analysis and
design modules of a workstation (i.e., its en-
gineering resaurces), MENTOR can act as a
tutor, a calculator, a gateway to other soft-
ware toels, and a comprehensive reference
library. The goal is to enabie utility person-
nel who are not well versed in the techinol-
ogy of the analysis and design software ©
use the nexi-generation workstations.

The methods portion of MENTOR includes
a knowledge base, a handbook with slep-
by-step instructions, and case studies to
illustrate software use. For example, the
CUFAD (compression and uplift foundation
analysis and design) module in the TiL-
Workstation aids in the design of transmis-
sion and distribution pole foundations. With
the additien of a knowledge base, the mod-
ule has been substantially upgraded so that
novice designers can use it. The enhanced
module, which is called CUFAD+, guides
users through the design or analysis of a
given structure one step at a time, provig-

systems

ing explanations as necessary,

MENTOR's engineering tools
include links to external ap-
plications software, such as
spreadsheets and word pro-
cessors. They also include
easy-to-use calculators. For ex-
ample, the scon-10-be-released
Electric and Magnetic Fields
Workstation, Version 2, con-
tains a power line calculator to
help users compute unbal-
anced loads in a three-phase
system. Using a few relatively
simple equations, this calcula-
tor eliminates computational er-
rors and provides handy infor-
mation quickiy and easily.

As an on-line reference,
MENTOR provides tutorials, lists
of references for obtaining more information,
and a section where users can enter notes
during software appiication. For example, a
module n the Underground Transmissien
Workstation consolidates information on ca-
ble ampacity from several reports and pre-
sents it on-line in an easily accessible for-
mat (Figure 2). Users whe know nothing
abaut cable ampacity can learn its basics
quickly, while experienced users can just as
quickly expand their knowledge on the sub-
ject.

CAD

An open architecture

A key attribute of the next generation of
ESWerkstations is cempatilility with utitity-
developed software. Many utilities have
modified existing software or have devel-
oped their own computer programs, often
investing years of staff time in the process.
For this software to operate with the work-
stations (i.e., to use commen interfaces and
databases), the workstations must have an
open-systems architecture. This means that
standard, commercially avaifable computer
hardware, operating systems, communica-
tions hardware and software, databases,
and user interfaces must be used. The Dis-
tribution Engineering Workstatien for de-
signing and analyzing distribution facilities
will be one of the first new workstations 1o
feature such an open architecture.

The need for easy access to data stered
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Figure 2 The en-line reference capabilities of MENTOR are illustrated in this interactive screen
from a tutorial on cable ampacity fundamentals for the Underground Transmission Workstation.

Cable Ampacity Fundamentals

Bunial Depth

All heat generated by the cable must
eventually reach the surface of the earth
Increasing burial depth (L) decteases
ampacity by increasing the heat flow path
{the amount of thevmal resistance the heat
must pass through before itreaches
ambient air aithe eatth's surfacej, Thisis
frue even though earth temperature may
decrease and moistuie conleal may
increase with depth. This diagram sh

the effect of burial depth on the ampcg;
of a pair of 345-kV pipe-type cables with

2500 kemil (1257 mm 2) conductors.
Ambient earth temperaiure

is assumed to drop 1'C for every (oot of
burial depth for the calculatans.
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in other utility files will be addressed by de-
veloping standargd links to both CAD sys-
tems and external databases. To link with
CAD systems, the workstations wil use the
Data Exchange Format (DXF). Because de-
tailled substation specifications are typically

stored in CAD systems, one of the first work-
stations that will be linked to CAD data by
using OXF is the Substation Grounding
Workstation (SGWorkstation). This data link
will elminate the need to reenter substation
data; specifications can be transferred di-

rectly from a CAD system to the SGWork-
station database.

The Utility Communications Architecture
(UCA) will be used to link workstations with
external databases. As part of an effort on
integrated utility communicaticns, EPRI has
undertaken the UCA project to design an ar-
chitecture that meets the complete range of
utility communications needs. This architec-
ture is based on the Open Systems Inter-
connection, or 0S|, reference model, which
was established by the International Orga-
nization for Standardization at the urging of
computer users and vendors worldwide.

Other important features of the next gen-
eration of ESworkstations are easy-tc-use
graphic user interfaces and access to
EPRINET. Electronic bulletin boards for ex-
changes of information and data between
EPRI and users will soon be established as
part of EPRINET.

EPRI plans to upgrade each of the six
original ESworkstations to incorporate MEN-
TOR and the other new features, New work-
stations, 12 of which are in various stages
of development, will include these features
from the start. By 1994 nearly a score of
these integrated software packages will be
available, making EPRI's electrical systems
software easier to use than ever before.

Land and Water Quality

Degradation of Organic Compounds in Contaminated Soils

by Ishwar P. Murarka, Environment Division

o rganic compounds can be converted,
or degraded, to other compounds by
physical, chemical, and biolcgical means.
For example, microorganisms (particularly
bacteria and fungi) can bicdegrade a wide
variety of organic compounds, converting
them to carbon dioxide and water. Research
over the past decade has explored the pos-
sibilities of bioremediation —active man-
agement fo enhance the biodegradation of
organic compounds in contaminated soils
and water.
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Bioremediation is becoming a popular
method for cleaning up sites contaminated
with various organic compounds. Through
1991, bicremediation was specified as a
treatment in 10% of Supertund cleanups.
And more than 20% of the technologies be-
ing developed under the U.S. Environmen-
tal Protection Agency (EPA) Superfund Inno-
vative Technology Evaluation (SITE) Program
include some form of on-site or off-site
bioremediation. Considering all federal pro-
grams mandating soil cleanups, more than

130 sites are using or planning to use bic-
remediation,

To date, the largest bicremediation ex-
periment has been the cleanup of the 11-
million-gallon Exxon Valdez crude oil spill of
1989. Because large-scale efforts to en-
hance biodegradation by apglying fertilizers
appeared to succeed in some areas of the
Valdez spill but not in others, the EPA's Sci-
ence Advisory Board conciluded that en-
hancing biological breakdown involves
more than simply adding nutrients, The ad-



visory board recommended that research
focus on evaluating the large number of fac-
tors that can affect the success of bicre-
mediation.

Aithough cleaning up a site with contam-
inated soil presents a smaller-scale problermn
than cleaning up the Valdez spill, soil biore-
mediation can involve even more factors.
Given such complexity and uncertainty of
success, why is bicremediation becoming
an attractive technology for soil cleanup?
The primary reason is that it is perceived to
be an extension of a natural process. re-
sulting in the conversion of toxic materials
into benign end-products. Also, in many
cases it promises to be less costly than
other methods, such as incineration, al-
though this has yet to be verified for the
wide variety of chemical compounds and
contaminant mixtures that have been en-
countered at soil contamination sites,

Ongoing projects in EPRI'S Land & Water
Quality Studies Program are exploring both
natural and enhanced biodegradation pro-
cesses, This research focuses on a handful
of organic compounds important to the util-
ity industry: polycyclic aromatic hydrocar-
bons (PAHs) found at old manufactured gas
plant (MGP) sites; woecd preservatives (pen-
tachloropheno! and creosote) associated
with utility poles; petroleum hydrocarbons
associated with fuel storage; and polychlo-
rinated biphenyls (PCBs) associated with di-
glectric fluids.

Technical considerations

Biodegradation caused by naturally occur-
ring organisms is well documented for many
organic compounds in soils and water
While the occurrence of biodegradation is
undisputed, its rate and its importance in
regulating contaminant migraton and re-
moval are less clear. The primary factors
controlling biodegradation in soil are as
follows:

8 Types of microorganisms present

B Accessibility of the target compound

o Nutrients present (nitrogen, phasphorus,
potassium)

8 Electron acceptors present (usually
oxygen)

B Soil chemical conditions (pH, redox
acidity/alkalinity, organic matter)

ABSTRACT Organic compounds from utility operations may contaminate

soils and water. EPRI-sponsored researchers are exploring ways to degrade

these contaminants by enhancing the natural activity of microorganisms in con-

junction with physical and chemical amendments. This research is focusing

on polycyclic aromatic hydrocarbons, wood preservatives, petroleum hydro-

carbons, and polychiorinated biphenyls. Laboratory studies have shown en-

couraging results, most notably for the preservative pentachlorophenol. Future

studies will test successful degradation strategies (combining physical, chem-

ical, and biological processes) on a larger scale at field sites.

o Soil physical conditions (texture,
moisture content, temperature)

o Supplemental organic compounds
present

Depending on these factars, an organic
compound may compietely biodegrade in
a matter of days or weeks or may persist
unchanged for a long period of time. As a
result, biodegradaticn rates reported n the
literature span several orders of magnitude,
reflecting variability among chemicals, sites,
and experimental conditions.

Bioremediation seeks fo stimulate or en-
hance blodegradation rates through the ac-
tive management of factors that control nat-
urally occurring microblal activity. While it is
relatively easy to enhance biodegradation
rates under controlled laboratory conditions,
achieving enhanced rates in large-scale
field operations has proved 10 be consider-
ably more difficult.

Successful bioremediation requires that a
target organic compound be accessible o
microorganisms present in the soil. Organic
compounds can resids in the soil environ-
ment in many phases, some of which are
more readily accessible than others, Com-
pounds can reside in the aqueous phase,
the nonaqueous liquid phase. the adsorbed
phase, and the soil humic matter (solid)
phase. Qrganic compounds n the aqueous
phase are generally the most readily ac-
cessible to microorganisms, while chemi-
cals in the soil-bound and nonagquecus lig-

uld phases are the least accessible, If the
concentration of a contaminant compound
is 100 high, it may be toxic to microcrgan-
isms in the sail; if its concentration is too low
and it is dispersed, it may not support an
active community of biodegraders.

Bioremediation relies on the activity of or-
ganisms with affinity for the target com-
pounds Adapted or introduced microor-
ganisms must be able to compete suc-
cessfully with indigenous organisms to
maintain their niche. Furthermore, their ac-
tivity dlepends on having the right mix of nu-
trients and soil properties to provide optimal
living conditions for a healthy microbial
community.

In bioremediation, one additional and
very important factor to consider is the
biodegradation pathway. Ideally the biclog-
ical breakdown of organic compounds pro-
ceeds to mineralization (100% biodegrada-
tion to carbon dioxide anel water), but com-
plete biodegradation occurs rarely for most
compounds. Instead, stable intermediate
compounds form that are persistent and
can sometimes be more taxic than the orig-
inal compound. In evaluating either natural
or enhanced biodegradation, t is critical 10
assess the toxicity, persistence, and be-
hawvior of such stable intermediales.

Coal-tar-contaminated soils

One focus of research has been a coal tar
disposal site (called Site 24) in a forested
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rural area in New York. In the
early 1960s, about 10,000 gal-
lons of coal tar wastes from an
MGP holding tark were placed
in a rectangular trench beside
a country road and covered
with sand. The trench was left

Figure 1 In laboratory tests, naphthalene and phenanthrene were added
to soil cores froam a coal-tar-contaminated site to study degradation by nat-
urally occurring bacteria. Both compounds were rapidly biodegraded in wa-
ter table interface and saturated-zone samples from inside the plume, No
biodegradation of these compounds was observed in control tests using
samples from two other soii layers in the plume area {the unsaturated zone
and the underlying clay layer) and samples from a core collected outside
the plume.

ral microbial community had
adapted to the presence of the
coal tar and that bacteria were
actively consuming PAHS ema-
nafing from it

The laberatory experiments
showed that, under optimal con-

undisturbed for more than 20
years, until groundwater contam-
ination was discovered down-
gradient from the trenchand an 10
investigation was begun.
Because of its age and re-
mote location, as well as its sin-
gle, well-detined tar source and
its well-developed contaminant
plume, Site 24 provided an
ideal location for evaluating the
effects of natural bioclogical
processes on coal lar deg-

12

Biodegradation (%l
()]

radation, The narrow plume, 2
which stretched te a series of
seeps about 400 meters down- 0

gradient frem the tar source,
contained several PAHs, in- 12
cluding naphthalene, phenan-
threne, and acenaphthene. The 10
plume was confined to a shal-
low, sandy aguifer overlying a
sequence of interbedded siits
and clays.

Ore objective of the re-
search at Site 24 was to de-
scribe the natural biological

Biodegradation (%)
[=2]

4 # Water table
degradation processes that Control
had developed in respense to
the preserice of coal tar. A to- 2
tal of nine soil cores were col-
lected —three from near the ok } Ol C 5
source, three from elsewhere 0 5 10 15 20

inside the plume, and three
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ditions, biodegradation would
eliminate 50% of the carbon-
14-radiolabeled naphthalene in
8 tc 50 days. But the persis-
tence of naphthalene and other
PAHs at Site 24 suggests the
operation of other factors, such
as constant delivery of new
PAHs from the source andfor
physicicgical limitations of the
micrebial community. These is-
sues are currently being inves-
tigated.

Soil texture was the most in-
fluential envirenmental factor in
] determining the distribution of

microorganisms at Site 24. Bio-

Phenanthrene

/

¥ Saturated zone

logical activity was greatest
where the sand content of the
soil was highest. Conversely,
the decling in viable organisms
with depth in the saturated
zone was probably related to
an increase in the soil's sit and
clay content. Dissolved oxygen
and nutrient availability did not
appear to be limiting factors for
PAH biodegradation at Site 24.

While the Site 24 research
focused on natural biological
processes. a laboratory study
1 involving another MGP site in

Time {days)

25 | the northeastern United States
yielded encouraging results on

from outside the affected area.
Using aseptic technigues to
avoid contamination, the researchers ex-
tracted several samples from each core and
subjected them Lo chemical and biclogical
analyses.

Microbiclogical analysis revealed an
abundance of active PAH-degrading mi-
croorganisms within the plume. Below the
biclogically active surface soil horizon, the
numbers of viable bacteria were largest at
the water table interface and declined
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rapidly with depith in the saturated sand.
PAH degradalion by these bacteria was
studied in [aboratory tests in which carbon-
14-radiolabeled naphthalene and phenan-
threne were added to Site 24 soil samples.
In these tests, the naphthalene and phenan-
threne were biodegraded in samples from
certain soil layers inside the plume, but not
in samples from outside the plume (Figure
1). These results indicate that the natu-

the potential of bicremediation
using fungus. The investigators
tound bicdegradation of more than 85% of
the PAH compounds in soils inoculated with
a white rot fungus in test tubes.

After determining that the white rot fun-
gus could be transported and successfully
transplfanted under carefully controlied con-
ditions, EPRI researchers conducted a field
study on the use of the fungus for biodegra-
dation of coal-tar-contaminated sediments
under both aerated and unaerated condi-



tions. In a series of experiments, six pans
(three treated with fungus and three con-
trols) were sampled weekly. Slight reduc-
tiens in PAHs (apparently caused by the
volatilization of two-ring compounds) were
observed in all the pans; there was no sig-
nificant difference between fungus-treated
and centrol pans (Figure 2). The use of a
slightly different method of handling the fun-
gus, together with scaling difficulties, may
have been responsible for the inability of the
white rot fungus to biodegrade PAH com-
pounds in these pan experiments. The re-
sults of this study illustrate the sensitivity of
biodegradation processes to even small
perturbations in conditions.

PCP-contaminated soils

The utility industry is keenly interested in the
degradation of pentachlorophenol (PCP) be-
cause of its widespread use as a wood
preservative on distribution and transmis-
sion poles. Previous research has shown
that PCP is highly susceptible to degrada-
tion processes. In respense te the industry's
critical need for information, EPRI has initi-
ated research on the physical, chemical.
and biological conversion of PCP in contam-
inated soils.

In the first phase of study. EPRI re-
searchers conducted lamoratory fiask and
pan studies on soil samples coliected frem
lowa and Washington. In order to achieve a
complete mass balance, carbon-14-radio-
labeled PCP was used in some of the ex-
periments. The soils had PCP concentra-
tions ranging from iess than 1 mg/kg to 9000
me/ke.

The effectiveness of the fellowing mea-
sures in enhancing PCP biodegradation was
evaluated: adding nutrients te the soils to
stimulate indigenous micreorganisms, ex-
posing the soils 10 ultravielet (Uv) light, ane
adding chemical oxidants te the soils. {In-
oculating the soils with the PCP biocde-
graders Flavodacterium and white rot fun-
gus was also trieel; however, initial tests in-
cicated that inoculation eid net enhance the
biodegradation process, and it was not pur-
sued.) Since PCP strongly asisorbs to seils,
an ethanol-water mixture was added during
some of the tests to enhance PCP solubility.

The results of these laboratory studies

Figure 2 In pan experiments with coal-tar-contaminated soil from a manufactured gas plant site,
some pans were inoculated with white rot fungus. PAH degradation results for these treated pans
were similar to results fer the control pans, indicating that the fungus did not enhance degrada-
tion. The observed PAH losses were attributed to the volatilization of two-ring compounds from
both sets of pans.
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were very encouraging. The additien of a
solutien containing nutrients and ethanol to
soils inhabited solely by indigeneus mi-
croorganisms resulted in the enhanced
piedegradation ef PCP and PCP intermedi-
ates. Two PCP intermediates of petential
concern— 2.4.5-trichlorophencl and 2.4.6-
trichlorophene! — did not appear te accu-
mulate during PCP bicdegradatien. The ex-
periments yielded a first-erder biodegrada-

tion rate of 0.015 to 0.030 per day and a
halt-iife of 23 to 46 days. The addition of the
ethanol-water mixture and exposure to UV
light increased the rate of PCP degradation
significantly over rates achieved solely with
indigenous microorganisms. The use of ox-
idants n conjunction with the ethanol-water
mixture produced the best PCP degradation
results (Figure 3).

In the secend phase of study, EPRI re-
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Figure 3 Laboratery results on enhanced biodegradation of pentachlorophenct (PCF) in contam-
inated soils. A nutrient solution was added to all soil samples in conjunction with various other
measures, The best resuits were obtained for medium-PCP soil to which oxidants and an ethanol-
water solution were added at the beginning of testing. For high- and low-PCP samples, adding
the ethanol-water solution (in this case at day 30) also enhanced biodegradation, as did expo-
sure to ultraviolet (uv) light. (The early upturns in these curves are the resuit of sampling and
analysis variability.}
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searchers are scallng up these experiments
and taking them to the tield, on-site studlies
are being performed in Washington with
soils treafed in pans and boxes. in de-
veloping treatment combinatiens, the re-
searchers are focusing on varying the con-
centrations of exidanis, the exposure to UV
light, and the stimutation of indigenous bac-
tenia. The ethanol-water mixture is added in
all cases,

Petroleum hydrocarbons
and PCBs

EPRI! recently initiated research to assess the
biodegradation ef petroleum hydrocarbons
and PCBs In the case ef petroleum hydro-
carbons, investigators are looking at the use
of non-white rot fungus (strain GMB-€) to
remediate seils contaminated by motor oil
released during the maintenance of railroad
cars. The efficacy of amending soils with
GMB-6 will be studied in five field plots with
total petroleum hydrocarbon concentrations
in excess of 2000 mg/kg. Fungus spores
and nutrients will be tilled directly into the
contaminated soils. The goal of the project

8 o reduce fotal petroleum hydrocarbon
concentrations to below 200 mg/kg.

In a collabcrative effort with the Ten-
nessee Valley Authority, EPRI will also eval-
uate the potential for on-site bloremediation
of PCB-contaminated soils. While it bas long
been known that PCBs can me bicdegraded,
their environmental persistence indicates
reslstance o the biodegradation process.
This resistance arises largely from the
strong sorption of PCBs te soils and from the
complex mixtures of congeners found in
most PCB-containing oils. For example, the
more highly chlorinated congeners (those
with more than four chlorine atoms) are less
susceptible to biological attack. This re-
search project is designed to characterize
PCB biodegraders, develep methods in the
lamoratory to enhance the biodegradation
process, and assess those methods at field
scale

Taking research to the field

In summary, recent EPRt research on the
deqgradation of orgamc compounds has
yielded encouraging rasults, particularly for

pentachlorophenol. PCP has been found to
be highly susceptible to chemical and pho-
tolytic degradation in conjunction with Bio-
degradation, and work is now focused on
developing practical methods of exploiting
these processes in field-scale soll remedia-
tions. At MGP sttes, the natural biodegrada-
tion of some PAH compounds (notably
naphthalene, phenanthrene, and acenaph-
thene) was observed, but initial efforts to en-
hance biodegradation rates by introducing
fungus have met with limited success.
While the literature contains many exam-
ples of enhanced biodegradation in labora-
tory studies, successes at field scale are
iess common. It has secome clear that
transferring promising laboratory findings to
a field setting requires more than simply
scaling up a treatabiiity study. The complex
interaction of physical, chemical, and bio-
logical factors at a site must be considered
in order to maximize the likelihood of suc-
cess. Over the next few years, EPRI re-
searchers hope to learn enough about this
complex interaction to achieve successful
implementation of field-scale treatments.

Steamn Generator Corrosion Controf

PWR Secondary Water Chemistry Guidelines

by Christopher J. Waod, Nuclear Power Division

n December 1988, EPRI published PWR

Secondary Water Chemistry Guidelines,
Revision 2 (NP-6239). The purpose of that
document was to provide operational chem-
istry guidance to the electric utility industry
for minimizing localized cerrosion in steam
generators and turbines. Since 1988, utility
conformity to the guidelines on impurity val-
ues has been excellent, with most steam
generator blowdown concentrations at or
below 10% of the guideline values.

Many forms of corrosion have aftected
steam generator performance ever the
years. The move to a slighily alkafine, re-
ducing water chemistry has eliminated mest
of these problems, and the dominant issues
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in PWR secondary systemns today are inter-
granular attack (IGA) and stress corrosion
cracking (SCC) ef steam generator tubing at
crevices formed by tube -tube support plate
intersections. Despite the good perfor-
mance of plant chemistry programs, there
has recently been a rapid increase in
IGA/SCC, as indicated by data on the sleev-
ing or plugging of damaged steam gener-
ator tubes (Figure 1), Althoush the percent-
age of tubes removed from service remains
small, the accelerating trend demands at-
tention. There have been seme isolated in-
stances of IGA/SCC in once-through steam
generators, but of primary concern are oc-
currences in recirculating steam generators.

Chemistry to control IGA/SCC
Recent research has focused on under-
standing the causes and growth patterns of
IGA/SCC. One significant factor is crevice
chemistry, especially electrochemical corro-
sion potential (ECF) and pH (Figure 2)
Given that the total concentration of impuri-
ties in feedwater has decreased, the ability
of a small imbalance of one Impurity — for
example, sodium—to affect crevice pH has
increased. This is believed to be cne of the
reasons for the increasing incidence of
IGA/SCC.

There are essentially three approaches to
controlling crevice corrosion, at least two of
which will be necessary at most PWRs with



susceptible materials. The first apmreach fo-
cuses on cleanliness: avoiding the buildup
of siudge and minimizing the ingress of ionic
impurities (particularly lead) that accelerate
attack. Slusige accumulates in low- and re-
stricted-flow areas —at tube-tube support
plate intersections, in lwbe-tubesheet crev-
ices, and on top of the tubesheet. Aggres-
sive impurities then concentraie in these
crevices and sludge piles, leading (o
IGA/SCC problems.

Sludge is composed of corrosien prod-
ucts (primarily iron oxides) released from the
construction materials used in the low-tem-
perature parts of the secondary system,
such as the moisture separator drain re-
heaters. This type of corrosion is reduced
by a factor of about 10 for each 31-unit in-
crease in feedwaler pH. Major advances in
pH control are occurring at this time. The
ammonia all-volatile treaiment (AVT) has
been replaced by morpholine in nearly haif
the PWRs in the United States, and testing
of ethanolamine (ETA), which appears to be
superior in several respects to morpholine,
started in 1992 at three plants. (Other
amines are also under test at plants in the
United Kingdom and the United States.)

As noted above, the continuing improve-
ment in feedwater qualty has had the un-
desirable effect that even small impurity in-
creases cause much bigger swings in
crevice pH than in earlier times, when the
overall mix of impurities butfered the sys-
tem. The second approach to reducing
crevice corrosion therefore is to control the
caticnfanion balance, particularly by avoid-
ing caustic conditions. This approach,
which has been adopted by several US.
plants and by most Japanese plants, in-
volves reducing sodium ingress, measuring
hideout return to determine actual crevice
chemistry, and. if necessary, increasing
chioride concentrations slightly,

The third approach to crevice corrosion
control is to add inhibitors to the feedwater
to reduce the effects of aggressive species
present in the crevice environment, Boric
acid provides some buffering, thereby help-
ing to avoid extremely caustic conditions,
but a more effective additive would be
desirable. In laworatory tests sponsored
by EPRI, titanates have grealy reduced

ABSTRACT Corrosion damage in PWR steam generators has been a

costly prablem for the industry, necessitating more-frequent inspection and re-

pair and, in several plants, complete steam generator replacement. With many

forms of corrosion now well controlied, chemistry guidelines for the secondary

systems of PWRs are focusing on reducing intergranuiar attack and stress cor-

rosion cracking at tube—tube support plate intersections in steam generators.

These guidelines signal a new approach to plant chemistry programs—an ap-

proach emphasizing proactive management and plant-specific optimization.

IGA/SCC, with no identifiable adverse ef-
fects. Qualification testing on titanates is
continuing, and the first plant tests are
planned for 1993.

Other factors influencing
IGA/SCC

The growing incidence of IGA/SCC may be
partly the effect of better de-

steel drilled hote, stainless steel drilled hole,
eggcrate (carbon or stainless steel), and
quatrefoil wroach. (The last two designs
have about the same resistance.)

Several other factors influence plant sus-
ceptibility to IGA/SCC, most notably the bal-
ance-of-plant (BOP) design. For example,
the presence of copper alloys in the system

tection precedures; the centin-

uing improvement in eddy-cur- "E5q

rent inspection techniques pro-

visles utilites with more-sensi- 19|

tive procedures for detecting

this type of damage. In addi- 1984 |

tion, the higher operating tem- (4

peratures of newer plants can

result in shorter times te failure 1986

and increased sensitivity to the

crevice environment, 1987
Laboratory studies and field

experience suggest that resis- 1988

tance to IGA/SCC alse depensls

on the tubing material and the 1989

tube support design. The fol-

lowing tubing materials are 1990

ranked in order of increasing

resistance to IGA/SCC: low- 1991

temperature mill-annealed Al-

loy 600, high-temperature mill- 0

annealed Alloy 608, thermally

treated Alloy 600, and Alloys
620 and 800, The following
tube support desians are also
ranked in order of increasing
resistance 1o IGA/SCC: carbon

0.05 0.10 0.15 0.20 0.25
Tubes Plugged (% of Iotal in service)

Figure 1 Percentage of steam generator tubes plugged and
removed from service at U.S. PWRs because of IGA/SCC. Al-
though the percentase of tubes affected is small, the upward
trend has spurred the development of revised secondary
water chemistry guidelines to minimize IGA/SCC damage.
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Figure 2 Stress corrosion cracking rate versus pH. Shown are (aboratory crack growth rate data
for mill-annealed Alloy 600 under low and high electrochemical corrosion potential (ECP) condi-
tions, which correspond to fully reducing and fully oxidizing conditions, respectively.
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increases susceptibility by raising crevice
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Chemistry guidelines

The increase in steam generator tube deg-
radation and a desire 10 improve plant
chemistry programs have prompted a revi-
sion of the water chemistry guidelines. PWR
Secondary Water Chemistry Guidetines, Re-
vision 3 (TR-102134, forthcoming, spring
1993} revisits all the material in the 1988 re-
vision to make the guidelines consistent with
current understanding, The new EPRI report
develops concepts first presented in Interim
PWR Secondary Water Chemistry Rec-
ommendations for IGA/SCC Control (TR-
101230, September 1992), which was pre-
pared on an accelerated schedule 10 help
the industry move quickly to controf the ris-
ing incidence of IGA/SCC.

Both the new revision and the interim re-
port it supersedes were produced by an in-
dustry committee consisting primarily of
representatives from utilities, vendors, the
Institute of Nuclear Power Operations, and
EPRI. The following sections summarize the
main technical recommendations of the new
guidelines.

Hydrazine concentration Because IGA
and SCC accelerate in oxidizing environ-
ments, hydrazine is added to feedwater to
produce reducing conditions. Previousiy,
sufficient hydrazine to reduce oxygen in the
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buk water was recommended. However,
because crevice ECP influences IGA/SCC, it
is beneficial to increase the hydrazine con-
centration further, to at least 100 ppb, to en-
sure that reducing conditions are main-
tainedl n the steam generators. It is not
desirable to operate with high levels ot hy-
drazine under all circumstances, though
and this recommendation is subject to plant
limitations an® environmental constraints.
Feedwater iron and copper limits Re-
ducing sludge, by controlling feedwater iron
to 25% of the previous limit, should reduce

impurity concentration in crevices. Reduc-
ing copper will lower crevice ECP. The new
limits —5 ppb for iron and 1 ppb for cop-
per—are stilf higher than the levels achiev-
abte in most plants, but this recommenda-
tion emphasizes the desirability of control-
ling pH in the BOP (to minimize corrosion
product input) and eliminating copper alloys.

Boric acid treatment Boric acid is
used in many plants and appears to reduce
plugging and sleeving rates, Thus the
guidelines recommend its use in plants with
IGA/SCC problems. This recommendation
applies especially to plants with copper al-
loys in the BOP, most of which are already
using the treatment.

Monitoring of cation/anion ratio This
is the key recommendation, since an im-
balance i this ratic can result in high
crevice pH. At planned shutdowns, plant
personnel can menitor the return of impuri-
ties from crevices to the bulk water (hiseout
refurn) in orcler 1o abtain important informa-
tion for refating blowgdown chemistry data to
what is actually concentrating in the crev-
ices, The MULTEQ computer code can then
be used to medel the crevice chemistry
{EPR! Journal, March 1992, p. 41). The start-
iNg point in managing the cation/anion
ratio is to minimize the ingress of caustic
impurities from the plant cleanup system.
Controlled chiorige ingress is being consid-
ered at some plants with caustic conditions.

Diamincethane

3-hydroxy-
quinuclidene

Ethanolamine

Morptioline

Ammonia

| | |

4
Feedwater Concentration (ppm)

6 8 10

Figure 3 Calculated concentrations of alternative feedwater additives required to produce a high-
temperature pH of 6.6 in moisture separator drain reheaters. U.S. PWRs now use either ammo-
nia or morpholine for pH control, but ethanolamine is under test as an attractive replacement can-
didate. Other additives show promise but reguire more study; the compatibility of diaminoethane
with some cleanup systems still must be resolved, and 3-hydroxyquinuclideneg is not commercially

available.



Phosphate chemistry Phosphate was
historically used to inhibit corrosion in PWR
steam generators; in the late 1970s, how-
ever, it was replaced by ammonia AVT at
US. plants because of wastage problems.
Two plants in Europe are stil using a mod-
ified phosphate treatment, which appears
to merit consideration for plants where
IGA/SCC is more life limiting for steam gen-
erators than wastage is. An appendix to the
revised guidelines outlines recent experi
ence with phosphate chemistry and lists
factors to be considered before implement
ing this treatment.

Improved pH control Corrosion prod-
ucts, primarily insoluble iron speces, are
transported from the BOP to the steam gen-
erators via the feed train. Ammonia AVT has
been used to control feedwater pH and thus
minimize secondary-system corrosion. Am-
monia is volatite, however, and tends to dis-
tribute in the steam phase in two-phase re-
gions of the circuit. As a result, little protec-
tion is provided in wet steam areas, which
are the source of much of the corrosicn ma-
teral that eventually forms sludge in the
steam generators.

Qver 30 plants are currently using mor-
pholine, an organic amine compound that
is less volatle than ammonia and hence
reduces corrosion significantly However,
other amines withmore favorable properties
than morpholine have been identified in
EPRI research and evaluated in a simulated
secondarysystem loop. In-plant testing of
one of the most promising of these amines,
ETA, is under way at three PWRs— Duke
Power's Catawba Units 1 and 2 and Toledo
Edisons Davis Besse plant. Using ETA in-
stead of morpholine results in a higher pH,
reduced iron input from flow-assisted cor-
rosion, and a smaller increase in cation con-
ductivity. Moreover, the fact that significanty
less ETA than morpholne Is required to
maintain a given pH in the B®P (Figure 3)
results in several operational advantages.
Revision 3 of the guidelnes offers the op-
tions of EFA, ammonia AVT, and morpholine.

The future

The phitasophy of chemistry control has
changed subsiantially since the first edition
of the guidelines, which essentially provided
one specification for all plants. Advances in

technology have resulted in alternative ap-
proaches, which have undoubtedly con-
tributed to the everall improvement in steam
generator performance. As a result of these
deveiopments, the latest guidelines include
several options, which should be evaluated
on a plant-specifie basis. The list of choices
will become longer as improved inhibitors
are qualfied. To help utilities evaluate the
new developments, application guidelines
are being prepared. For example. guide-
lines on amine application, to be published
in the second quarter of 1993, will present
a methodology and essential data for use
in evaluating aiternatives te morpholine.

l.ooking further ahead, improved tools are
needed to heilp utiittes optimize water
chemistry for specific plant situations, With
increasing understanding of the interaction
between chemistry and corrosion, accurate
modeling of the entire secondary systemis
becoming a possibility Computer modeling
of system chemistry—for example. by ex-
tending tite CHECWORKS family of codes—
is a challenging goal, but the result prom-
ises to be a valuavle tool for utlity use in
optimizing water chemistry.
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New
Contracts

Project

Customer Systems

Develepment of Advanced Lead-Acid
Batary (RP2415-15)

Imegraled UCA-Compliant Customer
Communicalion Systemn (RP2568-22)

Murnicipal Waste and Water Treatment
Proect (RP2662-34)

Non-Vapor-Compression Heating{
Ceoling-Cycie Investigallons
{RP2792-24)

Demonsiration of Hydroric Heat Pump
Syslam (NP2§92-27)

Waler Heatar Biomitigation Srudiss,
Phase 1 (RP2958-17)

(e Slorage Sysiem Test Facility
{RP3284-25)

Advanced Ing{rumentation for
Visualization and Evaluation of the
Aurflow Perlormance of Cold Arr
Dhffusars (RP3280-35)

Applicalion of Quality Functan Deploy-
ment la DSM Program Design at PSI
Energy {RP3310-5)

Adjustable-Speed-Drive Appiications in
Thermomechamcal Pulp Refinng
IRP3328-5}

Scaping Study on the Bleaching ol
Wood Pulp (RP3328-7}

Retrgerant lssues (RP3412-1)

Screening of HCFC-22 Alternatives
{RP3412-7)

Fuzzy-Logic Controls lor Microwave
Clothes Bryars (RP3417-3)

Software for Use in Conjunction With
Short-Term Energy Mondoring
{RP3512-2)

Developmant of a Duct Test Pralocos
{RP3512-3)

Fimlg Test of Ventlanon Controller
Prototype {(RP3512-4}

Line-Valtage Thermostals (AP3512:-5)

Electrical Systems

Study (RP2431-10)

Pooling, and Clean Ar Act Compliance
Issues (RP2473-63)

Bidirectiona! Satelita Comrmurications
Technology {RP2949-12)

Integratec Graphic Ehisplay lor
Dislributien Aulomaton Data
(RP2949-13)

UCA Revision for Water Industry
Requiremeants (RP2949-19)

Cable Insulation (RP2986-8)

Devetopment of Advanced MOS-
Centrollied Thyristor Devices {(RP3115-4)

Quantified Subsequent Lightnitig Sirokss

Integraling Transmisston Planning, Pawer

Branched Polyethylenes for High-Vollage

Funding/
Duration

$496,000
7 months

$238,900
12 months

$218.300
10 manths

$74,100
7 months

$248B,400
12 months

$130,200
14 manths
$397,800
28 monlhs

398,100
15 monihs

$97 80O
4 menths

$55,000
5 months

$50,000
§ montns

$130,000
12 manths

$175,600
8 months

$103,000
7 mpnins

$150,200
18 monihs

$200.000
6 morthis

257,000
9 monihs

$150,500
4 months

$829 960
35 monihs

$54,400
8 months

$400,000
27 months

$240,000
1B munihs

$200.000
9 maenths

$300,000
32 months

$2.566,400
38 months

Conlractor/EPRI
Project Manager

Elecirosource { R. Swaroop

Umisys Corp.
Lt Carmichael

Metcalf & Eday{M Jones

Foster-Miller {
S Konaepudi

Geomel Technologies /
J Kesselring

Uriversity of
Pennsytvania/C Hiller

Marin Marietta Erergy
Systems R, Wendland

Colorade State Urivarsay/
R Wendiang

Pulnam, Hayas & Bartien/
T Henneberger

Georgia Tech Rasearch
Corp.[A Amarnath

Institute of Papcr Science
angd Tecnnology f
A Amarnath

Urnversity of Wisconsin,
Madisen /W, Kril

Mariin Marella Energy
Systems (7. Stalt

Honeywal {J, Kesselring

Macrodyne Energy
Inlernational /J. Kesselring

Synertech Syslems Corm./
J Kesselring

Honeywell{/ Kassefrmg

Geomet Technologes/
J. Kesselring

Stale University of
New York Research
Foundation/ V. Tahdian

Appliea Technologias
International /R Adapa

Nova-Net
Commurications/B. 8iair

Power Systemn
Engineenng /8 Blaw

EMA Services/A. tveson
Uruwversily of Tenressee/!

B. Bernstemn
Hains Corp. /H Mehla

Fropact

Design of Multipurpose Solig-State
Equtprment for Distribubion Sysiems
(mP3155-12)

Environment

Revegelatton o! a Flug Gas Desulfur-
1zatren Wasle Evaooraiton Pond
{RP2485-29}

Seloctive Nongatalyuc Reduction
Demonstralion System Sumport
{RP2869-15)

Mecharical and Ervironmerntai
Froperties of Fly-Ash-Fortified
Autoclavad Celiular Concrele
{RP3176-13}

Medsiing of Subsurface Centaminant
Transperl and Fate (RP3217-1)

Atmasphanc Fale of Air Toxcs
Emissiens. Exploratory Assessment
(RP3218-4)

Surlace Water Misk Assassmen! Model
far Power Plant Chscharges (RP3221-3)

Arnalysis Team tor MECCA (Model
Evaluaton Consortium ter Climale
Aszassment) (RP3267-21}

Mixtures of Ash and Organic Compos!
as Soil Sumsiitutes and Amendments
{RP3270-6)

Utilization of Coal Cambustion By-
producis n Agriculture and Land
Reclamation: Markel Analysis for

Nertheast Region (RP3270-7)

Global Stress-Modeling Library for
Assessment of Rlant and Forast
Rasporise (RP3316-1)

Feasisility of Decision Analysis
Frarmewark fer Ozone Management
Photochemical Model (RF3429-2)

Exploratery & Applied Research

A Singla-Component Oxide Fuel Call
Operating al 600-800°C (RP8002-39)

Electrochemical Contral of Stoichiometry
In High-Temperature Superconductors
(mPEO82-43}

Fiber-Optic Cerrosion Moritor
(RPB004-23)

Harmonic Instabilibes \n Pewst Systems
(MP8010-33)

Fuzzy Logc tar Elecine Wiitity Syslems
(RPS010-34)

Neuvrat Netwarks lor identification and
Control of Ash Depostion (RPG001-1}

Deposiisn i Power Piants; Machanisms
and \mpact (RP3002-4)

Generation & Storage

Dow Gasificalisn-Based Mollen
Carbonate Fuel Cell Powar Plant; Casg
Study (RP1041-33)

Prospects for Salar-Tharmal Electrc
Power (RF2003-13)

Funding/
Duration

$249,500
34 months

$411.800
52 manihs

$150.000
28 moanths

$165,208
24 mormihs

363,500
9 months

$325,900
12 months

§169.800
16 manths

$713,600
37 morths

$174,000
27 manths

$60,000
8 months

$284,500
24 monlhs

$107.500
5 months

3206,500
41 months

$283,.000
36 monthg

$230.200
19 menths

$287.600
36 manths

$205,000
1B manths

$98,600
12 monlhs

$124,808
17 monihs

$77.800
4 months

$50,300

8 montns

Contracior/ EPAI
Froject Manager

Universily of Arkansas
H_Mehta

Umiversiy ot Arizenaf
J. Goodrich-Mahoney

Long Island Lighting Ca./
J. Stathngs

Urwersity of Pitsburah/
D Goigen

HyaroGeologief
£ Mcintosh

ENSR Consulung and
Engineerng /P Saxena

Tetra Tech/A, Gotdster

Macauarie Park
Research/C Makkarinen

COhio Stalke Unmarsity
Mesearch Foundaton/
t Murarka

ECG Consuiting Group /
£ Goodrich-Mahonay

Boyce Thompson {nstilute
for Plant Research /
L. Prefka

ENSR Consultng and
Enoineenng (R Gotasigmn

Uriversity of
Pennsylvania /A Goldstein

Coloraon State Uriversity {
R Weaver

Babcock & Wilcox Co./
T Passeit

Uriiversity of Wisconsin,
Madison/A, Edrs

Uriversily of Calilorria,
Berketey (S, Bhatt

Haneywell /A Mehia

Montana State Umveraity/
B. Dootey

Fluar Damei/E Gillis

HGH Entetprises/
E DeMeo
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Project

Weld Repair of High-Pressure/
intermediate-Pressure Turbine Rotors
(RP2481-12)

Assagsment of Marker for Insulation
Dielerioration Instruments and Manitors
(RP2577-7)

Assessment of Construction Technology
Improvements (RP2578-8)

Development and Damonsiration of
Combustion Turbyine Control Systems:
Techrical Support (RP2653-12)

Design and Development of the Canlrols
Werkstation {CNTRL-X) (RP2710-29)

Upgrade ol Prediclive Opacity Mode! tor
Oil-Fired Ballers (RP2778-18)

Vibraton Expert System (RP2817-7)

Control and Automation Projects
Techrical Supporl (RP2817-9)

Root Cause Analysis Worksiaton
(RP2817-19)

Advanced teak Delection Research
Evaluation Demonstraton (RP2817-29)

Gas Turbine Qutage Criteria Database
(RP2831-8)

Gas Turbine Qvertaul Plar for Asea
Brown Bover Simpte-Cycle Type 1
(RAP2831-10}

Combustion Turbine Piant Performance
Improvement (RP2831-11)

Inlagrated Gasilication-Compressed-Air
Storage With Humidification. Enginesting
and Economic Evaluaton (RP2834-3)

Development and Organizationat
Activifies for EPRIS ABATE Frograrm
(RP3119-14)

Fluidized-Bed Combustion Database
(RP3162-9)

Techmcal ang Cost Design Meview of
2-MW Carbionate Fuel Cell Power Planl
(RP3252-4)

Electne Ulllity Insolation Resource
Measurement Program (RF3258-6)

Power Plant Performance
Instrumentation Systerm (RP3383-1)

Compact Simulator for Repowered
Staton {Lauderdale) (RP3384-3)

Compact Simutator With Emuiated Man-
Macnine Inartace (RP3384-4)

Development of Whole-Tres-Energy
Technology (RP3487-3)

Backscaiter Ragiograpnc Measuremeni
ol Boiler Tube Wall Thickness
(RP3469-1)

Natural Gas-Fueled Molten Cerbonate
Fuel Cell Power Plant- Development ana
Demonstration (RP3472-1)

Meader Feedwater Heater Retroli(s
(RP3479-1)

Development, Analysis, and Yesting of
L-1 Blade Repart or Replacement
Options (RP3482-1)

Fly Ash Carbon Burnous Pilot Planl
{AP3497-1)

Funding/
Duratran

$167.000
27 months

$100,000
6 monihs

$95,000
7 monthe

$159 600
12 months

$185,500
19 mpnths

$136,700
14 months

$97.500
12 months
$323,100
17 months
§149,900
13 months

$99.900
31 months

$249,300
27 momhs

$197.500
20 months

$196.300
12 monihs

$240,000
10 months

$862.700
10 months

$107,300
23 months

$52,400
4 months

$53,100
11 monihs

$1,200,000
12 months

$658,900
16 months

$963,000
18 months

$52,800
5 manths

$406 200
7 monihs

$4,300,000
48 rmonths

400,000
18 maonths

$424.9500
18 manihs

$433,000
12 months

Cantractor/EPRY
Praject Maniger

Uriversity of liinots /
R Viswanathan

ECG Consulting Graup/
J. Stetn

Sargent & Lundy
Engineers {S Pace

Science Applicatiens
International Corp./
G. Quertin

Automation Technalogy/
G. Pllasterer

Energy Technology
Consultants/ W. Rovesti

Bogan{R Coisher

United Engineers &
Constructars /A, Colshar

Failure Prevention/
A. Colsher

BoganiR. Colsrer
Encotech/ R, Frischmuth

Operational Servicas/
A Fnschmuth

@rganizational Learning
Center /R Frischmulh

Bechtal Group(A. Cohn

Environmenial
Biolachrologies!S Yunker

SFA Pacihc/S Drenker

Haldor Topsce /D Rastler

DaystartJ, Bigger

Potomac Electne Power
Co }E Perrit

Ttax Cotp /R Fray
Trax Corp. /R Fray

Energy Performance
Systerns/E Hughes

DM Corg. /R Tiliey

San Diego Gas & Electric
Co./R. Gordsteint

Lang Islana Lighting Co /
J Bartz

Stress Technology/
T McCloskey

Progress Materals f
T Boyd

Project

Bemonstration ol Control Retroft ankd
integration Guidelines (RE3469-1}

integrated Energy Systems

Gas-Electns Integration and Gas
Research Scoping (RP3201-5)

PC Cost* Development af a Cost-
Estimating Madel for Pulverized-Coal-
Firad Power Plants (RP3336-1)

Economic (mpacls of Limiting Carbson
Emissions {(RP3441-1)

Nuclear Power

Guidelnes for Nucleat Power Plan| Heal
Rale Improvement (RP2407-5)

Guidelings on the Upgraaing and
Calibration of Radialion Monitoring
Sysiems (RP2409-24)

Technical Repair Guidelines for
Lirmtorgue HBC 0-10 Gear Boses
(RP2814-62)

ABR Support {(RP3300-4)
|.WR Lils-Cycle Managerment {(RP3343-1)

Centrol Room and Related Digital Tech-
nology. Imernational Survey (RP3351-1)

Verdicatier and Valioation Guidelines tor
Digitat High-Inlegrity Systems (RF3352-2)

Electropofishing Milistone-2
Remlacement Sleam Generators
(RP3358-3)

CHECWORKS™ Compulter Program
(RP3382-1)

FIVE {Fire-Induced Vulnerablity
Evaluation) Methedology: Testing o
EPRIGEMS Moduta (RP3385-2)

Nuclaar Enginaaring Workstation toe
Utity Applications (RP3394-1)

Guidelines on Electromagnelic
Interference Immurity tor Digital Controls
and Instrumentation Upgrades
{RP3406-3)

Prairie tsiand Instrymentaton and
Contral Plan {(RP3411-2)

Perspechvas on MAC Review ot
individual Plant Examimatien Submittals
{RP3480-2)

Aspects ol Predicting Flow-Assisied
Corrosion (RP3500-11)

Dermonstration of AC Potenlia) Drop
Techmigues far Detecling Small Cracks
n Steam Generalor Tubing al High
Temperature (RP3500-13)

Invashgation of Mulliple-Choleng
Phenomenon (RP3500-14)

Mixed-Waste Characterization
{RF3B00- 16}

Analysis of Emergency Diesel Generalor
Load Pickup Capabily {(RP4114.7)

MNuclear Salely Analysis and Response.
Techrucal Support (RP3114-10)

funding
Duration

$3,100,000
48 months

$54,700
21 months

$270,300
20 months

$570.100
16 months

$69.600
7 months

$139,400
18 manihs

365000
8 months

$69,200
7 months

$784.300
16 manihg

$293,20¢
22 monihs

§254,000
12 months

356.400
7 months

$547 500
8 months

$212.500
17 momths

$50,000
7 months

$149 400
8 months

§157.40G
11 menths

$1680,100
17 monins

$76.400
5 months

135,900
9 months

$50,000
3 months

$209.100
7 months

$50,000
3 months

$150,100
B8 moriths

Contlractor/ EPRI
Praject Manager

Centenor Energy Corp./
M Bilanco

Chatles River Asseciates/
J Platt

Unmitad Engineers &
Construclors/
C Siebeninal

Charles River Asspciates/
L Wiiams

Mollerus Engineenny
Corp J OBrien

Tara Weast Technologies/
R James

Power Sately
Infernational{B8 Varma

Yankee Atomic Elactnc
Co./F. Rahn

Baitrmore Gas & Electric
Co M Lapdes

Babeook & Witox Co./
J Naser

Rome Laborgtory (S 8half

Northeas! Utiies/
C Wooo

Altos Engpnesnng
Applications /8 Chexal

Protessional Loss Control/
A Oshiberg

Computer Simutation and
Anslysis/L Agee

(nlerlerence Control
Technolagies?S. Bhatt

Mollerus Enginearing
Corp./D Witkinsan

Science Apphcations
International Corp S, Oh

Intermatonal Research &
Development /8. Chexat

Massachusaits Inslitule ol
Technology /A Mctiree

Comauier Simulation and
Analysis{8 Chexal

Roy F Weston{
C Hortubroock

Rachester Gas & Elagtrc
Corp /H Wyckoff

Science Applicatons
internatonal Corp. /
J Haugh
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New
Technical
Reports

Reguests for copies af reports should ke directed
lo the EPRI Distrimution Center, 207 Coggins Drive,
PO. Box 23205, Pleasant Hill, Califorma 94523

{510) 934-4212 There is no charge for reports re-
quested sy EPRI member utilities and affiliates. Re-
ports will be provided to nonmember U.S. ulilities
only upon purchase of a license. the price of which

will be equal to the pnce of EPRI membership.
Others pay the listed price or, in some cases (when
noted), must anter into a licensing agreemenlt,

CUSTOMER SYSTEMS

Analysis of Supermarket
Dehumidification Alternatives

TR-108352 Final Report (RP2891-3); $200
Contractor. University of Wisconsin, Madison
EPRI Project Managers: M Khattar, M Blatt,
R. Wendland

Procedure for Economic Evaiuation of
Steam Turbine Drives Versus Electric Orives
TR-100603 Final Report {(RP2783-17); 5200
Conlracior: TENSA Services, Inc.

EFRI Project Manager A Amarnath

Survey of End-Use Metering Equipment,
Sensors, and Designers/installers
TR-108745 Final Report {(RP2568-21), $200
Contractor Plexus Research, (n¢

EPRI Project Manager: .. Carmichael

Review of Etectrotechnologies Used in the
Disintection of Water and Wastewater
TR-100977 Final Report (RP2662-10}; $200
Contracler Metcaif & Eddy, Inc

EPRI Project Manager: M. Jones

Medical Waste Management: Regulatory
and Technical Background Report
T8-100978 Final Report {RP2662-18), $200
Cantractor: Doucet & Mainka

EPRI Project Manager: M. Janes

Opportunities for Energy Conservation
and Load Shaging in Siudge Management
Systems

TH-101826 Final Report (RP2662-10); $200
Contractor Metcalf & Eddy, Inc,

EPRI Project Manager: M, Jones

Proceedings: Electric Dehumidification—
State-of-the-Art Humidity Cantrol for
Supermarkets Seminar

TR-101154 Proceedings (RP2569-14); $200
Contractor Pelicy Research Associates, Inc
EPRI Project Manager M Khattar

Proceedings: Heat Pump Associations,
Alliances, and Allies

TR-101157 Proceedings (RP2417-12}, $200
Contractor: Policy Resaarch Associales. Inc
EPRI Project Manager: J. Kesselring
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Demand-Side Management Glossary
TR-101158 Fina! Report {RP1940-25); $200
Contractors: ACES, Inc.; Pacific Consuiting
Services

EPRI Project Managers: V. Rabl, P. Meagher

Automated Handling ot Textite

Yarn Packages to Enhance Radio
Frequency Drying

TR-101375 Final Report (RP2782-6); $200
Contractor: North Carolina State University
EPRI Project Manager. A. Amarnath

Application of Ultrasound in Textile

Wet Processing, Phase 1

TR-101372 Final Regorl (RP2782-8}. $200
Contractor: North Carolina Slate University,
Callege of Textiles

EPRI Project Manager: A. Amarnath

Survey of Utility Electric Vehicle
Activities

TR-181385 Fina! Reporl (RP3272-6): $200
Contractor: Theogore Bartry & Associates
EPAI Project Manager- J Janasik

ELECTRICAL SYSTEMS

Fiber-Optic Voltage and Current
Sensors for Distribution Systems
TR-180291 Finai Report (RP2734-4), $200
Contractor: QFTRA, Inc

EPRI Project Manager J Porter

Measurement of Electrical Conductor Drag
Coefficients in a Free-Air Wind Tunnel
TR-100672 Intarim Raport {RP2018-3), $2€0
Contractor: Sverdrup Technology. Inc

EPRI Project Manager: P Lyons

Application of Tuned Sound Enclosures
to Transformers, Vols. 1 and 2
TR-100800 Final Repari (RPY95-1); Vols. t
and 2. $200 each volume

Contracter Allis-Chalmers Cerp

EPRI} Fraject Manager, S. Nilsson

Longitudina! Nondestructive Evaluation

of New Utllity Wood Poles, Vois. 1 and 2
TR-100864 Final Report (RP3#78-1); Vol. 1. $§200
Vel, 2, license required

Contractor: Engineering Data Management. Inc
EPR| Preject Manager H. Ng

Clean Fog Flashover Tests on 138-kV
Nonceramic Line Post Insulators Before
and After Artificial Aging

TR-100886 Final Report (RP2472-6); $200
EPRI Project Manager J Hall

Characteristics Study of TLMRC

Wind Tower Data: Notes on Field Wind
Loading Experiments

TR-100906 Interim Report {(RP2016-3); $200
Contracior: Sverdrup Technology. Inc.

EPRI Project Manager P Lyons

Economics of Static VAR Compensation
TR-101075 Final Report (RP2707-2): $200
Contractor. University of Wisconsin, Madison
EPRI Project Manager S Lindgren

Impacts of Governor Response
Changes on the Security of North
American Interconnections

TR-101086 Final Report {RP2473-53); $200
Contractar: ERIC Engineering. Inc
EPRI Project Manager: G. Cauley

Robust Adaptive Transient Damping in
Power Systems, Vols. 1 and 2
TR-101097 Final Report (RP2865-1), Vols 1
and 2, $200 each volume

Contractor: Montana State University
EPRI Projecl Manager; R Adapa

Electrokinetic Effects in Power
Transformers

TR-101218 Interim Report (RP1499-12); $200
Contraclor: Rensselaer Polylechme Institute
EPRI Project Manager S. Lindgren

Soft Rot Decay Capabilities and

Interactions of Fungi and Bacteria

From Fumigated Utility Poles

TR-101244 Final Report (RP1471-3); $200
Coniractor’ State University of New York, College
of Environmenial Science and Foreslry

EPRI Project Manager: H. Ng

Advanced Power Semiconductor Devices
TR-101297 Final Report (RP3115-1); $200
Contracter Narth Carolina State University
EPRI Project Manager- H. Mehta

ENVIRONMENT

Fabric Filters for the Electric Utility Industry,
Vol. 5: Guidelines for Fabric Filter Design
CS-5161 Final Report (RP1129-8), Vol §, $500
Coniractors: Electric Power Technologiss, inc
Southern Research Instiute; C. A Gallaer
Souihern Research Technologias, inc

EPRI Project Manager: R. Chang

VALOR Code Version 1.0: A PC Code
for Simulating Immiscible Contaminant
Transport in Subsurface Systems
TR-101018 Final Report (RP2879-8), $200
Contractor; Unmiversty of Michigan

EPRI Project Manager: D. Mcintosh

Predicting Corrosion Rates

of Some Commonly Used Alloys

in FGD Outlet Ducts

TR-101037 Fina! Repor| (RP1871-18), $200
Contracter: Batielie

EPRI Preject Manager: B. Syrett

Proceedings: 1991 SO, Control

Symposium, Vols, 1-3

TR-191054 Proceedings; Vols 1-3, $400 for set
EPRI Project Manager: B, Toole-O'Neil

The Ability of Subsoils to Attenuate
Metals in Coal Pile Leachate

TR-101086 Final Report {RP2485-18); $200
Cantractor: University of Wisconsin, Madison
EPRI Project Manager. M Elrashidi

Proceedings: 1990 International Conference
on Measuring Waterborne Trace Substances
TR-101141 Proceedings {RP1851); $200

EPRI Project Manager: W Chow



Future Epidemiotogic Studies of Health
Effects of Electric and Magnetic Fields
TR101175 Proceedings (RP2964-11); $200
Contractor: University of Texas Health Scences
Center at Houston

EPRI Project Managers: R. Black. L. Kheifets

Applications Handbook for FASTCHEM™,

Vol. t: Flow Modutes

TR101218 Final Report (RP2485-15); Vol 1, $200
Contractor: Stanford University

EPRI Project Manager: D. Mclntosh

Applications Handbook for FASTCHEM™,

Vol. 2: Chemical Transport Modules

TR-101218 Final Report (RP248519): Vol 2, $200
Contractor: Lawrence Berkeley Laboratory

EPRI Project Manager' D. Mcintosh

EPRI High-Sulfur Test Center:

Mini-Pilot Thiosulfate Test Resuits
TR-101351 Final Report (RP10319): $200
Contractor: Radian Corp

EPR! Project Managers R. Moser, D. Owens

Physical Model Studies of Dense
Solute Plumes in Porous Media
TR-101387 Final Report (RP2938-1) $200
Contractor: Auburn University

EPRI Project Manager. D Mclntosh

A Survey of Daily Asthmatic

Activity Patterns in Cincinnati
TR-101396 F'nal Report (RP940-5); $200
Contractor: Roth Associates, Inc.

EPRI Project Manager. A. Slivers

Effect of Targeted Chlorination on

the Corrosion Behavior of Copper-Nickel
Condenser Tubing

TR-101405 Final Report (RP2300-17), $200
Contractor: Ocean City Research Corp,
EPRI Project Managers B Syrett, W Chow

Assessment of Children's LongTerm Exposure
to Magnetic Fields (The Geomet Study)
TR-101406 Final Report (RP2966-4}, $200
Contractor; Geomet Technologies, Inc

EPRI Project Managers. S. Sussman, R. Kavel

Assessment of Children’s Long-Term Exposure
to Magnetic Fields (The Enertech Study)
TR-101407 Final Report (RP29666); $200
Confractors' Enertech Consultants; Genera!
Electric Co {High-Voltage Transmission Research
Center)

EPRI Project Managers S Sussman, R. Kavei

Power Line Calculator for DOS

TR-101409 Interim Repert (RP29667); $200
Contractor- Enertech Consultants

EPRI Project Managers: S. Sussman, R. Kavet

GENERATION & STORAGE

High Temperature Gas Filtration, Vol. 2:
Operating Performance of a Pilot-Scale Filter
GS+6489 Final Report (RP1336-7); Vol. 2, $20#
Contractor: Rheinisch-Westfalische Technische
Hochschule Aachen

EPR! Project Managers: O, Tassicker, S. Drenker.
R. Brown

High-Temperature Gas Filtration, Vol. 4:
Mechanical and Thermal Design of a
Pilot-Scale Filter

GS 6489 Final Report (RP13367): Vol, 4, $200
Contractor' RheinischWestfalische Technische
Hochschule Aachen

EPRI Project Managers. O. Tassicker, S Crenker
R. Brown

High-Temperature Gas Filtration, Vol. 5:
Mechanical and Thermal Design of
High-Temperature Tier Filter Modules
GS6489 Final Report (RP1336-7); Vol, 5. $200
Contractor. Rheinisch-Westfalische Technische
Hochschue Aachen

EPRI Project Managers: O Tassicker. S Drenker
R. Brown

Evatuation of 450-MWe BGL GCC

Power Piants Fueled WIth Pittsburgh

No. 8 Coal

TR-100376 Final Report (RP252522); $200
Contractors; Bechtel Group, Inc.; Bntish Gas pic;
Lurgn GmbH

EPRI Project Manager: M. Epstein

Waste-t0-Energy Permitting Sourcebook
TR-100716 Final Report (RP2190-5, -7); $200
Contractor- Bechtel Group, Inc

EPRI Project Manager' E Hughes

Utility Motor and Generator
Predictive Maintenance Workshop
TR-100952 Proceedings (RP2591), $200
EPR{ Project Manager: J. Stein

Survey of Landfill Gas Generation Potential:
2-MW Molten Carbonate Fuel Cell

TR-101068 Inlertm Report (RP1677-21); $200
Contractor: Resource Management Internationai
Inc

EPRI Project Manager: E. Gillis

Yttrium-lronGarnet as a

Molten Carbonate Fuel Cell Cathode
TR-101069 Final Report (RP1085-14); $200
Contractor: Ceramatec, Inc.

EPRI Project Manager. R. Goldstein

Molten Carbonate Fuel Cell (MCFC)
Porous Electrode and Kinetic Studies
TR-101070 Fina Report (RP22783); $200
Contractor' Institute of Gas Technology
EPRI Project Manager R Goldstein

Performance Potentials of Solid Oxide
Fuel Cell Configurations

TR-101109 Final Reporl (RP1676-15), $200
Contractor Uff G. Bossel

EPRI Project Manager. D. Rastler

Unit Commitment DYNAMICS: User's Manual

TR-101229 Computer Code Manual (RP3116-2);
$500

Contractor Decision Focus, Inc.

EPRt Project Manager' R. Schalnker

Demonstration of EPRI Heat Rate
Guidelines at Southern California
Edison Ormond Beach Unit 2
TR-101249 Final Report (RP2818-1); $200
Contractor: Southern Califorma Edison Co
EPR! Project Manager J. Tsou

Proceedings: Fossil Plant Layup

and Reactivation Conference

TR-101250 Proceedings (RP2813-20), $200
Contractor: Encor-America Int

EPRI Project Managers: J Tsou, J, Bartz

Evaluation of Silicon Carbide Candle Filters
TR-101331 Final Report (RP1336-12); $200
Contractor: Semler Materials Services

EPRI Project Managers- W Bakker. R Brown

Composting of Coal Tar Contaminated
Soils. Phase 1: Biotreatability Studies
TR-101352 Finat Report (RP311941). license
required

Contractor: Michigan Biotechnology Institute
EPRI Project Manager' S. Yunker

Detection of Fouling In Coal Gasification
Ducts Using Acoustic Ranging

TR-101359 Final Report (RP1654-46) $200
Contractor. NV Kema Technoiogy and Service
Division

EPRI Project Manager: W. Bakker

Thick-Section Welding of Modified
9Cr-tMo (P-91) Steel

TR-101394 Interim Report (RP1403-14). $200
Contractor: ABB Combustion Engineering
Systems

EPRI Project Manager: W Bakker

Engineering Autotrophic Microorganisms
for a New Etectrotechnology

TR-101414 Final Report (RP8003-30): $200
Contractor: Clemson University

EPR{ Project Manager: S Yunker

Technical and Economic Assessment of
Motten Carbonate Fuet Cell Manufacturing
Costs

TR-101525 Final Report (RP1677-22); $200
Contractor. Michael A, Cobb & Co.

EPR} Pro.ect Manager E Gillis

Compressed-Air Storage With

Humidification {CASH) Coal Gasification
Power Plant

TR-101584 Final Report {RP2834-1); $200
Contractor Energy Storage & Power Consutanis
Inc

EPRI ProjectManager' A Cofin

Engineering Evaluation of Prenflo-

Based Integrated Gasification—Combined-
Cycle (IGCC) Power Plant Designs
TR-101609 Final Report (RP2221-20); $200
Contractor: Sargent & Lundy Engineers
EPRI Project Manager: N. Hertz

CRFLOOD: A Numerical Model

to Estimate Uplift Pressure Distribution

in Cracks in Concrete Gravity Dams. Vol. 4
TR101671 Final Report (RP2917-7); Vol 4, $200
Contractor: University of Colorado

EPRI Project Manager: D Morris

Photovoltaic System Performance
Assessment for 1990

TR-101678 Final Report (RP1607:6); $200
Contractor: New Mexico State University,
Southwest Technology Development institute
EPRI Project Manager J Beming
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Evaluation of Strobe Lights for Fish
Diversion at the York Haven Hydroelectric
Project

TR-101703 Final Report (RP2694-1); $200
Contractor Stone & Webster Environmental
Services

EPRI Project Managers: C. Sullivan, J. Matiice

NUCLEAR POWER

Emergency Battery Lighting Unit
Maintenance and Application Guide
TR-100249 Final Report (RP2814-47), $7000
Contractor. Edan Engtneering Corp.

EPRI Project Manager W. Johnson

Interim On-site Storage of Low-Level

Waste. Vol. 2, Part 1: Facility Design Options
TR-100298 Final Report (RP3800-2); Vol. 2, Part 1,
$200

Contractor Sargent & Lundy Engineers

EPRt Project Manager: C, Hornibrook

Interim On-site Storage of Low-Level
Waste, Vol. 2, Part 2; Survey of Existing
On-site LLW Storage Facilities
TR-100298 Fina!l Report (RP3800-1); Vol. 2,
Part 2, $200

Contractor: Sargent & Lundy Engineers
EPRI Project Manager- C Hornibrook

Interim On-site Storage of Low-Level
Waste, Vol. 4, Part 1: Waste Containers for
Extended Storage

TR100298 Final Report (RP3800-4) Voi 4,
Part 1, $1000

Contractor: J E, Cline & Associates. Inc
EPRI Project Manager- C Hornibrook

Ductile Tearing Resistance of Flawed Pipes
TR-100374 Final Report (RP2455-17); Tier 1. $200,
Tier 2, license required

Contractor: Novetech Corp

EPRI Project Manager: T. Griesbach

Modeling of Ground-Motion Attenuation

in Eastern North America: Validation of
Technigues and Sensitivity Analysis

TR-100410 Final Report (RP2556:50); Tier 1, $200;
Tier 2, license required

Contractor: State University of New York

EPRI Project Manager J. Schneider

Verification of EPRI’'s Nuclear Power
Plant Emergency Operating Procedure
Tracking System (EOPTS)

TR 100648 Final Report (RP2347); $200
Prepared by- WannChing Chang

EPR! Protect Manager: C. Lin

Coolant Radiolysis and Boiling

in Water-Cooled Reactors

TR-100789 Final Report (RP28161); $1000
Contractor AECL Research

EPRI Project Manager: T Passell

Effects of Morpholine and Boric Acid
Implementation on Secondary Chemistry
and Corrosion Product Transport
TR-100791 Topical Report (RPS409-3); $200
Contractor. NWT Corp.

EPRI Project Manager T Passell
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BWR Chromium Chemistry

TR-100792 Final Report (RP1447-1); $500
Contractor’ GE Nuclear Energy

EPRI Proiect Manager: T, Passell

Fault-Tolerant Architecture:

Evaluation Methodology

TR-100803 Final Report (RP3008-1); $200
Contractor: Oak Ridge Nationat Laboratory
EPRI Project Manager: S, Bhatt

Proceedings: Advanced Digital
Computers, Controls, and Automation
Technologies for Power Plants
TR-100804 Proceedings {RP3208); $200
EPRI Proect Manager: S. Bhatt

Utility Requirements for Human-Centered
Automation in Surveillance Testing

TR 100814 Final Report {(RP3185-1); $200
Contractor Joseph Thie. inc.

EPRI Project Manager: S Bhatt

Characterization of the Resistance to
PWSCC of Hydraulic Tube-Tubesheet
Expansions

TR-100865 Final Report (RPS406-12); $1000
Contractor- Westinghouse Electric Corp,
EPRI Project Manager: A. Mcliree

Stress Corrosion Cracking Resistance

of Weld Metals 182, 72, and 308L
TR100968 Final Report (RPC1035); $25,000
Conitractor Babcock & Wilcox Co.

EPRI Project Manager: 4. Neison

Grain Boundary Segregation Studies

of Irradiated Austenitic Stainless Steels
and Nickel Base Alloys

TR-101009 Finai Report (RPX1023); license
required

Contractor: Nuclear Efectric plic. Berkeley
Nuclear Laboratories

EPRI Project Manager' J. Neison

Resin Oxidation Process Improvements
TRt01046 Final Report (RP1329:5); $1000
Contractor- Bradtec Lid

EPRI Protect Manager: C. Wood

Design and Operation of the NAC-128
Spent-Fuel Storage Cask

TR-101091 Intenm Report (RP2406-4), $200
Contractor- Virgnia Power

EPRI Project Manager- R Lambert

Consofidation and Disposal of

PWR Fuel Inserts

TR-101092 interm Report (RP24064); $200
Contractor Virginia Power

EPRI Proiect Manager: R. Lambert

Welding of NOREM Iron-Base Hardfacing
Alloy Wire Products: Procedures for Gas
Tungsten Arc Welding

TR-101094 Interm Report (RP1935-19); $200
EPRI Project Manager: H. Ocken

Remediat Actions for Acidic Sulfate Corrosion

TR-101105 Final Report (RPS407-36), $1000
Contractor: Westinghouse Electric Corp.
EPRI Project Manager: P Paine

Adsorption of Sulfate in PWR

Steam Generators: Laboratory Tests
TR-101106 Topical Report (RPS407-37); $1000
Contractor: NWT Corp.

EPRI Project Manager: P Paine

Effect of Crystal Orientation and Local
Microptasticity on SCC Susceptibility of
Austenitic Stainless Steel

TR-101161 Final Report (RP2614-71); $10.000
Contractor: Rutgers University

EPRI Project Manager: J. Nelson

Long-Term Capital Planning Considering
Nuclear Plant Life-Cycle Management
TR-10162 Final Report (RP3343-1); $200
Contractor: Grove Engineering, Inc

EPRI Project Manager: M. Lapides

Use of an Individual Plant Examination (IPE)
to Enhance Outage Management, Phase 1
TR-101172 Interim Reporl (RP3323-2); $200
Contractor: Science Applications International
Corp.

EPRI Project Manager: 8. Chu

Fingerprinting the Thermal History

of Polymeric Materials

TR-101205 Final Report (RP2614-32); $200
Contractor: University of Tennessee, Knoxville
EPRI Project Manager- G Siter

Interim PWR Secondary Water Chemistry
Recommendations for IGA/SCC Control
TR-101230 Interim Report (RP2493. RPS401);
$200

EPRI Project Manager: C. Wood

Identifying Prospective Antifouling

Coatings for Venturis: Zeta Potential Measure-
ments of Oxides at Elevated Temperatures
TR-101256 Final Report (RP3097-2); $5000
Contractor; SRl International

EPRI Project Manager* H. Ocken

Feedwater Flow Measurement in

U.S. Nuclear Power Generation Stations
TR-101388 Final Report (RP2409.8); $200
Contractor: Ontario Hydro

EPRI Project Managers J. OBrien, G Alen

Examination of Trojan Steam Generator
Tubes, Vols. 1-3

TR101427 Final Report (RPS413-2 4); Vols, 1-3,
$10,000 for set

Contractors: ABB Combustion Engineering:
Rockwell international

EPRI Project Manager: A Mcliree

Hydrogen Water Chemistry Effects

on BWR Radiation Buildup: Preliminary
Evaliuation of Plant Data

TR-107463 Interim Report (RP3313-1), $200
Contractor; GE Nuclear Energy

EPRI Project Managerr C Wood

User’s Guide for RAPID/TAG Software
TR-101561 Computer Code Manual (RP2508-4);
license required

Contractor* Science Applications International
Corp.

EPRI ProjectManager: B Chu



EPRI Events

MAY

5~7

Plant Communications and Computing
Architectures, Control Rooms, and
Workstations

Tampa, Florida

Contact: Linda Nelson, {415) 855-2127

9-13

12th International Conference

on Fluidized-Bed Combustion

San Diego, California

Contact: Leslie Friedman, (212) 705-7788

10-11

Nuclear Plant Performance
Improvement Seminar

Scottsdale, Arizona

Contact: Susan Otto, (704) 5476072

10-14

FACTS: Power Electronics Applications
for Electric Utilities and Large Industries
Madison, Wisconsin

Contact: Bill Long, (800) 462-0876

17-21

Thermography Certification Course
(ASNT Level I}

Eddystone, Pennsylvania
Contact: John Niemkiewicz,

(215) 595-8871

19-21

Troubleshooting Rotating Machinery
Vibrations

San Diego, California

Contact: Susan Bisetti, (415) 855-7919

24-27

EPRI-EPA Joint Symposium on
Stationary Combustion NO, Control
Miami, Florida

Contact: Pam Turner, (415) 855-2010

JUNE

2-3

Application of Slagging Combustion
for Utility Power

Minneapolis, Minnesota

Contact: Bill Weber, (205) 970-0294

2-4

Electric Dehumidification in
Commercial Buildings

New Orleans, Louisiana

Contact: David Ross, (703) 742-8402

7-9

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

Contact: Lori Adams, (415) 855-8763

7-1n

High-Voitage Transmission Line Electric
Design Seminar

Lenox, Massachusetts

Contact: Joe Slocik, (413) 494-3320

8-10

Cooling Tower Performance Prediction
and Improvement

tddystone, Pennsylvania

Contact: John Niemkiewicz,

(215) 595-8871

10-11

FACTS Impacts in the Control Center
Washington, D.C.

Contact: Gerry Cauley, (415) 855-2832

1112

Electrical Injury: A Multidisciplinary
Approach to Therapy, Prevention, and
Rehabhilitation

Chicago, lllinois

Contact: Marierne Goldberg,

(312) 702-1056

14-16

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

Contact: Paul Lyons, (817) 439-5900

14-16

Technology Transfer Workshop

San Francisco, California

Contact: Susan Bisetti, (415) 855-7919

14-17

FACTS and HVDC Modeling Using TACS
Madison, Wisconsin

Contact: Bill Long, (800) 462-0876

15-16

Conference on Low-Levet Mixed Waste
Boston, Massachusetts

Contact: Linda Nelson, (415) 855-2127

15-18

Boiler Tube Fallures: Correction,
Prevention, and Control
Eddystone, Pennsylvania
Contact: John Niemkiewicz,
(215) 595-8871

16-18

EPRI-NAS National Biofuels Roundtable
Portland, Oregon

Contact: Cindy Farrar, (415) 855-2180

21-23

End-Use Metering: How to Get

the Data You Need

Portland, Maine

Contact: Richard Gillman, (503) 274-4139

29-July 1

Heat Exchanger Performance Prediction
Eddystone, Pennsylvania

Contact: John Niemkiewicz,

(215) 595-8871

JULY

13-15

2d International Conference on Managing
Hazardous Air Pollutants

Washington, D.C.

Contact: Lori Adams, (415) 855-8763

19-21

ASME-EPRI Radwaste Workshop
Boulder, Colorado

Contact: Pam Turner, (415) 855-2010

20-23

Steam Turbine/Generator NDE, Life
Assessment, and Maintenance

Albany, New York

Contact: Tom McCloskey, (415) 855-2655

22-23

Seminar on Management

of Low-Level Waste

Boulder, Colorado

Contact: Pam Turner, (415) 855-2010

AUGUST

16-18

Radiation Field Control

Seattle, Washington

Contact: Linda Nelson, (415) 855-2127

17-19

Steam Generator NDE

Location to be announced

Contact: Ulla Gustafsson, (415) 941-8552

17-19

6th International Workshop on

Main Coolant Pumps

Toronto, Ontario

Contact; Rick Sturkey. (704) 547-6043

24-27

EPRI-EPA-DOE 1993 SO, Control
Sympasium

Boston, Massachusetts

Contact: Pam Turner, (415) 855-2010

SEPTEMBER

8-10

EPRI's 9th Electric Utility Forecasting
Symposium: Forecasting and DSM
San Diego, California

Contact: Lori Adams, (415) 855-8763

14-17

PCB Seminar

New Orleans, Louisiana

Contact: Linda Nelson, {415) 855-2127

19-24

In Situ Monitoring of Corrosion and
Water Chemistry

Houston, Texas

Contact: Barry Syrett, (415) 855-2956

21-23

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

Contact: Stan Yunker, (415) 855-2815

29-October 1

Condenser Technology

St. Petersburg, Florida

Contact: Lori Adams, (415) 855-8763
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lectrotechnologies for Water

Treatment (page 4) was written by
science writer John Douglas with assiz-
tance from Myron Jones, manager for
environment and energy management
in the Industrial Program of EPRIs Cus-
tomer Systems Division. Before jeining
the Institute in 1990, Jones was vice
president of a subsidiary of Pacific Gas
and Electric, where he was responsible
for natural gas sales and corporate
planning. e has also worked for Bech-
tel, Shell Development (orporation,
United Technologies, and Rust Engi-
neering in a variety of process design
and R&D capacities. Jones holds an MS
degree in chemical engineering from
the University of Maine. m

mages in Infrared (page |4) was

written by Taylor Moore, fournal se-
nior feature writer, with the guidance
of two members of the Muclear Power
Division.

John O’Brien, manager of the Nu-
clear Plant Operatiens & Maintenance
Program, has been with EPRI since
1979, specializing in human factors en-
gineering. He previously worked for
five years at the Wesatinghouse R&D
Center and before that was a research
analyst at the Center for Occupational
Education at Morth Carolina State Uni-
versity. O'Brien received BA, MA, and
PhD degrees in industrial and engi-
neering psychology from Morth Caro-
lina State University.

Mike Downs, manager of the Nu-
clear Maintenance Applications Center,
joined EPRI in 1988, initially as a loaned
employee from Bechtel Corporation,
where he was chief engineer for plant
startup and operating services. Downs
worked for 20 years in nuclear plant
operations and maintenance engineer-
ing at Bechtel. He studied mechanical
engineering at George Washington
University. &

hedding Light en the Compact

Fluorescent (page 22) wa= written
by Leslie Lamarre, Journal senior fea-
ture writer, with technical information
from two members of the Customer
Systems Division.

John Kesselring, manager for resi-
dential systems, came te EPRI in 1936
after four years as a vice president with
Alzeta Corporation in Santa Clara, Cal-
ifornia. Before that, he was associate
manager of the Cembustion Technel-
ogy Department at Acurex Corpora-
tion. Earlier he served as an assistant
professor of mechanical and aerospace
engineering at the University of Ten-
nessec for five years. Kesselring holds a
Bt degree in aeronautical engineering
from the University of Michigan and
4S5 and PhD degrees in aeronautics and
astronautics frem Stanford University.

Michael Evans, manager for com-
mercial demand-side management,
came to EPRI in 1990 after six years
with X-Cyte, an electronics manufac-
turing firm in Mountain View, Califor-
nia, where he ultimately became vice
president of engineering. Before that,
he was= vice president of operations at
a combustion technology R&D com-
pany. Evans has BA and BS degrees in
mechanical engineering from Rice Uni-
versity and MS and PhD degrees in
high-temperature gas dynantics from
Stanford University. =
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