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PRODUCTS

EMDEX Lite

EMDEX Lite is the newest
member of a family of hand-
held instruments for measur-
ing personal exposure to mag-
netic fields and surveying field
levels in homes, offices, and
factories. A smaller version of
the popular EMDEX I, this
new model weighs only 6
ounces and is 5 inches long. It
easily fits into a shirt pocket.
Utilities are already finding
EMDEX Lite invaluable in respond-
ing to customer requests for field
measurements and in surveying utility 9
facilities. The instrument’s battery life is '
estimated to be in excess of 200 days.
For more information, contact Stan Sussman, (415)

855-2581. To order, call Enertech Consultants, (408) 866-7266.

Designed to please even the
most demanding of today’s
energy-conscious residential
customers, the Powermiser™
heat pump system combines
space heating, air condition-
ing, and water heating in a
single, highly efficient elec-
tric appliance. Powermiser
markedly exceeds the 1992
Department of Energy stan-
dards and is 30% more
efficient than conventional
combined electric heat pump
and waterheating systems.

In addition to other energy-
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EPRI-sponsored deliverables now available to ufilities and their customers

Gencar

Be it a software code, a piece
of hardware, a series of
guidebooks, or any other
type of EPRI product pertain-
ing to generation, storage,
and environmental control
issues, you'll find a descrip-
tion of it on GENCAT. This
user-friendly electronic
product catalog, a software
version of the generation,
storage, and environmental
control components of EPRI's
popular Product Book series,
is intended to help EPRI
members find what they
need —fast. GENCAT offers
rapid search and retrieval
capabilities for product d e-
scriptions, report abstracts,
technical bulletins, utility
case studies, and more.
Graphic displays help illus-
trate everything from emis
sion control technologies to
boiler tube repair techniques.
GENCAT includes a benefits

Powermiser Heat Pump

saving aspects, Powermiser
uses heat rejected from the
cooling process to help with
water heating. And it
features operating modes
with dehumidification to
provide greater comfort.
Powermiser is the first line
of integrated heat pumps to
offer a model that is specifi-
cally designed for mobile
homes.

For more information, contact
Terry Statt, (415) 855-2011.
To order, call Jim Kelly at
Nordyne, Inc., (314) 878-6200.



calculation module that
allows users to estimate site-
and application-specific
benefits of EPRI products.

For more information, contact

Greg Lamb, (415) 855-2449, or
Liane Freeman, (415) 8552755.
To order, call the Electric Power
Software Center, (214) 655-8883.

Ncw Manager

Managing noncombustion wastes, such as used batteries, utility poles, solvents, and
asbestos, can be an overwhelming task for utilities. NCW Manager significantly
simplifies this task by helping users identify and evaluate waste management op-
tions. This software code guides users through the identification of all kinds of
feasible alternatives, including the reduction of waste at its source, recycling, and
treatment and disposal. The program can take into account utility-specific informa-
tion, such as local disposal requirements and the availability of existing facilities. It
automatically ranks waste management options in terms of environmental and
health risks, direct and indirect costs, potential liabilities, and other criteria. Soon to
be released is a new, userfriendly version with enhanced graphic capabilities.

For more information, contact Bob Goldstein, (415) 855-2593. To order, call the Electric
Power Software Center, (214) 6558883.

FivE Methodotogy for Fire Prevention

A Nuclear Regulatory
Commission-approved
procedure, the Fire-Induced
Vulnerability Evaluation
(FIVE) methodology (de-

Wethads af QuBnUmts ™

&T Hazard Ana"=

scribed in EPRI report TR-
100370) is a costeffective,
step-bystep technique for
assessing a nuclear power
plant’s susceptibility to fire.
Packaged
in a convenient
three-ring
binder, the
report

presents a screening process
that uses plantspecific data
for evaluating the sequence
of events during a fire. The
objective is to determine the
availability of the plant
equipment, cabling, and
other components necessary
to achieve and maintain a
safe shutdown of the reactor.
A companion report, Methods
of Quantitative Fire Hazard
Analysis (TR-100443), d e
scribes the models for fire
hazard analysis used in the
FIVE methodology

For more information,

contact Richard
Oehlberg, (415)
855-2082. To order,

call the EPRI Distribu-

tion Center, (510) 934-4212.
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DISCOVERY

Basic science and innovative engineering at the culfing edge

Diamond Coatings for Wear Resistance

he recent development of relatively
inexpensive methods for coating metals
and semiconductors with a thin layer of
synthetic diamond promises a variety of
intriguing applications in the utility
industry. Initially, EPRI researchers
focused on the possibility of using these coatings
to create a new type of carbonrbased semiconduc-
tor that could withstand high temperatures and
radiation levels and thus be used to monitor
plant operations in locations that are now in-
accessible. So far, however, it has not been
possible to grow single-crystal diamond films that are thick
enough for useful semiconductor devices. As a result,
researchers are now focusing on an application that appears
to have a nearer-term payoff: diamond coatings that can be
used to harden critical power plant components, making
them more resistant to wear, corrosion, heat, and radiation.

Some diamond-coated products are already commer-
cially available. These items, generally small, include tools,
lenses, and heat sinks for integrated circuits. For utility
applications, EPRI is seeking ways to use diamond coatings
on much larger equipment and under more extreme
conditions. On valve seats, for example, a diamond coating
would improve wear resistance and heat dissipation and —
in nuclear plants —reduce the amount of radioactive wear
products circulating in primary coolant loops.

Critical problems must be solved, however, before such
utility applications become widespread. For example,
diamond films do not adhere well to ferrous metals, which
are the most common metals in power plant components.
EPRI is sponsoring research that addresses this and other
practical issues, while expanding the industry’s basic
knowledge about diamond-tilm technology:.

Diamond films are deposited en a substrate by chemi-
cal vapor deposition, in which intense heat is used to dis-
sociate hydrogen and methane molecules inlo their atomic

constituents. As the carbon atoms from the methane begin

to coalesce on the substrate surface, hydrogen atoms react
preferentially 1vith the carbon in the form of graphite,
leading to the growth of an almost-pure diamond layer

To improve the adherence to iron and other ferrous
metals, researchers at the University of Nebraska are
examining variations of the basic deposition method,
including the addition of a “priming” layer of material
on the substrate. Related studies at Stanford University’s
Department of Materials Science and Engineering have
produced a new way to measure how well a diamond film
is adhering to a substrate. And researchers at Stanford’s
School of Engineering are seeking ways to lower the cost of
applying diamond coatings, including the use of a plasma
torch.

EPRI is a member of the Diamond and Related Materi-
als Consortium, which has its headquarters at Pemisylvania
State University This nine-member organization funds
generic research related to diamond-film technology. The
consortium is also exploring the use of diamond substitutes,
such as cubic boron nitride, which is extremely hard and
adheres well to ferrous metals.

a For more information on the research at Stanford and Nebraska,
contact Joftir Stringer, (415) 8552472, for nuore information on
the causortimu, contact Raf Pathania, (415) 855-2998.

Using Electricity to Breed Bugs

y using electricity to stimulate the growth of certain bacteria, EPRI-sponsored researchers may have identified a
cheaper way to produce medicines, polymers, and other high-value products —while opening the door to a new

electrotechnology.

Researchers at Clemson University set out to determine whether autotrophic bacteria —microbes that feed on inorganic
substances, such as metals —are good candidates for producing genetically engineered substances. What they found was
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that Thiobacillus ferrooxidans, an autotrophic organism that derives its nourishment from carbon dioxide and ferrous iron,

could prove a cheaper alternative to Escherichia cofi and other heterotrophic bacteria currently used for producing medicines

and other biotech products.

By altering the genetic code of an organism, geneticists can force the organism to generate a substance it might not
otherwise produce. Because heterotrophic bacteria like E. coli get their carbon and energy from more-expensive carbon
sources, such as glucose, autotrophic bacteria may prove more cost-effective for producing genetically engineered goods.

The key to the Clemson researchers’ process was using electrolysis to artificially stimulate the growth of T. ferrooxidans.

By sending an electric current through an iron-rich solution in which the bacteria were growing, the researchers oxidized
the iron, replenishing the bacteria’s energy source. At the same time, they provided a carbon source for the bacteria by
pumping carbon dioxide-enriched air into their environment. “In a sense, you're giving the bacteria back what they just

chewed up,” says Stan Yunker, EPRI project manager. “As a resull, they never see a depletion of their energy source, and

they tend to proliferate more quickly and to much higher densities.”

A burgeoning biotech industry based on T. ferrooxidans would generate a greater demand for electricity and provide a
way for utilities to recycle the carbon dioxide generated by power plants, effectively reducing their contribution to global
warming. Economics would require that the bacterial “factories” using this recycled carbon dioxide be located close to the
power plants wwhere the gas is produced. Early research indicates that T. ferrooxidans is susceptible to genetic manipulation,
but questions remain about the kinds of products the bacteria would produce.

w For more information, confact Stan Yunker, (415) §55-2815.

Vortex Patterns Provide Clues to Tube Vibration

ibrations induced by fluid flow around heat ex-

changer tubes can cause metal wear and fatigue and

force plant shutdowns. Predicting the occurrence of
such vibrations on the basis of flow velocity and the diam-
eter and spacing of tubes has been hampered by a lack of
basic understanding of the fluid-elastic excitation mecha-
nism, which causes the tubes to vibrate and extract increas-
ing amounts of energy from the liquid flowing around
them. An EPRi-sponsored investigation of flow phenomena
that helps explain such tube vibration has just been com-
pleted at Oklahoma State University

The experiments used dye injection to show how flow
instabililies arise araund single cylinders, pairs, and rows.
For a single tube, the movement of dye clearly showed the
classic case of vortices alternately shedding from each side,
resulting in a shifting pressure differential perpendicular to
the direction of flow. As flow velocity increased, so did the
shedding frequency and the alternating force that made the
¢ylinder vibrate. Vortices created within arrays of tubes
were much more complex and led to multistable flow
patterns that alternated at irregular intervals.
“This work has given us fresh insight into a very

complicated phenomenon,” says project manager David
Steininger “Already we're using the results to help calibrate

a computational fluid dynamics computer code, called
GUST. Eventually this model will help designers build heat
exchangers that aren’t as subject to destructive vibrations,
but right now there’s still a lot we don’t understand.”

Only recently, with the increased power and availability
of supercomputers, has it become possible to use a comput-
er model to simulate fluid flow phenomena rather than build-
ing a physical test model. If such a computerized simulation
is successfully developed, the cost of testing heat exchanger
designs for flow-induced vibrations could be reduced from
several million to a few tens of thousands of dollars.

w For more information, contact David Steininger, (415) §55-2019.

sdatsieses
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THE STORY IN BRIEF
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netic

PRI has conducted electric and
magnetic field {EMF) research
since shortly after its founding,
20 years ago. The primary focus
of this research has been on potential
health effects, and for the past several
years EPRI’s program in this area has been
the largest in the world. As a result of this
work, the electric field component of EMF
has been virtually eliminated as a proba-
ble cause of health effects, rigorous stan-
dards have been established for ongoing
epidemiologic studies addressing mag-
netic fields, and pioneering laboratory
studies have been launched to seek bio-
logical mechanisms that could explain if
and how EMF affects organisms.
Meanwhile, funding is being increased
for research on assessing and reducing
EMF exposure. Many of EPRI’s member
utilities are moving forward with field
management programs, and the Institute’s
research in this area is aimed at providing
information and tools that can support
these programs. EPRI has not, however,
taken a position about whether any par
ticular actions are needed, since no cause-
and-effect relationship has yet been estab-
lished between EMF exposure and any
health effects, and no hazardous level of
exposure has been determined.
“Nevertheless, public pressure to limit
such exposure is mounting,” says Karl
Stahlkopf, director of the Electrical Sys-
tems Division. “There is a growing con-
sensus among our members that mitiga-
tion options need to be developed within
a context of knowledge about EMF sources
and exposure levels. The issue isn’t going
to go away. We intend to be proactive in

ields

providing knowledge and assistance to
our members and society.”

Exposure assessment

Considerable knowledge about EMF
sources and exposure levels is already
available, thanks to previous EPRl work on
instrument development and a definitive
survey of fields in typical US. homes.
Some of the field-measuring instrurments

by John Douglas

developed by EPRI are now commercially
available to the industry, and the survey
of residential fields is helping focus atten
tion on the most important sources of EMF
that people encounter at home.

Obtaining accurate exposure estimates
has been one of the most difficult aspects
of epidemiologic studies related to EMF.
Early studies did not use direct field mea-
surements to determine exposure but in-
stead relied on surrogates—
for example, so-called wire
codes, which are based on
qualitative observations of
power lines near homes. To
help researchers and utilities
overcome exposure assess-
ment problems, EPRI has de-
veloped and commercialized
three series of instruments for
making field measurements
under a variety of circum-
stances.

A stand-alone recorder called
STAR makes field surveys
by sampling and recording
magnetic fields along three
axes. The EMDEX family of
very small instruments are de-
signed to be worn to mea-
sure personal expostre to EMF
during daily activities. And
the MultiWave system makes
simultaneous measurements
of fields at multiple points at
a site and analyzes the har-
monic content of the fields.

To establish a benchmark of
fietd sources and strengths in
typical American homes, a na-
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tionwide survey was conducted in ap-
proximately 1000 randomly selected resi-
dencrs in the service areas of 25 EPRI
migmber utilities. The survey faund that
power hines were the most spdimticant
source if background fields when a home
was considered ag a whole. [n smaller ar-
eas, such as parts of a room, ground cur-
rents were aften the predominant source,
The highest peak fields were priaducird by
appliances.

The =urvey provides a unique source of
=tatistically valid data about residential
fields=—data that can be used to plan tield
management slrategies and to prioritize
future research. EPRI is also uzing the sur-
vey dala to assez= the validity of the wire
codes used to estimate EMF exposure in
some epidemiologic studies. (For mon in-
formation on the survey, see this Journal's
April/May 1943 issue, p. 18)

Mitigation options
for transmission lines

Transmission lines have been an early fo-
cus of EPRI research on mitigation options.
L oncerns about exposure to EMF created
by transmission lini's have limg been es-
pressed during siting hearings for new
lines, and the=e hearings helped stimulate
some of thie initial resrarch nn the possi-
ble health effects of such exposure.

Az a source of EMF, transmission lines
have =everal distinguishing characteris-
tics. Because of their height and canduc-
tor spacing, the line= produce magnetic
fields with much smaller spatial variatinn
al ground level than fields from most
other =ources. Variationz in time are also
smaller. The waveshape aof transmission
line fields s very close to sinusnidal,
meaning that there are few harmonics—
higher-frequency waves, whose possible
effects on organisms are being exploned.
[n addition, fields from transmission lines
are oriented mainly in the ptane perpien-
dicular to the line; the possible impoertance
of field orientation i interactions with or-
ganisms is al=o being researched.

Theoretically, a wvariety of techniques
ciinlid be used te reduce the strength of the
transmission line fields experienced in
nearby houses. Most of these methads
would be applied only in areas where
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peirple might recrive long-term exposure.

Compaction of lines—bringing the con-
ductors closer together—allows the fields
produced by different conductars to mor
nigarly cancel each other I'nase split-
ting carries this idea one step further by
assigning multiple conductors to each
phase, thus providing more opportunities
for field cancellaticsn. In some cases, trans-
po=ing the phass on existing multicircuit
lines may alsir enhance field cancellation,

Annther basic approach 1= to create
shielding by stringing sections of wire
loops parallel to transmission lines. De-
pending on the amount of shielding de-
sired, these loops can act passively,
through currents induced by EMF from the
transmission lines, or they can have cur-
rents actively impuosed, creating fields that
cancel those from the transmission lines.
To eliminate 60-Hz fields from a trans
mission line altsgether, the line can be
converted to a high-voltage direct-current
svstem. However, that is a relatively ex-
pensive option for lines shorter than about
300 miles.

Three low-field transmission test lines
have been built at EPRI's High-Voltage
Transmission Research Center (HVTRC) in
Lenox, Massachusetts. A cruciform split-
phase line u=es two conductors for each
phase, arranged compactly in the form of
an X. Energized at 115 k% and 1000 A, the
test line is wxpected to produce a ground-
level magnetic field of 1.5 milligauss (mG)
at waist level 30 feet from the center of the
line, compared with 40 mG for a conven-
tional line. A compact twisted line, which
features midspan transposition of con-
ductore, has a calvulated field of 4.1 mG
at 50 feet. & vertical split-phase line, with
multiple conduclors for each phase ar-
ranged roughly in an | formation, is ex-
pected to produce a field of 2.1 mG at 50
feet, Experiments are under way to verify
these calculated field values and to test the
three line configuralions for practicality,
corona praduction, and insulation prob-
lems. Cither test lines may be constructed
in the future.

In zome cases, it may be possible to up-
grade the capacity of a transmission line
while reducing the magnetic figlds it pro-
duces. One option for achieving beth of

these goals i= to convert the line from a
three-phase, double-circuit cunfiguration
to a six-phase, single-circuit configuration.
In the first utility demonstration af this
conegit, conducted by Wew ofk Stawe
Electric & Gas Corporation with EPRI par-
ticipation, a 1.5-mile segment of double-
circuit 115-kV line was converted to six
phases and was put into gervice in 1992.
The conversien resulted in a 40% increase
in capacity with 60% lower magnetic
fields,

Distribution system options

A major source of magnetic fields from
overhead distribution lines iz unbalanced
currents on the three phases of the line.
Ideally, the sum of currents flowing along
cimductors toward a load 5 zeri—that is,
there is no net current along the line. Lin-
der such circumstances, the magnetic
fields praduced by one conductor are
largely canceled by those produced by the
other conducters, Howewer, wheo a sub-
stantial current returns to a distribution
transformer through the ground rather
than through the neutral conductor of the
line, a net current exists. The magnetic
field produced by thi= net current is not
canceled and may berome a significant
source if EMF in nearby hoames.

The =earch for field mitigation options
for bverhead distribution lines is focusing
in ways to balance the currentz as=ociated
with the varigus phases and thus reduce
the net current. The initial stages of this
wirk include thie collection of statistical
data on the operating characteristic= of
distribution lines and the customizatiom of
computer models o incorporate these
data, Yaricus methods are being consid-
ered to reduce thir return of current over
paths other than the neutral conductor.
Also, in sime cases, line compaction and
other changes in conduclor configuration
may be effective. And EPRI is warking
with one member utility to determine if
shield wires running parallel to a distri-
bution line can be effective in reducing
fields that are causing computer interfer-
ence in a nearby oiffice building.

Undergiound distribution lines gener-
ally produce low magnetic fields in
homes, but thew can have magnetic field



EXPOSURE ASSESSMENTS HIGHLIGHT NEED FOR DIFFERENT MANAGEMENT STRATEGIES

The development of effective means of
reducing magnetic fields or managing
human exposures to fields may be guid-
ed by new information from 2 nation-
wide EPRI survey of 1000 homes. This
survey confirmed widespread exposure
to typically low magnetic field levels

from a large number of sources. In gen-
eral, power lines were found to be the
dominant source of indoor magnetic
fields for a home considered as a
whole, although ground currents may
be the main contributor to fields in indi-

vidual rooms. Because power lines are

usually situated some distance from
homes, fields from these sources are

typically only a few milligauss inside

residences.
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Transmission lines Although homes near transmission lines have some of the highest median
indoor fields, in most cases these lines account for only a fraction of the field levels to which peopie
are exposed indoors, Transmission lines generally produce higher field levels in homes than do

distribution lines. A variety of alternative transmission line configurations that offer reduced magnetic
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field lavels at the right-of-way are being evaluated.

Distribution lines Whereas magnetic fields from transmissicn lines can be reduced by changes
in configuration, this method has reiatively litlle effect on magnetic fields from distribution lines.
Because of varying customer loads, harmenics from household appliances, and the fact that part of
the current flows into the earth al grounding points, different methods musi be used to lower fields
from these lines. Betler ways lo balance the electrical load and reduce the flow of current in pipes
and through 1he earth may be required.

Grounding connections Neutral-to-ground connactions at a customer’s house are important
hecause they protect against shock and fire from tault currents. However, multiple grounding
conneclions at cusiomer sites, together with current-carrying metal water pipes, provide numerous
paths whereby neutral relurn current can flow back to the utility distribution system instead of using
the secondary neutral wires. Such return currents are not self-canceled and can be sources of
signiticant magnetic liglds. Interconnected water pipes can provide paths for substantial neutrai
currertt to flow between neighboring residences. Since changes in grounding practice could pose a
salfely hazard, any such changes must involve a broad community of ulilities, satety code groups.
trade uniens, and regulators.

Appliances Probably because kitchens are the location of many electric appliances, they typicaily
have slighlly higher median magnetic field levels than other rooms in a residence unless significant
ground currents are a factor. Although electric appliances can produce the highest peak fields
typically found in residences, the fields decline much more rapidly with distance from the source than
do fields from power lines and ground currents. Many appliances, particutarly those controlled by
solid-slate devices. can create higher-frequency fields in addition to 60-Hz magnetic fields. Manufac-
turers have redesigned some appliances, including some models of electric blankets and computer
monitors, to reduce magnelic fields,

TYPICAL SOURCES OF RESIDENTIAL EMF EXPOSURE

Power lines {99% 0T hOMES) (@ mummt—

Grounding systems (99% 0f hOMES) (@ mmmm—— @ Median value

Appliances & 10" (95% of homes):

Electric range =
Color TV =
Relrigerator s——i
Ciock radio {analog) =k
Fluorescent light =

Magnetic tield (mG}) 0 5 10 15 20 25



A Real-World Model for Residential Fields A focal point for
much of EPRI's work on residential magnetic fields is the Magnetic
Field Research Facility, located at the Institute’s High-Voltage
Transmission Research Center in Lenox, Massachusetts. The
facility's specially designed and instrumented house offers
researchers a unique environment for creating and analyzing
magnetic fields from various sources under controlled conditions
in a simulated residential neighborhood. The setup includes
overhead and underground distribution lines, simulated electrical
loads, and water systems with variable-resistance grounding
connections. Special field measurement and recording instruments
and analytical software have been developed as part of the
research. Early work at the facility highlighted the role—since
confirmed in a nationwide survey—that ground currents can play
in the complex dynamics of indoor magnetic fields. The facility
also conducts periodic training and educational courses on
magnetic field measurement for utility and other personnel, A two-
day workshop is planned for this September.
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levels comparable to those of overhead
lines when there is an appreciable net cur-
rent, Since the cable is often near the =ur-
face and sometimes close to buildings,
these fields may not have the opportunity
to decrease with distance as fields from
overhead lines often do. Field manage-
ment research for cables is beginning with
efforts to detirmine more completely the
operating characteristics of underground
lines, develop suitable computer models,
and find ways of balancing the currents
flowing through the various conductors.

A much more complicated task than
studying individual lines—the focus of
the work discussed above—is modeling
ficlds in and around transmission or dis-
tribution substations. Although the cur-
rent flowing on the substation bus is the
major source of magnetic fields, substa-
tions contain numerous other sources—in-
cluding transformers, reactors, and metal-
clad switchgear—arranged in complex
configurations. EPRY's initial approach to
thi= difficult modeling task has been to
build a reduced-scale =ubstation model
and u=e probes to charactirize the mag-
netic fields. A digital computer mode! has

al=0 been developed and is being verified
for accuracy by measuring fields in ac-
tual substations. Eventually the computer
model will be used to examine various
field mitigation methods, including the
possibility of shielding substation workers
and using remote-control devices =0 that
workers can aviid the locations with the
highest ficlds.

Grounding—a special challenge

Finding ways to reduce the fields from
ground currents in homes presents a spe-
rial challenge to electric utilities, =ince the
mitigation efforts will usually involve
changes on the customer’s side of the me-
ter and will possibly require modification
of the ™ational Electrical Code (WMEL). In
addition, where grounding to water pipes
is concerned, other utilities may need to
be consulted.

Grounding the neutral wire of an elec-
trical distribution system protects cus-
tomers against shock and fire by facilitat-
ing the fast operation of a fuse or a circuit
breaker in the event of a fault. The MEC
currently call= fer grounding to a water
pipe at the service entrance of a residence.

This means that the return current can
flow back to the distribution transformer
through a parallel ground path instead of
through the neutral conductor. When such
currents are conducted by pipes inside a
home, they can be a substantial source of
residential magnetic fields.

Some currents in pipes originate on the
customer’s premises, Usually these cur-
rents result from the regrounding of the
neutral wire at locations inside a resi-
dence, in addition to the prescribed
grounding at the building’s service en-
trance. Such regrounding may or may not
violate the %EC, depending en the cir-
cumstances. Ground currents in a cus-
tomer's water pipes may also originate on
thiz premises of a neighbor. Sometimes this
occurs when there is damage to the neu-
tral connection at the neighbor’z service
entrance. In such cases, return current=
may flow from the neighbor’s house
through a water main and then through
pipes in the nearby customer’s house on
their way back to the distribution trans-
former.

It may be possible in =eme circum-
stances to reduce the pipe current and still
follow the NEC guidelines. Customers,
working with a licensed electrician, may
b able to eliminate improper reground-
ing inside a residence. Also, in some cases,
a licensed plumber may be able to insert
insulated joints in residential water lines.
Such joints would electrically isolate each
home and prevent the intrusion of cur-
rents from neighboring premises.

Changes in the grounding practice pre-
scribed by the MEC are also being sug-
gested. One suggestion iz based on the
system common in some European coun-
tries; ground the neutral conductor only at
the distribution transtormer, and run a
separate ground wire (in addition to the
neutral) to each residence. This would
mean that the service connection to most
homes would involve four wires rather
than the three commonly uzed today. Such
an arrangement would eliminate the con-
nection to the water pipe at the home and
thus reduce pipe currents. Appliances
could also be grounded directly to the
fourth wire, rather than to a water pipe.
Such a scheme would probably require the
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EVALUATING

FIELD

MANAGEMENT

OPTIONS N BRI TS g™
Ameong the magnetic field man- ¥ = v g’,‘“‘\\\ %
agement options now being i i

considered by some utilities in
response to public concern are
low-field configurations for trans-
mission lines. One low-field con-

tiguration, shown in the drawing,

e o P

Traditional line Cruciform split-phase

tial magnetic field reduction, com-
pared with a conventional line

configuration.

EPRI's High-Voltage Transmis-

sion Research Center has con-

Magnetic field

structed three low-field lines for

testing: the cruciform design,
another split-phase design, and a
compact twisted-conductor con-
figuration. Other options may
enable utilities to upgrade a line's
capacity while substantially reduc-
ing its magnetic field; conversion
from three-phase to six-phase
transmission is one possibility

being explored.

Low-field test lines at HVTRC (left to right: vertical split-phase, twisted-conductor,

cruciform split-phase

Shielding-wire concept

Six-phase transmission test line

e fe I

-

Also under evaluation are

shielding-wire concepts in which
additional conductors are used to

cancel fields around power lines
near buildings or populated areas.
EPRL is investigating other
shielding approaches for utility
personnel who work near high-

field equipment.




u=e of additional protection equipment,
which would respond lo a fault current
flowing over the ground wire.

Pilot research on how ground currents
originate and which paths they flow on
has already been conducted by EPRI and
Empire State Electric Energy Research
Corporation. The most-promising ground-
ing options are now being prepared for
more testing and evaluation. Further re-
search will also be conducted to determine
the impact of poasible grounding changes
on distribution system operations and
protection practices. Preliminary meetings
have been held with WEC committee mem-
bers and others involved in grounding
practices, including representatives of the
American Water Works Association. The
association particularly supports the sug-
gestion to electrically isclate water mains
from neidential grounding in order to
prevent injury to water utility personnel.

Personnel shielding

Shielding people from magnetic fields is
difficult. For electric field=, adequate
shielding may be provided by walls, thin
metal sheets, or even wire mesh. Reduc-
ing magnetic fields, however, requires
thick plate= nf specially alloyed metal.
With existing materials and design meth-
ods, such shielding is usually prohibi-
tiviely expensive, EPRI is attempting to
uvercome these obstacles through a %2
million project just getting under way to
eaplore new shielding materials and de-
sign concepts.

The first priority of the project will be
te develop a handbook that utilities can
use to determine which types of shielding
may meet their needs. This state-of-the-art
handbook, to be published near thi end of
1993, will sununarize the known informa-
tion about 60-MHz shielding and present
that infarmation in a form readily usable
by utility engineers. Accompanying the
handbook will be software that maodels a
magnetic field source and the proposed
shielding material or field-canceling wire
loop, then calculates the field reduction
that can be achieved.

The next priority of the project will be
various

to conduct full-scale tests on

shielding designs, using existing materi-

als. Shielding utfectiveness will be deter-
mined both for steady 60-Hz fields and for
harmonics. The results will be published
as a shielding design manual, with ac-
companying software.

Finally, project researchers will explore
new shielding materials, including spectal
polymers that may exhibit 60-Hz shield-
ing properties. In addition, they will look
for ways to shield sensilive compuling
equipment from 60-Hz fitlds near trans-
former vaults and cablit runs in commer-
cial and industrial settings.

“In most cases, field reduction is best ac-
complished by lowering the field at the
source, but that approach works best for
new facilities or new power lines,” says
John Dunlap, project manager in the Elec-
trical System# Division. “For existing fa-
cilities, or for protecting workers tem-
porarily in high-field areas, shielding may
be the only viable option. A major break-
through on a lower-cost shielding mater-
ial is a worthwhile goal for research, but
no real promise of this is now on the hori-
zon.”

Service to members

Already, seme fiwld management tools are
available for use by EPRI's member utili-
ties. The EMWorks=tation, for example, is
an integrated set of =oftware modules that
engineers can use to model EXF produced
by power linex and to estimate personai
EMF exposure in spewific crcumstances.
The workstation format provides a com-
mon user interface and enalbles the indi-
vidual software modules to share data.
Eniworkstation modules
rently available, and athers will be added
as the result= from ongoing research be-
come available.

The EXPOCALL module calculates fields
in the vicinity of overhead transmission

Five are cur-

lines and models human exposure ti
those fields, given information abeut the
amaunt of time spent near the lines, Ex-
VIRO produces lateral profites of EMF near
everhiad transmission lines in two di-
mensions, assuming that all conductors
are infinitely long. [n the near future,
MAG3D will be able o produce more-
detailed EMF profiles in three dimen-
sions and to taki into account the sag of

lines and their deviations from paral-
lel paths. BLAMKET maodels the magnetic
fields produced by electric blankets. Oth-
er EMWaorkstation modules communicate
and analyze data collected by EMF survey
instruments.

One key to the success of EPRI's field
management initiative is the availability
uf unique research facilities where full-
scale experiments can be conductid to de-
velop expissure assessment tools and test
field mitigation techniques. HVTRC has
been a major contributor to EMF research
for several years and recently added the
Magnetic Field Research Facility to en-
hance those efforts. The new facility mod-
els a typical residential neighborhood, in-
cluding a 23-kV primary feeder, second-
aries, and service drops for 1K houses.
Its primary purpose is to provide engi-
neers with a laboratory for making field
measuremenls, verifying software, and
experimenting with field reduction tech-
niques. [n addition, the facility is used to
train utility workers in making field mea-
surements and interpreting the results.

Because the facility has become a pop-
alar way to acquaint regulators, legisia-
tors, and the media with magnetic field
managemint issues, a new Magnetic Field
Educational Center is being added ta en-
hance public communication. It will in-
clude meeting facilities, user-friendly dis-
play materials, and storyboards about the
magnetic tield research going on at key lo-
cations around RVIRL.

“EPR! haw a tong history of leaderzhip in
EMF research,” concludes Karl Stahlkopt.
“Mow we're focusing more attention on
providing service to member utilities as
they mount their own field management
programg. Primarily, they need mare in-
formation and options for making deci-
sions about what can be done in terms of
eaposure assessment and field mitigation
for their vustomers, We're committed to
helping them in this effort.” (]

Background Inlermatien for this arhicle was provided by
Karl Slablkopl and Jobn Dunlap. Elecincal Systems Divi-
Sion
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BEYOND
“POLITICS
g BLAME by Jan Beyea

Debating the world’s

environmental problems

from hardened

adversarial stances

is self-defeating for both industry and the

environmental community, according to

Dr. Jan Beyeaq, chief scientist and vice

president of the National Audubon Society. In a talk

presented at EPRI's recent international

symposium on global electrification,

Beyea calls for both sides to forgo the

finger pointing, discuss their real goals, and

get down to the business of cooperatively

crafting a vision of the future.

or the world economy and the

planet’s environment alike, the

next 50 years represent a critical

and decisive period. Fifty years
from now the world’s population is ex-
pected to reach a staggering 10 billion—
10 billion people with aspirations to live
the way we live, consume the products we
consume, and use the electricity we use.
During the same 50-year period, enough
carbon dioxide may well be released into
the atmosphere to create irreversible cli-
mate changes that could endanger the
planet’s environment in many ways. Can
we sustain and extend the world’s eco-
nomic progress without causing irrepara-
ble damage to the environment?

There are those who believe we will ul-
timately have to choose between eco-
nomic progress and environmental pro-
tection. Unfortunately, that’s the sort of
adversarial stance—environmentalists on
one side, industrialists on the other—that
has led to stalemate in the past, to the pot
itics of blame and finger pointing. The re-
sult has often been the passage of envi
ronmental laws that are so scarred and
disjointed from the blows of lobbyists on
all sides that they tum out to be inade
quate from an environmental point of
view and unnecessarily expensive to in-
dustry and the consumer. I’d like to argue
here that we need, instead, a politics of vi-
sion: a way of setting forth our shared vi-
sion of the future and the steps to get
there. It’s a process that will require more
dialogue than argumentation, and it will
call for changes not only from industry
but from environmentalists as well. How-
ever, I'm convinced that at this stage in
our history, it's the only way we can
achieve both environmental health and
economic progress.

It won't be easy. If, over the next 50
years, the rest of the world is to rise to the
standard of living we enjoy today, using
essentially the same technologies we have
today, then global pollution levels and
pressures on natural areas will increase by
a factor of 5to 10. What that means—even
if we simply want to keep the world’s en-
vironment as it is today—is that countries
like ours will have to reduce their pollu
tion and environmental stress by a factor



of 5 to 10 within the next 50 years. 1f we
hope for global improvement, we‘re going
to have to do even better And we're go-
ing to have to move rapidly, because the
example we set today will shape the road
taken by developing countries.

What will it take? Let’'s focus on the
problem of global warming. Estimates of
what it will cost to control emissions of
CO, and other so-called greenhouse gases
—specifically, to reduce emissions to 20%
below current Jevels by 2015—range from
slightly negative to as much as 5% of GNP.
For argument’s sake, let’s say that 2% rep
resents a reasonable midrange estimate.
I'd like to think it does, especially given
our own recent experience in renovating
an old building in New York City for the
National Audubon Society’s new head-
quarters. You may have read about our
venture in Timne, Newsweek, or the New
Yorker With the help of Consolidated Edi-
son, we were able to cut energy demand
by more than 60% ever the toughest
codes—and we did it with a remarkable
three to five-year payback. In short,
we’ve cut our energy consumption by
more than half, we’re getting great indoor
air quality, and we’ll be diverting 80% of
our solid waste to recycling—and it has
cost us virtually nothing.

So I'm optimistic that 2% represents a
realistic estimate of the cost of preventing
global warming. Even that’s a lot of money
in absolute terms, no doubt about it. But
think of it in these terms: the possibility of
global warming poses an uncertain future,
not only for us but for the rest of the
planet’s species—species that cannot mi-
grate or purchase air conditioncers to adapt
to global warming. Mow 2% doesn't seem
like an unreasonable amount to spend as
insurance against that kind of uncertainty.
As a percentage, it’s in the right range for
insurance policies. I think of a 2% reduc
tion in GNP as equivalent to a few years’
delay in material lifestyle improvement.
In other words, we as Americans would
be called on to live the way we lived a few
years ago.

®bviously, if thereal cost of addressing
the global warming issue is at the high
end of the range—5% of CHP instead of
2% —that’s going to mean significantly

greater sacrifice and a significantly more
difficult political challenge. And frankly,
we environmentalists are going to be in
deep trouble. That's something I'm afraid
too many environmentalists haven’t come
tounderstand: that we, just as much as in-
dustry, have a very real interest in keep-
ing environmental expenditures efficient.

That's reason enough for us to seek co-
operation rather than confrontation. But |

he resuit of
the adversarial approach
has often been
the passage of environmental
laws that are so scarred
and disjointed from the blows
of lobbyists on all sides
that they turn out to be
inadequate from an
environmental point of view
and unnecessarily expensive to

industry and the consumer.”

think there are a number of other forces
that are pushing us toward cooperation,
and | just hope we are wiseenough toree
ognize them in time. For one thing, the
economic pressures faced by the United
States in a more competitive world
threaten to weaken the ability of govern-
ment to tighten environmental laws, For
another, environmental concerns are now
competing with other important domestic
issues, such as health care reform. Most
important of all, we're simply running out
of time. Projections suggest that of the
some 30 million species on our planet, be-
tween 10% and 50% will be lost during the
next 50 years as a result of human devel-
opment. What we’ll lose, along the way, is
the planet’'s crucial biodiversity—a loss
having both ethical and economic impli-
cations.

PPowerful forces are pushing the electric
utility industry toward partnership as
Let's face it: environmental con-
sciousness isn’t going to go away; it's go-
ing to continue to influence both regula-

well.

tors and consumers. And I don't need to
tell you that the constant battles we've en-
gaged in over the past two decades have
been costly Just look at what we’ve been
through with the issue of acid rain. Believe
me, the battle over global warming could
be 10 times as intense, because 10 times
more dollars are at stake. it could also take
10 times longer to resolve than acid ramn
—120 years rather than just 12.

So we have a choice. Will we take the
path of resistance, which all of us know
only too well, or the path of cooperation?
Let me share an experience that helped de-
fine the choice for me. [ was walking in an
Audubon sanctuary a few years ago when
1 noticed a wasp butting its head against
a window. I didn't think much about it at
the time. An hour later, returning, 1 saw
the wasp still banging against that win-
dow Then | looked dowm, and there was
the lower part of the window completely
open. All that wasp had to do was reverse
its instinctive direction, go against the
light, back up and go down, and it would
be free to fly right out that window

The truth is, we humans are a lot like
that wasp. Certainly as an environmental-
ist, I've done the same thing all too many
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times: butting my head against impass-
able barriers. That’s the path of resistance.
But what about the other path—the path
of cooperation? In recent years, a growing
number of adversaries have thrown down
their spears and tried a process called ne-
gotiated conflict resolution. It's not a pro-
cess of compromise but rather a method
for finding solutions that give both parties

hat's something

I’'m afraid too many

environmentalists

haven't come o understand:

that we,

just as much as industry,

have a very redl interest

in keeping environmental

expenditures efficient,

That's reason enough for us

to seek cooperation rather

than confronfofion.”

80% to 90% of what they both need. Not
everything, to be sure. But far more, for
everyone concerned, than they would
achieve by batting their heads against a
wall.

How does it work? By getting both sides
to sit down together and talk about their
real needs and goals, not just their politi-
cal positions. Representatives from both
sides can then craft a completely new al-
ternative that neither side alone was ca-
pable of discovering. Negotiated conflict
resolution requires skills many of us
haven’t yet developed. But we can. Years
ago, participating in a program with rep-
resentatives of the electric utility industry,
[ would have been listening intensely for
one reason alone: to discover weaknesses
in my opponent’s arguments so that when
it was my turn at the podium, I eould de-
molish the other side’s case. This really
amounts to enjoying the battle at the cost
of finding realistic solutions. Now—maybe
because I'm a little older or just have a lit-
tle less testosterone—I listen for another
purpose: to see if I can discover common
ground.

That’s what negotiated conflict resolu-
tion is all about. And it's already bringing
once diametrically opposed sides together
in unusual partnerships. The Environ-
mental Defense Fund and McDonald’s, for
instance, have negotiated a new agree-
ment on packaging and solid-waste han-
dling that achieves important goals for
both sides. Now EDF and General Motors
have begun a dialogue that could lead to
a similar agreement. And here’s an exam
ple 'm particularly proud of because I
was one of its chief negotiators: repre
sentatives of industry and state govern-
ment—without the federal government—
have agreed on a model law to bar the
intentional use of the four most serious
heavy metals used in packaging. It's a law
that has now been passed by 14 states, and
efforts are under way to expand the agree-
ment beyond packaging to the products
themselves. It's one of the most satisfying
victories of my 17 years in this business.
A victory, I should say, for all sides.

One of the most ambitious cooperative
efforts I can point to involves Audubon,
Procter & Gamble, and virtually the entire

grocery industry—the Food Marketing In-
stitute, which represents all the super-
markets in the country, and the Grocery

Manufacturers of America, which in-

cludes the major U.S. corporations that
sell products to supermarkets. It's a pro-
gram called “Compost for Earth’s Sake,”
and it's designed to make source-sepa-
rated composting a reality. Qur goal is to

egotiated conflict
resolution is not a process of
compromise but rather
a method for finding solutions
that give both parties
80% to 90%
of what they both need.
Not everything, to be sure.
But far more, for
everyone concerned, than they
would achieve by batting their

heads against a wall”



go beyond recycling, to take an additional
30% out of the waste stream and put it
back to beneficial usws by composting the
organic fraction and turning it into soil
amendments that can be used to restore
depleted agricultural land. The partner-
ship is jointly involved in a number of
programs around the country, and 1 can
tell you that state and local governments
just love it. [n the end, we’re going to
change forever the way Americans take
out the trash, and we're doing it simply
by ending the stalemate over composting
that has existed formany years. We're do-
ing it, in short, by replacing the politics of
blame with the new politics of vision.

Closer to home is an unprecedented
partnership between the Audubon Soci-
ety and the Electric Power Research Insti-
tute that led to a recent roundtable dia-
logue between environmental groups and
the utility industry. EI'Ri and Audubon
brought together the major players—util-
ities, government, and environmental-
ists—to craft consensus guidelines for the
ecological development of biofuels. Mow
here's a technology that could signifi-
cantly lower net carbon emissions if it’s
done right. But if it's done carelessly, with-
out foresight and planning, it could be
devastating to biological diversity. It's our
hope, at both EFRI and Audubon, that our
combined knowledge will make us wiser,
that this roundtable represents a first step
toward making sure biofuel technologies
work for all of us. Discussions between
EPRI and Audubon are alfready in the
works to establish joint biofuel demon-
stration projects. And that could be just
the beginning,

I think there’'s enormous potential for
partnerships in the area of solar power, for
instance. I have to admit that | feel like a
tiny gadtly on the side of industry when
it comes to solar power. Not long ago 1
started the Solar Brigade, 7000 people
around the country who put little slips in
their monthly utility bills asking for 10%
solar within the next 10 years. Sure, we're
trying to increase the pressure on utilities.
Bul imagine how much easier it would
be if both sides—utilities and environ-
mentalists—could negotiate a cooperative
path to solar right now, so that we could

devote our energies to working together
rather than at odds.

What negotiated conflict resolution has
taught us is that you don’t have to agree
on everything; you can formally agree to
disagree on divisive issues and still coop
erate on issues of mutual interest. We've
learned, too, that joint fact-finding can be
extremely powerful: we can learn 10 times

rom my own
negotiating experience,
l've learned
that It's more effective
to lay out your needs
right from the beginning
instead of being a poker player.
That frees up negotiators
to focus
on new ways to get
what both sides need in order

1]
to reach agreement.

faster by joint fact-finding than we can
separately. We can get past the inessen-
tial points of discussion and focus faster
on the real differences and our com-
mon needs. Negotiated conflict resolution
seems to work particularly well with op-
ponents who are roughlv evenly matched
in political power. And from my own ne-
gotiating experience, 1've learned that it’s
more effective to lay out your needs right
from the beginning instead of being a
poker player That frees up negotiators to
focus on new ways to gel what both sides
need in order to reach agreement. It helps
too, I've learned from experience, to have
both sides lay out net only their own vi-
sion but also a vision tor their adversary.

So let me conclude by trving, from the
perspective of an environmentalist, to lay
out a vision tor the electric utility indus-
try. What I see is a future where repre-
sentatives of the industry are respected
for their contributions to preserving the
planet. I envision an industry whose ex-
ecutives are not afraid to admit that they
can't predict the future and are willing to
demomnstrate large-scale solar facilities, for
example, long betore the technology is
cost-ctfective, as a hedge against uncer-
tainty. I see an industry that is willing to
recognize its own contribution to our en-
vironmental problems and that is com-
mitted to a steady percentage reduction in
pollution each year in a way that has been
negotiated with environmentalists rather
than imposed in a haphazard manner by
regulators.

At the same lime—and I think this is
just as important if we are to succeed over
the next 50 years—I see a future where en-
vironmenlalists are wise enough to refrain
from picking on utilities simply because
they are an easy target. It’s a future in
which environmentalists are wise enough
to see that a profitable electric utility will
be much more willing to cooperate than
an unprofitable one.

An unrcachable goal? In one giant leap,
perhaps. But we can travel a long way in
smali steps. { for one stand ready to work
with this industry to find an accommoda-
tion that will keep you profitable while
you do your part to clean up the mess
we're all jointly making today. =
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THE STORY IN BRIEF
Progressing from cencept

te successful utility deploy-
ment in less than feur years,
4 new technology fer par-
ticulate control promises
enhanced capabilities for
complying with stack gas
clarity standards. Calleq the
Compact Hybrid Particylate
Collector (COHPAC), this
system cembines two con-
ventional centrol appreaches
—electrostatic precipitators
and baghouses—ip 3 way
that offers the advantages of
both while eliminating their
key drawhacks. As an ESP
upgrade (often necessitated
by a switch to lower-sulfur
coals), COHPAC readily meets
emerging regulatory require-
ments for particulates, vet it
takes up only a quarter of
the space of standard, less
effective fixes. A year-long
commercial-scale demon-
stration of a COHPAC modyle

atTU Electric has sparked

| UtILity interest both i the

United States and overseas.

by Leslie Lamarre



t began four years ago as a concept en-

try in the project journal of Ramsay

Chang, EPRI's manager for particulate

control. Today it is a breakthrough en-
vironmental technology offering great
promise for the utility industry. [t is the
Compact Hybrid Particulate Collector
(COHPAC)—a device that removes partic-
ulates from the flue gas leaving the stacks
of coal-burning power plants. As an up-
grade to an existing particulate collection
device, COHPAC readily meets emerging
regulatory requirements for particulates
yet requires only one-quarter of the space
of more-conventional, and less-effective,
technologies. Better still, compared with
alternative particulate removal systems, it
can save utilities up to 70% on capital cost
and space requirements.

The COHPAC concept is fairly simple. It
combines the best features of two tech-
nologies already used for particulate re
moval—electrostatic precipitators (ESPs)
and baghouses. “Like paper clips and
Post-it notes, there was nothing really pro
found about this idea,” says Chang. “But
it can certainly save utilities a lot of
money:” That's what TU Electric found in
its demonstration of a COHPAC module
equivalent to a baghouse for a 145-MW
generating unit. On May 15, the COHPAC
demonstration module marked one year
of operation. The first utility in the indus
try to demonstrate a commercial-scale
COHPAC installation, TU Electric plans to
add, by 1996, seven more COHPAC mod-
ules to process all the flue gas leaving its
Big Brown station, a 1150-MW lignite-
burning plant consisting of two 575-MW
generators.

Chang had just joined EPRI when he
wrote the journal entry about his concept
for COHPAC on December 15, 1988. “At
the time we were focused—as we still are
today-—on the fact that competition is get-
ting keener for utilities and that, in order
for them to continue to prosper, we not
only have to develop more-efficient de-
vices but also must make them cheaper.
The idea was to find a way utilities could
do things smaller and simpler.” At the
same time, work on amendments to the
federal Clean Air Act (ultimately passed in
December 1990) was well under way, and
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it was clear that more-stringent emissions
reduction requirements were soon to
come.

While the 1990 Clean Air Act Amend-
ments do not regulate particulate emis-
sions directly, they do impose more-strin-
gent limits on the discharge of sulfur
dioxide (SO,) and nitrogen oxides into the
atmosphere. And in many cases, meeting
the SO, requirements hinders the particu-
late removal process. This is because a
number of utilities have chosen to reduce
SO, emissions by switching to lower-sulfur
coal or by adding SO, sorbents upstream
from their ESPs. Both these SO, control op-
tions have a tendency to degrade ESP per-
formance because they increase the vol-
ume of fly ash produced and the electrical
resistivity of the fly ash.

Best of both worlds

Most utilities in this country rely on ESPs
to remove particulates. Housed in giant
chambers, these devices electrically charge
the fly ash in the gas stream before it leaves
a generating plant. Once charged, the fly
ash particles are attracted to a series of gi-
ant plates inside the chamber. A rapping
device periodically vibrates the plates so
thatthe particles accumulated on them fall
to the bottom of the chamber and through
hoppers for disposal.

When used with relatively high sulfur
coal, ESPs can meet the opacity standards
for flue gas emitted from power plant
stacks. (These standards govern the amount
of fly ash emissions in the flue gas. They
are typically set at 20-30% opacity.) In or-
der to perform well with the highly resis-

The COHPAC Concept There are two ways to configure the Compact Hybrid
Particulate Coliector developed and patented by EPRI. The frst, which has been

employed successfully on a commercial scale, is to add a baghouse in series with an

existing electrostatic precipitator. The second method, which has not yet been demon-

strated, involves removing a portion of an existing ESP to make room for a baghouse

Inside the ESP chamber. In each configuration, the flue gas flows first through the

precipitator and then through the baghouse.

Flue gas

Flue gas

Electrostatic precipitator

Electrostatic precipitator

Baghouse

Baghouse




tant fly ash produced by low-sulfur coal,
however, these devices must be very large,
which makes them costly to build. Also,
in many cases they are nat as effective in
removing fine particulates from flue gas
as baghouse technology is.

Employed widely in a variety of partic-
ulate rémoval applications in the United
States and overseas, baghouses work like
giant vacuum cleaners. The technology s
litérally a house of bags, similar to those
used in a vacuum cleaner. Made from a va-
riety of synthetic matenials, such as fiber-
glass, Momex, Ryton, and Teflon, the bags
in a baghouse filter the airatream that
flows through, remiving 99.9% oif the par-
Hiculates in the gas slream. The fly ash vol-
lects on the surface of the bags. Generally,
the effectiveness of baghouses does not
vary with coal type or fly ash properties.

In a conventional baghiuse, the bags
aret cleaned periodically by reversing the
flow of the air through the bags, knincking
the dust into a hopper below. The more
advancid, puise-jet baghouse does not re-
vierse the airflow through the bags to clean
the ash but emits strong pulses of air,
which knock the azh into the hopper. The
main drawback of baghouse technology is
that pressure drop increases significantly
as the particulate matter accumulates on
the bag surfacie. To minimize pressure loss,
it is necessary to limit the amount of flue
gas processed by each filter bag; as a re-
sult, baghouses tend to be very large.

The COHPAL concept developed by
hang combines E5P and baghouse tech-
nologies, offering the best of both aptivns
minus the key drawbacks. In other wirds,
LOFPAL achieves the high particulate re-
moval capability of baghouses without the
need for a very large device to avoid a
presaure loss problem. In a COHPAL' sys-
tem, the air leaving a power plant flows
first through an E5P. The gas stream, con-
taining the particulati= that weren’t sifted
out by the ESP, then flows through a bag-
house. Because the £SP has already signif-
icantly reduced the amount of particulates
and has charged anv remaining parti-
cles—causing them to repil one another,
so they div not clog the pores in the bag
material—air can pass through the filter
bags of a COHPAC system at firur to iight

Levalized Cost (mills/k'¥h)

Entarge ESP Replace ESP COHPAC 1 COHPAC 2
with pulse-jet {baghouse in {baghouse
baghouse series with ESP) inside ESP)

Top Performer

As this graph indicates, COHPAC technology is the most cost-

effective of the available options for improving the performance of a small ESP. The

figures shown assume the use of a relatively low sulfur coal and the removal of enough
particuiate matter tfrom fiue gas to achieve an opacity level of less than 5%. The cost for
the second COHPAC option, in which the baghouse is placed inside the ESP, is an

estimate only, since this configuration has not been demonstrated.

times the velocity of the air in a conven-
tisnal baghouse. The result i= a greater
than fourfold increase in the amount of
flue gas that can be provesaed by a bag-
house and, in turn, a proportionate re-
duction in size and cisst,

Technology development

shortly after Chang propamed the COHPAC
idea, EPRI conducted a patent =earch and
discovered that na one had filed a patent
for such a concept. “It was hard to believe
that no on#t had thaught of this before—it
" recalls Chang. Then late
in 1959, EPRI rescarchers lested the idea,
using flue gas from a coal-fired boiler. A=
L hang had theorized, the process success-
fully removed a high percentage of par-
ticulates at very high filtration rates.

seemed 20 simple,

Soon Tl Electric stepped forward to
field-test, with EMRL, a 1-MW LIRPAL unit
at its Big Brown plant. Built in the early
1970s, Big Brown predates the federal
New Source Performance Standards, which
regulate particulates and other emissions.
But the state of Temar required adherence
to a 30% opacity limit for pre-W41% units.
The two Big Brown units waere equipped
with very small precipitatars. Linder mist
operating conditions, these precipitators
controlled stack opacity tix below 30%;
however, there were instances when unit
load had to be reducid to maintain opac-
ity compliance. In mesponse, TU Electric

upgraded and modified the precipitators
and installed fly ash conditioning sys-
tems—actions that alleviated but did not
resolvi the priblem.

In December 1990, the utility reached an
agréement with the Texas Air Control
Board that it would adhere to a more strin-
gent limit of 20% opacity on one Big
Brown unit by the end of 155 and un the
second unit by mid-1996. EPRI's develop-
ment of the COHPAC concept had come
just in time. With positive results from the
1-MW test unit at Big Brown, TU Electric
decided tin demonstrate a commercial-
sized COHPAL unit,

“We had a real problem to solve and a
deadline to du it,” recalls Ben Brown, a
project engineer in TL! Electric’s Advanced
Gengration Engineering Department. “The
technology had progressed far enough at
the pilst scale that we felt confident in
moving to the next step. Also, we could
s that the rewards were substantial.”
Other alternatives TU Electric considiered
included replacing the ewisling precipita-
tor, adding a second precipitator in series,
and adding a standard baghouse (which
operates with lower gas velocities 1han
does a COHPAL baghouse), Initial cost
comparisons showed that these alterna-
tivies would be 30-50% more espensivie
than ©OHPAC and wwuld occupy about
four times the space COHPAL would re-
quirne,
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A House of Bags The
baghouse element of a COHPAC
unit functions much like a
vacuum cleaner; interior bags
filter out particulate matter from
the flue gas as it rushes
through. Tu Electric’s 145-mw
COHPAC unit contains 2500 bags,
each about 6 inches in diameter
and 20 feet long. The bags in a
baghouse can be made from a
variety of synthetic materials,
such as fiberglass, Nomex,
Ryton, and Teflon.

installing bags from the top of a COHPAC baghouse.

Each COHPAC bag is 20 feet long.

Looking up from the hopper at a pilot-scale
COKPAC haghouse.
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Inspecting particulate dust collected
on a COHPAC bag.

Design of thir COHPAL unit began in
March 19491, Threse month= later, EPRI ac-
quired a patent on the cancept. By May
1992 the TU Electric unit, zupplied by Re-
=earch Lottrell, was operating. “The quick
turnaround time benefited from a dedi-
cated T
of EPRl project manager Walt Piulle,
notes Chang, [n the past year the COHPAC
module has yielded positive results, com-

Electric team and the assistance

”

ing well within the project team’s goal of
achieving less than 5% opacity at the exit
from the module. TU Electric considers the
demonstration module to be a permanent
installation and plan= to add seven equiv-
alent-sized LOHPAC modules to comply
with the state mandate on opacity. EPRI
will continue ti monitor the initial misd-
ule for the remainder of the year.

Iﬁerest from others

While other utilities are cautious about
moving forward with COHPAL at this
stage, many have expreszed an interest in
the technology. “We've had several in-

quiries from day one,” says Brown. “Mow

that the industry knows aboul thir 2uccess

uf the demonstration, we're going to see
even more interest. This technology may
become the answer for tough particulate
con trix] problems for ritrafit= as well a= for
future coal-fired generating units.”

According tis Chang, there's been inter-
est m COHPAC technology overseaz as
well. A utility in Australia has picked up
on the COHPAC concept and built two 1-
MW demonstration units based on the
EPRI patiént. Meanwhile in the United
Statesz, says Chang, “utilities have been
waiting to see what the results of the Tl
Electric demonstration will be.”

Sonw U5, utilities, including Alabama
Power (in conjunction with Southern
Company Services) and Duke Power, are
beginning to lake action through pilot
studies similar to TU Elictric’s first-phase,
1-MW application. And =ix other utilities,
which intend to switch to low-sulfur coal
to comply with the Clean Air Act Amend-
ments, have undertaken engineering de-
signs to determine how LOHPAC units
would respond. Industry confidence has
bren boosted not only by the success of
TU Electric’s experience but by thie fact
that manufacturers are already offering
warranties on CIIHPAL technology.

TL Electric implemented COHPAC by
adding a baghouss to an existing precipi-
tator, but there may be a =econd wav to
retrofit existing particulate remaowval svs-
tems—by removing a portion of an exist-
ing ESP and putting the baghouse inside
thee E5P chamber. (Last year EPRI obtained
a patent on this concept.) In either case,
air flaws first through the precipitator and
then through the baghiuse, The second
option, which has nmt yet been demon-
sirated, winuld b even less expensive to
build, Chang says.

Regulation driven

Chang suspects that more utilities will
show an interest in C{IHPAL technology a=
regulatury pressures to improve air qual-
ity increase. “Utilitivs owust b constantly
thinking ahead, sinci! there’s so much ac-
tivity thise days in the regulatory arena
says Chang. “They
want to get a head slart on anything they

on clean air is=ues,”

might b required to do.”
With this in mind, utility advisors have

encouraged EPRI researchers to assess the
potential benefits of using COHPAC to ad-
dress an environmental issue that is not
now subject to regulation—the presence of
traces of potentially hazardous chemical
species in flue gas emitted by fossil-fired
power plants. A federal study of thes
species, mandated by the Clean Air Act
Amendments, i= now under way; results
are expected within two years. In the
evint that somi of these trace species are
regulated by the Environmental Protec-
tion Agency, COHPAL may offer the most
cost-effective means of filtering them out.
Trace chemical species exist in both par-
ticulate and vapor form. If these species
are limited to lower levels than are typi-
cally released by power plants with exist-
ing particulate controls, the increased effi-
ciengy offered by COHPAC may be neieded
to capture a greater percentage of the par-
ticulate-form species. At the same time,
CIPHPAC s configuration makes it casier to
use sorbents, which may be able to cap-
ture the vapor species for dispasal. In a
CLAFPAL
jectid aftier the precipitator and before the

svatem, the sorbent can be in-

baghoust. This allows for the separation
of large portitms of the potentially haz-
ardous chemical species from the bulk of
the fly aszh, enabling easier dizpo=al and
even recycling.

Lhang paints out that while COHPAC
offers an attractive option for many ap-
plications, it is not appropriate for every
case. For instance, in situatioms where an
E&SP deses not require a significant upgrade,
COHMPAC may not be the best answer. In-
stead, the utility may find that adding
chemicals to condition the tlue gas or us-
ing one oo several upgrade optioms devel-
oped by EPRI (a= described in the PR/
Journal, March 1989, p. 42) is a li=ms ex-
pensive alternative.

Still, for many ulilities COHPA«
prove to be the right answer at the right
time. "COHPAC falls right in line with util-
ities” priorities today,” says Chang. “They

may

are loaking at cheaper ways ti stay alive.
Cost-competitiveness and  cost-effective-
neks arie their concerns now.” "

Backeround Informaton for this article was provided by
Ramsay Chang. Environmenl Division
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resh out of Rensselaer Polytech-

nic Institute with a degree in

metallurgy, Robert Bozzone went

to work for Allegheny Ludlum

Corporation in June 1955 at the age of 22

He’s been with the company ever since-—
38 years.

But it’s not the only place he’s ever

worked. Describing the 10 years before he

joined Allegheny Ludlum, he says, “I

EPRY's Advisory Council.

Since 1990, Bozzone has met periodi-
cally with some two dozen advisory col-
leagues drawn from positions of vantage
outside the power industry. Ten Council
members are state utility regulatory com-
missioners recommended by their na-
tional professional association; the others
are individually invited by EPRI from such
fields as law, medicine, education, labor,

Entering the steel business

right out of college, Bozzone gained
visibility in the hot field of specialty
alloys and soon found a career

in business management.

Now president of Allegheny Ludium
and also a member of EPRI’'s Advisory
Council, Bozzone gives his

industry-tempered perspective on

the issues of economic realism,

international business opportunity,

and the value of research.

threw newspapers, [ worked after school
in a grocery store, I stoked a neighbor’s
coal furace, ] mowed lawns. I started at
a jewelry store when | was 12, and [ never
stopped. | was always employed.”

With his metallurgy degree and his mo-
tivation, Bozzone moved right along in
the stainless steel business. He has been
the president of Allegheny Ludium since
1985 and its chief executive officer since
1990. Understandably, he’s selective about
his side chores today, but one responsibil-
ity he chose to accept was membership on

conservation, manufacturing, and finance.
Deliberating as a whole group and in top-
ical subcouncils, they bring varied per-
ceptions of the public need and interest to
bear in their review of EPRI’s research pri-
orities and programs.

Growing up

Some of Bozzone’s familiarity with elee
tric utilities goes back to his childhood in
Glens Falls, New York, about 50 miles
north of Albany “My father was a distri-
bution service supervisor for Niagara Mo-

hawk Power Corporation, and my mother
had been a secretary there, so I grew up
in a utility-oriented home environment.”

For Bob Bozzone and his younger
brother, Bill, Glens Falls was almost per
fect, situated between the resort areas of
Saratoga Springs and Lake George. “In
one of my high school years, Look maga-
zine named Glens Falls its all-American
city. The high school was just the right
size. Big enough that it had all the facili-
ties. Small enough that you could be a
player. You could take some satisfaction
from the things you did, the contributions
you made.”

But Bozzone’s strongest memory cen-
ters on Governors Island in New York
harbor "1 had an uncle stationed at First
Army headquarters there, so I got to visit
during the latter years of World War L
I'd spend a month or six weeks during
the summer caddying on the nine-hole
golf course. The caddy corps was seven
ltalian prisoners of war and me! | was
their bambino!” Bozzone spoke no Italian,
and the POws spoke little English, but
they found ways to communicate, and
he became their “agent” when occasional
tips funded a trip to the post exchange for
candy bars.

Those summers were valuable in other
ways. Bozzone’s uncle and aunt intro-
duced him to the subway, and after that
his own nickels regularly took him to Yan-
kee Stadium, the Polo Grounds, or Ebbets
Field for the ball games. “When I look at
what has shaped me,” Bozzone says to-
day, “all that experience was certainly a
confidence builder. I was dealing with is-
sues of independence and selfreliance as
a relatively young person.”

Confidence must have been a factor in
Bozzone’s early and energetic commit-
ment to work. But he also remembers the
early realization that a college education
would be expensive—"$750 or something
like that for a year at Rensselaer in those
days. A lot of money.”

And heremembers his father’s frequent
mention that public utilities—Niagara
Mohawk among them—offered stable
employment; that, and a pension plan.
“They put food on the table, but they
didn’t make anybody rich. I felt I had to
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contribute. So I had a lot of jobs.”

Bozzone’s own business is the work that
comes most clearly to his mind. It began
with mowing lawns. “But when I got more
work than [ could handle, I got some
friends and organized them and sched-
uled them. [ had two or three guys work
ing for me.” Chuckling at the informality
of those days, Bozzone adds, “No paper-
work, no reports, and I didn’t have to pay
Social Security taxes.”

It was a nose-to-the-grindstone exis-
tence, but most of the time Bozzone was
still able to take on extracurricular activi-
ties. He was in Scouting for a while—a
Catholic who followed his friends to a
troop sponsored by the Presbyterian
church. And he later passed up the
Catholic high school because the public
school offered a better math and science
education. His parents supported that de
cision, but the family pastor continued to
suffer minor discomfort, partly because
Bozzone was so visible. “I was president
of the student council, and I ran the YMCA
youth social activities—even though at

that time Catholics just didn’t associate
with the Y.”

How about his schoolwork? Bozzone is
offhand. “I was comfortable with it” he
says, “and in high school I did have very
high grades—third in my class of 160 or
s0. But when it came to college, things got
much more difficult.” Still the baseball
lover of his Governors Island summers,
Bozzone decided to play baseball in col-
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lege, as he had in high school. But after
one season on the team, he recalls, “I re-
alized I couldn't carry it there.”

Bozzone’s direction in college was a
product of both encouragement and apti-
tude. “My dad had only an eighth-grade
education. He admired the engineers he
worked with at Niagara Mohawk and
thought theirs was the avenue his son
should take. [ happened to be the son with
some skill in science and math, so I was
directed along those lines.”

Getting down to business

When Bozzone started at Rensselaer, he
and his classmates wondered whether
they would be caught up in the Korean
War before graduation. Joining the Air
Force ROTC essentially guaranteed that
Bozzone would get to finish college, but
after two years of drills, he failed a vision
test. “It was devastating, because I wanted
to fly. By then I was excited about it,” Boz-
zone says. He also remembers his mixed
emotions—and the irony of the situa-
tion—when he was subsequently deferred

“In the 1970s, we recognized that we
had to accelerate our efforts in qual-
ity if we were to compete. And we
had to go after cost reduction in a
ferocious way. We were pushing
heavily on what would be called
total quality management today.”

from service because he was an engineer-
ing student.

Three summers with Niagara Mohawk
were Bozzone’s main extracurricular ace
tivity “I worked on a rightof-way gang,
dropping trees and clearing for power
lines in the mountains. On another project
we took out old light standards in down-
town Albany. And I ran a jackhammer,
putting in underground lines. I was inbet

ter shape than I've been since.”

By 1955 Bozzone was definitely in good
shape for the professional world. As he
puts it, “Rensselaer had the largest grad-
uating class of metallurgists in the coun
try, and we were in demand. It was a year
for metallurgists. I had more than a dozen
job offers, and Allegheny Ludlum wasn't
the top. But I wanted a production job—
out on the plant floor, out where things
were made—and that’s what they prom-
ised me.”

Bozzone’s insistent manner in describ-
ing the memory is soon explained. Joining
the Allegheny Ludlum training program
atBrackenridge, Pennsylvania, barely two
weeks after graduation, he learned that all
new metallurgists were slated for two
yearsin the research laboratory Bozzone’s
response was immediate; he announced
he was quitting because the conditions of
employment had been changed. The train
ing coordinator was taken aback, and so
was Allegheny Ludlum’s vice president
and technical director, who was per
suaded to talk with Bozzone.

The conflict of nearly 40
years ago reappears as Boz-
zone reenacts his surpris-
ingly confident response
that day “I told him, ‘I
know myself I can’t work
two years in research. I've
got to be in the mill, where
the action is. But I have no
ill feelings. Other people
offered me jobs out in their
plants. I'll see if I can reae
tivate those offers.’

“Il must have seemed I
was challenging the techni-
cal director’s authority. 'We
know what’s best for you,’
he said. ‘Trust us. This is
the way it has to be. If not, goodbye." I
said fine and went to tell the trainer that
I'd pack up and head home.”

But the next morning, as Bozzone was
making flight reservations, the trainer
called. He had appealed on Bozzone’s
behalf: there was an opening in produc:
tion metallurgy at the nearby Leechburg,
Pennsylvania, plant, and Bozzone could
interview for it that morning. “I went up.



I met the guy. We hit it off. And that’s how
| got going. But | guess | can say 1quit the
company two days after I arrived!”

The tale warms Bozzone to a thought
1l concincinn Hvi:‘prnnd he save afthe
22-year-old “who had the gumption to
make that kind of a call.” But beyond that,
he adds, is a lesson he has carried into his
leadership years. “I look for people who
are independent thinkers, willing to speak
their piece. They're the ones I like to see
on my management team.”

And management, of course, was Boz-
zone's goal from the very beginning, even
back in the lawn-mowing days. In his
own mind at least, he immediately put
himself on the management track at Al-
legheny Ludlum. “I wanted to move
through the technical side,
understand the process,
and then do something
about managing it.”

Becoming visible

Considering the equivocal
circumstances of his hiring
at Allegheny Ludlum, Boz-
zone is grateful for two
instances of good fortune
that soon followed. First,
he was assigned to a spe-
cial-metals group oversee-
ing the processing of tita-
at the
time and just beginning to

nium, brand-new
be used in military aircraft.
He was in a high-visibility area, and with-
in a year Bozzone found himself with a
security clearance and involved in work
for the refueling of the nuclear submarine
Nautilus. "We were making zirconiwim al-
loys for the reactor fuel rods, and it was
great experience. Learning about stainless
back in the research lab, or even working
on the mill floor. my contemporaries
didn’t have the same exposure. | got to
hear Admiral Rickover lecture the group
and hear him chew people out for the
problems they were having.”

The Allegheny Ludlum management
watched the special-metals group very
closely because the alloys under its wing
were seen to be the future of the compa-
ny. A consequent business move by Al-

legheny Ludlum was Bozzone’s second bit
of good fortune. It was a joint venture
with National Lead called Titanium Met-
als Corporation (Timet), which was head-
anartered in New York but relied an Al-
legheny Ludlum’s Leechburg plant for the
rising volume of finished titanium going
into aircraft.
“Timet had
plant,” Bozzone explains, "“so our techni-

no infrastructure at the
cal group accepted the titanium orders
and did all the scheduling. We did more
than just metallurgy; we became the busi-
ness managers for titanium. All of a sud-
den I was into production planning and
production control.”

Working closely with his Allegheny
Ludlum counterparts in stainless steel

“At Allegheny Ludlum we spend

3% of our sales dollars on R&D,

and we’ve never deviated from

that. Even when we were paying

21% interest in 1980, we didn’t
cut the research budget.”

production control, Bozzone became fa-
miliar to the managers of that established
activity In particular, he says, “the works
manager got to know me very well be-
cause [ was the guy running all this high-
visibility stuff through his plant.” The re-
lationship was pivotal, and when asked
about individuals who had influenced his
career, Bozzone is quick to cite that works
manager, “who picked me out of the lab-
oratory at Leechburg to become a pro-
duction planner—his assistant, at first—so
| could get a broader perspective of man-
agement.”

That was in 1960, five years after Boz-
zone had arrived at Allegheny Ludlum.
Four years later he would officially be-
come a production control manager, and

in seven more years—1971—a division
managerwith control of production at two
merged plants. Also, he was moving be-
yond special metals into stainless steel as
wellIn the telling. it's a slaw progression.
but Bozzone acknowledges that he was on
a distinctly fast track. It certainly became
a strenuous track as the 1970s approached
and the steel industry of the United States
began to rust.

In fact, specialty steels were the first to
feel the threat of imports, Bozzone says,
because producers abroad first targeted
the high-margin steel grades—stainless
rather than carbon. “We recognized that
we had to accelerate our efforts in quality
if we were to compete. And we had to go
after cost reduction in a ferocious way. We

were pushing heavily on what woulid be
called total quality management today—
before anyone else in our industry had
even thought about it.”

If Bozzone sounds proprietary on the
point, it's because just two people have
headed Allegheny Ludlum’s steel busi-
ness from then to the present—Richard
Simmons, now board chairman, and him-
self Bozzone says simply, “He and |
formed a team, and we began to change
the steel operation. Things as mundane as
profit-centered plants. We made each
plant a cost center; profits come at a dif-
ferent level.”

He goes on, “Our changes weren't tech-
nical. We were changing the management
style. And we went through systems
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changes—for instance, we introduced
data processing well ahead of any of the
integrated producers.” Bozzone attributes
much of the insight to Simmons, who rec-
ognized what was needed from problems

he had seen in his earlier work for a car-
bon steel company. As a result, Bozzone
concludes emphatically, “I'd say we've
been five to seven years ahead of other
companies. We survived because we acted
more quickly”

Perhaps because of the difficulties of the
1970s, the old-line Allegheny Ludlum was
becoming a conglomerate, Allegheny In-
ternational, buying companies and adding
product lines for the consumer market
garden tools and machinery, golf club
shafts, even matches. There came a time,
early in 1980, when the steel business
suddenly wvas put up for sale. “For the rest
of that year,” says Bozzone, “I ran the
business and Dick Simmons ran around
looking for someone who wanted to buy
a specialty steel company.”

Living two lives

By 1980 Robert Bozzone had been with Al-
legheny Ludlum for 25 vears. His account
of those years is so animated that one
might conclude that he lived and breathed
stainless steel. Indeed, even his family life
began at Allegheny Lud!um: Irene Boz-
zone had been a secretary in the engi-
neering department at Leechburg. “We
were married in 1959, the year of the big
steel strike,” Bozzone says, but he quickly
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adds, “Irene hates to hear me say that. She
says, ‘Think of it as the year we got mar-
ried.””

Home and family became as spirited
and urgent an existence as Allegheny Lud-

“Developing nations need people to
show them how to manage fuel
purchases, operate at lowest cost,
schedule maintenance economically
—the expertise that comes from hav-
ing operated plants. Shame on us if
we’re not out there selling it!”’

lum for the Bozzones. A daughter and two
sons were born by 1967, and Bozzone fo-
cuses enthusiastically on his wife's dedi
cation to them during a time when he was
often preoccupied. But sports and vaca-
tions involved all of them, and it's only
a small slip of the tongue when Boz-
zone says, “I pushed—no!—I led the chil-
dren into Junior Achievement because
1 thought they ought to have business
sense.” He recounts that Maryv Jo won a
regional title in JA, while Mike and, later,
Mark were area representatives to |A na-
tional meetings.

Jumping ahead to the present, Bozzone
sums up his offspring’s achievements.
“We've got a retailer—a senior buyer, ac-
tually—who was married a few years ago
and has now retired to start her family.
And a son, Mike, with his own insurance
agency and a half dozen people. He had
all kinds of jobs as a kid, as I did; he was
buying stocks when he was a junior in
high school. Mark, 27 and the youngest,
has been a banker for three years now and
is moving up through the loan depart-
ment.”

But while his children were still in their
teens, Bozzone’s company was at an ex
ecutive crossroads. What was going to be-
come of the Allegheny Ludlum steel busi

ness? As 1980 wound down to its last two
months, Simmons and Bozzone could fi
with Clint
Murchison, who then owned the Dallas

nally say they had a deal

Cowboys. They were going to use a
brand-new concept called
a leveraged buyout. “We
got to the altar the week
before Christmas, but Mur-
chison couldn’t free up his
equity. We had one week to
find a white knight.”

Aniazingly, a Pittsburgh-
area man came forward
and in one week made it
possible for the Allegheny
Ludlum steel business to
go private in what was
then the second-largest le
veraged buyout in history
—8195 million. Recalling
the swiftly completed trans
action, Bozzone shakes his
head over the memory of “a little fledg-
ling buyout firm called KKR” that wasn’t
big enough to handle it. That was Kohl-
berg Kravis Roberts, now known for ar-
ranging the 1989 RIR Mabisco buyout at
$25 billion.

In an already-embattled steel market,
says Bozzone, the newly private Al-
legheny Ludlum now had other con-
straints. “Going into (981, interest rates
were 21%,” he points out. “We tightened
down. We managed for cash flow; we
were cash flow, cash flow every month.”
But the compiany was so successful that af-
ter six years its backer asked to be bought
out. His sizable investment of preferred
stock was repaid dollar for dollar, but
for his $4 million of equity he took away
$160
ment, “He was a very happy fellow.”

million. In Bozzone's understate-

Having meanwhile been releveraged, as
well as having borrowed money to pay off
its backer, Allegheny Ludlum went public
again in 1987. Its position today is an ob-
vious source of pride to Bozzone. “We've
never had a losing quarter,” he says flatly
“And that’s a record in the steel business.”

Bozzone looks back over his company
life. “Starting out as a metallurgist look
ing for a job out of college, I never ex
pected to live through something like a



leveraged buyout. But all these things
have been very enlightening. There were
days when the banks were looking for that
money at 21% and we weren’t sure we
could make it. Now I can honestly say it’s
been fun.” He pauses. “But it wasn‘t al-
ways fun.”

Considering the intensity of Bozzone’s
major engagements with work and family,
it's no wonder that he is careful in choos
ing his community and professional advi-
sory roles. “I'm selective,” he says forth-
rightly “I chair a Federal Reserve bank
board in Pittsburgh, a branch of the Cleve
land bank. I’ve been asked to chair the
Cleveland board, but it’s too much time.

The Salvation Army, though, is another
story. Bozzone feels very strongly about
the spectrum of its service and its effec-
tiveness. He’s been active on the army’s
behalf for five years and now cochairs a
two-year, $14 million capital campaign.
“We've got $6 million raised, and we're
looking for the other $8 million,” he re
ports.

Advising EPRI

Duquesne Light Company
and EPRI are related orga-
nizations that claim Robert
Bozzone’s advisory inter
est, but for different rea-
sons. Allegheny Ludlum is
a large supplier of electri-
cal steels—they account for
17% of its sales—so utili-
ties are a familiar market,
and Bozzone has served as
a director of the Pittsburgh-
based utility since 1990.
But his interest in EPRI
springs mostly from hisa g
gressive attitude toward re
search and development.
“We spend 3% of our sales
dollars on R&D,” Bozzone points out, “and
we’ve never deviated from that. Even
when we were paying 21% interest in
1980, we didn"t cut the research budget.”
Indeed, Allegheny Ludlum has done re
search for EPRI on transverse flux indue
tion heating, and one of its alloys is used
in the amorphous metal that Allied Signal
developed under EPRI sponsorship for

low-loss transformer cores. “So when I
was asked to serve on the Advisory Coun
cil, my answer was definitely yes,” says
Bozzone.

Asked about current issues that engage
the Council, Bozzone draws from his in-
terest in R&D and from his background as
a utility director. “Duquesne and General
Public Utilities have proposed a transmis-
sion line across Pennsylvania in order to
take advantage of unused generating ca-
pacity in the western part of the state. But
there’s a problem—just three little letters,
EMF” He therefore welcomes EPRI’s effort
to learn if and how electric and magnetic
fields affect human health. “It’s a big help
to the power companies, of course, but
EPRI’s objectivity means data that can help
the environmental community too.”

Objectivity is one of EPRI's main attri-
butes, in Bozzone’s opinion, and he links
it with the strategic question of how EPRI
can best further its technology leadership
position on behalf of US. utilities. One of
the difficulties he sees is that short-term
political considerations can preempt the
best science. By way of example, Bozzone

“There must be winners and losers in
business. When we start to tamper
with the system and don’t let the
losers become losers, that’s a prob-
lem. Winners should win big, and
losers should disappear from the
scene and move on.”

points out, “The 1990 Clean Air Act
Amendments focus on sulfur dioxide and
do nothing about carbon dioxide, which is
going to be an area of concern in the fu-
ture. Principally aware of acid rain, legis-
lators acted without having the compre-
hensive technological databank they re-
ally needed” As a result, he concludes,
the remedial actions written into current

law are probably not what would best
treat the larger problem of both SO, and
CO,. But he sees EPRI as getting ahead of
the curve on EMF, and that pleases him.
“We're going to be positioned to guide the
process and not have it overwhelm us.”

That observation leads him to a clear
endorsement of EPRI’s executive manage
ment attitudes and approaches. “I see a
sense of”—Bozzone searches for the right
phrase—"“economic realism that I think is
extremely important. EPRI and its staff are
very focused on the scientific aspects of
their work, but ['m encouraged that they
don’t lose sight of the ultimate economic
impact. Being an arm of the utility indus-
try, they have a better sense of that need
than others. EPRI is more real-world.
Duquesne Light, for example, is using
specific operating recommendations de-
veloped by EPRI. These are detailed, with
experimental data from work at other util-
ities. I think EPRI is very proactive.”

Freeing the enterprisers

Future patterns of the electric power busi-
ness are a standing topic of conjecture and

prediction among EPRI advisors, manage-
ment, and member utilities. Hopes and
fears sometimes are expressed too—but
not by Bozzone. He sees opportunities.

Change is bringing competition, as new
business and technological realities cause
utility service territory boundaries to be-
come blurred. Independent power pro-
ducers are becoming a factor. Allegheny
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Ludlum i& already =eeing the conse-
quences in its gas utility service—with a
choice of three suppliers. “We buy aur gas
from the one that offers us the lowest
cost,” says Bozzone, "and I think this is
a window i electric utility competition
down the road.”

From long ewperience as a specialty
pridduct marketer, he i= quick to notice
specialized electricity service, niche mar-
ketz, and =0 on. And he's e=pecially im-
pressed by some nf thie early vintures
abroad by electric utility inergy and =er-
vicr subsidiaries. Diveloping nations are
clearly a market for mare than thi hard-
ware for power generalion and deliviery.
“They need people to show them how to
manage fuel purchases, operate at lowest
cast, schedule maintenance economically,
and those kinds of things. They need the
expertise that comes from having oper-
ated plants. Shame on u= if wi're not out
there selling it!”

Bozzone cementz his argument with
twii observatiimz frem Allegheny Lud-
lum’s exprrience. “We dis it in steel,” he
says. “We've taught Romanians and Poles
how to make clictrical steel. We'vee sald
electrical-stecl-making technoelogy in Ko-
rea. We have a 10-year arrangement there,
with visits back and forth to exchange
data.”

But evieen more telling i= Bozzone's ex-
ample of a chromium alloy producer in
India—an Allegheny Ludlum supplier—
that can oiperate only 6 hours a day be-
cause there isn't enough electric power.
“India obviously needs work o its gen-
eration and distribution infrastructure.
Why not sell services there? As we lowk at
the future, [ think LI%5 utilitivs will be
reaching out beyond their own bound-
aries, FPRI's already moving in someswhat
the same direction, with its internatiomal
affiliates,”

Bozzone's words aboul business can
hardly speak a= loudly as his actions in

business. In fact, he is soft-spoken, and his
enthusiasm comes across in gentle insis-
tence more than in colorful hyperbole. He
ha= convictions about ethics, for example.
"We run a wery ethical company, and we
feel very good about that,” savs Bozzine,
“but it's disturbing to me that, in th eyes
of =a many children, businessmen are un-
ethical and mimey grubbing. In too many
cases they are, but, iof course, the good
guys don’t get a lot nf attention. [ feel
strongly that business overall needs to op-
erate ethically—and take steps to build its
image.”

His philosophy of the free enterprise
system is equally straightforward. “There
must be winners and losers in business
When we start b tamper with the system
and don’t let the losers bocome losers,
that's a problem. Winners should win big,
and lesers should disappear from the
scene and muwve on.”

Government at various levels is loo
likely to do the tampering, Bozzone be-
lieves, Bul he traces the problem to what
he calls “a loss of contact” by bureaucrats
and legislators rather than to any ideo-
logical failing. To explain, he recounts a
time hi was with the late Pennsvlyvania
senator John Heinz when a coincrete truck
drove by, its drum slowly revolving.
Heinz volunteered that this image always
excited him. Why? Because as a voung
man he had werked briefly in industrial
=ales, and he could never forget the com-
missitm he had earned on his first sale of
a concrirte mizer. “That’s my kind of paliti-
cian,” Bozzone concludus. “Ie never lost
touch.”

Bozzone wirks hard (o stay in touch.
“We runwiur company that wav. [ go to the
plants—I know them inzide out. [ think
it's the only waw to manage.” He knows
hi relates well to people, so in the phrase
popularized by management consultant
Tom Peters, Bezzone manage= by walking
around.

He inevitably uses those wccasions for
team building, “I love to see participative
management. We're very active in this. I
think breadth of management skilt is what
allows a company to survive. We encour-
age our people to participate, and 1 get
much greater jov in deeing my team suc-
ceed than if | hit the home run.”

Revitalizing the
economy

Asked about the main issues that he and
his team face todav, Bozzone quickly
names two. “Hiw do we grow? How do
we remain globally competitive?” His ac-
knowledges the happy circumstance that
new technologies spawn industrial pro-
cesses that require extréme operating en-
vironments and consequently increase the
demand for durable stainless allovs. He
obviously wants Allegheny Ludlum to be
at the fomefrimt, and he can't resist a plug:
“People are quality-conscious. Stainless
will last forever. First cost is last cost.”

At the national level, Bozzone sees eco-
nomic growth as a need to be met by a
combination of actinms. “We have to get
vur fiscal house in order; we must become
financially prudent. [ also think education
is ektremely important. Labor Secretary
Robert Reich is right about educating our
waork force, training workers to make sure
they havi globally competlitive skills. And
[ think we've grown away from the pro-
duction of gonds; I'd like to see actions
taken to strengthen the manufacturing
sector.”

host of all, Bozzone emphasizes “get-
ting on a faster frack.” [His careser and his
company over the last 38 years illustrate
and validate what he has to say. Simply
reflecting thie changg in the world, he goes
on, isn’t sufficient. “We talk at Allegheny
Ludlum about velacity of change. You've
got to change at a velocity that puts vou
ahead of the pack. The wrganization thal
changes most rapidly.is the winner.” =
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CONTRIBUTORS

STAHLKOPF

OUNLAP

CHANG

Managing Magnetic Fields (page
6) was written by science writer
John Douglas with information from
members of EPRI’s Electrical Systems
Division.

Karl Stahlkopf became the director
of the Electrical Systems Division early
in 1992. He previeusly directed the Nu-
clear Pewer Divisien’s Safety and Reli-
ability Department and from 1980 te
1989 headed that division’s Systems
and Materials Department. Stahlkopf
came to EPRI in 1973 after seven years
in the Mavy, where he specialized in
nuclear propuisien. A University of
Wisconsin graduate in electrical engi-
neering, he al=e holds MS and PhD de-
grees in nuclear engineering from the
University of California at Berkeley.

John Dunlap has been manager of
the Electrical Systems Division’s mag-
netic fields research since 1991, and he
also worked in the EMF area at Florida
Power & Light from 1987 to 1990. Dun-
lap had been employed by both orga-
nizations previously, having worked in
EPRI's Overhead Transmission Lines
Program between 1979 and 1987 and as
an engineer at FP&L for over 20 years
before that. He received a BS degree in
electrical engineering from the Univer-
sity of Tennessee. =

Technical sources for Journal feature articles

eyond the Politics of Blame (page

14) is based on a speech delivered
by Jan Beyea at EPRI's recent inter-
national symposium on global electri-
fication. As chief scientist and vice
president of the Mational Audubon
Society, Beyea is primarily involved in
the conservatien and restoration of
ecosystems, with particular emphasis
on wildlife and biological diversity. Be-
fere joining Audubon in 1980, he spent
four years doing energy research at
Princeton University’s Center for En-
ergy and Environmental Studies. Be-
fore that, he served on the faculty of
Holy Cross College, where he taught
environmental studies and earth sci-
ence. Beyea holds a BA from Amherst
College and a PhD in physics from Co-
lumbia University. =

OHPing With Particulates (page

18) was written by Leslie Lamarre,
Journal senjor feature writer, with guid-
ance from Ramsay Chang, manager of
particulate control in EPRI's Environ-
ment Division. Before coming to EPRI
in 1987, Chang was with Acurex Cor-
poration for eight years, serving as sec-
tion leader and program manager in
the Energy and Environmental Divi-
sien. He holds three degrees in chemi-
cal engineering—a BS from Lehigh
University and M$ and PhD degrees
from Stanford University. =
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IN THE FIELD

Utilities Use Low-Cost Instrument
to Gauge Solar Resources

bout 25 member utilities have joined an EPRI- and

national-laboratory-supported project to obtain

moreaccurate assessments of the solar resources in
utility service areas. Each of the participants is installing a
new type of instrument that measures or calculates three
key parameters that previously required separate devices.
The new, low-cost instruments, based on rotating shadow-
band pyranometers (RSPs), record diffuse radiation and
total horizontal radiation and calculate direct-beam
radiation. These data can then be used to calculate realistic
energy production values for various types of photovoltaic
(PV) systems in a utility’s service area.

The new RSP instnunents —available from two suppliers
for under $10,000 each—make possible the low-cost
acquisition of insolation data that previously required a
significant investment to obtain. In an earlier effort with
EPRI the ™ational Renewable Energy Laboratory (NREL)
confirmed, in side-by-side tests at its calibrated Solar
Radiation Research Laboratory, that the RSPs to be used in
the project are accurate and reliable for utility needs.

Each utility is installing at least one RSP-based instru-
ment to collect sitespecific insolation data for at lcast one
year EPRI is providing a coordination contractor to work
with ™ REL and Sandia National Laboratories personnel to

ASD Slashes Energy Consumption
for Plastic Injection Molding

early three-quarters of the more than 89,000 plastic-

injection-molding machines used in this country

operate by fluid power from hydraulic pumps that
are driven by electric motors. Older molding machines have
fixed-delivery hydraulic systems that are not very well
matched to the molding operation’s variable power require-
ment—and unused fluid power represents wasted energy
{Newer-generation machines have variable-delivery hy-
draulic systems that use 20% to 60% less energy.) The mar-
keting department at Commonweaith Edison Company saw
a major opportunity to retrofit an adjustablespeed drive
(ASD) to an older injection-molding machine and document
the energy savings over a range of operating conditions.

With support from EPRI’s Center for Materials Fabrication

in Columbus, Ohio, the Chicago utility launched a demon-
stration project to test and evaluate an ASD on an operating
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Demonstration and application of EPRI fechnology on utility systems

provide technical support for
the participating utilities,
who by their involvement
will gain a high-quality, site-
specific solar database they
can use to estimate PV
system performance. The
insolation data collected by
the utilities may also be
incorporated into NREL's
National Solar Database.

A workshop held in
Denver in May for partici-
pating utilities covered
insolation measurement
principles, instrument
systems, data quality control,
and PV system evaluation.
Although the workshop was
the official kickoff for the
project, the participant roster
is still open.

w For more information, contact
Jofm Bigger, (315) 855-2178.

injection-molding machine used by one of its customers,
Wise Hamlin Plastics. The ASD was installed on a 7 5hp
motor and configured with the appropriate intertace to the
machine’s existing process control system. Observations
over a range of operating conditions involving resin type,
shot size, and cycle time indicated average energy savings
of 41% when the ASD was in use.

Until now, operators of injection-molding machines have
had almost no reliable data on ASD applications in the plastics
industry with which to evaluate the technology. On the
basis of the Commonwealth Edison demonstration, customer
energy savings for the average injection-molding machine
(in terms of size) are estimated at about 39,000 kWh a year.
The large number of these machines makes this application
of ASD technology a prime candidate for demand-side
management programs in many utility service territories.



“The successful demonstration of ASD= for injection-
molding hydraulic pumps will encourage others in our
service territory to adopt this technology, reducing energy
costs and demand requirements,” says Commonwealth
Edison’s Todd Thornburg. EPRI estimates that the adoption
of ASD= on just 10% of the ceuntry’s injection-melding ma-

chines could result in total customer savings of 347 million

Mobile Concrete Block Plant
Demonstrates Use for Fly Ash

ight utilities that operate coal-fired generating plants

are hosting visits thiz year and next by a truck-

mounted, EPRI-sponsored demonstration unit that is
using some of each plant’s by-product fly ash to make
lightweight concrete blocks. Researchers believe that the
blocks — produced through a new autoclaved celtular
concrete (ACC) process — have great promise as a non-
forest-product building material. Successful demonstration
of the ACC process using a variety of utility ash materials,
together with acceptance of the finished product by local
building contractors and authorities, could epen thi doors
for a ready-made alternative to landfill disposal. Utilities
now spend about %1 billion each year fer the landfill
disposal of most of the 75 million tons of ash removed
annually from the flue gas of coal-burning plants.

The demonstration concrete-manutacturing plant, con-
tained on three flatbed trailers, has the capacity to turn out
about 100 ACC blocks a day. At each utility plant, the unit
will produce between 1000 and 2000 blocks as a means of
acquainting members of the local construction community
with the lightweight concrete’s advantages and best
applications. The unit first visited PSI Energy’s Moblesville,
Indiana, plant for a six-week operating run. It then headed
far Mew England Power Company’s Brayton Point plant in
Somerset, Massachusetts, for a run of similar length. United
Hluminating Company’s New Haven station in Connecticut
i= hosting the unit in July and August. Later visits are
scheduled for plants operated by Chio Edison Company,
Georgia Power Company, the Tennigssee Valley Authority,
Miagara Miohawk Power Corporation, and Mew York State
Electric & Gas Corporation.

Preduced and used for many years in some 40 countries,

ACC (which contains no coarse aggregate) is made by mix-

kWh, worth about $20 million a vear.

Details on these findings are presented in Inmproving
Encrgy Efficiency of Injection-Molding Machines (EPR1 CMF
report 92-6), available from the Center for Materials
Fabrication, (614) 424-7742,

@ For nore information, contact Gene Eckhart at EPRI'e Washing-
ton, D.C., office, (202) 293-7517.

ing portland cement, lime, aluminum powder, and water
with a large proportion of silica-rich material. The latter
material is usually sand, although power plant fly ash has
been used in England for over 25 vears.

Virginia-based Morth American Cellular Concrete has
pursued At product and market development for several
vears, much of it with EPRI support. With an eye to build-
ing and operating block-making plants at utilities, the cem-
pany has designed a small plant for utility sites that can ba
ixpanded as the market for AL grows. EPRI is pursuing
rommercialization efforts with the company and individual
utilities on the basi= of that design.

Thanks to several qualities —including weight that is
one-fourth that of conventional concrete, resistance to fire
and mildew, and a high thermal insulation value (R1.2 per
inch)—market research has identified strong potential for
the use of ACC blocks in such applications as foundations,
interior partitions, and fire walls. In addition to blocks, ACC
can be used to produce reinforced wall and roef panels.

The lumber- and energy-saving potential of this innova-
tive building material is noted by Michael Miller, EPRI
program manager for waste and water management. He
says, “We're hoping its production can become part of an
integrated system that provides a new alternative for dis-
posing of the ash removed from coal plant tlue gases and at
the same time offers an energy-efficient, economical alterna-
tive to increasingly espensivet wood products.”

m For more information, contact Dean Golden, (415) 855-2516.




TECH TRANSFER NEWS

Hotline Makes G&S Division Software More User-Friendly

SMOPUL XY P, YOSy

tility personnel who use any of the
more than 40 PC-based software
products of EPRI's Generation &
Storage Division are now only a phone

call ¢way from support analysts who can
help with problems and answer questions.
The call (800-CSD-EPR]) is toll-free.

Using EPRI's RemoteLink PC-to-PC soft-
ware, the staff at the Generation & Stor
age Software Support Center {GSSSC) can
even provide a caller with on-line soft
ware installation and operation assistance
via a two-way phone link to the caller’s
PC. The RemoteLink software enables the
analyst to view the same information that
is on the caller’s computer screen and to
provide interactive on-line support. Over
200 copies of RemoteLink have been dis-
tributed, and the service is available to all
EPRI members requesting Generation &
Storage Division software.

When the division created the GSSSC, lo-
cated at EPRI's Electric Power Software
Center in Dallas, Texas, it had multi-
ple aims: improving customer support
through problem solving and follow-up,
tracking actual use of software, and pro-
viding feedback to research managers on
the performance and value of software
praducts. Periodic reports of caller activ-
ity and follow-up provide valuable mar-
ket demand data to EPRI about its PC soft-
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ware. The pioneering effort could eventu-
ally be extended to cover all EPR{ software.
Another innovation by the GSSSC in-
volves upgrading the division’s existing
software programs to include an autoin-
stallation program. The autoinstaller fea-
ture makes loading an application onto a
hard disk faster and easier About 10 of the
division’s software releases have been up-
graded so far, with as many as half a
dozen a year to follow
B For more inforimation, contact Greg Lamb.,
(415) 8552449,

Assistance With End-Use Data

ooking for accurate load shapes
for commercial air conditioning or
ground-source heat pumps? Need
help benchmarking engineering estimates
with metered data? EPRI
swering yes to these and similar questions

members an

about end-use data can call the Institute’s
Center for Electric End-Use Data (CEED).
The center has been handling queries from
all over the country since its toll-free
InfaLine was launched about a year ago.
By dialing 800-DRS-0220, members can
talk with experts who have end-use data
and documentation at their fingertips.
The CEED InfoLine can also direct call-

Initiatives to increase the effectiveness of the technolc

ers to the center’s Data Request Service, a

fee-based service in which analysts con-
duct customized searches of on-line data-
bases of end-use load shapes, consump-
tion data, and other information provided
to CEED from actual utility metering proj-
ects. The center currently maintains resi-
dential data covering dozens of end uses
from over 500sites in the Midwest, ®orth
west, and Southwest; it has commercial
end-use
data from
almost 100
buildings in
the West.
Since its inception in 1991, CEED has
been helping to satisfy the increasing re-

L=

quirements within the utility industry for
accurate end-use datia. The center pub-
lishes a quarterly newsletter, maintains a
directory of end-use monitoring projects,
sponsors conferences and workshops, de-
velops research, and serves as a central
agency for addressing end-use data issues.
Load researchers, rate designers, de
mand forecasters, customer service repre
sentatives, and utility demand-side man-
agement staff have been among the cen-
ter's most active users. According to Terry
Mayer of Idaho Power Company, “CEED
is a really great idea whose time has
come.”
B For more information, cal! the CEED Infe-
Line at 800-DRS-0220.

PowerServe Information
Service in Pilot Release

s pioneer users of a new technol-
ogy network cailed PowerServe, a
small number of utilities are get-
ting expanded, on-line access to the ad-
vanced technology services being devel-
oped at EPRI's regional centers around the
country. A widearea information service
under development by the Generation &



Storage Division, PowerServe is designed
te complement the latest version of EPRI-
MET as part of a coordinated electronic in-
formation system that can deliver details
about the full spectrum of EPRI products
and services to the desktop= of individual
utility users.

Powerserve links EPRI technology cen-
kers and provides specialized database=
and services to help meet the needs of
fossil plant personnel. Designed as a Win-
dows 3.1 application for IBM 3H6DX or
compatible I'Cs, it is intended tw help util-
it personnel better understand and more
quickly apply EPRI products.

The full releasz of Powerserrve to EPRI
members, expected in January 1994, will
feature a number of new on-line ilectron-
ic services, including computer-netwark-
bastd interactive training, remote consult-
ing with EPRI experts, on-line updating
of EPRI sisfbware, a fas mail service, and
direct acciss to software programs and
reagurces from EPRI technology centers
nationwide.

A handful of PowerServe applications
from thres regional centers have been de-
veloped for the pilot stage. Thiey include
an interactive, on-line guide tiv the ser-
vices of the Monitoring & Diagnostic Cen-
ter; MachineryLink, a database on rotating
machinery and predictive maintenance; a
guided introduction ta the Lombustion
Turbine Center; a new release of the Ad-
viszor on Blade Ciatings (an EPRI software
package); and an electronic version of
EPRY's directory of adjustable-sperd drivies,

Users at member utilities and =semvice
companies will have the capability to pub-
lish relevant information through Fower-
Serve, which is expected to becomi a
major saurce uf information for the utility
industry. The =ystem i= designed to ac-
commodate the incorporation af appli-
cations regardless of whether they were
designed specifically for PowerServa, Sar-
gent & Lundy, thie system developer, is

available to adapt applications for deliv-
ery through the network. Or, by using a
developer’s towlkit, ather contractors can
develop iir adapt applications for Piower-
Serve.

Boston Edison Company and Florida
Pawer Corporation are the first in a amall
group of beta users that will be testing the
new EPR] infarmation service this year.

W For more intformation, contact Greg Lamb,
(415) 855-2449, or Roy Fray, (415) 855-2441.

Workshop on Technology
Transfer in Business Planning

n evolving twi-step process that
uses information developed by
EPRI can result in better technol-
ogy transfer. About 170 attendees at the
1%13 EPRI Technology Tranafer Warkshop,
many of whim are managers of EPRI tech-
nology tranafer (&ETTs) at their utilities,
were briefed on the latest efforts to help
utilities define and establish more-effec-
tive technology transfer programs to take
competitivie advantage af EPRI results. The
two-and-a-half-day June workshop was
held in San Francisca.
James Oggerino, manager for market
penetration in
the Integrated

<

3

tems Division, Y

Energy Sys-

presented highlight= of a

forthcoming EPR) workbook that utility
staff can use in the first step of the two-
step pracess: analyzing their own com-
pany to identify barriers to technology
transfer. The wairkbuok, Technology Trans-
fer and bnwuvation in the Utility Organization
(TR-102445), i# based on the results of an
EFRl project in which researchers con-
ducted extensive interviews of 100 ekecu-
tives and 900 staff at nine membier utili-
ties. Utilities can apply the analytical
process described in the workbook to un-

ansfer process

cover embedded cultural, inatitutivmal,
and organizational impediments to tech-
nology transfer and innovation. Seventy
generic impediments are listed, as well as
tactical and strategic suggestions on how
to overcome them.

The secand step is for a utility to gain a
better understanding of how to integrate
EPRI technology into its strategic business
planning. Howard Mueller, manager ot
member strategic planning in EPRI's Mem-
bership Division, described a joint plan-
ning inttiative now under way. In it, EPR]
member relations executives and planners
work wilh utility executives and senior
management to develop a strategv for
leveraging EPRI technology and research
capabilities in meeting an individual com-
pany’s strategic business objectives. The
goal in to strengthen the partnership be-
tween EPRI and its members by aligning
EIRE% R&D praducts and programs with a
member’s highest-value business appor-
tunities and needs=. The result i= a joint ac-
tion plan for the utility and EPRI for inte-
grating new EPRI technology.

Panel discussions at the workshop high-
lighted the team relationship being fos-
tered bitween utility METTs and the tech-
nology transfer managers of ECRI's R&D
divisions, the increasingly regisnal char-
acter of EPRI' efforts in technology trans-
fer (through its as=istance and application
centers), and case =tudies of technology
application=. Smaller-group sessions ex-
plored specific challenges of technology
transfer, including strategic alliances and
communicating value to management,

Robert Aldrich, EPRI vice president for
integrated energy systems, told warkshop
attendees: “The responsibility is ours at
EPRI more than ever to ensure that our
members mealize and take advantage ot
the value of our research results.”

& For more biformation, conlact Howard
Mucller, (315) 855-2745, or James Oggering,
(415) 855-2661
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RESEARCH UPDATES

Exploratory Research

Application of Chaos Theory to Corrosion Control

by John Stringer, Office of Exploratory & Applied Research

c haos theory describes an underlying
order in seemingly random phenom-
ena, providing new approaches for under-
standing certain types of complex, nonfin-
ear behavier that can arise in even the sim-
plest of dynamic systems. Until recently
most research investigating deterministic
chaes has been theeretical in nature, but
scientists and engineers are now beginning
to examine practical applications for this
rapidly developing science.

EPRI's Office of Expleratory & Applied Re-
search 15 sponsoring several studies that
are applying chaos theory in order to better
understand utility systems exhibiting nonlin-
ear dynamics (see EPR! Journal, June 1992,
p. 4% I an investigation of nonlinearities
associatesl with precesses that influence
the corrosion of pewer plant equipment,
researchers at Battelle Memorial Institute
{Columbus Division) and Ohio University are
focusing on the kinetics of metal passivation
(RP2426-25).

Passivatien involves a reduction in the
chemical reactivity of a metai surface under
certain envirenmental conditions; unpas-
sivated (active) surfaces are subject to cor-

rosion precesses that can lead o eeuip-
ment failure. Passivation can be achieved
by attaching sacrificial electrodes or pewer
sources to a surface, thus changing the sur-
face's electric potential relative to its envi-
ronment.

As a surface 18 transformed from an ac-
tively corroding state to a passivated one
the surface-current density (that is, the den-
sity of the curmrent passing from the met-
al surface into the surrounding solution)
abruptly decreases. Until recently this rapid
transition was poorly understood, limiting
utility application of methods for encourag-
ng passivation. EPRI-funded scientists have
developed a theoretical modei indicating
that precursors of chaos underlie this tran-
sition ana that chaotic behavior may occur
while surtaces are actively corroding. The
latter finding has been experimentally veri-
fied in an electrochemical cell. Concepts of
nonlinear dynamics, including chaos theory
are currently being applied 1o devise novel
methods for both controlling chaos and
encouraging passivation in the model and
the electrochemical cell. In future work, re-
searchers hope to demonstrale these ad-

ABSTRACT Chaos theory offers new approaches for understanding sys-

tems that exhibit certain types of complex behavior. Exploratory research is

being conducted in a variety of utility-refated fields to move the study of de-

terministic chaos from the realm of theoretical science to that of practical en-

gineering. In one study, chaos theory is being applied to increase our under-

standing of materials processes and to develop novel approaches for corro-

sion control. Although near-term applications are unlikety, control algorithms

developed during ongoing research could one day be used for avoiding or en-

couraging chaos in a variety of processes of interest to the utility industry.

36 EPRIJOURNAL July/August 1993

vanced corrosion control methoads on utility
equipment,

A chaotic transition

To determine whether chaos unalerlies metal
passivation, EPRI researchers adapted sets
of nonlinear eeuations from previous, two-
dimensional, models to devise a simple cor-
rosion model that simulates passivation ki-
netics. Nonlinearities can be either chaotic
(globally organized but locally unpredict-
able) or stochastic {purely random) in na-
ture. Since the identification of deterministic
chaes resuires models characterized by
three or mere independent state variables
the new model is three-simensional,

In this model, nonlinear differential equa-
tions represent the kinetics of a system in
which a metal surface is assumned o be dis-
solving in solution under an applied voltage
and in which any given peint on the metal
surface is assumed 1o be either bare (ac-
tive). cevered by a soluble salt layer (ac-
tive), or cavered by an insolulsle oxide coat-
ing (passivated). The oxide prevents direct
disselutien of the base metal.

System behawvior over time has been sim-
ulated, and changes in relative surface cov-
erage and other variables have been plot-
ted against each other. Figure 1 llustrates
a strange attractor —a behavioral pattern
characleristic of deterministic chaos — de-
scribing the relatienship between surface
coverage of the soluble layer and that of the
insoluble, passivating layer. This plot has an
underlying order. even though the relative
distribution ef each layer at any specific time
is impaossible to predict. By contrast, the plot
would be a random scribble if the system
were stechastic in nature.

The discovery that chaos thecry can be
used to describe the formatien of passivat-
ing layers provides a new perspective on
corrosion and passivation. According to the-
ory, the onset of deterministic chaos is pre-



ceded by bifurcations — points
at which, as one or more pa-
rameters are varied, system

Figure 1

Strange attractors represent the behavioral "signature” of de-
terministic chaos; they can appear when key variables of a nonlinear sys-
tem are plotted against each other. This attractor, which provides evidence
of chaotic dynamics associated with a mathematical model of passivation
kinetics, resulted when variations in the relative surface coverage of sol-

inanhihle {(nacsivatinn) nxide lavers wera nintted

As shewn in Figure 2, small
changes in rotation rate can
shift the surface curent from
stable to chaotic behavior.

Control of

pechavior suddenly begins to
oscillate between two sets of  uble salt and
conditions. ene or both of
which may lead to instability. = 0.1180
Thus the rapid transitien in sur- %
face-current density that has &
been observed coule represent é’ 01175
a bifurcation between an un- 5
stable, correding condition and =
a stable, passivated one. g

To verify in a laberatory set- S 404170
ting that chaoctic dynamics can g
occur during metal passivation, =
EPRI researchers have de- E 0.1165
signed an electrochemical cell '%
to study the anodic dissoution =
of a copper rotating-disk elec- 0rigo
trode. As in the mathematical
model, a soluble salt layer and
a passivating oxide layer form

deterministic chaos

Given the finding that minor
changes in anodic potential
can be used to adjust surface-
current dynamics, ongoing re-
search is fecused on the de-
velopment of methods for con-
trelling this chaotic system.
Such methods are possible
because both periodic and cha-
otic orbits {operating regions)
exist within strange attractors,
The periodic orbits are unsta-
ble, causing the surface cur-

0.2 0.3 0.4

Fraction of Surtace Covered by Soluble Layer

05 rent to oscillate from orbit te or-
bit. To achieve stability, the cur-

! rent can be "balanced” on a

when an anodic voltage is ap-

plied to the electrode. The soluble layer is
cepper () acetate, and the passivating
layer is cepper (l) oxide.

Experimental resuits indicate that under
an applied potential the electrode surface
current initially levels off to a steady value
and then steadily decreases as the soluble
acetate layer begins to form. When the sur-
face is amost fully covered. the current
dreps precipitously, reaching a minimum

when a complete coating is formed. As this
seluble layer dissolves, the current slowly in-
creases and then begins to oscillate. These
oscillations may be asseciated with the
competing acetatefoxide film formation ane
dissolution processes.

Both periodic oscillations and very com-
plex, aperiodic oscillations in current have
been observed. depending on the applied
potential and the electrode’s rotation rate.

periodic orbit by very small,

purposeful adjustments of ancdic potential.
Scientists are testing a surface-current
contrel strategy based on a recursive pro-
portional feedback algerithm that is acti-
vated when the surface current approaches
a periodic orbit. Anodic potential is adjusted
by using a feedback term proportional to
the distance from the desired orbit. as well
as a recursive term proportional to the pre-
viously implemented centrol step. This novel
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Figure 2 The behavior of systems exhibiting deterministic chaos varies widely, depending on initial conditions and parameter values. These re-
sults, for example, show how a small change in electrode rotation rate in an experimental electrochemical cell can shift surface-current behavior
from stable to chaotic oscillations. The rotation rate was 2400 rpm in the graph on the feft and 2533 in that on the right; in both cases, the anoslic

volitage was 0.770 V.
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Figure 3 One of the potentially most important applications of deterministic chaos theory is the
control of nonlinear systems. Researchers have developed a powerfut control algorithm and ap-
plied it to an experimental electrochemical cell, using it to shift the surface current back and forth
between periodic and chaotic oscillations, as shown here. This novel algorithm could make it pos-
sible to sustain, within a chactic attractor, types of dynamic behavior never before achievable.
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algorithm has been applied to both the
mathermatical medel and the electrochemi-
cal cell. As shown in Figure 3, which illus-
trates exmperimental control of chaos in the
electrochemical cell, small perturieations in-

troduced in the anodic potential hold the
surface current en a periodic, more reguiar
oscillation; when the control circuit is turned
off, chaotic oscillations resume. To the re-
searchers' knowledge, this is the first re-

ported instance of chaos control in an ac-
tual electrochemical system.

In addition to being considerably more
powerful than existing technigues, the new
algorithm is generic, epening up new pos-
sibilities for controlling the effects of nonlin-
earities in other utility applicatiens. It could
make it possible to sustain, within a ¢haotic
attracter, types of dynamic behavior never
befere achievable. Fer example, for a bat-
tery with a chaotic operating regime, ene or-
bit might provide high power eutput at low
efticiency, whereas another might offer a
lower pewer output at a higher efficiency.
Battery operation could be optimized by
means of a control scheme that switches
between orbits at certain intervals or in re-
sponse to operating requirements.

Chaotic behavior could e eliminated in
some applications—such as power sys-
tems, where it ceulsl [ead to instabilities and
perhaps voltage collapse. Or it could be
promoted in other cases —in fluidized-bed
combustors, for example, to optimize the
turbulent mixing eof fuel and air that leads to
higher combustion efficiency. A third possi-
bility weuld be to balance a system on an
unstable fixed point, se that neither periogic
nor chaotic behavior weuld be observed. A
future goal for this project is te achieve con-
trol on a fixed point characterized by zero
current, where a metal surface is completely
passivated and corrosion is eliminated.

Land and Water Quality

Restoration of an MGP Waste Disposal Site

by tshwar Murarka and Adda Quinn, Environment Division

n 1987 EFRI initiated a research project
I called EBOS {environmental behavior of
organic substances) to examine the fate of
organic wastes at fermer manufactured gas
plant (MGP) disposal sites, Such research is
important because constifuents of these
wastes — fer example. the polycyclic aro-
matic hydrocarbons (PAHS) released by
coal tar—-could pose a threat to human
health and the environment if they enter un-
derground water supplies.
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EBOS initially focused on the natural pro-
cesses that promote the release, transforma-
tion, and movement of coal tar constituents
in the environment, Understanding these
processes is essential fer assessing the na-
ture and likelihoed of greundwater contami-
natien, choosing the best means of reme-
diation for a given site, and evaluating the
success of remedliation efforts. Recent EBOS
research has fecused on predicting how
well chosen remediation efforts will work.

EBOS tield studies began in 1887 at a coal
tar disposal site in New York, known as Site
24, EPRI started its work there with the sup-
port and cooperation of the site's owner, Ni-
agara Mehawk Power Corperation. The three
major goais of the research at Site 24 were
te find efficient, cost-effective metheds of
sampling and analyzing soils and ground-
water, to investigate the fate of tarry materi-
als in the environment, and te assess the ef-
ficacy of restoration actions undertaken.



In the case of Site 24, the owner ¢lected
to remediate the site by removing the source
of contamination. Subsesuent monitoring
at the site has shown significant de-
creases in contaminanl colicenirdions In a
downgradient amuifer as a result of that
remediation.

Finding the source of
contamination

EPRf's research at Site 24 started 25-30
years after MGP workers had put 4000-
16,000 gallons of coal tar in a large trench
beside a country road and covered the tar
with sand. No records elocumented the ex-
act volume af tar or the precise disposat lo-
cation, and the site was torgotten until a util-
ity worker detected coal-tar-elerivesl organic
compounds several hundred feet down-
gradient from the buried waste.

Site 24 was an ideal location for research
on the environmental processes that control
he release, migration, and persistence of
organic compounds from MGP tars. it was
a rural field with no structures to influence
the natural movement of groundwater, it had
only one tar source (the waste buned i the
trench), its underground aquifer was com-
posed of silty sanels asove a cenfining layer
of clay located about 22 feet below the sur-
face, and its sandy solls had fittle organic
carbon that could adsorb tarry residues.

To find the tarry source, researchers
ptaced a grid over the entire site and de-
termined soil and groundwater sampling lo-
cations— including locations for piezome-
ters, multilevel samplers, and maonitonng
wells, Rapid borings revealed approxi-
mately 8000 cubic yards of source material
(tar angd tar-contaminated soiis), primarily
north of the roae, Most of the highly con-
taminated material was located at or below
the water table at depths from 7 to 22 feet,

Defining the contaminant
plume

Data from piezometers and groundwater
wells installed at various locations across
ihe site showed that the groundwater flowed
tfrom the source, under the road, to a down-
gradient seep abeut 1200 feet away. Trick-
les from the seep formed a small stream that
eventually reached the Hudson River. Sam-
ples showed that the PAH naphthalene was

ABSTRACT rormer manufactured gas plant (MGP) disposal sites pose

a rhallanna

= alieviy

tn investination and effective remediatinn hecatise their tarry
wastes release organic constituents that transform, migrate, and persist in the
environment. EPR! researchers have studied the hydrofogical, chemical, and
biclogical processes at work at an MGP disposal site — both before and after
the utility owner removed the buried coal tar and tar-contaminated soils. A 10-
year-long monitoring program is under way at the site, and initial results indi-
cate that source removal is an effective means of site restoration. Data from
the long-term monitoring will be used in refining the MYGRT and ROAM com-

puter codes, designed to help utilities evaluate MGP site remediation options,

present in the seep sediments, bul no PAHS
were detected in the stream water entering
the river.

Researchers used a multistep method to
place groundwater wells at optimal loca-
tions and depths for sampling the contam-
inant plume. First, they defined a series of
transects that cut across the site approxi-
mately perpendicularly to the direction of
the groundwater flow. Then they made sev-
eral borings along each transect, starting
from the esiges and working toware what
appeared to be the centerline of the plume.
Each boring yielded soil samples from var-
ious depths, which the researchers then
subjected to extraction and analysis in a
rapid-turnaround field laboralory. (See the
September 1990 £PA! Journal, p. 40, for a
full descripton of the innovative analytical
tectnigues used.) In analyzing the sampies.
the researchers focused on naphthalene
because it was the most abundant and me-
bile of the coal-tar-derived PAHS from the
seurce tar at Site 24_Field laboratory results
were used in determining the location of
new sample borings.

Finally, along each ftransect, the re-
searchers chose the boring with the high-
est concentration of naphthalene as the lo-
cation for a groundwater well. After study-
ing the vertical distribution of naphthalene
concentrations in each such boring. they
placed a short {(approximately 2-foot) col-
lection screen at the depth with the high-

est naphthalene concentration, They also
placed fringe wels at the ediges of the
plume to delineate its outer boundaries. This
method of well placement proved 10 be a
reliable technique for ensuring optimal
monitoring.

The results of the field investigation at
EBOS Site 24 showed that a fairly narrow
plume of tar constituents moved with the
groundwater away from the source area. It
was apparent that at this site the coal tar re-
leased its constituents to the environment
primarily by dissolution. Thus the inclination
of a particular constituent to dissolve in wa-
ter— along with its potentia! for attenuation
and degradation — dictated how much of it
would move with the groundwater, Naph-
thalene, being the most soluble PAH— with
a maximum predicted solubility (mps) of 14
mg/L—moved the farthest; acenaphthy-
lene (mps, 8.5 mg/L) and phenanthrene
(mps, 0.4 mg/l) moved a shorter distance;
and benzo(a)pyrene (mps, 0.001 mg/L) did
not show any significant movement away
from the source area.

Once dissolved, the FAHs flowed with the
grounewater by advection and dispersed
very little in either the vertical or transverse
directien. Although the contaminant plume
came close to the water table near the
source, it dropped gradually as it meved
downgradient and occupied a narrow verti-
cal span in the sandy soils between the wa-
ter table and the confining layer of clay.
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Before source removal
{June 1990)
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Removing the source

In 1991 Niagara Mohawk contracted with
Attantic Environmental Services to remove
all of the source tar, tarry soils, and waste-
water and to restore the source area. Work
began in May, as the contracter preparcd
the site by diverting traffic, closing the road,
and erecting a perimeter fence with a
lecked gate. Near the excavation area,
workers placed plastic liners to hold con-
taminaled soils awaiting transportation off-
site, and they constructed a plastic-lined
wastewater pond 1o hold the water pumped
out during excavation. Finally, they drove
sheet piles about 30 feet deep, well below
the known clay layer, to ferm a cofferdam
completely surrounding the area where the
tar and tarry soils were lecated.

During the actual excavation, workers
used backhoes 1o remove approximately
9400 cubic yards (15,000 tons} ot tarry soils
tar-contaminated soils, and some adjacent
clean soils. In testing, none of these soils
exhibited characteristics defined as haz-
ardous by the Environmental Pretection
Agency (inclueiing toxicity, ignitaility, reac-
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Figure 1

Groundwater naphthalene plume at EBOS Site 24 before and after

source removal. Data are for samples from wells and multilevel samplers located
along a series of transects approximately perpendicular to the groundwater flow.

Immediately after source removal
(November 1991)

Source
removal
area

The measurements indicate that the zones of highest naphthalene concentration
shrank markedly in the year after source removal.

A year after source removal
(October 1992)

Source
removal

area

0 200
| I

tivity, and corrosivity). Therefore they were
suitable, without further treatment, for use as
raw materials in the manufacture of asphalt
and portland cement.

Two facilities did trial studies using the
contaminated soils to produce portland ce-
ment, and a third facility used the soils to
produce hot-batch asphall. All three tacili-
ties employed thermal desorption tech-
nimues with rotary kiln technologies, per-
formed the trial burns satisfactorily, passee
audits by the contractor, and had secure
storage for the centaminated soils. The as-
phalt plant proved te e superior on the ba-
sis of total cest, and it subsequently treated
most of the soils (about 11,500 tons) for
about $106 per ton. One of the portiand ce-
ment plants processed roughly 3600 tons of
contaminated soils for abowt $172 per ton.
Processing at the other portland cement
plant would have cost $210 per ton.

Tests of the wastewater pumped out
during excavatien showed that it required
no pretreatment, and the local water treat-
ment plant accepted 737,000 gallons for
disposal.

By mid-October the contractor had re-
moved all tar, contaminated soils and water,
and plastic liners from the site and had filled
the excavated hole with clean native sand
and soil. Workers removed and decontam-
inated the sheet piles and transported them
off-site. They replaced the EPRI research
wells and miezometers that had been de-
stroyed during the excavation process. Fi-
nally, after leveling the disturbed area, they
fertilized and seeded it.

Measuring the shrinking plume

Using naphthalene concentration as their
indicator, researchers have been monitor-
ing the groundwater centaminant plume at
EBOS Site 24 since source removal. A com-
parison of pre- and postremeval naphtha-
lene concentrations indicates that the plume
is rapidly shrinking.

Figure 1 presents plots of naphthalene
concentration before source removal, im-
mediately after source removal, and one
year after removal. They reveal a marked re-
duction in the concentration of naphthalene
in the plume and show that the zone of high-



est concentratien has moved
from near the source area {0
the Transect C area. Very little
naphthalene remains near the
seurce area.

Depth analyses of the plume

Figure 2 Measured and predicted naphthalene concentrations along the
groundwater plume centerline at Site 24. The tep graph shows average
concentrations measured before source removal; the bottom graph, con-
centrations measured in October 1992, about one year after source re-
moval. Predictions by EPRI's MYGRT code were generally in agreement
wilh the measurements, Tile excepiion—ihe iact Ihdl he piutme s dissi-
pating near the source area more quickly than predicted — may be partly
the result of subsurface microbial activity,

troduced by source removal.
One biological process that
may be important in the rapid
dissipation of the naphthalene
plurme al tis site 1s subsuriace
microbial transformation. Re-
searchers from Cornell Univer-

corroborate these findings
Multilevel sampling in June

Before source removal

sity showed that there were

1990 at Transect C-— approxi- ; ingigenous PAH-degrading mi-
mately 400 feet downgradient ML s Mo et et croorganisms in the groundwa-
from the source — showed the % » MYGRT-predicted concentration ter plume at Site 24. Recent
naphthalene plume spanning E 8 dissclved-oxygen results sup-
about 5 vertical feet in a layer g I port the suggestion that these
of fine sand just above the con- g o | micreorganisms may be miner-
fining ciay. Naphthalene con- ‘§ alizing naphthalene. The sam-
centrations in Ihis fine-sand =g |l ples taken in October 1992 in-
layer decreased dramatically dicale that eroundwater dis-
after source removal, Multilevel 0 L L L 1 =g | solved-oxygen cencentrations
samples taken between Tran- g 0 4N FOos 859 oot g0 decrease significantly from the
sects A and B showed that the DSHRCRF P ¥ D B2t plume edges te the center-
maximum naphthalene concen- line— the pattern of disselved-
tration of about 3 mg/L in June 5 After source removal oxygen disirimution one wouls
1990 dropped te about 0.7 expect i microbes were me-
mgy/L in November 1981 and to Py = e Measured concentration tabolizing most actively where
less than 03 mg/L in October | 5 + MYGRT-predicted concentration PAHs are most concentrated.
1992, Naphthalene concentra- % 3 These results support the hy-
tions measured in mullilevel & pothesis that there is microtial
samples taken at or near the % - activity in the groundwater
plume centerline Indicate that § plume, and they complement
the vertical thickness of the 1 observations of such activity in
plume is also shrinking, with the ; | | l Site 24 soils {EPR! Journal,
most dramatic changes occur- 0 0 200 200 600 800 1000 1200 March 1983, p. 34).

ring in the area near the source. 7

T2 e e MR e Distance From Source (feet) | Choosing a

surements show that source
removal can be a highly effective remedia-
tion strategy for MG® sites,

Predicting plume change

Before source removal, researchers sam-
sled the groundwaier at Site 24 twice —in
September 1989 and again in June 1990.
Figure 2 shows not only the average con-
centrations of naphthalene found at the
plume centerline but also the concenira-
tiens predicted by the EPRI code MYGRT™
2.0, a user-friendly personal computer code
designed to evaluate ane predict the mi-
gration of organic and inorganic chemicals
in groundwater. As the figure shows. the
MYGRT predictiens of naphthalene concen-
lrations al EBOS Site 24 before source re-
moval were very close e the measured
concentrations.

As noted earlier, researchers also col-
lected groundwater sampies twice after
source removal —in November 1891 (im-
mediately after removal) andl in October
1992, Figure 2 also shows the measured
and MYGRT-predicted naphthalene concen-
trations for the 1992 samples. Near the
source area, the naphthalene plume ap-
pears 1o be dissipating much faster than an-
licipated, although in the area between
Transects C and F (40C to 1108 feet down-
gradient from the source), T is changing as
precicted by MYGRT.

The fact that the plume is dissipating
more quickly than predicted — especially
near the source area— suggests a need for
the long-term research EPRI is now con-
ducting at Site 24 to understand the physi-
cal, chemical, and biolegical changes in-

remediation strategy

Removing the seurce of contamination at
MGP sites is ene of several remediation
opliens. EPR! researchers are develop-
ing the Remediation Options Assessment
Medel (ROAM) o evaluale soil and ground-
water conditions pre- and postremediation
at MGP sites. ROAM will also help users
assess varieus soil and groundwater re-
mediations fer an entire disposal site. Soll
remediatien measures include capping,
excavation, and i situ bioremediation,
Groundwater remediation measures include
pumping and treatment, hydraulic barriers,
and gravity drains. ROAM mrovides a multi-
tude of options for site characterization and
for analysis of various cleanup scenarios (in-
cluding taking no action). Researchers are
currently using data from EBOS Site 24 to
test ROAM,
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Nuciear Plant Operations and Maintenance

Maintenance of Solenoid-Operated Valves

by Vic Varma, Nuclear Power Division

s olenoid-operated valves (SOvVs) are
widely used in the nuclear power in-
dustry in the United States. Utilities estimate
that there may be 1000-2500 SOVs in a typ-
ical LWR power plant. BWRs generally have
more solenoid valves than PWRS

Economical in initial cost and easy to ep-
erale, SOVs can be ac- or de-powered and
can be used to control fluid flow directly (in
line applications) or indirectly (as pilot con-
trollers). They are used in both safety- and
nen-safety-related systems, The two most
cemmon power plant applications of SOvs
are as arr-pilot valves fer controlling air-op-
erated valves and as main process valves
in fluid systems. SOVs are also used in hy-
draulic systems and in power-operated re-
lief valve {FORV) applications

Because of some reported SOV failures,
the Nuclear Regulatory Cemmission con-
ducted a study of valve operating experi-
ence, whichwas published in 1991 (NUREG-
1275, Volume 8). Simultaneously, the Nu-
clear Maintenance Applications Center
(NMAC), operated by EPRI, erganized an in-
gdustry technical adlvisory group to prepare
guidelnes for S@V maintenance and apoli-
cation, As the basis for these guidelines, the
group underteok an analysis of SOV failure
and maintenance data from nuclear power
plants. The resulling technical guide, pub-
lished in 1992 as EPRI report NP-7414, is
designed to help nuclear plant personne!
understand, evaluate, and resolve any po-
tential maintenance problem related to the
operation ef SOVs.

Valve operation

An SOV is aciualed by energizing a sole-
neid coil with sufficient veitage. When the
coil is energized, it produces a magnetic
field (o attract a plunger assembly. De-
pending on the mechanism, the plunger will
apen or close the valve attached to it. Such
direct-acting SOvVs can ke economically
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manufactured orly in small sizes and are
designed for low-pressure applications.

For large SOVs or for high-pressure sys-
tems. the force developed by the solenoid
cail is inadequate to operate the valve. In
these applications, a piloted solenoid valve
is required. Figure 1 is a simplified diagram
of a pitoted SOV. When the main disk and
the pilot valve are closed, the system’s inlet
pressure provides the seating force for the
main disk and tightly closes the valve (as-
suming that the outlet pressure is zere).
When the pilot vaive is epened, the main
disk chamber rapidly depressurizes and the
inlet pressure acting below the mamn disk
unseats the valve. A small spring is eften
used to help with alignment, seat the disk
properly, and provide operational stability.
The force of this spring is generally not sig-
nificant compared with the other forces act-
ing on the main disk,

To operate reliably, mest piloted SOVs re-
guire a minimum operating pressure differ-
ential (MOFD) bhetween the main disk charn-
ber and the outlet. If the MOPD falls melow
the specificd minimum, the valve may not
seat properly and may leak internally. Aiso,

most piloted SOVs are unidirectional. If these
valves are inadvertently reversed during in-
stallation, they will invariably leak.

When a piloted SOV 8 closed under nor-
mal conditions, the pressure in the main disk
chamber will remain equal to the iniet pres-
sure. Under certain transient conditiens,
however, the inlet pressure can rise signifi-
cantly before the flow through the inlet ori-
fice balances the main disk pressure. If the
transient is raptd enough, the inlet pressure
at the bottem of the disk can mementarily
open the valve. This phenomenon s called
burping. Burping does not occur if the valve
design or application permits rapid egual-
ization of the main disk chamber pressure
with the inlet pressure, Nor does t occur if
the process medium is an incomeressisle
fuid and no air or gas is present in the disk
chamber. Proper venting of air from the sys-
tem and proper vaive orientation to prevent
air entrapment can reduce the possitility of
burping.

Valve materials

SOvs can have hard or soft seats. Hard-
sedted valves have a metal-te-metal seat-

ABSTRACT Solenoid-operated vaives (SOVs), which are widely used in

U.S. nuclear power plants, primarily in instrument air and process vaive ap-

plications, are receiving increased requlatory and utility attention. EPRI's Nu-

clear Maintenance Applications Center organized an industry technical advi-

sory group to analyze data on power plant experience with SOVs and to de-

velop a guide on the maintenance and application of these valves. Ulilities can

use this guide in planning maintenance programs to improve SOV perfor-

mance, in training plant maintenance personnel, and in selecting or specify-

ing SOVs for various power plant applications.



ing to close the valve port. Soft-
seated valves have an elas-
lomer or plastic material at the
seating surface. Soft seats tend
i@ pe nwie effiecuve han haid
seats in blocking the leakage
path, However, soft-seated
valves can be used only at
lemperatures below approxi-
mately 350°F

In hard-seated valves, leak
blockage is achieved by high-
ly finished mating surfaces
These surfaces can easily be
damaged by contaminants
trapped between them when
the valve 1s closed. In high-
pressure and high-temperature
systems, once a seat is scored
and leakage has developed,
the "wire drawing” effect of the
fluid flowing through the leak-
age path can quickly and severely damage
the valve seat. It is possible to repair hard
seats by lapping in the early stages of dam-
age, but f the leakage goes unchecked, the
replacement of disks and seats may be-
come necessary.

Brass is the mos! common material tor
valve bodies in air-pilot SOQvs and smaller
process valves, Some larger valves may be
made of bronze. Stainless steel is used for
all other SOVs. Neither brass nor bronze is
an acceptable material under Section |11 of
the ASME Boiler and Pressure Vessel Codes.
Since certain acids and corrosion products
can attack brass and bronze, therr use is
not recommended in safety-relaled sys-
lems or with certain hydraulic fluds (e.g..
Fyrquel).

A wide variety of plastics and elastomers
are used in SOvVs, either as

Figure 1

Simplified diagram cof a piloted solenoid-operated vaive. In a
piloted SOV, the solencid is oo weak 1o operate the main disk directly; in-
stead it operates an internal pilot vaive thal controls the pressure in the
disk chamber. Piloted SOVs are used in applications involving high flows
and pressures.

Pilot
solenoid
valve
Inlet
orilice ﬂm

Main disk
chamber pressure

Inlet pressure

Outlet
pressure

term effects of radiation on the elastomer
parts. Table 1 summarizes the properties of
various plastics and elastomers.

Valve applications

The vast majonty of pewer plant SOvVs are
used in pilot applications to central the op-
eration of air-operated valves. Most of these
air-pilot SOVs are brass bodied, Also, they
lypically use soft seats to minimize air leak-
age. The most common seat material is
Buna-N; EPDM (a form of ethylene propy-
lene) and Viton are used extensively n
safety-related applications.

The secong-most-commen application ot
SQvs in power plants is as the main process
valves in steam. water gas, and other flud
systems These valves range in size from
the small valves used on 100-psig systems

to 8-inch valves rated at 2500-
psig and 5000-gpm flow. Virtu-
alty all process SOVs are two-
way on-off valves. While a large
poiveniage of the highemes-
sure steam valves are of piloted
globe construction, the small-
er valves used to control flow
n low-pressure systems {e.g.,
cooling water, tuel transfer) are
often soft-seated, piloted di-
aphragm or piston types.

Power-operated relief vaives
are a unigue SOV application,
PORVs are designed to mro-
vide short-term blowdown of
high-pressure. high-tempera-
ture steam/water systems. They
are used on pressurizers, main
steam headers, and auto-
matic BWR depressurizalion
systems.

The valve flow coefticient is a critical fac-
tor in properly sizing a valve for its applica-
tion. This coefficient s calculated for each
valve on the basis of its flow capacity and
the pressure drop withn the valve. Design-
ers tend to specily oversized valves rather
than the exact size required for a particular
application. That may not be a good prac-
tce in the case of piloted SOvs. Oversizing
a piloted SOV may reduce its talerance o
reverse pressurization, increase the possi-
bility of leakage (because of the larger seat-
ing area), and fail to provide the MOPD re-
quired te operate the SOV

Piston
fing

Failure analysis

Before the technical advisory group crga-
nized by NMAC could recommend mainte-
nance aclions, || was necessary to deter-

mine the vanous modes, mech-

molded parts or as gaskets
and seals. Some of these ma-
terials can degrade severely
with heat or contact with petro-

ial
leum-based lubnicants A de- A
graded elastomer seat in con-  BunaN
tact with a petroleum lubricant  Neeprene

can form a slicky substance

that prevents the valve from (EPDM)
opening. Alsc, valves installed  Vton
in radicactive environments  Silcone

must be evaluated for the long-

Table 1

anisms, and causes ol SOV
falure. Ore source of this

PROPERTIES OF PLASTICS AND ELASTOMERS

Resistance to Temperature

Ethylene propylene

Pelroleum Limi | °F)
Good 180
Fanr 200
Foor 300
Exceliant 400
Good 450

Limit (106 rads)

nformation was the Nuclear
Plant Reliability Data System
{NFRDS). maintained by the In-

Ragiation

100 stitute of Nuclear Power Oper-

100200 ations The NPRDS dala were

supplemenied by maintenance

it data from various power plants.

10-20 Detaled analysis of the col-
50-200

lected dala was necessary,
since SOV maintenance is usu-
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ally recorded under the primary
eguipment. For example, an
air-pilot SOV may not be identi-

Figure 2 An analysis of data from the Nuclear Plant Reliability Data Sys-
tem for 1985-1990 indicates the major identified causes of failure for air-
pilot and process SOVs lo be wear/aging, contamination, and human error,

the supplier, i the valve type is
in question, the coil resistance
should be measured to deter-

tied individually but listed as
part of the air-operated valve
on which it 1s mounted

Among the identified fallure
mechanisms (l.e., the pro-
cesses resdlting in failure) for
air-pilot and process SOVs, the
data analysis showed the ma-
jor ones to be electricat coll fail-
ure, degradation of seating sur-
faces, and accumuiation ef de-
bris and corresion products.
The dominan! causes of failure
were found to be wear and ag-
ing, contamination, and human
error (Figure 2).

A large number of SOV fail-
ures occur because of moisture
intrusion or prolonged opera-
fion al high temperatures or
both. When a salenoid coil is
energized, heat 1s generated.
In dc coils the amount of heat
generated 1s determined sim-
ply by the coll resistance and
the operating voltage, In ac |

Unspecified (36%;)

Electricalfelectronics {4%)
Water/corrosion (6%)

Unspecified (46%)

Position indication (3%;)
Electrical/electronics (6%)
Water/corrosion (3%

Alr-Pilot SOVs

Other {2%)

Human error {10%)

Process SOVs

Human error (11%)

Wear/aging (31%)

Debris/contami-
nation {11%)

Debris/contami-
nation {17%)

mine if the proper coll is being
installed.

Solenoid valve failures due to
defective coils are rare. How-
ever, coll failures may occur be-
cause of high ambient temper-
ature or, as noted earlier, be-
cause of internal heat gener-
ated when the valves fail to
cpen fully. The latter condition
can be identified by an exces-
sive hum when the coil is en-
ergized, Col life generally
ranges from 4 to 10 years when
colls are operated at the rated
lemperature for the insulation
class. It is also important to
note that a continuously ener-
gized coll may become oo hot
tor a standard cable termina-
tion (rated for 80°C, or 194°F),

Coil failures may also result
from the intrusion of moisture
into the coil housing Non-
safety-related valves are usu-
ally supplied with general-pur-

Wear/aging {14%)

celis addiional heat 1s gener-

ated by current circulating in the shading
ring and by eddy-current losses, If an ob-
struction prevents a solenoid ptunger from
traveling lo its furthest point, higher currents
wifl continue to flow through the coil, ger-
erating even more heat As a rule of thumb,
coil material life is halved for every 10°C
{18°F) increase in cail temperature. This rule
of thumb also applies when a solenaid valve
is heat traced or unintentionally insulated
along with the piping

Maintenance recommendations

The maintenance of solenoid valves does
not always involve repair of the defective
components. In fact, at least one major sup-
plier of nuclear-grade SOVs discourages the
repar of its valves n nuclear power plant
salety systems. Furthermore, a large num-
ber of the solenoid valves used in balance-
of-plant systems are small and inexpensive.
Thus it is more cost-effective to replace
them than lo repair them.

It is mghly recommended, however, that
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repaired or replaced valves be analyzed for
cause of failure. The failure cause may be
external to the valve itself (e.g., dirt or de-
bris in the pipeline). If the root cause is not
removed, the replacement valve is also
likely to fail. In addition, penodic Irou-
bleshooling can reduce the risk of sudden
operational failures. The list on page 45 pre-
senls some {roubleshooting guidefines.
The use of incorrect replacement parts is
reported t0 be a major maintenance prob-
lem. Some valves are available in both ac
and dc versions, and these versions may
have similar model numbers. An ac coil has
a much lower resistance than a dc cail. i
an ac coil is installed in a dc circuit, the
valve may at first appear to operate per-
tectly, but the col 1s likely to bum oul in a
short tme. Conversely, if a dc coil is instalied
In an ac solenocid, the valve may not op-
erate or may operale sluggishly because
the magnetic force is inadeguate When or-
dering replacement parts, utility personnel
should carefuily review part numbers with

pose coil enclosures that do
not provide protection against moisture and
dust For most power plant applications, i
is recommended that water- and dust-tight
enclosures—that s, NEMA {National Electri-
cal Manufacturers Association) Type 4 en-
closures—be specified.

Ore of the best preventive maintenance
technigues for SOvVs is periodic on-off cy-
cling. No single cycling frequency can be
recommended for all the SOVs in a power
plant. Rather, it is recommended that the Cy-
cling frequency be determined by plant per-
sonnel on the basis of operaling experi-
ence One rule of thumb is to cycle air sys-
tem SQVs quarterly; longer intervals can be
justified. however, when no prior operating
problems have been experienced.

Since there are no proven techniques
for monitoring SOV condition, it is recom-
mended that in addition 10 correclive main-
tenance, age-sensitive parts be periodically
replaced and selected SOVs be periodically
rebullt to maintain long-term valve operabil-
ity. Two major components that are candi-



dates for periodic replacement
are coils and elastormeric com-
ponents (e.g., seats, dia-
phragms, and seals). Most pe-
riodic replacements are spec-
ified in plant environmental qual-
ification (EQ) programs under
10 CFR 50.49. For SOvs that are
not controlled under EQ pro-
grams, periodic replacement in-
tervals can be based on the
manufacturers’ recommenda-
tions or on operating experience.

N developing a maintenance
program, the criticality of each
SOv should be established.

SOV Troubleshooting Guidelines

Visually inspect the valve for physical damage, loose electrical
or piping connections, and legkage {including any obvieus
water, moisture, or chemical deposits).

Verify that the actual direction of flow corresponds to the
direction of flow marked on the vaive.

Check for the smell of burned coil insulation. which may
indicate high coil temperarure, (Infrared thermography can also
be used 1o detect high-temperature aperation.)

If possible, remove the cover, and ook for evidence of
electncal arcing, insulation cracking, and other signs ef age.
Also, look for rust and water rings. which indicate moisture

intrusian.

Energize the coil, and listen for its characteristic click. The

absence of this sound indicates that the travel of the solenoid
plunger is restricted. Excessive hum or chatter is an indication
of potential electrical andfor mechanical problems.

deenergized SOV's only safety
function is to remain in that
state. For such a valve, peri-
odic maintenance may be un-
necessary. For valves that are
required to change states and
maintain a minimum seat leak-
age., periodic maintenance is
appropriate for performance
and reliability.

In order to ensure that proper
maintenance work has been
performed, every repair or re-
placement should be followed
by testing. This post-mainte-
nance testing should be de-

Valves typically fall into one of

three categories: safety related, important to
power production, and other. Valves in the
last category may not warrant periodic
maintenance; for them, replacement on fail-
ure may be the appropriate maintenance
strategy. For safety-related valves, licensing
or EQ documents define maintenance re-

guirements, which should be considered
minimum requirements. For other valves im-
portant to power production or to safety (but
not subject to licensing or EQ requirements),
credible failure modes should be evaluated
in order to determine maintenance require-
ments, As an example, a normally closed,

signed to demonstrate that the
original problem has been corrected, that
normal operalion has been maintained, and
that the equipment is capable of perform-
ing its design functions.
For further information about SOV main-
tenance, contact Vic Varma at (704) 547-
6056.

Fossit Plant Operations

Human Factors Guidelines for Control Rooms

by Roy Fray, Generation & Storage Division

The field of human factors, which fo-
cuses on the interactions between
people and equipment, is sometimes over-
looked or ignored in designing new equip-
ment or operator interfaces. It is thought of
as an unnecessary substitute for common
sense and as a burden in terms of project
schedules and costs. However, considering
human factors early in a project can avoid
costly errors and can result in a higher-qual-
ity product that is easier to use. This ap-
proach can reduce project costs, shorten
schedules, and improve plant operation
over the life of the product— benefits sug-
gesting that human factors should be an im-
portant part of the design process.

EPRI's support for human factors technol-
ogy began 15 years ago in the Nuclear
Power Division. In 1984 EPRI published

guidelines (CS-3745) for the application of
human factors in fossil power plants. Re-
cently, a revised version of those guidelines
that features new sections on cathode-
ray-tube-based control systems and CRT
screens was issued (TR-101814).

The new guidelines were written in re-
sponse to substantial improvements in con-
trol room equipment and in the capability of
CRT displays. Modern control rooms use
CRT-based digital control systems instead
of hard control panels. This introduces a
whole new set of human factors issues re-
lated to arranging the new equipment ef-
fectively for control room operators. Perhaps
even more dramatic is the advancement in
the capability of CRT graphics. The range of
CRT display hardware and image-building
software is astonishing. All of this capability

may create confusion for display designers
and increases the potential for both good
and bad operator-interface designs.

In light of these developments, is com-
mon sense enough for designing effective
operator interfaces? Experience has shown
the answer to be no. The technical people
who are so good at designing effective con-
trol algorithms and electronic circuits are not
always trained in effective communication
through an operator interface. Human fac-
tors guidelines are one way to introduce
human factors principles into the design of
equipment and interfaces. There is also real
value in including human factors experts on
the design team. In the end, attention to this
area may be the determining factor in op-
erator acceptance and the effective appli-
cation of new control technologies.
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ABSTRACT Human factors is a discipline that focuses on the interac-

tions between peopie and equipment. A longtime supporter of human factors

research, EPRI has recently issued revised guidelines to help utilities incorpo-

rate human factors principles into the design of control rooms and operator in-

terfaces for fossil fuel power planis. The revised guidelines are a response to

sweeping advances in control room technology and CAT displays. Utility ex-

perience has already shown that the application of human factors engineering

can increase plant safety. availability, and productivity.

Misconceptions
about human factors

Some of the cormmon impressions people
have about buman factors are actually mis-
conceptions. First. people sometiimes sug-
gest that human factors engineering Is noth-
ing more than using common sense. On the
contrary, research on human performance
often leads to unespected results. For ex-
ample, workers at one mlart showed im-
proved performance when lighting levels in
their work area were increased, as common
sense would susgest, however, when re-
searchers subsequently decreased lighting
levels, even to ridiculously low levels, worker
performance centinued t@ improve. (This re-
sponse has been called the Hawthorne ef-
fect, after the plant where it was first ob-
served,) Evidently, the aftention paid 1 the
workers led 0 the improved
performance, even when the
lighting levels were very low. Of
course, these results do not im-
ply that we can isnore light-
ing —the lesson is thal com-
mon sense is not enough to un-
derstand the complex human
interactions in the workplace.

Second, according to some
pecple, human factors ad-
dresses trivial details, like the
size of lettering on labels and
the distance between control

Control devices (6%)

Software (27%)

mulative effect on human performance, mi-
nor anneyances can ade up, producing
performance prebiems in an emergency sil-
uation. Operators adapt remarkably well to
unsupportive design faciors, but the fewer
annoyances lhey have, the mere attention
they can focus on managing the plant.
Third, human factors may seem to be
concerned with (ust equipment —knobs
and dials or display coler and density. In
fact, it goes beyond such 1ssues to address
operator decision-making and information
needs, Medern equipment is becoming
maere complex. requinng the operator to Mo
mare cemplex infermation precessing and
decision making. The eperator interface 1s
a key link in the process of controlling a
plant. It should not be considered indepen-
dently but rather sheulel be analyzed as part

of the plant control process. For example,
there is no screen design and color scheme
that is best for all situations. [t is important
to first determine what decisions must be
made with what information and then de-
sign displays to meet those requirements

Fourth, contrary to common impression,
not all the answers to human factors con-
cerns can be found in a handbook or a
guide. Although a guide is a good first step,
sitvation-specific dataand analysis are ben-
eficial in all but the simplest applications.
Quite often, design guiselines must be
adapted to meet the needs of a given site.
For example, a color-coding guidetine might
specify that each color have a unique
meaning, such as blue for water lines. How-
ever, if he plant's display system has only
eight er so distinguishable colors (which is
usually the case even for displays with large
celor palettes), a specific celor may have te
be used in another context for a different
meaning—for example. blue may also
bave to represent a trend line, Careful
planning can reduce operator confusion
and still use color coding to communicate
information.

Control room design

Operator input and human factors guide-
lines provide a strong foundation for optimal
equipment anal operater-interface design.
Reviewing preliminary drawings and mock-
ups against human factors critena early in
the design stage helps to aveis costiy back-
tits. Also, developing the display organiza-

tion and control grouping strat-

Displays (33%)

Haschiac® (6) Work space {15%)

Training (13%)

egy early on is important.
Some goals for the control

room design process foilow

@ Design faciliies so that the

environment supports  system

operation

8 Place components sa that

omerators can perform their

joes more efficiently and with

less opportunity for error

B Pesition control devices to

simplify operations

o Make control functions nat-

push buttons. Human factors
engineers do address such de-
tails but do not consider them
trivial. Since stress has a cu-
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Figure 1 A utility thal performed three control room upgrades without hu-
man factors guidance subsequently experienced problems in several ar-
eas. The greatest number of problems involved CRT displays. (Each area
is shown as a percentage of the total number of problems reported.)

ural and easy to understand

o Use control devices that will
withstand the rigors of opera-
tion



The recent human factors guidelines con-
tain advice on control rcom design in two
main calegories: work space and esuip-
ment layout. The advice on work space cov-
ers climate, noise, lighting, physical access,
visibility, traffic, censole design, CRT work-
station design, seating, desks, support fa-
cilities, and safety equipment. The advice
on equipment layout covers push buttons,
switches, retary controls, multicontrol mod-
ules, control coding, visual displays, legend
indicators, annunciator tiles, counters, ana-
log meters, recerders, digital displays, au-
ditory signals, alarms, and labeling.

Display design

Good displays provide relevant, easy-to-un-
derstand information to the operator. Expe-
rience shows that the proper use of celor,
display organization, control grouping strat-
egy, and menu design can enhance oper-
ator perfermance.

The importance of human factors in de-
signing effective operator interfaces is illus-
trated by the experience of one utility. After
upgrading several control rooms witheut hu-
man factors assistance, the utility experi-
enced proslems in various areas, especially
display technelogy (Figure 1). Here are ex-
amples of the utility's problems:

o System level: There were no displays for
certain modes (e.q., startup); updates were
not frequent enough to show trenes; and
operators lacked confidence in the reliabil-
ity of displayed information.

o Screen hardware; Text-only display hard-
ware was purchased when graphics capa-
bilities would have been useful.

a Screen layout: Some, displays were too
dense (e.g., the mimic display ef the burner
and ignition fuel).

u Color: Certain colors, such as light blue
and white, were not distinguishable from
each other on some systems.

B Menu design: Unnecessarily iong menus
were a common preblem. For example, fong
lists of instrument or valve numbers were
presented in multipage menus without
grouping to facilitate access.

o Information organization: The procedures
for paging and scrolling in some systems
were difficult to learn. Some displays dié no
indicate whether addlitional information was
available on other displays.

Figure 2 This control system display example gives an overview of plant status. it uses color,
graphs, and symbols to provide operators with a broad range of plant information on a single

screen.
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Table 1

GUIDELINES FOR CONTROL ROOM DISPLAYS

Area

Qverall system reguirements

Screen structure and conternt

Screen erganization and layeut

Celer and other visual ceding
techniques

Menu design
Windows

Information format

Alarms

Input and contrel devices

Conitrel and display integration

Harclware aspects
Other

Topics Covered

Response time, display of dynamic data

Fents, character size, viewing distance, symbols, cursers
abbreviations and acronyms, labels, messages, error messages
alphanumeric codes, text, user aids, data entry

Screen size, display density, grouping of informatien, display
partitioning. placement and sesauence of information, multipage
consideralions, interframe considerations

Color use and assignment. symbols and icons, geometric
shapes, object size, line coding, brightness, blinking, contrast
reversal, combination of codes

General guidelines, format, item selection, menu hierarchy,
supplements

General guidelines, real-lime displays, dialogue mexes, alert
boxes

General requirements, analeg information, digital information
seviation bar graphs, range bars, column charts, cumulative bar
charts, brand charts, circular prefiles, feurfold circular displays,
tine charts, trend plots, mimic displays, eata maps, display
enhancements

General characteristics, auditory alerts, message content, alarm
lists, alarm system controls, alarm reduclion and priorilization,
response to alarms

Keyboards, trackballs, light pens, touch screens, mice

User dialogue, system feedmack, marual centrol stations
automatic control stations, mimic disptay of controls, permis-
sives, ragouts, control of muitisle CRTs with single keyboaral

Luminance, glare, flicker, image polarity

Hard-copy devices, large-screen displays
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2 Format: There were inconsistencies be-
tween component numbering on mimics
and in tabular displays. The plant mimics
had to be improved or combined to provide
a better overall picture of plant operation,
B Alarms. Nuisance alarms and a lack of
alarm seguence data were typical prob-
lems.

0 Operator acceptance: Information was so
difficult to retrieve that at some ptants op-
erators did not use the CRT contro! stations
but instead went back to using hard con-
trols.

The recent guidelines present detalled
advice for remedying such problems. in-
cluding a comprehensive survey of CRT dis-
play design (Table 1), The guidelines also
include practical advice on promoting op-
erator acceptance of new equipment and
achieving performance improvements.

The human factors approach is especially
useful in dealing with what is called the win-
dowing effect— the decreased access to
information associated with the switch to
CRT-based operator interfaces. Large pan-
els with all controls and displays visible
have given way to CRT monitors that show
only small windows of plant information
Operators may have trouble accessing in-
formation through multip'e small windows,
Human factors engineering can help avoid
this problem while taking advantage of the
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vast communication potential of CRT dis-
plays (Figure 2).

Planning for human factors

A successful approach to incorporating hu-
man factors into control room upgrades is
to apply the EPRI guidelines with the assis-
tance of a human factors expert. Typically
this starts with a survey of the existing con-
trol room and its environment, Checklists are
developed on the basis of human factors
criteria. Observations and measurements
are made in the control room to plan for the
new control system, with lighting and layout
as key concerns. Systematic operator inter-
views are conducted to gather information
about functions, tasks, and information re-
quirements. These data are examined in
light of the human factors guidelines to de-
velop display requirements, system require-
ments, and a conceptual design. The con-
ceptual design mncludes display organiza-
tion, display charaecteristics, and central
grouping strategy.

The bottom line

EPR!'s human factors guidelines capture the
experience of many fossil plants. They will
help utilittes avoid the problems experi-
enced at some plants and wil improve op-
erator performance in advanced CRT-based
control rooms. Common sense 1s not suffi-

cient for designing and evaluating todays
complex control room and plant environ-
ments, Explicit and systematic attention to
human factors is required to meet the needs
of controt room operators.

EPRI 1s currently working with member util-
ities to demonstrate the use of the guide
lines. Some of the utilities are designing new
plants. and others are backfitting plants to
upgrade old equipment or correct prob-
lems. Areview of alarm displays at four units
of one utlity illustrates the benefits of this
work. In a previous incident, 1700 alarms
occurred in a twohour penod, and a com-
ponent was damaged that cost the utility
$1.5 milion to repair.. In another incident. a
$50.000 motor had to be replaced because
a critical alarm was on a back page and
was not seen, A human factors expert eval-
vated the utility's situation and recom-
mended measures that could prevent such
probiems in the future for about 1% of the
cost of the incidents.

It is clear that control room equipment
and operator interfaces are changing, with
hard contro! panels becoming a thing of
the past. In the transition to the new CRT
based technology utilities will find human
factors to be of increasing help For ad-
ditiona information, contact Roy Fray at
(415) 855-2441 or Mark DeCoster at (415)
855-2777,



New
Contracts

Proyect

Custamer Systems

Waste Treaiment Projacts” Teshnical
Suppori (MP2662-50)

End-Use Powsr Quality Services® Techrical
Assistance and Coorchnation (RP2935-26}

Advanced Motor Drive Devilopmant
Program Supper! (HP3087-27}

Transler of Electrotechnslegies o Process
Ingustry (RP3245-16)

Process Optimization Techmiques
Methodelogy. Software, and Case Siudies
(RP3245-17)

Process Industry Analysts aid Case
Sluey Support (AP3245-13)

Comparisgn ol Strap-on Witrasanic
Flowmaters Wilh In.ine Flewmelers
{RP3269-22)

Guidelines for the Placement of Lighting
Loggers (RP3269-23)

G-Van Warranty and Service Organizaten
{RP3272-7)

Food Service Uniform Test Procedures
{RP3615-1)

Enhancement and Oemonstration of
MarkalTREK's Markeling Mix Modeling
Capabities (MPIG1B-1)

The Single-Phase "Writlen Pols” Large-
Horsemower Molor fer Low-Voltage
Syslems (RP3636-1)

Monitonng ot Commercial Cool Starage
Syslems (RP3650-1)

Elgctric Meiar Repair Industry
Agsessmant (RP3673-1)

Electrical Systems

WBistrbution Automaton Demanstration
(RP2592-14)

Development of Improved Protalype
Cable Faull Locator (RF2895-6)

Economic Impacts of Distriwution System
Pewer Qualty Varations (RP3389-11)

Devalooment ang Demonstratmn of
Drsineution STATCON {Siatic Condeanser)
(RP3389-12)

Evaluation ot Emerging Schewuling
Methods torRSC (Resource Scheduling
and Cormmitrnant) Program (RP3555-2)

New Control Objectives and Valuation of
Controldnit Dispalchability (RP3555-3)

Substation Insulators {RP3684-1)

Cable Pushing and Calculalion af Pulling
Tensions lor Distribution and Transmission
Cables {RF7910-19)

Environment

PISCES Field Chemical Emissrons
Manitoring a1 Niagara Monawk s Oswego
unil & (MP3177-19)

Funding/
Duralon

§67.100
12 monlhs

$152.508
8 months
$177,400
11 monlhs
$59.800
10 monihs

$165.300
15 menths

$173,400
14 monlhs

8§72 100
& months

$89.000
12 menths

3101,400

12 monihs
$1,180,000
48 months

$447,008
15 monlhs

$458,000
12 months

$108,200
16 months

$231 500
29 months

$1,086.000
36 moriths

$141.400
4 ingnlhs

$187,200
10 manths

$854,800
38 manihs

$196.800
9 menths

$149,600
12 maning

$840.000
36 menths

$628.200
24 months

$570.108
11 months

Contraclor/EFRI
Project Manager

Entergy & Environmertal
Managemant/ i Jones

CRS Sutine{A? Samaty;

Electrotek Concepls/
B. Baneree

Jigar Shah 8 Assoclaes/
A Amarnalt

TENSA Services!
A. Amarnath

Resoutce Dynamics
Corp /A Amarnath

Geomet Technologes /
F Hummet

Geomel Technotogies/
£ Humne!

Bynatech! G, Purcell

Pacific Gas and Electric
Co.{K Johnsan

Research Tnangla
Institute /P Meagher

Precise Powat Come |
B Banerjee

Universily of Central
Fiondat R Wenalane

Washingion Slate Enargy
Oftice/B. Bansnee

Nartherr: Slafes Pewer
Ce. /B Blair

Ectison Contrel Corp /
H Ne

Electrotes Concepts/
H Menta

Westinghouse Elecirnc
Corp fH Metra

EPIC Engineenng/
G, Cauley

Zadeh Meyer
Engineenng /G Caufgy

Umiversily of New
Orleans/J Hatt

Underground Research/
T Rodenbaugh

Carrol/8 Tooie-O'Neut

Froject

Pevelopmen of Reactve Plume and
Oplics Modets (RP3218-5}

Atmogphenc Reaction st Waler-Soluble
Marcury (RP3218-6}

Expernmental Siudies of Rasidential
Transients (RP3349-5)

Mouse Smin Cancer Sludy Technical
Assiglance {RP3I349-56)

Assocation of Wire Code Configurations
With Long-Tarm Average 60-H2 Magnetic
Fields and Exmosures (RP3533-1}

Wellands Ecelogy and Managerment
Mada! (RP35E1-2}

Pl Pulse-Jel Baghouse Evaluation al the
Hemer City Siaton: Site Managament
{RP3607-1)

Pilol Pulse-Jel Baghouse Evaluaton a! fhe
Homer City Station: Testing (RP3607-2)

Qzone Fermation: Sludy of Valatite
Qrgamc Cempounds and Nitrogen @xides
{RP3626-1)

Assessment of Lung Heaith ang Risk Alter
Respiable Faer Exposure (RP3827-1)

Survisy of Low-N®,-Burner Technalegy for
Gas/Ql-Fired Beller Appglicalion
{RP3631-1)

Exploratory & Applied Research

Solvent Permeation, Swelling Profiles, and
Meachanical Properbes ol Thin Polymer
Films {RP3013-2)

@:xidative Reactiens of Sullur Farms In
Coal {RP8D22-1)

Advances Surtace Modlhcaiion Using
Plasma Malhods {RP8842-3)

Advanced Matenalg lor High-Terperature
Fuel Cells (RP8#82-2)

Analysis of Boler Tube Faillures: Theery
and Praclice {RP3000-22)

Turbing Stearm Cheansiry and Corrasion
{RP9003- 1)

Generation & Storage

Pilat Plant Assessimeni of Ceal Blend
Properties and Thair Impaci on Criticat
Pewer Flan| Cempenents (RP2425-12)

Al Heater Analysis anag Operatian
{RP2504-14)

Benelil Asgessments ler Supsrconduciing
Magrenc Energy Storage (RP2572-13)

Handnook for Fossil ®ait Contl Sysiem
Irmprovernents (RP2718-30)

Guidelines tor Conversion From Ceal anel
O Finng to Gas Finng (RP2819-23})

EPRI/Grmatnor pe AzhyFiller Tesis
(RP3161-7}

Funding/
Duration

$459 400
15 menths

$129.900
24 months

§$75.000
11 manihs

$66,000
23 months

$424.000
13 months

$140 100
10 menlhs

$200.600
15 months

$171,800
12 months

$496 100
21 menths

$1,200.000
37 months

$55.200
6 months

$145,000
36 months

$150,008
15 montha

$5¢1,B00
36 rmanihs

$375.000
40 monhs

384,100
13 menths

$235.200
24 monihs

$110000
18 months

$63 300
9 manihs

$150 000
12 menths

$89 400
12 months

$95,700

13 manths

$54,700
15 months

Contrastor/EPA!
Project Manager

ENSR Corp /P Saxena

Frontier Geosciences/
D Porceta

Ganerat Electric Cw {
R, Kavel

Dermigen (R Kavet

T Bap Bracken, Inc
A Kavet

Teira Teeh{D Porcelia

Pannsylvenia Elecinc
Cao,tR Chang

ADA Tachnelogias
R Chang

Emmpire Slae Elecine
Energy Research Cerp /
. Hansen

Case Wastern Researve
Umversiy (L Goldstem

Energy Technolosy
Consultants s Zamim

Lamigh Umnversily /
8 Bernstemn

lowa Slate University{
W Webear

DOE/J Stringer

Argenne National
Laberatory A Goislstet

Caormice Engineering
2 Dootey

Jonas. Inc {8 Oooley

Uriversily of Nerth
BakoiafA Mehta

Cernica Enginesring /
8. Dootey

Battelle, Faaific
Nerthwest Labaralories !
[ Schatnker

FowarGen/J Weiss

Stone & Webster
Engineerrg Carp.
£. Pstrilt

Waslinghause Elacing
Corg (R Brown
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Project

Generation & Storage (cont )

Ceprosuction Power Plat Study
tRP3226-7)

Estimated Dovelemment Schedule and
Cosis for & Heavy-Frame Hol-Arr Turthne
(RP3251-4}

Cempressed-Air Energy Storage Poraus-
Meda Reservor Simulator Bavelopment
Plan (RF3381.2|

Raal- Timz @n-ine Menileting and
Diagnastic Sysien (RP3485-20)

Moritoring ef General Elecing Dry Low-
NO . Cambiustor {RP3488-1)

Combustion Emissens Model and
Softwarp (RP3488-1)

PVUSA Perlermance Evatuabon Karman
mstallation [RP3490-2)

Bwremediatan of Organic-Confaminated
Sois Evaluation and Research Meads
Azsessment (RP3518-1)

Vieratimr Monlonng and Analysis System
{MP3535-1)

Integrated Energy Systems

New Melheds of Tachnology Assessmernl
(AP E78-29)

Integrated Reseslrce P|Eil"l'"ng
Developmen ol IRP-Manager Datshas::
(RP2A07-11)

Comprehensve Electrical Sysiems
Planning (RP3581-3)

Enhancamenl ot ContraciMix for Uramum
Users (RP3@0-1)

Nuclear Power

Witaless Programimable Frocess-
Moniaring Systern (RP230U-14)

Gudehnes lor Instrument Calibralen
Exlension/®educiion Pregrams
(AP2409-21)

and @eerations (RP2414-58)

Rehability-Centered Maintenance (or
Transmission and Oisiributipn
(RP2970-1 1y

Anatysis of Events Potentially Leading to
Severs Acciiams (RP3012-4)

Energy Production Systems From Heat
Preduced n Deuteralad Melals
(RP3170-23)

Thmorelical Research on Neutran Transler
Reachons (RP317€-25)

Decommissioning Program Developmant
Coordinatien {MP3171-3)

Probabilistic Salety Assessmen! ln-plari
Commureation (RP3200-12)

Functional Specifications ler
ngtrumeantaton and Control Upgiades
{AP3208-4)

Browns Ferry Nelwork Architecture Plan
{RP3332-4)

Quahiicaton of Cemmarcally Availalle

Programmable Legic Controllers for Use
in Salety-Related Class 1E Applications
(RP346G-1)

Conderisate Polishing Malevials. Systams,

Fundmg
Duration

5228608
11 mgring

556,500
4 monhs

$74.300
10 months

S$60 6mC
55 rmonths

$1,128.000
43 manths

SF12 000
34 months

$808,000
15 mentns

$480,000
24 mpythg

$535,500
17 miorihs

$T4300
12 momhs

$308.000
14 months

$293 500
14 months

$98 800
11 months

$78,100
144 minths

$73 700
= menths

599 200
12 manthg

§55 200
5 months

$51600
10 monttrs

5013 000
32 monihs

$100.408
12 months

$116 800
15 montns
$120 000
Q rnonthe
$68.080

8 meonths

$80.800
10 months

$356.208
13 menths

Coniractor/EPR!
Project Manager

Hawauan Elecine
Cempany N Siewarr

Weslngtiouse Eleclric
Corp /A Cohnt

Fairchlld Ancell & Wells
8 Matia

Sione & Wabsier
Engineerng Corp !
A Ceisher

Jersey Central Power &
Lgh Co i+ Schraiber

Carret /W Rovest

Paciic Gas and Electric
Co./F Goodman

Seuthern Company
Services (S Yunker

Southwest Resmarch
Inslitute{C Dobner

Natonal Econsmic
Research Assoriales
G Ramacharncirar

Eiecirt Power Soltware
J Bloom

Universily of Texas.
AgstiniG Gress

Cersion Focus {C Clark

Battele Memonal
Inshiute /R James

Edan Engineening Corp {
R James

Puncons /C Hormibrook

Halliburton NUS Corp /
D Worledge

Gaoe Kanton &
Associates /E Futler

SRI tatgroational {
T Passedt

Massachusetis Insulute of
Technalogy / T Passeli

J E Chme & Asseciates/
C Hormbrook

Ern Engineening &
Resmarch {J Sursock

Caprn Technolagy
A Mactrels

Capr Technology !
R Torok

Westinghouse Elsctnc
Carp (J Naser

Praect

Oxvdanon Induction Time Cabite Test
(RP3427-2)

Aaie-af-Loading Separate Eftects Tesling
(RP3433-12

Friction Separa‘e Effegts Tesling
tRP3433 13}

Motor-Operated Valve Systarmn Flaw Medsl
{RF3433-25}

Buttertly vatve Testing (RP3433-31)

Soyena-Accidern Analysis Werksiation
Struciural Software Spaciicalion
{MP3agt 1)

Siugsge Transport Mege! (RF3500- 16)

Deavelgninant of Shape-Memory-Maleral
Tube Slesves lar PWR Simam Ganerators
(RP3508-19)

CHECWORKS Demorisiration (RP3528-1)

Quiage Risk Assessmernl! ane
Managemen: Package fur immlementation
in ANO Urits 1 ang 2 (RP3531-1)

Operatanat Reguirements lor Moctular
High-Termperaiure Gas-Ceoled Reacter
Plant {RF3630-1)

Ultrasonic Guided-Wave Inssection ef
Steam Genetater Tubing (R®3W87 1)

Kinowr Substitute Malerals for Use m
Nuclpar Flants {RF3800-17)

Low-Level Radisactive Wasie Storage and
Pismosal (RE3E1. 1)

Sjzam Generalor Datakases (RPSJI05-19}

inmipion af IGA/SCC on Alloy §00
Surlaces Exposed 1o PWR Secangary
Waler (RPS407-53)

Plugging Lirnits for Ouisige-Diariater
Stress Comesian Cracking at Tube
Suppor Plate Intersectiens of PWR Ssam
Generators (RPS414-2)

lfegkimcal Supmeor| for Tube Suppert Plale
Tube-Plugging Crierla Limits (RPS414-3)

weam Generaior Tube Fangue Anmlysis
(RPS415-2)

Inspection of Relited NVYFA Steam
Ganpralor Ruptured-Tube Causative
Machamsm Evaluation {RPS415-4)

CHEV-SIM Apphcal an a1 Millsiong Uit 2
(APS416-7)

CREV-SIM Apwlicalion at Duke Power
(APS416-8}

Lew-Valatilly pH Conirel Systems for
Sleam Generators (MPS510-1)

Eftecl of inhwbitars on Surface Film
Eieclnc Resislance of Alloy 600
{RPS511-1)

Developmen of Videotawe Traiming
Program fer the Seismic @ualilicatien
Utilily Greup {(RPS@81-11)

Erarminaton o) SPC Grobride Fuel
Assemblies Afiar Third lkragiauion Cycle
(RPXTO3-10)

Fuel Cegradiation Tes! Preject
{RPX103-20)

Funding/
Duration

Si1 680
12 menths

$363,300
t6 monihs

3371.800
16 months

$95,900
12 months

$249 400
6 monlhs

$105,300
6 monlhg

$127 408
15 moning

386,200
12 months

$549,500
29 morths

$467.508
17 months

81 400
3 menihs

§$325 608
24 months

$168.808
7 months

$224,000
14 months

854,100
§ monting

58668.108
31 moning

$335,500
24 months

387 200
14 manths

$398,908
30 manths

$430,400
15 months

$121,200
11 menths

361,100
11 manths

$100,808
14 months

$219.400
23 months

$593 200
11 months

$74 000
5 monihg

$1.483,800
45 months

Cortractor/ EPRY
Project Manager

Unuversity of Virginia
£ Carey

Batielte Memorial
Institute /K Wolfe

Batlelle Memorial
Instiutef K Wofe

ABA Impell Cerp {
K Wolfe

Kalst Engineering /
K Wolfe

Erin Engiricering &
Research/J Chae

Alomic Energy of
Canadat8 Chexal

Oomimen Engineerinaf
P Paine

Altas Engineering
Apnlicalons /A Matwr

E£rn Engineenng &
Research /P Kalra

Gas-Coslec Reacler
Asseciates/ T Marston

Penngylvania State
University /M Awiott

Radian Corp /
C Horrbrook

Boston Edison Ce /
C Hormpreok

Adams 8 Habart /P, Paire

Commissanal & lEnergie
Atormiaue [P Paine

Westinghouse Electrre
Corm [C. Wilhams

Westingheuse Electne
Cerp /C Williams

Fasier Whasler
Devetepment Corp f
G Srkaritiah

Westnghouse Electric
Corp |G Srkantizh

NWTY Corp [P Mitlett
NWT Caorp (£ Mttt

San Oego State
University Foundation /
F Pane

VTT {Tectnical Research
Cenire of Fintand)¢
P Pane

Indusleial Traiming Corp. /
R Kassawara

Siemens Power Coarp /
5 Yagrk

ins{tull for Enetgiiekkk /
8 Creng
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New
Technical
Heporis

Reguests for copues of reports should be directed
to the EPRI Distribution Center. 207 Caggins Drive,
RO. Box 23205, Pleasant Hill, Califernia 94523;
{510) 934-4212 There 1s no charge for reports re-
quesled by EPRI member utililies. Reports will me
provided to athers i the United States for the price
listed or n some cases under the terms ol a li-
cense agreemen!, Those outside the United States
should contacs the Distribution Center tor price
infarrmation

CUSTOMER SYSTEMS

Electro-Osmosis Effectiveness in Reducing
Tillage Draft Force and Energy Requirements
TR-100446 Final Reporl (RP2782-4), $208
Conlraciors: University of Arizena; National Food
and Energy Council

EPRI Project Managers: A. Amarnath,

Q. Zimmerman

Electrical Separation of Protein

Concentrate From Juice of Forages
TR-100970 Final Report (RP2782-4); $200
Contractors: USDA-Agnculiural Research
Service: University of Wiscansin; Matonal Food
and Energy Council

EPRI Project Managers. A Amarnath,

QO Zimmerman

Assessment of the Market Potential for the
Brushless Doubly-Fed Machine (BDFM)
TR-101829 Final Report (RP3087-8): $200
Coniracter: Oregon State University

EPRI Project Manager: B Banerjee

Commercial Buitding Walker-Loop Heat
Pump Field Test

TR-101865 Final Report (RP2480-1), $200
Contractor Climate Master Inc

EPRI Project Managers: M. Khattar, M. BlatL

National Committee on Power Electronics:
Report on Power Electronics and Global
Compeltitiveness

TR-101899 Final Report (AP2318-2) $200
Contractor: University of Wisconsin, Madison
E£PRI Project Manager: B. Banenee

Water and Wastewater Industries:
Characteristics and DSM Opportunities
TR-102015 Final Meport (RP2662-18, RP3046-3)
$200

Centractors Burton Environmental Engineerlng;
RCG/Hagler. Bailly, Inc.; Meicalf & Eddy, Inc,
EPRI Preject Managers: M. .Jones, P Meagher

Proceedings: 6th National Demand-Side
Management Conference—Making a
Difference

TR-102021 Proceedings (RP3084-15); $200
Contractors, Barakat & Chamberin, Inc., Pacilic
Consulting Services

EPM Project Manager: P. Hanser

Market Infrastructure and Compact

Fluorescent Lamps

TR-102120 Finai Report (RP2597-31, RP3249); $200
Contracter Macro Consulting, Inc

EPRI Project Managers: J Kesselring. M, Evans

Volatile Organic Compound Recaovery by
Brayton Cycle Heat Pump

TH-102130 Final Report (RP2783-18); 3200
Coniractor: Souihern Califarnia Edison Co.
EPRI Project Manager: A Amarnath

High-Yield Pulping Effluent Treatment
Techinologies

TR-102131 Final Report (RP2782-7); $200
Contracter: Georgia Institute of Technslogy
EPRI Project Manager: A. Amarnalh

Performance Evaluation of Refrigerant
Mixtures in Heat Pumps

TR-102167 Final Reporl (RP2792-8), $200
Contracter: Natiena! Institute ot Standards and
Technology

EPRI Project Manager: P Joyner

ELECTRICAL SYSTEMS

Large Locked Castings Using Expanding
Monomer Modifted Polysil”

TR-101787 Final Report (RP7918-1); hcense
raguired

Contractor: Westinghouse Eleclric Corp
EPR! Froject Manager 8. Bernsien

Proceedings: Substation Magnetic Field
Management Workshop

TR-101852 Proceedings (RP2842-41), $200
Corniractor; Eleciric Research & Management, (nc
EPRI Froject Manager G Addlis

Voltage Stability/Security Assessment and
On-Line Control, Vols. 1-4

TR-101931 Final Beport (RF3040-1): Vols, 14
$200 each volume

Contractars: Ontario Hydro: Michigan State
University

EPRI Project Manager: D Maratukulam

Magnetic Replicas and the Very Incomplete
Meissner Effect

TR-102316 Final Report (RP4880-23); $200
Centractor: University of Houston

EPRI Preject Manager, M Rabinewilz

ENVIRONMENT

Detaited Physical, Chemical, ang
Mineralogical Analyses of Selected Coal
and Qil Comhustion Ashes

TR-101785 Final Report (RP2485-8): $200
Centractor. Battelle, Pacific Northwesi
Laboratories

EPRI Project Managers: |. Murarka, A. Quinn

Polychlorinated Biphenyl Substitutes in
Electric Utility Equipment

TR-102160 Intenm Report {RP2879-19). $200
Conlractor SRF Environmental and Heallh
Management, Inc.

£PRI Preject Manager: J Goodrich-Mahoney

Biodegradabitity of Pentachlorophenol in
the Environment: A Literature Review
TR-102172 Final Reporl (RP2879-6), $200
Contracter Remediaiien Technologies
EPR1 Project Manager |. Murarka

Development and Implementation of a
Variable Infittration Capacity Model of
Surface Hydrology Into the General
Circulation Model

TR-102243 Final Repor! {RP2938-3); $200
Contractars: University of Washington; Princeton
University

E£PRI Project Manager O Mclntosh

EXPLORATORY & APPLIED RESEARCH

Exploratory Research to Implement DYNAC
in a Parallel Processing Environment
TR-102076 Final Report (RP8004-28); $200
Contractor: S Levy, inc

EPRI Project Manager: J Weiss

Proceedings: Microwave-Induced

Reactions Workshop

TR-102252 Proceedings (RPB060-39); $200
Contracter: Meeting Planaing Asseclales

EPRI Project Managers, R, Weaver, A Amarnaih

Measurement of pH and Potential in
Supercritical Water, Vols. 1 and 2
TR-102277 Final Report (RP80#2-18); Vo
Vol. 2, farthcoming

Coniractor SR International

EPRI Project Managers' B. Dooley, B Syrett

1, 3200

GENERATION & STORAGE

Atmospheric Fluidized-Bed Combustion
Balance-of-Plant Reference Manual

TR-100575 Final Report {(RP3162-5, -6, -7, -8): $200
Contractors: D. Thimsen. Power Tech Associates
PC.: Joseph Technology Cerp., Inc - Fluidizesi-
Bed Technologes. Inc

EPRI Project Manager: T Boyd

Cost-Effective Photovoltaic-Powered
Transmission and Distribution
Sectionalizing Switches

TR-100712 Final Report (RP1975-8}, $200
Contractor. Ascension Technology, Inc.
EPRI Project Manager: J, Bigger

Coal Cteaning Cost Model

TR-101025 Final Report (RP1400-6); $200
Contracter ICF Kaiser Engineers, Inc
EPRI Project Manager D O'Connor

New Techniques and Data Sources for
Probable Maximum Precipitation, Vols. 14
TR-1@1242 Final Meport (RP3113-1); Vols, 1 and 2
$200 each volume; Vols, 3 and 4 forthcoming
Coniracter- Ciimatological Consulting Corp

EPRI Project Manager 0. Morrig

HOT FOIL™ Instrument for Measuring the
Coking Index of Residual Oils

TR-101662 Tapical Report (RP2778-14); $200
Conlractors, Fossil Energy Research Cerp.,

Electrnic Power Technologies. Inc.

EPRI Project Manager- W Rovest
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Wastewater Treatment Manual for Coal
Gasification-CombinedCycle Power
Piants. Vols. 1-3

TR-101788 Final Report (RP25261); Vols. 1-3,
$600 for set

Contractor: CH2M Hill

EPRI Project Manager M Epstein

Houston Lighting & Power Company’s
Evaluation of Coal Gasification
Coproduction Energy Facilities
TR-101789 Final Report (RP3226-4); $200
Contractor. Houston Lighting & Power Co
EPR! Project Manager M Epstein

Conference Proceedings: Application of
Fluidized-Bed Combustion for Power Generation
TR-101816 Proceedings (RP3167); $200

EPRI Project Managers: 7. Boyd. J. Wheeldon

Fiber-Optic Distributed Temperature Sensor
Demonstration

TR-101950 Final Report (RP24872). $200
Contractor: Battele

EPR! Project Manager: J. Stein

Proceedings of the 1992 EPRI Heat Rate
Improvement Conference

TR102098 Proceedings (RP1711); $200
Contractor: Sargent & Lundy

EPRI Project Manager, R Leyse

Heat Rate Demonstration Project,

Mt. Storm Unit 1

TR-102127 Final Report (RP2818-3). $200
Contractors: Virginia Power Co , Black & Veatch,
Engineers-Architects

EPRI Project Manager R. Leyse

Performance and Reliability of Solar
Progress Photovoltaic Plant, 1990-1991
TR-102168 final Report (RP1607-14), $200
Contractor: Florida Sotar Energy Center
EPRI Project Manager: J Berning

Experiences With Commercial Wind Energy
Development in Hawaii

TR102169 Final Reporl (RP1590-10); $200
Contractor: R Lynelle & Associates, Inc

EPRI Project Managers: J, Berming, J, Schaefer

INTEGRATED ENERGY SYSTEMS

Proceedings: Fifth Annual Executive
Conference on Utility Strategic Asset
Management

TR-102041 Proceedings {RP3678), $200
Contractor: American Productivity and Quality
Center

EPRI Project Manager: L. Rubin

Principles of Business Unit Income
Reporting for Electric Power Companies
TR-102042 Final Report (RP2074-1): $200
Contractor: Mercer Management Consulting
EPRI Project Managers H. Mueller, L. Rubin

Technology Transfer and Innovation in
the Utility Organization: A Workbook
TR-102445 Final Report (RP3220-3): $1000
Contractor: Nilo Lindgren

EPRI Project Manager: J. Oggerino

52 EPRI JOURNAL July/August 1993

NUCLEAR POWER

FREY-01: Fuel Rod Evaluation System,
Vots. 1-4, Revision 2

NP-3277 (Rev. 2) FinalReport (RP1117-5,
RP1321-4); Vo, 1, $200. Vols. 2 and 3, license
required; Vol. 4, forthcoming

Contractor: Anatech Research Corp,

EPRI Project Manager: L, Agee

Storage and Handling of Fuel Oii for
Standby Dieset Generator Systems,
Revision 1: A Guide for Nuclear Power Plant
Maintenance Personnel

NP6314 (Rev 1) Final Report (RP2814-3,-66)
$8400

Contractor: Southwest Research Institute

EPRI Profect Manager: W Johnson

Infrared Thermography Guide (Revision 1}
NP-6973 (Rev 1) Final Report (RP281418,
RP3232-1). $15,000

Contractors: American Risk Management Coip.,
Honeyhill Technical

EPRI Project Managers. G Allen. A. Wise

P Zayicek

Integrated Instrumentation and Controi
Upgrade Plan {Revision 3)

NP-7343 (Rev. 3) Topical Report (RP3114.59); $200
Contractors' Molletus Engineering Corp ; Science
Applications Internalional Corp

EPRI Project Manager: C, Wilkinson

Circuit Breaker Maintenance, Vol. 1, Part 4.
Low-Voltage Circuit Breakers,
Westinghouse DS Models

NP-7410 Final Report (RP2814-61), Vol. 1, Part 4,
$10.800

Contractor- Grove Engineering. fnc

EPRI Project Manager: J. Sharkey

Structurat Design of Concrete Storage Pads
for Spent-Fuel Casks

NP-7551 Final Report (RP2813-28); $200
Contractor: Anatech Research Corp.

EPR! Project Manager: R Williams

Proceedings: EPR! Workshop 1—Technical
Basis for EPA HLW Disposal Criteria
TR-100347 Proceedings (RP3294-1), $200
Contractor: Rogers and Associates Engineering
Corp.

EPRI Project Manager, R. Williams

Development of a Hydrogen Monitor for
High-Temperature and High-Pressure
Aqueous Systems

TR-100788 Topical Report (RP2816-1); $200
Contractor AECL Research

EPRI Project Manager: T Passell

Guideline for Using Items Manufactured to
Other Industry Standards in Nuclear
Safety-Related Applications

TR101752 Final Report (RPQ10144); $200
Contractor: Sargent & Lundy

EPRI Proect Managers- T Muiford, £ Rosch

Condensate Polishing Guidelines for PWR
and BWR Plants

TR-101942 Final Report (RP2977): $200
EPRI Project Managers: P D'Angelo, T Passell

Evaluation of Reactor Pressure Vessel
Head Cracking in Two Domestic BWRs
TR-101971 Final Report (RPC102-12); $1000
Contractor: Structura! Integnty Associates
EPRI Project Manager: R. Pathania

Stability of a Fiber-Optic pH Sensor at 100°F
TR-101972 Final Report (RP8004-2); $200
Contractor; Lawrence Livermore Natronal
l.aboratory

EPR! Project Manager: T Passell

Photosonic Digestion of Aqueous Organics
TR-101974 Final Report (RP2977-4); $200
Contractor: Carter Analytical La®oratory. Inc
EPRI Project Manager: T. Passell

Workbook for Maintenance Proficiency
Testing

TR-101981 Final Report {RP2705-10); license
required

Contractor- Anacapa Sciences. Inc

EPRI Project Manager: J. Yasutake

Characterization of Microstructure and

IGSCC of Alloy 600 Steam Generator Tubing
TR-101983 Final Report (RPS303410. 26:
RPS404-13); $200

Contractor: Massachusetts Institute of Technology
EPRI Project Manager: A. Mcliree

Application of a Cost-Benefit Analysis
Methodology to Nuclear I&C System
Upgrades

TR-101984 Final Report (RP3373-5); license
required

Contractor: Decision Focus., Inc,

EPR! Project Managers: S Oh, C, Lin

BWR Fuel Consolidation: A System Design
TR-101985 Final Report (RP3100-2); $200
Contractor Nuclear Assurance Corp

EPRI Project Manager: R, Lambert

Boraflex Test Results and Evaluation
TR-101986 Interim Report {(RP2813-4); $200
Contractor. Northeast Techno'ogy Corp.
EPRI Project Manager: R. Lambert

Relationship of Radiation-Induced
Segregation Phenomena to Irradiation-
Assisted Stress Corrosion Cracking
(IASCC)

TRA0t987 Final Report (RPX1022); license
reguired

Contractor Westinghouse Science and
Technology Center

EPR{ Project Manager- J. Nelson

Feasibility Evaluation of the Universal
Container System: A Muitipurpose
Standardized Spent-Fuel Container System
TR-101988 Final Report (RP2717-14); $200
Contractor: E. R. Johnson Assoctates, Inc.
EPRI Project Manager: R. Williams

Experimental Residual Stress Evaluation of
a Section of Clad Pressure Vessel Steel
TR-101989 Final Report (RPC102-7); $100
Contractors: PROSIG. Inc.; EPRI Nondestructive
Evaluation Center

EPRI Project Manager’ R. Pathania
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