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Authors and Articles

Evo]ution—the process of orderly, in-
cremental change—can take miliions
of years to become apparent in the bio-
logical world, but such progress in human
evenls and organizations is mare likely
to be seen in terms of decades. Brent
Barker, the Joirrnal’s editor in chief, finds
a clearly evolutionary pattern of energy
events linking the warld, the electric util-
ity industry, and EPRI itself since 1972.
Barker’s article, Decade of Change: EPR1
and the Climate for Research (page 4),
measures more than EPRI's growth; many
peaple familiar with EPRI's beginnings
shared their views on progressive changes
in the Institute’s orientation, scope, and
mission.

Barker has been with EI'RI since June
1977, when he became editor of the EPRI
Journal after four years as a writer and
communications consultant. Previously,
from 1968 to 1973, he was with SRI Inter-
national as an industrial economist, re-
searching and writing on emerging tech-
nologies and industries. Still earlier, he
was a research analyst for [J.5. Steel
Corp. Barker graduated in engineering
science from Johns Hopkins University,
and he earned an MBA at the University
of Pitisburgh.

Properly known as a thyristor, the sili-
con-controlled rectifier was adapted
for high-voltage ac-dc power conversion
on utility transmission systems 10 years
ago. Now New Solid-State Valves for
HVDC {page 14) explains advances in
switching and cocling that should make
the big solid-state devices economical
and reliable for wider use at higher volt-
ages. The article was developed by John
Douglas, science writer, who drew on the
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expertise of EPRI's Narain Hingorani and
Gilbert Addis.

Hingorani, manager of the Transmis-
sion Substations Program, has guided
HVDC research for the Electrical Sys-
tems Division since October 1974. He
was previously with the Bonneville Power
Administration for six years, working on
the 850-mile (1370-km) dc link between
northern Oregon and southern Califor-
nia. Before coming to the United States,
Hingorani held research and teaching
positions at three universities in England.
He graduated in electrical engineering
from the University of Baroda (India)
and eamed MS and PhD degrees in
HVDC power transmission at the Uni-
versity of Manchester (England),

Gilbert Addis is a project manager in
the Transmission Substations Program.
He came to EPRI in September 1978 after
8 years as director of engineering for two
different manufacturers of connectors.
For 28 earlier years, Addis was a research
chemist and technology manager for
American Cyanamid Co. and Union Car-
bide Carp., successively. He has a BSME
degree from Stevens Institute of Tech-
nology and a PhD in chemical engincer-
ing from Johns Hopkins University.

erhaps because every one of us has

burned a pile of trash somewhere,
sometime, it seemed certain that utilities
could easily burn municipal solid waste
or refuse-derived fuel to produce some
bargain-rate electricity. When that did
not happen, we were disappointed, But
utilities, developers, and communities
have persisted, and Megawatts From
Municipal Waste (page 20} summar-
izes the main lessons learned. Nadine

Lihach, the Journal's senior feature writer,
turned to Charles McGowin for back-
ground.

McGowin is technical manager for
analysis m E'RI's Coal Combustion Sys-
tems Dlivision, responsible for bath tech-
nical and economic evaluations of fassil
fuel technologies; he also manages the
division’s municipal solid waste projects,
Before he came to EPRI in November
1976, he was a senior research engineer
with Shell Development Co, for seven
years, part of that time specializing in
raw material and recovery methods,
McGowin graduated in applied science
from Lehigh University. He alse has a
BSChE from Lehigh, and he earned an
MS and a PhD} in chemical engineering at
the University of Pennsylvania.

ast-growing street trees help sell

houses in new developments, but
trimming them becomes a frequent and
expensive bother for the electric util-
ity whose lines share the same airspace.
Controlling Tree Growth (page 26) re-
ports on the development of chemical
treatments that retard both the rate and
the luxuriance of growth for many trees.
Science writer Rosalyn Barry turned to
Robert Tackaberry for the major find-
ings from 10 years of EPRI-sponsored
research.

Tackaberry joined the Distribution
Program of the Electrical Systems Divi-
sion in February 1976. He was previously
with A. B. Chance Co. and Joslyn Manu-
facturing & Supply Co. for a total of 24
years, successively in sales, applications,
and marketing assignments, Tackaberry
graduated from the 5. Naval Academy
and served in the Navy for 9 years.
















extended a step further. Cooperative
agreements were struck almost immedi-
ately with federal agencies doing related
research, which led to an increasing num-
ber of jointly planned, funded, and man-
aged projects.

Significantly tor EPRI's evolution, there
was built into the new organization a
form of adaptive intelligence through the
creation of an elaborate advisery struc-
ture. This set of committees with their
hundreds of participants from the indus-
try, known collectively as the Industry
Committee Structure, helped to tether
EPRI to the real world and to ensure con-
linucus scrutiny of research progress and
priorities by the ultimate users of the new
technology. Many still regard this as one
of EPRI's mos! ingenious and significant
crganizational elements.

New ideas, directions, and opportuni-
ties were carried home by the participants
for yet broader review and familiariza-
tion, and new problems and needs were
inevitably brought back and fed into

EPRI5 thinking. The trick was to main-
tain an organization that was informed
and responsive, yet strong enough not to
let its advisers supplant the judgment of
its own research planners and managers.
The balance, from the viewpoint of most
observers, has been well struck; but all
agree it was probably inevitable that such
an adaptive organism would be progres-
sively drawn from its long-range empha-
sis toward the whirlwind of immediate
problems that had come to beset the utili-
ties by the mid 1970s,

Also critical to the Institute’s adaptive
structure was a second advisory body
created in EPRI's formative years, one
that drew on the insights of individuals
outside the industry itself. The spectrum
of backgrounds ranged from science and
business te education, labor, environ-
ment, and government; a number of pub-
lic utility commissioners were specifically
included. Known formally as the Advi-
sory Council and informally as the “con-
science of EPR],” this group more than

any other is credited for impressing upon
EPRI management in its firsl few years
the seriousness and breadth of public sup-
port for the environmental and conserva-
tion movements. These were here to stay
and must be dealt with, the Council
members concurred.

Environmental assessment and control
technology became one of the first and
ultimately most striking departures from
EPRI's anticipated mission. It was not
initially a high-priority item on EPRIs
agenda. David Saxe, EPRI's vice president
for Anance and operations and one of the
first people to be recruited by Chauncey
Starr, reflects, “It is rather surprising from
where we sit now to think that back in
those early days of EPRI, the need for an
environmental program was not broadly
recognized. Of course, now it receives a
tremendous emphasis in the overall work
of the Institute. . . . As much as 50% of
our R&D is now driven by matters of
environmental protection, health, and

safety.”

Conditions of Crisis

Energy shocks, economic upheaval, and their aftermath

PRI was just settling into its new

Palo Alto, California, headquar-

ters, assembling its core staff and

contract machinery, and putting
its first programs into place when the oil
weapon was unleashed in the winter of
1973-1974, The oil embargo lasted several
months, sending moterists into long lines,
foreign policy and energy strategists into
long conferences, and the spot price of il
to about 512 a barrel, an overnight

increase of approximately 400%.
Energy, once a backwater of public
concern, suddenly became a front-page
affair, taking on the proportions and
trappings of crisis. The term stuck and
was reinforced daily as the public
watched the inflationary bulge of oil
beginning to work its way through the
economy, as they listened to the dire pro-
nouncements of resource exhaustion and
growth limits recently put forth by the

Club of Rome, and as they watched in
horror the capital resources of the west-
ern world flowing off to build the capital
cities of the OPEC nations.

As the thought settled into somnething
approaching certainty and conviction
that oil would be in permanent short sup-
ply and that oil prices would constantly I
escalate over and above the inflation they
helped to drive, the alarms of crisis began
to turn the wheels of government, Presi-
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rent production rate of Saudi Arabla—
and real prices of oil have dropped by
some 20% in the last two years.

Bruce Netschert, vice president of
National Economic Research Associates,
Inc., and a former member of EPRI's
Advisory Council, believes that “the (un-
damental premise of the 1970s panic-type
reaction was wrong. It's all a matter of
price, not a matter of running out. Based
on my thinking now, oil prices will be
stable in real terms throughout the rest of
the century. They will not go up—or at
most 1% a year.”

Others are hesitant to consider price
stability, pointing to the whipsaw poten-
tial of any commodity and the particular
surprises of oil in the past few vears.
There is even concern now about a possi-
ble price collapse that could endanger
recent investment in deep drilling, sec-
ondary recovery, and some alternative oil
technologies. “To understand just how
soft the underlying oil price is,” says
Liewellyn King, publisher of The Energy
Dhily, "you have to realize that we have
had an extraordinarily bad year inter-

counts eight wars—without price escala-
tion. Remempber, the Iran-Irag war ini-
tially pushed the spot price to $50, bul
now it's under the posted price.”

If il prices have in fact stabilized for
the long term and conservation has been
irrevocably sel into motion in all sectors
of the 1.5, economy, then it would seem
likely that in the 1980s energy will recede
as an issue unto itself—that it will turn
the stage over to the larger economic
issues it helped to create or to illuminate,
including productivity, efficiency, and the

nationally—I think the State Department | preservation of capital.

Challenges of the Future

L
Responding to the emerging needs of industry and society

he state of affairs of the electric

utility industry in the 1980s is not

good, and the tumultuous events

of the past decade have brought
great financial pressures. The cost of con-
struction and the cost of capital, for
example, have risen to the point where
large new plants can exceed the asset
value of the company. Environmental
regulations have compounded to the
point where effluent contrel equipment
can represent 50% of the cost of a new
coal-fired power plant. And for the first
time since the Depression, no new large
baseload plant of any kind was ordered
this past year; nor were any large tur-
bines.

Pressed for funds, utililies are taking a
much harder lock at the return from their
investments in R&D, This has put
renewed emnphasis on how EPR! divides
its attention among Lhe current genera-
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tion of plants, the next generation, and
the generations beyond. This relationship
of near-, mid-, and long-term R&D has
evolved over the past decade from
roughly 50-40-10% to 70-25-5% today.
Same close observers worry that contin-
ued pressure for near-term results might
eclipse the mid- and long-term needs of
the industry, that shori-term thinking
might harden into shortsightedness
toward exploratory research. But most
feel the risk is manageable and prudent
for the times, and that EPRI has found its
proper niche in the scheme of energy and
utility R&D,

In principle at least, this is compatible
with the position of the federal govern-
ment. “EPRI, sitting much closer to the
vser and the supplier,” says George Key-
worth, science adviser to President
Reagan, “is in a better position than the
government ta set priorities in the devel-

opment and demonstration of new tech-
nologies.”

Taday, EPRI's $300 million a year R&D
program is one of the most diversified
energy programs in the world, In its first
decade, the Institute initiated some 2000
projects and awarded some $1.5 billion in
research contracts. In the next five years,
it plans to award an additional $1.8 bil-
lion and, through cofunded and cost-
shared projects with contractors and
other organizations, to make available to
its industry sponsors the benefits of
another $1 billion in R&D funds.

This represents a sizable investment.
Yet these research expenditures appear
small when compared with the size of the
sponsoring industry. Annual revenues for
EPRI account for about one-third of 1%
of industry gross revenues; and the
cumulative 10-year R&D expenditures to
date represent about one-tenth of 1% of







One of the more tangible concerns fac-
ing EPRI in the area of technology trans-
ter is how to bridge the gap between
product readiness [rom the researcher’s
point of view and from the utility opera-
tor’s point of view. Some of the applica-
tion engineering and market development
issues involved are now being explored at
EPRI's test centers, such as the Nonde-
structive Evaluation Center in Charlotte,
North Carolina, where the researcher can
meet with the utility engineer or techni-
cian to discuss design, operation, feld
use, and training.

One of the more elusive concerns is
the front-end cost barrier to technology
transfer. Because of the financial pressure
on utilities, even things that could help
are deferred. “Many utilities,” says Rud-
man, “are in a position of having to say
‘our number cne problem is cash flow,
and we're not going to do anything to
exacerbate it.""

Program plan

Through the late 1580s, EPRI’s base pro-
gram of R&D is designed to respond to
the industry’s critical near-term issues—
from flexibility to minimizing the need for
capital. “Flexibility to maneuver in these
tight times,” says Richard Balzhiser, vice
president for research and developmenl,
“means being able to cope with a high
degree of uncertainty. And this in turn
means improving our forecasting,
improving our load management strategy
and equipment, providing modular gen-
eration alternatives, supporting conserva-
tion, stretching out the life of our plants
to give us some breathing room, staying
out in front of emerging issues, and keep-
ing our largest and most dependable
rescurce options—coal and nuclear—
open.”

The high cost and limited availability
of capital have had profound research
implications. Sam Schurr, economist and
deputy director of the Energy Study Cen-
ter at EPRI, says, “Capital scarcity was a
problem back in the early days of our
country. But the present situation is
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unmatched, 1 think, in earlier experience.
Certainly as far as the electric power
industry is concerned, 1 don't believe
there has ever been a time when the
industry has been more interested in not
building plants than in building them.”
This has several implications for
research. One is the need to extend the
life of existing plants by upgrading com-
ponents, improving operations, and mov-
ing toward the use of diagnostics to
prevent catastrophic failure and fine-tune
the maintenance functions, Another
implied need is to extend baseload capa-
bility through conservation and load
management strategics and technologies.
Capital preservation can also be
accomplished by building new systems
with higher availability and reliability,
and one route to this is through the use of
parallel, modular generation units as
oppased to a single large system. Building
in modular units has assumed greater
importance in these times of uncertainty.
It could provide the means to add small
increments of capacity more quickly as
load growth becomes apparent. Con-
struction times are more typically 3 to 5
years than 10 to 12. Sizes can vary from a
few mepawatls to a few hundred, and the
technologies range trom gasification-
combined-cycle and Huidized-bed plants
lo renewable resources and fuel cells.
Another trait common to these new
technologies is their inherent cleanliness,
Environmental compalibility is now a
prerequisite for new power generation
technologies and, in fact, is one of the
key criteria in screening options for devel-
opmenl. Existing plants represent a maore
controversial situation. With the slow-
down in new plant construction and
plant turnover, environmental progress
has also been slowed in the eyes of envi-
ronmental pressure groups and their con-
stituents, who as a result see a need to
shift their strategic focus from new plants
to retrofits on the existing fleet.
Environmental issues facing the indus-
try in the next decade include acidic de-
position, carbon dioxide, electric field

effects, and solid waste. The concern aver
acidic deposition is considered by some to
be the culmination of a 15-year series of
air quality actions, As the legal focus
expands beyond atmospheric loading to
include terrestrial loading, solid waste is
expected to emerge as a major environ-
mental issue.

Expanding horizons

Looking ahead, most observers {eel that
EPRI will experience great pressure (o
expand its currenl scope ol activities, and
that one of the central, ongoing chal-
lenges to EPRI's management, Board ot
Directors, and advisers will be to con-
stantly reevaluate the Institute’s proper
boundaries. Inevilable tensicns will arise
out of the fact that EPRI is widely
regarded as a premier technical resource
and the fact that the operational, engi-
neering, and research needs of the indus-
try far exceed the Institute’s resources,
There may be increasing temptalion to
turn to EPRI for consultation and supporl
in matters well beyond those of R&D.

How Far EPR1 can go in devoling
resources to the transfer and commerciali-
zation of technology is today the clearesl
manifestation of this cancern about
boundaries. The need is apparent, even
urgent, but an all-out response would
seemn to put the Institute at risk of dilul-
ing its resources. Transter might require
a nearly open-ended response, pointiny
logically toward a whole new class of in-
formation, marketing, business develop-
ment, and perhaps even customer service
activities.

Another broad area of possible expan-
sion is what Chauncey Starr calls the
“clinical (unctions . . . that class of activi-
ties where the emergency room is thrown
open and in come the big events requiring
an arganized scienlific and technical
team.” Three Mile Island was such an
event. EPRI will continue to serve in a
standby capacity for emergencies. Dut
beyond this lies another large class of
clinica! activities more analogous to
health maintenance than surgery. EPRI is




in a prime position to coordinate and
focus a preat many technical resources
onto a given problem, and in the cxtreme
to take on a type of consultancy—that is,
to pursue not only generic lechnical prob-
lems but those specific to a given client.
Again, the inclination to be responsive
poses the danger of opening the flood-
gates on EPRI's limited resources and
perhaps undermining its longer-term
development activities. Some balance is
obviously required.

One important centinuing course of
expansion for EPRI is to move further
into the vacuum of leadership in U.5,
energy R&D to facilitate and/or integrate
new cooperative ventures in advanced
energy development and demonstration.
The cost of demonstration is such that
pooling resources up to and including the
international level makes considerable
sense, bul there is always difficulty in
pulling together and holding together
such collaborations. In this regard many
now look to EPRI as not only a catalyst
but, in the words of Ruth Davis, “the
mortar between the bricks.”

Further leadership activity will likely
include an entrepreneurial role in seeding
new organisms of collective research.
EPRI has established seven test centers
and has contributed indirectly to several
new ventures in other industries. It is also
exploring the feasibility of application
centers where research would be con-
ducted on new electricity-based processes,
such as plasmas, to enhance industrial
productivity.

Leadership will also carry with it the
responsibility of vision, and here EP'RI is
ideally suited to explore the long-range
potential of electrification in the coming
age of information, computers, robotics,
service industries, and mare efficient
forms of industrial production.

Poised for its second decade, EPRI has
taken new initiatives ta secure the indus-
try's investment in R&D and to maintain
momentum in critical areas of develop-
ment, such as gasification-combined-
cycle and fluidized-bed technologies.

Gerald Tape, president of Associated Uni-
versities, Inc., and former chairman aof
EPRI's Advisory Council, seems to sum-
marize the sentiments of mosl clase
observers when he says, “As [ look to the
future, it is my hope that EPRI cloesn't
lose its initial spirit, drive, and fexdbility,
that it doesn’t become overly invested in
particular lines of research—that it
remains oul in front of the problems and
moving with the times "

Background lor this arncle was drawn from
Ifetviews with 1he lalfowing pecpte: Ruth Dawis,
president. The Pymaluning Groug, Inc., Charles
{13y, asmislan! general counsel, Nationat
Associalion of Regulatary Utilly Commigsigners;
Johit Kedrney, seniar vice president lor energy and
enmviranmental aclwties, Edwon Electng inslilute;
George Keywarlh, science adviser 10 the President
at the Uniled States; Llewellyn King, putilisher The
Energy Dafy Bruce Netscherl, vice masident,
Nauonal Economic Research Associales. Inc .,
Joseph Swidier, serien partner, Swidlier Barlin and
Siretow: and Gerald Tape consultant and pas|
oresident, Assooizled Universitics, Inc. £PRI stalf
irteryiewed 1o this article weare Chauncey Starr,
wice chairman, Floyd Cullgn president; Milton Klem,
semur assisian] o the president, Richard Balzhoser,
vice president Inr rgsearch and developmei!
David Saxe, vice precidant tor finance andg
apetalions, Richard Rudman, directar, inlormalian
Services Group Fntz Kalhammer, dreectar, Energy
Managemen! and Utilizalion Chvizion: Reng Malis,
direcion, Energy Analysis and Ervironment
Dision; Dwain Spencer divecion, Advancad Power
Syslems Devision, HKur! Yeager. dreclor, Coal
Combushon Sysiems Dvision. Roberl Loltness,
tirector, Washington Office; Sam Schurn, deputy
director, Energy Sludy Center, and Chris Whipple,
lechnical manager, Energy Study Gentet
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or fault conditions or when a supplemen-
tary cooling system does not function
properly.

Two important improvements

Projects being conducted by General
Electric under EI'RI Project Manager
Gilbert Addis are designed to increase the
capacity and reliability of high-voltage
thyristors through two fundamental de-
sign changes.

First, instead of employing a separate
electric circuit, conduction will be initi-
ated by light conducted to each thyristor
in a series by optical fibers. These glass
fibers, of course, do not conduct elec-
tricity, so their use will greatly decrease
the problems of insulating the triggering
circuit from the power circuit. Also, they
are more immune to interference and
accidental firing from electrical noise
generated by the switching of uther valves
in the converter circuit, which can cause
accidental firing of thyristors activated
by electric triggering circuits.

Second, a two-phase cooling system in
which a liquid is vaporized to absorb
greater quantities of heat will be able ta
replace other means of cooling. Such a
two-phase Freon system will provide a
much more efficient way of keeping thy-
ristors within an acceptable temperature
range. Using such a system will increase
the current density that can be tolerated
by the thyristors. It is also move com-
pact—an important factor in keeping
costs down,

The principle of triggering thyristors
with light has long been understood, and
such devices are already commercially
available for low-power applications.
However, these small photethyristors can
use light sources placed in close prox-
imity; for high-voltage converiers, the
two systems have to be separvated. To re-~
duce the requirement for insulation and
to expedite repairs, the electrical equip-
ment that controls the light souree has to
be shielded and at a distance from the
main transmission circuit, That way, if
redundant triggering systems are used,
maintenance can be performed on one

light source while the other continues to
operate. By avoiding a shutdown of the
whole converter terminal during such
maintenance, a utility may be able to
save as much as $100,000 an hour.

The search for a light source

EFRI has concentrated on two main
choices for providing the needed source
of light—laser diodes and cesium arc
lamps. Both can be pulsed at the required
speed, and each might be able to do the
job under certain circumstances.

At first, laser diodes looked like a goad
candidate, They are very compact, give
off particularly intense beams of light,
and have been tested in another EPRI
project aimed at developing an improved
static VAR generator. The problem was
that because their light-emitting aperture
was 50 narrow, each diode could only
trigger one fthyristor, Therefore, hun-
dreds of diodes and a complex netwark
of very fine, relatively brittle uptical fibers
would be required to help operate a
major high-voltage converter system with
the required redundancy. For HVDC
valves that require as many as 100 thy-
ristors in series, estimates of the likely
cost and potential unreliability led to work
on finding a single lamp that could trigger
hundreds of thyristors simultaneously.

Attention soon began to focus on a
new low-pressure lamp General Electric
was building that was similar to the com-
pany's popular Lucalox sodium arc lamp,
commonly used for street lighting., The
new lamp contained mainly cesium vapor
and had a smaller bore that increased
arc intensity. However, at first it appeared
that very large peak currents (as high as
2000 A) would be needed to produce suf-
ficiently intense light from these lamps to
trigger thyristors at the end of 20-m-long
optical fibers. Producing rapid current
pulses of this magnitude would have
been both very difficult and expensive,
Fortunately, improved optical fibers be-
came available, General Electric contin-
ued development work on the lamps, a
small amount of mercury was added to
increase light intensity, and the magni-

tude of required current was reduced to
300 A.

Flashing the lamps quickly and accu-
rately is a demanding business that re-
quires microprocessor control, Usually
the lamps are required to fire steadily,
once each vycle, but under certain cir-
cumstances (including startup and line
emergencies) they may be pulsed up to
four times per cycle. The microprocessor
must therefare monitor conditions in the
lamp and ensure that each pulse can be
delivered at full strength. Lamp tempera-
ture and pressure are controlled by ad-
justing a keep-alive circuit, which pro-
vides a relatively small amount of current
te maintain the cesium and mercury in
plasma form. Additional current to create
a brilliant arc is then provided by a puls-
ing circuit, which uses power thyristors
te control discharge of a capacitor through
the lamp.

To conduct the flashes of light from the
lamp to the large, high-voltage thyristors
requires fiber-optic light guides similar
to those commonly used in medical ex-
aminations, but much more efficient.
Rather than using the thin, easily broken
fibers that have been used with laser
diode light sources, mare-sturdy flibers
with diameters of 0.4-0.6 mm can be
used. Made of drawn fused silica, these
fibers cause very low loss of light and
can be spliced if necessary. Af the lamp,
the ends of the fibers are arranged around
the arc, from which they conduct light to
the gate areas of many thyristors in a
valve.

Improved cooling

An inherent part of boosting the power
conversion capacity of thyristors is in-
creasing the removal of heat caused by
power losses within the thyristor assem-
bly. While developing the latest genera-
tion of large (77-mm-diam) thyristors,
General Electric also substantially im-
proved the flow of heat from inside the
thyristor package through the use of new
materials and a process that changed the
way electrodes were attached to the semi-
conducting material. It was then neces-
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sary to find a better way to move heat
away from a thyristor’s external housing
so that large numbers of the device could
be used in series, as required for high-
voltage conversion.

When EPRI undertook to help fund
development of an improved external
cooling system, there appeared to be two
possible alternatives to replace forced-
air cooling. The first of these involved
passing a liquid over the thyristor hous-
ing to carry heat away by simple conduc-
tion. The advantages of this method were
its simplicity and availability, The sec-
ond, more complex alternative was forced
evaporative cooling, in which a liquid
would boil on contact with a heat sink
adjacent to the thyristors. Similar two-
phase (liquid and vapor) svstems are
commonly used in refrigerators and air
conditioners. Although such a systemn
would require substantially more devel-
opment work and would be more difficult
to control, it was finally chosen because
of its greater efliciency, compactness, and
cost-effectiveness.

By allowing the liguid te boil, the cool-
ing systemn could take advantage of the
latent heat from vaporization of the lig-
uid, The pumping rate for passing the
cooling liquid past a thyrister would only
have ta be one-tenth as great if this latent
heat of vaporization was absorbed than if
the system relied solely on heat transfer
to a nonboiling Auid, Not only does this
lead to greater efficiency but it also helps
prevent the buildup of static charge that
can result when large quantities of liquid
are pumped at high velocity.

As aresult of using the two-phase sys-
tem, more heat can be removed from the
thyristors, allowing them to operate at a
lower temperature. This helps provide an
added margin of safety in case of acci-
dental overlead. In addition, the two-
phase system uses Freen rather than
water as its operating fluid, which means
that leaks can be detected more readily,
and leaking Freon fluid is not as likely to
cause a flashover, In the long run, the
more complex, evaporative cooling sys-
tem was thus judged to be less expensive
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than the simpler one based on liquid
cooling.

However, to develop such a system
specially tailored for use in converter tey-
minals required overcoming several tech-
nical problems. Some basic design lmits
could be drawn from the extensive ex-
perience gained with two-phase cooling
systems in the chemical and nuclear in-
dustries, but the size and configuration
of the present system were to be so dif-
ferent that extensive analytic modeling
was also needed. Instead of the usual
single path for the fluid to follow, a cool-
ing system that serves multiple thyristors
independently must have many tubes,
These would have relatively small bores
and run in parallel, so complex calcula-
tions were required to ensure adequate
flow in all tubes.

Computer models developed by Gen-
eral Electric permitted extrapolation of
the necessary data from experiments re-
lated to the cooling system design. Heat
transfer between the heat sink and the
coolant was measured and related to the
overall efficiency of the system. Limits
were set on the maximum amount of heat
that could be transferred without drying
out the tubes. Operational limits of the
cooling systern were correlated to the
amount of heat that might be expected to
be generated by power surges in the thy-
ristors, Eventually, a 100% safety factor
for adequate heat transfer was built into
the designs, as were provisions for re-
dundancy in pumping and for automatic
shutofs, An experimental madel of the
cooling system, based on the results of
these calculations, confirmed their validity.

Demonstration in 1983

Before a technology of this type can be
considered ready for market, it must be
demonstrated on a commercial scale.
Such a demonstration allows engineers
to work the bugs out of a new systern,
while providing operating experience
under a variety of realistic utility condi-
tions. In the present case, General Elec-
tric is preparing one full-scale advanced
thyristor valve, complete with the new

light-firing and cocling systems. This de-
vice will replace an exiating IMErcury arc
valve at the southern end of the HVDC
Pacific Intertie Line, now the country’s
largest de transmission system. This dem-
onstration, which is scheduled te begin
during the fourth quarter of 1983, is also
funded by EPRI. The host utility is the
Los Angeles Department of Water and
Power (LADWP).

The demonstration at the Sylmar con-
verter station will take place over two
years. The transition period between fall
and winter, when net power low alang
the Pacific Intertie is 2t a minimum, has
been chosen for installing the advanced
thyristor valve modute, During this period,
the Intertie can most economically be
shut down to facilitate this sort of major
installation. For the remainder of the
demonstration, the valve will be sub-
jected to several specific tests to be coor-
dinated by EPRI and LADWP, in addi-
ticn to being cbserved during normal
utility operalion,

Future directions

The advanced thyristor systermn devcl-
oped by EPRI and General Electric marks
an important step in the evolution of
solid-state electronic valves for HVYDC
power transmission applications. Crea-
tion of a triggering system based on direct
light-firing of thyristors should make it
easier to stack thyristors in the large ar-
rays needed to handle high voitages. And
usge of a highly efficient external cooling
system with these thyristors will enable
them to operate more reliably under in-
creasingly strenuous individual load con-
ditions. If the proposed demonstration
of this new technelogy is successtul,
HVDC transmission should become even
more attractive economically.

To make the system even more reliable
and more widely applicable, another im-
portant improvement is being investi-
gated. A way is being sought to make the
light-fired thyristors self-protective, that
is, capable of withstanding severe over-
voltage without suffering catastrophic
failure. 1§, for any reason, one thyristor
















tion projects do not solve landfll prob-
lems, most utility MSW experience in
the past 10 years has been in cofiring RDF
with coal or oil in retrofitted power plant
boilers. As eager communities saw it, it
was only logical that the eHicient coal
and oil boilers in power plants could
bum small guantities (10-20% of total
heat input) of RDF witheut much diffi-
culty. Utilities, willing to cooperate with
their neighbors, agreed te lend their
boilers for MSW disposal, and since
1970 eight utilities in the United States
have cofired RDF in their power plant
boilers. Three of these utilities are still
burning RDF; three more utilities have
plans to start cofiring as well.

In many situations, the probiems of
burning ROF in utility boilers quickly
became apparent. “A little solid waste
and a lot of coal seemed to make good
engineering sense,” says Shelton Ebrlich,
manager of EPRI's Fluidized-Bed Com-
bustion and Alternative Fuels Program,
“but that little bit of solid waste carried
a lot of bad substances with it into the
boiler.” The organic combustible wastes
in RDF, such as paper and wood, mingle
with the inorganic incombustible wastes,
such as glass and metal. When RDF was
fired in the soaring temperatures of power
plant boilers designed exclusively for
coal or fuel cil, the nencombustibles
melted into slag that fouled boiler tubes.
Plastic compounds gave off chlorine and
hydrogen chioride gases, which increased
corrosion of boiler parts. Some combus-
tibles, such as wood chunks and shoe
heels, were too large to burn completely
in the brief seconds that they fell through
the boiler. Their full Btu value was squan-
dered, and when they reached the bottom
of the boiler, they abstructed the bottom-
ash removal system, Not only were there
problems in the beiler, but RDF’s con-
tents also created problems in the stack.
The plant's ash-handling and air pollu-
tion control equipment, designed for the
ash and pollutants lhat coal and oil pro-
duce, could be averloaded by the large
amounts of particulates produced by
burning RDF,

In short, what seemed like a good way
to dispose of MSW ended up jeopardiz-
ing the efficiency, reliability, and avail-
ability that power plant cperators had
labored to achieve with conventional
fuels. Utilities with RDF programs worked
hard to solve these technical difficulties,
with such groups as EPRI, DOE, and EPA
providing technical backup in the effort,
and answers to many of the problems
were found. For example, utilities dis-
cavered that hinged dump grates could
be installed at the bottom of suspension-
fired boilers to catch unburned RDFE. The
grates would permit ignited material to
burn for a longer residence time, and the
grates were periodically opened to allow
consumed material to fall to the ash re-
moval system below. In addition, better
RDF precessing, including trommel and
disk screening, could remove more glass,
metal, and ash, even if it did increase the
cost of the RDF processing and reduce
the RDF's Btu yield.

These technical solutions worked. In
Ames, lowa, for example, where a city-
owned power plant was converted to
RDF cofiring with pulverized coal in the
mid 1970s, the addition of bottom dump
grates solved the problem of unburned
material falling to the bottom of the
boiler, according te McGowin. Bottom
dump grates were subsequently included
in a new pulverized-coal unit at Ames,
which successfully cofired RDF with coal
this past year. Ames also installed rotary
disk screens at its publicly owned RDF
processing facility and was able to reduce
RIDF ash content from 21% to 10%, which,
in turn, reduced botler slagging. In another
example, in 1979 dump grates were in-
stalled in two of Madison [Wisconsin]
Gas & Electric Co’s coal boilers, which
were cofiring ROF processed by a munic-
ipally owned resource recovery plant.
The results were also a success.

While individual utilitics were devis-
ing better ways to burn RDF in their
bailers, EFRI was also working on some
sclutions. EPRI's MSW program, begun
in 1975 to monitor the developing M5W-
to-electricity technologies, concentrated

on assessing the impact of RDF cofiving
in power plant boilers. In 1981 EPRI
sketched out preliminary guidelines for
cofiring RDF in these boilers, including
necessary modifications for boilers and
ash-handling systems, EPRI and Argonne
National Laboratory are now cospensor-
ing a project to prepare detailed guide-
lines for cofiring RDF in utility boilers.
The project will review utility experience
with RDF cofiring; develop RDF specifi-
cations and recommend fowsheets for
RDF preparation; and develep design
and operating guidelines for RDF han-
dling, storage, and firing in utility boilers.
These guidelines will be adapted for dif-
ferent combinations of boiler and pri-
mary fuel types—for example, cyclone,
wall-fired, and tangentially fired boilers
designed for coal or fuel oil. The results
will appear in a handbook, which is ex-
pected to be available to utilities in 1984,

Nontechnical questions

Although ulilities are overcoming the
technical problems of burning RDF as a
fuel in utility boilers, there are also some
difficuit institutional problemns involved
with cofiring RDF. One of these is the
lack of incentive for a utility to partici-
pate in an MSW project, other than to
provide a community service, State utility
regulatory cominissions do not permit a
utility to derive a profit from using RDF,
according to McGowin, so if the RDF
is cheaper than coal or oil, no part of the
savings can be retained by the utility,
despite the fact that RDF cofiring is a
more complicated operation than firing
conventional fuel. And in many cases,
the utility is not permitted to change its
cost of power generation to reflect the
increase in boiler operation and main-
tenance costs and the decrease in plant
output when RDF is burned. “A utility
will get a return on its investment in ret-
rofitting boilers, but it will not get any-
thing for the increased risks to its power
plant,” explains McGowin.

Utilities that cafire RDF may alse be
exposing themselves to economic dis-
patch penalties, Utilities dispatch their
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have shifted their attention to building
dedicated boilers that burn only M5W
or RDF and produce steam and/or elec-
tricity to sell for district heating, indus-
trial process heat, or electricity genera-
tion, This approach is especially attractive
to utilities because the purchase of steam
or electricity generated at dedicated
MSW- or RDF-fired facilities is a simpler
arrangement; requires no additional util-
ity fuel handling, fuel storage, or waste
disposal; and does not affect the reliability
of extisting power plants as cofiring does.

Dedicated facilities are also atiractive
to communities, although for other rea-
sons, A dedicated facility van be built
wherever a community’s MSW can sup-
port it; the community does not have to
depend on a local utility having an appro-
priate power plant boiler for RDF cofir-
ing, A dedicated refuse-burning plant
that cogenerates steam and electricity for
sale to a range of customers may also be
able to secure higher energy recovery—
and higher revenues —than if it only sold
ROF to a utility. And depending on the
outcome of a case now pending before
the U.S. Supreme Court, communities
may ultimalely receive a higher price for
electricity than they would for RDF fuel.
Under the provisions of the Public Utility
Regulatory Policies Act of 1978, which
govern the purchase of electricity from
refuse-fired cogeneration facilities, public
utilities are required to purchase cogen-
erated electricity at their avoided genera-
tion cost. If the refuse-fired generation
replaces costly oil-fired generation, the
community may receive a higher price
than it would if it merely sold RDF to a
utility.

Many communities are now consider-
ing building dedicated facilities to burn
their refuse and generate steam and elec-
tricity, according to McGowin, and s¢
more and more utilities are considering
buying MSW-generated steam or elec-
tricity. Dedicated mass-burning, MSW-
fired boilers are operating at Braintree
and Saugus, Massachusetts; Harrisburg,
Pennsylvania; Chicago, lllinois; Nash-
ville, Tennessee; Norfolk, Virginia; and

Waukesha, Wisconsin. Dedicated RDF-
fired boilers have been built in Niagara
Falls and Hempstead, New York; Akron,
QOhio; and Miami, Florida, Most of the
steam produced by these plants at this
time goes for district heating or industrial
process heat, but several of these projects
include the sale of steam or electricity to
electric utilities, according to McGowin.

The boilers used in dedicated facilities
are so-called waterwall boilers, whose
walls are lined with water tubing. MSW
mass-burning facilities usually convey
the fuel into the boiler on moving grates,
where it burns without additional fossil
fuel. Dedicated RDF botlers usualily use
semisuspension firing. An extra boiler
is sometimes built in both MSW and
RDF facilities to increase plant reliability
and offset increased maintenance.

Because MSW and RDF contain so
many slagging and corrosive elements,
dedicated boilers cannot be fired at too
high a temperature. The resultant steam is
of a lower temperature and pressure than
that which conventional utility power
plants use to run their turbines; also,
steam cannot travel far without losing its
heat and pressure. 5o the utility that buys
steam from a dedicated facility will have
to build low-temperature, low-pressure
turbines at or near the site of the dedi-
cated facility in order to generate elec-
tricity. Low-grade steam might also be
used to preheat the water going into con-
ventional utility boilers.

Because many mere utilities are ex-
pecied to consider buying steain or elec-
tricity generated from MSW or RDF at
dedicated facilities, EPRI has mounted a
research effort in this area. A new project
will document the feasibility, design,
economics, and operating experience of
dedicated M5W-fired steam and electric-
ity cogeneration facilities planned and
operating in Nashville and Gallatin, Ten-
nessee, respectively, The city of Nashville
is considering two options: expand the
existing Nashville Thermal Transfer Corp,
facility or build a new facility to increase
refuse disposal capacity, In Gallatin,
Tennessee, Sumner County's small co-

generation facility has been operating
since early 1982. Both plants sell steam to
industrial customers and cogenerated
electricity to TVA. The case histories that
this study will provide can be referred to
by communities planning similar facilities.

Toward a mutual solution

The decision to tie in with a community
resource recovery project—be it burning
RDF as fuel or buying steam or electricity
generated from MSW or RDF—is one
that every utility must make for itself.
“Utilities can’t go into MSW with their
eyes closed,” emphasizes McGowin. The
utility’s present generation system, fuel
costs, local politics and landfill situation,
and many other factors must all be taken
into account. Utilities are generally will-
ing to accommodate neighboring com-
munities in their M5W ventures, but be-
cause utilities are a business, they must
work within the technical and institu-
tional boundaries imposed on themn. Only
a rareful assessment of the situation and
study of the M5W experiences that have
gone before can tell if the community’s
disposal problems can be solved without
risking utility efficiency, economy, and
reliability to do it (]

Further reading

Seminar Proceedings! Mumcipal Solid Waste as 3 Uiy
Fuel. Seminar held May 13, 1382, Mlami Beach, Flonda
EPRI G5-2723

Cufiring of Reluse Detived Fuet and Ceal at Oak Greek.
Vol 1 and 2. Final reports tor RPHYB-| prepated by
Combustion Engneenng. Inc.. August 1981 and October
1982, C5-19483.

Tecthinalogy Assessment. Muncipg! Sulid Waste as= a LItF-
ity Fuel. Final repor lor RP1255-3 propared by Ebasto
Services, Inc.. May 1982, C5-2409.

. A, McGowin. "'Municipal Solid Waste: A Ulility Fue/?"
NORR Bullehn, Yol 11, No. 4 (December 1981, pp.
101-108.

Wading Léhach 'New Fuels for OId ' P Journal, Vol 8,
No. 3 (Aprd 1981}, pp 6-12.

Seminar Proreedings. Municipal Sofid Wasig as a Utiity
Fuel. Seminar held .lanuary §-11, 1980 FL Lauderdaie,
Flarida. EPFI W5-79-225,

duinicipa) Sold Wwaste—Problem or Qpportunily?” EFRE
doumal, Val. 2, No. 9 (November 18777, pp. 6-13.

This article was written by Nadinz Lihach. Tochmecal
background mlormation was provided by Chatlas
M-Gowin, Coal Cambustion Syslems Division.
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Federal Efficiency

Dexter Peach of the General Accounting Office

talks about current energy trends

and the GAO’s strategy for effective oversight

stablished as an independent, non-
E partisan legislative agency by the

Budget and Accounting Act of
1921, GAC was formed to help Congress
provide an economically and effectively
run federal government. [t fulfills its mis-
sion by overseeing, auditing, and evaluat-
ing the programs, activities, and financial
operations of all federal agencies and
departments—from the Department of
Health and Human Services to the De-
partment of Energy (DQE).

To praobe into the energy issues re-
viewed by GAQ, the EPRI Jaurnal's Wash-
ington correspondent recently interviewed
]. Dexter Peach, director of GAQO's Re-
sources, Community, and Economic De-
velopment Division, Peach was director
of the Energy and Minerais Division prior
to its recent merger with the Community
and Economic Development Division. In-
volved in GAQ activities since 1960,
Peach recently received the Comptroller
General’s Award for his leadership in
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of federal energy programs.

GAQO's energy work and his efforts to
effect positive changes in the nation’s
energy and minerals policies and activ-
ities. Peach affers a broad perspective on
current energy trends as a result of many
years’ experience in energy issues and
through the preparation of planning doc-
uments and energy analyses for GAQ.

Is energy a principal area of concern
at GAQ?

Energy is certainly one of the major issues
under our authority. GAO’s energy oper-
ations are organized to deal with specific
fuel sources, such as nuclear, fossil, and
renewable resources, as well as other
areas that bear heavily on the future of
energy—conservation and pelicy plan-
ning, for example. We maintain specific
respongsibility for audit and liaison with
the DOE, the Nuclear Regulatory Com-
mission (NRC), energy-related portions
of the Department of the Interior, and the
Synthetic Fuels Corp. {SFC).

What guidelines does GAO use in
choosing areas of concern for near-term
review?

We recently completed development of
what we term the strategic plan covering
the next 24 to 31 months. Through this
plan we try to identify important and
emerging energy issues and those energy
programs where our audits can have the
most impact. We also try to anticipate the
issues that will have the highest congres-
sional interest and identify areas for
which a broad summary report within
the next two years would be timely.

What is the significance of the strategic
plan when much of GAO's work is by
congressional request?

GAO's reviews do involve both work ini-
tiated under its basic legislative statutes
and that done at the request of Congress.
If our plan is effective, we will have cor-
rectly anticipated much of the congres-







problems that have been with us for years
would still require resolution.

Does GAO plan to address the
administration’s philosophy on the
federal and private sector roles in
energy R&D?

The administration’s energy R&D policy
begs the question of what is meant by
long-term, high-risk R&D. There are also
unanswered questions about the private
sector’s role in the research, development,
and demonstration of certain technolo-
gies. A demonstration facility of reason-
able size requires a heavy investment,
coupled with a great deal of risk. When
the private sector commits to a capital
investment of that magnitude, it wants
some kind of assurance of a good return
on its investment, Because many promis-
ing energy technologies have both tech-
nical risks and risks associated with our
uncertain energy future, they are not
likely to meet the investment tests of the
private market. In essence, certain tech-
nologies just fall through the cracks, GAQO
will be looking info the roles and effects
of federal and private funding in greater
depth within the next two or three vears.

What can the private sector do to
minimize the loss of certain promising
technologies?

To a degree, organizations like EPRI can
fill the void in energy R&D that now
exists, particularly in the electric utility
area. The amount of money that utilities
can spend on R&D is constrained by the
regulatory environment in which they
operate, So private research organizations
like EPRI offer an opportunity to pool
relatively limited resources and under-
take larger projects that can benefit all
utilities, Still, given the environment in
which utilities operate, there are obvious
limits to what an EPR! can do.

What promising alternative
technologies are on the horizon?
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| think fluidized-bed combustion tech-
nology will continue to push ahead. It is
clearly a cleaner way of using coal, and
the concerns raised today about excess
capacity make smaller plants, such as
those used in fluidized-bed technology,
additicnally attractive. There should be a
good market for that size plant around
the world—particularly in the smaller de-
veloping countries where there isn’t the
need for a thousand-megawatt plant.

Speaking of excess capacity, is there
congressional concern over future
electricity needs?

I think this particular issue is going to
be a very important one in Congress, and
its members will need comprehensive
and objective assessinents to help them
put supply and demand questions into
perspective.

After the 1973 oil embargo, projections
for electricity demand continued to in-
crease. At the same time, we al GAO
were grappling with the effect this drastic
change in oil prices would have on elec-
tricity demand, Experience has shown
that the inflated price of oil, coupled with
an unhealthy economy, led to a substan-
tial decrease in electricity demand. Duein
part to consumers’ reactions to increased
fuel prices and implementation of con-
servation measures, demand did not reach
the predicted levels,

The difficulty arises when trying to
correctly anticipate supply and demand
levels. The possibility exists that we could
be just as wrong now in projecting very
low growth rates as we were when we
projected a2 continued high growth rate
after the oil embargo.

Would you elaborate on GAO's plans in
the electricity supply and demand area?

We plan to survey data and information
compiled by diversified sources, such as
the Tennessee Valley Authority, the elec-
tric reliability councils, and research or-

ganizations like EPRL Although there
have been numerous studies in this arca,
each involves different assumptions and
so each resulls in a different projeciion.
After evaluating these estiinates, it should
become easier to pinpoint the sensitive
areas that provide the basis for differ-
ences in supply and demand projections.
Then we will address how improved utjl-
ity planning and operations can minimize
the costs and risk of future demand and
supply imbalances.

The ultimate objective of our study is
to inform Congress of ways the nation
can achieve an adequate and cost-effectjve
power 5upply. In an industry that antici-
pates tremendous capital expenditure re-
quirements by the year 2000, even the
smallest improvement in operations can
translate into hundreds of millions of
dollars in savings. And ultimately these
savings affect the ratepayer.

Do you feel that the recent oil

glut has diminished congressional
interest in energy, placing it on the
back burner relative to other issues?

Considering the number of congressional
requests for GAO energy-related studies,
energy certainly does not seem to be on
the back burner. As a matter of facl,
energy has been repeatedly one of the
highest congressional interest areas at
GAOQ. To provide a yardstick, only about
35—40% of GAO's overall work is gener-
ated by congressional request. Last year,
however, about 65-70% of our work in
the Energy and Minerals Division was
from congressional inquiries. This clearly
indicates to me continued congressional
interest in energy.

Butin terms of what has happened with
certain technologies that were being pur-
sued, the recent oil glut has stifled prog-
regs. | have been involved in energy in
Washington since about 1973 —the time
of the first Arab embargo—and I've no-
ticed a roller coaster effect. Every time a




shortfall necurs in the world’s oil supply,
there is an incredible amount of sudden
interest in new technologies. When we
return to a sense of normalcy because of
an improved oil supply situation, the
urgency to develop technologies for fu-
ture needs virtually disappears. In the
last two years, we have lost a lot of mo-
mentum, and [ wonder if the situation
were to tighten up again, how well pre-
pared we would be.

What role will energy conservation
play in the future?

Conservation by all counts continues to
be our cheapest energy “source.” But it
can anly substitute for other sources up
to a point and must be considered in the
correct perspective. It is still not a new
source of energy from the standpoint of
being able to replace existing plants on
their retirement. We need to continue to
seek additional energy supplies.

Finally, one area of current interest is
talk of DOE dismantlement. [s GAQ
providing Congress with an evaluation
of this prospect?

Yes, we have completed two reports that
address this question, The [first, “Analysis
of Federal Energy Roles and Structure,”
was done in January 1982, In this study,
we tried to define the options available
to Congress in structuring an energy
organization. We discussed the implica-
tions of dismantling DOE, continuing it
as is, or going to some form of partial
dismantlement.

In August we released a report called
“Analysis of Energy Reorganization Say-
ings Estimates and Plans,’ which exam-
ined the savings estimates and plans for
the administration’s proposal. As you
may recall, the administration indicated
that such a reorganization would realize
considerable dollar savings, We found,
however, that there was little support to

back that savings claim. In fact, in the
short run, such a reorganization could
well cost money,

As the proposal is still before Congress,
GAQ has been asked to look at a number
of specific questions about the proposal’s
implications, such as how international
energy activities would be carried out
under the proposed change and the ef-
fects of the reorganization on nuclear
power and nuclear weapons research.
Similar questions on the transfer of pro-
grams to the Departments of Agriculture
and Commerceare alsoof concern, I think
this study, together with the other twao,
should provide Congress with substan-
tive background information to assist in
making a policy decision on how to best
organize the complex world of energy
policy and R&D) programs. @

This article was writlen by Ellie Hollander. Wastwngion
Ofiice.
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Advanced Battery
to Begin Tests

Zinc chloride prototype

initiates evaluations of advanced batteries

ong-term testing of a zinc chloride
L advanced battery design will begin

in mid 1983 at the Battery Energy
Storage Test (BEST) Facility in Hillsbor-
ough Township, New Jersey. Installation
of 10 modules that will form a 500-kWh
battery is planned under a $3 million
contract between DOE and Energy De-
velopment Associates (EDA), a subsid-
iary of Gulf +Western Industries, Inc.

Data to be gathered in the tests will
determine whether the zinc chloride bat-
tery is compatible with a utility grid and
can be operated and maintained by util-
ity personnel. Cost, safety, and factors
affecting reliability, including response
to electric surges, will also be studied.
This work will help identify improve-
ments needed for the development of a
commercial design,

EPRY and EDA are each posting 25%
of the cast of installing the battery mod-
ules, with DOE funding the remaining
50%. EPRI, a participant in zinc chloride
technology development since 1974, is
pledging continued R&D support for the
project into 1984. Its financial support,
including the next phase, now amounts
to $10 million; EDA and DOE support
amounts to $15 millicn and $11 million,
respectively,

at EPRI's BEST Facility.

David Douglas, EPRI preject manager
for zinc chloride batteries for utility
application, said testing of the modules
is scheduled to run for a year but may
be extended. "Over the last eight months
we have had zinc chloride batteries that
operated reliably and continuously, an
event in itself,” added Douglas.

The BEST Facility, jointly owned by
DOE, EPRI, and Public Service Electric
and Gas Co. (New Jersey), will be con-
tinuing its research on advanced battery
concepts with several other projects. A
lead-acid battery specifically designed for
utility load leveling is tentatively sched-
uled for placement at the facility in 1984,
according te Douglas, Plans call for the
next generafion of battery technology {ei-
ther zinc bromide or sodium-sulfur) to be
installed for testing in 1985, w

EV Interest
Remains Strong

Utility and auto industry representa-
tives met last fall at TVA to discuss the
latest developments in eleciric vehicie
research. The meeting, arganized by EPRI
with the assistance of the Electric Vehicle
Council, attracted 110 participants, in-
cliding 52 representatives of 38 electric

utilities. Jerry Mader, EPRI program man-
ager for electric transportation and host
of the meeting, said the response to the
workshop indicated a strong interest in
advancing the electric vehicle.

Those attending heard projections that
electric vehicles could be commercially
competitive by the end of this decade.
The key to this prospect, according to
Mader, lies in battery improvements now
under development. 5. David Freeman,
past chairman of TVA and a former EPRI
board member, added that the utility
industry will have to be the innovator
in developing electric vehicles.

The workshop’s keynote speaker was
Peter |. McTague, chairman of Green
Mountain Power Corp. and a member of
the EPRI board of directors. McTague
called the battery-powered car an idea
whose time has come: “For the producers
and distributors of electricity, the electric
car can tailor and reshape the way energy
is allocated, make optimal use of our
generating capacity, and reduce foreign
oil dependency.”

Workshop participants visited TVA’s
EV Test Facility near Chattanooga and
test-drove a number of electric vehicles
around the facility’s mile-long oval track.
Used for road performance and handling
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MHD POWER GENERATION

Since the inception of applied research in
magnetohydrodynamics (MHD) in the 1950s,
test facilities dedicated to this technology
have grown rapidly in number. size, and
complexity. Today the fargest U.S. MHD re-
search center is DOE's Component Develop-
ment and Integration Facility (CDIF) in Bulte,
Montana. Operated by Mountain States En-
ergy, inc., the cenler is a 50-MW (th) engi-
neering-scale test facility for MHD lopping-
cycle componenis. One of EPRI's major
MHLD efforts has been to develop a de-lo-ac
inverter systern for COIF. The system, de-
signed by Westinghouse Electric Corp.. has
been installed and is now heing tested. Vital
technical support regarding interface {ssues
has been provided by Avco Everstt Research
Laboratory, Inc., the developer of the MHD
generalor, and by Moniana Power Co., the
host ulflity. This cooperalive effort by indus-
lry and government has led {o the first de-
fivery of appreciable MHD power (o a ulifily
grid in this couniry — a significan! mifestone
foward MHD commercialization. This report
describes the inverier development effort, as
welf as a refated EPRI profect with General
Electric Co. on dc power consolidation
circuits,

A critical aspect of delivering MHD power 1o
a ulility grid is the conversion of the MHD
generator's raw dc output inio usable ac
power. Inverters and converters are avail-
able from manufacturers today. but they are
not ideal for use with MHD generators. Some
of these off-the-shelf devices are relatively
unsophisticated, with compenenis that have
not been designed for the dc-ac interactions
of a totally integrated MHD energy delivery
system. They can produce ac electricity
warped by harmonics, generate electromag-
netic interference, and cause electrical in-
slabilities at both dc and ac interfaces, All
this, in turn, can consume useful power and
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interfere with the proper functioning of utility
and customer equipment.

More-advanced eguipment —power-con-
ditioning systems {PCSs)—could go beyond
rudimentary dc-to-ac conversion and re-
vamp the resultant ac waves into the power
required by utilities and their customers.
Since the early 1970s, EPRI and DCE have
been sponsoring the development of speci-
fications and designs for PCSs of the future.
At the same time, as part of an efforf to de-
velop design criteria for inverters for large-
scale MHD generators, EPRI has specified
PCS designs based ¢n conventional, state-
of-the-art hardware rather than advanced
concepls. This approach was taken to mini-
mize both R&D effort and the cost of install-
ing and testing the PGS equipment at CDIF,

In addition to state-of-the-art inverter hard-
ware testing at CDIF, EPRI is sponsoring an
effort to analyze advanced power consolida-
tion circuits — networks for delivering the dc
power output of numerocus MHD elecirode
pairs to a single PCS for conversion to 60-Hz
ac. Together these activities should lead to
more-realistic predictions of the on-fline be-
havior and control requirements of MHD
generator-inverter units,

PCS development

in August 1979 EPRI selected Westinghouse
to provide PCS equipment to produce 3.5
MW of high-quality 60-Hz ac power when
connected 1o the MHD generator at CDIF
{RPB42-2), The basic thrust of this effort
was to design and construct a PCS for opera-
tion as part of a totally integrated MHD energy
delivery system. Tests would be conducted
to assess PCS interactions with the MHD
generator and the utility grid. Also, MHD gen-
erator characieristics would be documented
in the four PCS automatic control modes (in
which dc voltage, current, impedance, or
power is held constant).

Major tasks of the Westinghouse contract

were o define the PCS tunctional require-
menis and to produce detailed electric power
and control circuit designs with associated
instrumentation and diagnostic devices. Ad-
ditional work involved the development of
CDIF support requirements, detailed layout
drawings, factory and field checkout pro-
cedures, and startup, shutdown, and opera-
tional manuals.

In mid 1881 all PCS eguipment fabrication
and assembily work was completed, and alf
factory performance lesting and procedure
demonstrations were successfully accom-
plished. Each major component or subsys-
tem, such as printed circuit boards and
modules, was tested to ensure that it func-
tioned as intended by design. The factory
testing did not attempt to simulate interac-
tions with the MBD generalor, Rated dc volt-
age and current inputs were applied to the
equipment under test, bui not simuilaneously
because of facility limitations. Procedures,
acceptance criteria, and data sheets for
documenting the tests were included in the
test report.

The PGS equipment was delivered to CDIF
in late 1981, Site support documentation was
issued for building and utility services de-
sign and for PCS eguipment installation. The
construction and installation work was com-
pleted by Mountain States Energy in March
1982. Figure 1 shows the major de-to-ac
conversion components as installed in the
MHD inverter building.

On April 22, 1982 —following eight weeks
of preoperational checkout and startup ef-
farts —the PCS delivered over 400 kW of ac
power to the Montana Power Co. grid as the
MHD generator supplied approximately 550
kW of dc power to the PCS. The PCS was
tested in the voltage control mode at levels
up to 4 kV. Startup transients and tests in-
volving the sudden loss of the MHD generator
were successiully negotiated. The PCS con-
trolled the MHD generator voliage well as



Figure 1 This power-conditioning sysiem, developed under EPRI contract for DOE's Component Development and Integration Faclity, inverts the MHD generaior's
de outpul into usable ac power. Tests of the systern at the facillty have resulted in the firsl delivary of appreciable MHD power 1o & utilily grid in this country.
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generator output characteristics were modi-
fied by programmed changes in the magnetic
field and in channel plasma conditions, Data
on the generalor output characteristics were
collecled by slowly ramping the PCS de valt-
age set-point levels. Preliminary compula-
tions of generator performance agreed wel|
with the recorded data. The significance of
this test is that for the first time, the inherent
stability of a fully integrated MHD power
syslem was demonsirated at 400 kW ac with
closed-loop automatic voltage control.
During October 1982 dc power was con-
ditioned 1o ac power by the PCS in four
test firings. The PCS was operated in each
of the four control modes (voltage, current,
impedance, and power). Figure 2 shows lhe
control tevels and four simuitaneously ob-
serveddc andac parameters for an extended
tesl. To date, more than 4 Mwh of MHD
energy have been supplied to the Montana
Power Co. substation. A final report detail-
ing the PCS developrent effort and test re-
sulls will be issued the first parl of this year.
The successful testing of this large-scale
inverter at CDIF represents a significant step
forward in MHD development. The oppot-
tunity now exists to observe the behavior of
an MHD generator that is connecled to an

Harromic liller
capacilor bank

inverter, as well as the behavior of power as
it flows from the inverter into a utility grid,
Techinical dala and insighls developed from
ongoing integrated system tests can provide
the benchmark for the next-generation MHD
plant.

Power consclidation circuits

In May 1980 GGeneral Electric Co, waschosen
by EPRI to initiate development and analysis
work on alternative designs for dc power
consolidation circuits (RP642-4). The objec-
tive of this effort was to provide the prelimi-
nary R&D necessary io define an efficieni,
reliable, and cost-effective consolidation
circuit for power collection from either a
Faraday or a diagonally loaded MHD chan-
nel in baseload operation. While there seems
to be no consensusin the industry regarding
the integration of consolidation circuits into
an MHD system. three general concepls
have been advanced (Figure 3); these have
served as the basis for the General Electric
work.

The major guidelines for the circuit devel-
opment effort were as follows.

o Electrical isolation must be maintained be-
tween neighboring electrodes; that is, the
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tendency for current to circulate between
adjacent electrodes must be inhibited.

o The circuits must be nondissipative; effi-
ciencies should be 35% or higher.

o The circuits must regulate individual elec-
trode current to maintain proper current dis-
tribution and thus prevent eleclric shocks,
boundary layer separation, electrode current
overloads, and interelectrode overvoltages.

o The circuits must not induce destructive
electric transients in either the channel or
the PCS.

o The circuit designs must be abie to be
commercially manufaciured, allowing for
reasonable extrapolation of state-of-the-arn
power elecironics.

The project plan called for General Elec-
tric first to establish the functional require-
ments of the MHD environment in which the
consolidation circuits must operate, With a
preliminary specification in hand, the re-
searchers were then to identify, analyze, and
rank candidate circuits according to their
operating characleristics, efficiency. retiabil-
ity, cost, and suitability for development.
Next, a comparative performance analysis
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was 10 be conducied, and two candidate

systems were 1o be developed and tested as

breadboards in a circuit simulating an MHD

channef and the downstream PCS equip-

ment. Finally, the comparative performance

analysis for the two systems was to be up-

System DG Voliage 0C Current DC wmpedance dated on the basis of the breadboard lest
Starlup Control Mode Conjrol Macle Control Mode resuits.

General Electric has completed a pretimi-

14 nary specification for consolidating multiple

3o oe electric outputs from an MHD generator into
3 %; 06 one or (at most) a few buses. The proposed
883 04 specification defines the functional require-
G 02 ments for consclidation systems, while re-

o i | l I I } maining neutrai about the kind of technology

used to achieve these objectives. Regard-
less of type, the consolidation scheme must
satisty high efficiency and reliability require-
ments for all cperating modes of the MHD
system. In addition, ihe specification ad-
dresses MHD system startup, shutdown, and
standby; consclidation circuit input and out-
put parameters; fault conditions; environ-
mental requirements; physical size; and
safety.

General Electric emphasizes that the de-
signer of consolidation equipment must
maintain an overall system perspective to
ensure that bhoth the equipment's interface
with the channel and its interface with the
utility grid are addressed. Specifically, a
successful design must consider (1) all the
static and dynamic operating modes and
fault modes of a total MHD energy dslivery
system, and (2) the desired ac power quality,

WMHD Generator
Outpul Power
(MW doh

MHD Generator
Outnut Current
1A GCH

10— the power factor of operation, and other

2y gl electric utility interface issues.
%%3 sl The specification is based on MHD de-
8;2 AL signs developed in previous DOE studies.
%%f— Using two teams, one ai General Electric
=4 2 and one at Avco, DOE conducted a series of
0 ' I I : studies aimed at establishing the actual de-
sign of an MHD power plant. The resultant
designs are gensrally similar, and the elec-
100~ | trical parameters that form the basis for the
g% specification can be considered representa-
L tive of an early commercial MHD plant, The
T gé’i specification necessarily refiects the tenta-
gg fiveness of the present state of MHD power

o i A | plant design,

B0 100 120 To analyze candidate consolidation cir-
Tune {mim cuits more vigorously, an equivalent circuit

for an MHD generator was derived. The ap-
proach to evolving a realistic assessment
vehicle entailed two steps: devising a net-
work of impedances and voltage sourcaes
that would resembile a channel and developing
an analytic model of the channel with which
to evaluate this network. A two-dimensional

Figurs 2 MHD generaior dc paramelers and PCS ac output power for an extended test in various dc control mathematical model was developed and was
modes. For @ach mode the data show the inberent stabifity and the efficiency of the fully integrated inverler :

system during closed-loop operation. (The control mode reference level is slated as a percentaga of the used to deterrnm_e channel performance
maxImum value attainable for the paramater being controllad.) under fault conditions. These results were
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Figure 3 General consolidation concepts are illustraied for an MHD channel sagment. In ihe first configuration (a), vollages belween adjacent anodes and belwean
adjacent cathodes are consolidated; in the second (b), voliages between anodes and cathodes (transverse voltages) are consolidated. In the third configuration (g, a
hybrid of the other two, voltages between adjacent elecirodes are consolidated in the firsl stage and transverse voltages are consolidated in the second.
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then compared with 1he fault performance
of proposed equivalent circuit networks,
Alfter several madificalions, a network of im-
pedances and sources was devised that
compared guite well with the analytic model
of the channel,

Equipped with the preliminary consclida-
tion circuit specification and an egquivalent
circuit for an MHD channel electrode pair,
General Electric identified and evaluated
four candidate consolidation schemes. The
operating principles of each scheme and the
basic analyses for various boundary condi-
tions will be detailed in the project's final
report (forthcoming); some insights for rank-
ing the candidate schemes are discussed
below.

Ore scheme involves a high-frequency
dc/dc converfer system. Although such a
systemn could be used for consolidation of
the elecirode pairs of a Faraday connection,
all power would have 1o pass through these
converters and also through a main inverter
into the ac network, resuiting in low effi-
ciency. Also, because it has no provision for
reverse power flow, this scheme would not
be applicable 1o buck/boost operation.
Another disadvantage is that the cost of
thyristors for high-frequency inverter service
is high a2nd will remain considerably higher
than the cost of units for 60-Hz service.
Further, the voltage rating of inverter-grade
thyristors is relatively low, making it neces-
sary to connect thyristors in series, which
would not be entirely satisfactory for this
type of unit. Although the small size of the
inductive components and capacitors at high
frequencies make this system attractive, the
overall disadvantages argued against the

Consolidation '

circuits
Consoldaied To PCS and
bus utility grd

setection of this scheme for development
and testing as a physical model.

The second scheme involves an auto-
transformer system. An analysis of this
scheme indicated that there were undesir-
able waveform disturbances in electrode
current and voltage at the moment of com-
mutation. After a basic analysis of the com-
mutation process, several methods for miti-
gating the distortions were evaluated, It was
decided that atthough the autotransformer
system would be capable of acceptable
operation in consolidation systems, consid-
erable work is necessary at the hardware
level to develop a practical system. Thus,
this scheme was not selecled for physical
model development.

The third scheme, a capacitor switching
system, proposes that for two pairs of adja-
cent electrodes, one capacitor be con-
nected between the anodes and another be-
tween the cathodes. A means of switching,
tor instance a thyristor, is provided for re-
versing the current; thus current can flow
directly into either of the two like electrodes,
through the capacitor, and into the other
electrode. The syslem uses relatively inex-
pensive components and is theoretically
contrallable, But the problem of a suitable
contral circuit to regulate current against
electrode disturbances has not been solved
and may require considerable effort. Al-
though this system shows some promise, it
was not selected for further development.

The fourth scheme is called a buck/boost
system. This concept suggests that by in-
serting a low-voltage, line-commutated
converter on each side of an electrode—
between the electrode and a common de

Firsl-stage -~
congalidaton \
UGS )

[

Channel

Second-slage — -
conzclidabon Consglidated -~ To PCS and
circuils bus ulility grid

bus—the Hall (axial) voltages may be coun-
teracted and electrode currents consoli-
dated. The concept of transferring some
power from one electrode pair to another in
order to allow consolidation of the output
currents has been described in the litera-
ture. The possibility of using a current-fed,
line-commutated converter in a three-phase
bridge form was originally suggested by
General Electric.

On the basis of several factors, Incluging
the state of the art, the avaitability and cost
of cormponents, and the reliability and flexibil-
ity of available control techniques, General
Electric considers the line-commutated buck/
boost consclidation system to be the most
desirable of the four schemes investigated.

Only the inilial analysis of candidate con-
solidation circulls has been completed to
date; plans for circuit hardware fabricalion
and further analysis are being formulated.
Project Manager: Ralph Ferraro

MATERIALS FOR SYNGAS COOLERS

in an integrated coal gasification—combined-
cycle power plani, high elficiency is com-
bined with the potential for greally reduced
suffur and particulate emissions. Entrained
slagging gasifiers are considered advanta-
geous for these plants because they produce
onfy gaseous poflutanis, mainly hydrogen
suffide, which can be removed from the syn-
ihesis gas (syngas) by avaifable industrial
processes. However, the syngas produced
in entrained slagging gasifiers is at a high
temperature, and to achieve high efficiency,
its sensible heat must be recovered before
removing the parliculates and the gaseous
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poiftutants al room lemperalure. Process
developers currently propose to achieve this
through radiation and convection coolers,
in which slteam is generated for electricily
production. These syngas coolers are large
pressure vessels that as currently designed
represent 10—15% of the total capital invest-
ment for an nxygen-blawn coal gasification—
combined-cycle facility Under RP1654-5
with Lockheed Missiles & Space Co., Inc.,
FPRI has sponsored the lesting of several
melals, alfoys, and coalings in a simulated
gasifier environment to find materials suit-
able for service in syngas coolers.

Syngas cooler design and operation

Heat exchangers for enfrained slagging coal
gasifiers are similar to those used in conven-
tional pulverized-coal plants. Generally the
hot raw syngas, which leaves the gasifier
at 1100—1400°C, is first cooled by radiation
in a large, empty chamber similar in function
to the furnace of a pulverlzed-coal-fired
boiler. Here the temperature of the raw syn-
gas is reduced rapidly by radiation {o the
inner wail of the cooler, which consists of
water-cooled tubes. The heat thus absorbed
is used to produce steam by evaporating
part of the circulating cooling water. The
partially cooled raw syngas then enters a
conveclion cooler, which closely resembles
the superheater, reheater, and economizer
sections of a pulverized-coal-fired boiler.
Here additional heatis remoyed fromthe syn-
gas by convective cooling, The gas leaves
the convection cooler al a lemperature
slightly above its dew point and is then fur-
ther cooled by gquenching with water in a
particulate scrubber.

In general, heat exchangers for entrained
stagging gasifiers are more complex than
those in pulverized-coal boilers. Because
most gasification processes operate at high
pressures (500-1000 psi; 5440—-6890 kPa),
the heat exchangers must be enclosed in
pressure vessels. This limits access and may
complicate repair and cleaning operations
during shutdowns. Soot-blowing systems for
high-pressure operation are also more com-
piex and must be specially designed.

The most fundamental difference in the
operating conditions of syngas coolers and
pulverized-coal boilers is the gas composi-
tion. The raw syngas from an enirained
slagging gasifier is very reducing and con-
tains a considerable amounl of hydrogen
sulfide, Experience in the petrochemical
industry indicates that cornmonly used boiler
steels sulfidize under such conditions. This
can result in very high corrosion rates, es-
pecially al superheater and reheater lem-
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peratures. For this reason the syngas coolers
of firsl-generation gasifiers are generally
designed for evaporator and economizer
duty only, in which the metal temperature
is kept below 500°C.

Corrosion experiments

Because of the lack of design daia on the
carrosion resistance of metals, afioys, and
coatings in raw syngas, EPRI iniliated a
preliminary laboratory study 1o determine
the relative corrosion resistance of various
commercially available materials (RP1654-5).
In this study, alloys and coatings were ex-
posed for up fo 3000 hours in flowing syngas
with a hydrogen sulfide concentration of
(}.6%. The exposure was isothermal and at
atmospheric pressure.

't was found that iron sulfide scales formed
on carbon steel and on the lwo low-alloy
steels tested—T-11 (1.25% chromium, 0.5%
molybdenum) and T-22 {2.25% chrormium,

1% molybdenum). Figure 4 shows the cor-
rosion rates as extrapolated to one year tor
the carbon and T-11 steels. Surface reces-
sion rates were excessive at 400-500°C
and marginal at 300°C, especially if a 20-
year life is required,

Several ferritic and austenitic stainless
steels were tested. Results indicate that in-
creasing the chromium content of ferritlc
alloys to 18—26% greally increases their cor-
rosion resistance. The surface recessicn
rate of these alloys was low up ic 500°C,
even though a fully protective chromium
oxide scale did not form. Austenitic stainless
steels with 18—25% chromium and 11-32%
nickel behaved very similarly to ferritic slain-
tess steets with the same chromium conlent,
Table 1 gives corrosion penetration depths
for various territic and austenitic steels. Most
of the alloys have a slight tendency to pitling,
bul generally the pits were small and did not
increase much in size when the exposure
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Figure 4 Surface recession rates for 1020 carbon sleel (black symbsis) and T-11 Jow-alloy steel {color
symbaois) in a simulated gasifier atmesphere at 300-500°C. Linear extrapolation of the test results Indicates
the loliowing annual recession rates: 20 mils/yr at 300°C, 60 mils/yr at 400°C, and 120 milsfyr al 500°C.
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MHD POWER GENERATION

Since the inception of applied research in
magnetohydrodynamics (MHD) in the 1950s,
test facilities dedicated to this technology
have grown rapidly in number. size, and
complexity. Today the fargest U.S. MHD re-
search center is DOE's Component Develop-
ment and Integration Facility (CDIF) in Bulte,
Montana. Operated by Mountain States En-
ergy, inc., the cenler is a 50-MW (th) engi-
neering-scale test facility for MHD lopping-
cycle componenis. One of EPRI's major
MHLD efforts has been to develop a de-lo-ac
inverter systern for COIF. The system, de-
signed by Westinghouse Electric Corp.. has
been installed and is now heing tested. Vital
technical support regarding interface {ssues
has been provided by Avco Everstt Research
Laboratory, Inc., the developer of the MHD
generalor, and by Moniana Power Co., the
host ulflity. This cooperalive effort by indus-
lry and government has led {o the first de-
fivery of appreciable MHD power (o a ulifily
grid in this couniry — a significan! mifestone
foward MHD commercialization. This report
describes the inverier development effort, as
welf as a refated EPRI profect with General
Electric Co. on dc power consolidation
circuits,

A critical aspect of delivering MHD power 1o
a ulility grid is the conversion of the MHD
generator's raw dc output inio usable ac
power. Inverters and converters are avail-
able from manufacturers today. but they are
not ideal for use with MHD generators. Some
of these off-the-shelf devices are relatively
unsophisticated, with compenenis that have
not been designed for the dc-ac interactions
of a totally integrated MHD energy delivery
system. They can produce ac electricity
warped by harmonics, generate electromag-
netic interference, and cause electrical in-
slabilities at both dc and ac interfaces, All
this, in turn, can consume useful power and
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interfere with the proper functioning of utility
and customer equipment.

More-advanced eguipment —power-con-
ditioning systems {PCSs)—could go beyond
rudimentary dc-to-ac conversion and re-
vamp the resultant ac waves into the power
required by utilities and their customers.
Since the early 1970s, EPRI and DCE have
been sponsoring the development of speci-
fications and designs for PCSs of the future.
At the same time, as part of an efforf to de-
velop design criteria for inverters for large-
scale MHD generators, EPRI has specified
PCS designs based ¢n conventional, state-
of-the-art hardware rather than advanced
concepls. This approach was taken to mini-
mize both R&D effort and the cost of install-
ing and testing the PGS equipment at CDIF,

In addition to state-of-the-art inverter hard-
ware testing at CDIF, EPRI is sponsoring an
effort to analyze advanced power consolida-
tion circuits — networks for delivering the dc
power output of numerocus MHD elecirode
pairs to a single PCS for conversion to 60-Hz
ac. Together these activities should lead to
more-realistic predictions of the on-fline be-
havior and control requirements of MHD
generator-inverter units,

PCS development

in August 1979 EPRI selected Westinghouse
to provide PCS equipment to produce 3.5
MW of high-quality 60-Hz ac power when
connected 1o the MHD generator at CDIF
{RPB42-2), The basic thrust of this effort
was to design and construct a PCS for opera-
tion as part of a totally integrated MHD energy
delivery system. Tests would be conducted
to assess PCS interactions with the MHD
generator and the utility grid. Also, MHD gen-
erator characieristics would be documented
in the four PCS automatic control modes (in
which dc voltage, current, impedance, or
power is held constant).

Major tasks of the Westinghouse contract

were o define the PCS tunctional require-
menis and to produce detailed electric power
and control circuit designs with associated
instrumentation and diagnostic devices. Ad-
ditional work involved the development of
CDIF support requirements, detailed layout
drawings, factory and field checkout pro-
cedures, and startup, shutdown, and opera-
tional manuals.

In mid 1881 all PCS eguipment fabrication
and assembily work was completed, and alf
factory performance lesting and procedure
demonstrations were successfully accom-
plished. Each major component or subsys-
tem, such as printed circuit boards and
modules, was tested to ensure that it func-
tioned as intended by design. The factory
testing did not attempt to simulate interac-
tions with the MBD generalor, Rated dc volt-
age and current inputs were applied to the
equipment under test, bui not simuilaneously
because of facility limitations. Procedures,
acceptance criteria, and data sheets for
documenting the tests were included in the
test report.

The PGS equipment was delivered to CDIF
in late 1981, Site support documentation was
issued for building and utility services de-
sign and for PCS eguipment installation. The
construction and installation work was com-
pleted by Mountain States Energy in March
1982. Figure 1 shows the major de-to-ac
conversion components as installed in the
MHD inverter building.

On April 22, 1982 —following eight weeks
of preoperational checkout and startup ef-
farts —the PCS delivered over 400 kW of ac
power to the Montana Power Co. grid as the
MHD generator supplied approximately 550
kW of dc power to the PCS. The PCS was
tested in the voltage control mode at levels
up to 4 kV. Startup transients and tests in-
volving the sudden loss of the MHD generator
were successiully negotiated. The PCS con-
trolled the MHD generator voliage well as
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o The critical prolective relaying funclions
must operate even if the substation computer
fails.

o Given sufficient redundancy in the sys-
tem, the system will perform all critical pro-
cessing even if there is a single component
failure anywhere in the system.

o The systern must not require more than
one completely redundant data acquisition
to satisty the above criteria,

The single-failure criterion can realistically
be met by permitting only a full sel of re-
dundant proteciive relaying processors and
data acquisition unils; the selecled archi-
tecture permits this, while also meeting the
iast criterion, which iimits the number of
dala acquisition units that can be used to
satisty the single-failure criterion. The last
criterion was introduced to ensure an eco-
nomically viable system.

After careful analyses of the system re-
guirements, a sysiem architeciure was
selected {Figure 5). At Level 1 are those
functions that are common io the whole
substation, and the substation operator can
communicate with the entire systemn, At
Level 2, all critical processing, which in-
cludes all the proteclive relaying functions,
is done. At Level 3 the interfacing to the
power system is handled. At this level, data
are digitized for transmissian 1o the protec-
live relaying processors, and conirol com-
mands from the system control center and
Levels 1 and 2 are converted to oulpuis
that operale the power eguipment (e.g..
breakers, switches).

The communication eqguipmenl that is
used between the diiferentlevels is obviously
a key etement in the system. A common high-
speed data highway is the economical choice
tor communication beiween a small group
of processors, particularly if any processor
must be able to communicate with any other
processor. The selected highway speed, one
megabit per second, is possible by using
economical large-scale integrated circuit
technologies. The common highway con-
cept should make syslem expansion rela-
tively easy.

The data links between Levels 2 and 3
are also high-speed (one megabit per sec-
ond) communication circuits. These links
will incorporate an optical fiber whenever
the data acguisition units are placed in the
substation switchyard. The optical fiber is
probably not necessary if conveniional con-
trol wiring is used between the yard and the
relay house, in which case the data acquisi-
tion units will be located in the relay house.
In the foreseeable future, a hybrid system
with some local relay house and some re-
mote (swilchyard) data acquisition units is
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Flgure 5 A hierarchical control and protection system for subsiations that incorporates a computer in the
subsiation. High-speed communications (one megablt per second} are key to its operation, enabling the
relaying processors to handle data both from the station compuler on a data highway and from the data

acquisition units by means of flber optic links,

Syslenn
cantrol
cente”
Chperator Sialio
migriace > camputer
Lever 1
- | Data higrvway
| )
I
T | i
FeTTT T
Pratechive Protective b Prolochivi: |
Level 2 relaying relaying | felayng g
[PrOCessor 13 DRSSO | brocessor
S ——-'|
Shared dala ink [ T
|
S . S B I
T T
Fiber aplc |
linK |
r--=+--—
Diata Dala Data i Dala :
Leweest 3 ACOULSHIEN acqLsdian aeepusiion } aCousEiten |
Lo unit unit : Linwt |
| |
3 T%

most probable. The system has been speci-
fied with this requirement in mind. Economic
considerations also indicaie that at least two
protective relaying processors must be able
to aceess for conlrol purposes and share the
data from one data acquisition unit. This will
permit introduction of system redundancy
withoul jeopardizing the economic viability
of the system.

To satisfy the first two selection criteria
for the architecture, the highway should be
redundant. This may be possible to do, but
if the probability for a failure resulting in
a short circuit of the highway cable can be
kept low, a redundant highway may not be
needed. This assumes that the highway con-
tinues to operate even if the siation com-
puter fails, which is a firm requirement. This
also assumes that all the prolective relaying

Power systain

processors have direct access by a data lnk
to all the breakers that the processor needs
10 trip in order to clear a faulf,

At this time, all the key syslem elements,
except for the shared data fink function,
have been built and tested by Westinghouse
Electric Corp., the coniractor for systems
development (RP1359-1}. This work is ex-
pected to result in the installation of a dem-
onstration systemin a Public Service Electric
and Gas Co. substalion in 1984. A paraliel
development of a digital transmission line
protective relay system, incorporating a pro-
tective relaying processor and data acqui-
sition units by General Electric Co., has
also reached the laboratory testing stage
{RP1359-5). It is expected thai a prototype
relay will be installed in a substation for test-
ing in 1983, Project Manager: Stig Nilsson
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WORLD OIL MODELS
AND ISSUES: EMF STUDY NO. &

EPA! created the Energy Modeling Forum
(EMF) lo improve the use and usefuiness of
energy models for the study of vital energy
issues that influence the eleciric utility in-
dustry (RPB75). EMF is now sponsored by
DOE and the Gas Research Institute, as well
as by EPRI. Administered by the Stanford
institule for Energy Studies, EMF operaies
through ad hoc working groups of energy
mode! developers and users that conduct
comparaiive tests of a range of energy mod-
els. The objective of the latest EMF study,
which is discussed here, was to idenlify the
strengths and weaknesses of 10 prominent
world enargy models by studying a number
of world oif issues.

il prices

The high cost of oil imports, the threat of
sudden supply interruptions, and the uncer-
tainty about future oil market conditions pose
grave difficulties for the oil-importing nations,

With the 1973 Arab-lsraeli war and the
deliberale reduction of oil production by
Saudi Arabia and other Middle East coun-
fries, the world oil price jumped from $2.50/
bbl in 1973 to $11/bbl in 1974. The subse-
quent world recession and adjustments of
oil demand to the higher prices brought a
slack world oil market; the cil price declined
slowly in inflation-adjusted U.S. dollars. But
following the 1978 iranian revolution, world
cil prices shot up again—this time to over
$30/bbl. Late in 1980 there was widespread
fear that the Iran-lrag war would fuel another
price escalation, but this escalation did not
maierialize. Rather, by early 1981, adjust-
ments of oil demand to higher prices brought
on another oil glut.

Although future world oil prices are un-
predictable, analysis suggests that the chief
uncertainty is not whether real prices will
rise during the next several decades but
rather how rapidly they will rise. An addi-
tional uncertainty concerns the duration and

magnitude of the short-run decline in prices
that began in 1981.

The models empioyed in the EMF study
predict a soft oil market during the first half
of this decade unless another supply dis-
ruption oceurs, but by 1990 real prices can
be expected 1o exceed their current high
levals. The study indicates that although the
trend of real prices will be upward over the
next several decades, the pattern could be
one of either steady upward price move-
ments or sudden price jumps, followed by
gradual and less dramatic declines.

The model-based analysis led to the fol-
lowing expectations.

o Conventional supplies of oil will increase
stowly during the 1980s. The assumption ot
relatively constant oil produclion capacity
of the Crganization of Petroleum Exporting
Countries {OPEC) and projections of declin-
ing ofl production in the member countries
of the Organization for Economic Coopera-
tion and Development {(CECD), balanced
against moderate increases in oil production
from the rest of the world, indicates that
in the 1980s conventional oil production
will grow much less rapidly than in the recent
past. The study forecasis that by the end of
the century, significant quantities of uncon-
ventional oil production from oil shale, coal
liqguefaction, and tar sands will be required.

o OPEC and the oil-importing developing
countries can be expected to consume an
ever-increasing share of future world oil pro-
duction because of their industrialization
and rapid economic expansion. If these na-
tions increase their cil demands while con-
ventional crude ofl production grows slowly,
QECD oil consumption can be expected to
remain roughly constant or decline.

o High oil prices will be a strong motivating
force for the substitution of natural gas, coal,
nuclear, solar, and biomass energy for oil,
Qit prices will also motivate increased energy
conservation in all economic sectors.

m Despite 1he decline in OECD oil use,
OECD countries will continue to depend on
OPEC oil exports well into the lwenty-first
century. Although the economic problems
of vulnerability to supply disruptions may
decline by the turn of the century, high im-
ported energy cost and uncertainty about
future conditions will persist.

Impact of import

reductions on oil prices

A major finding of the study is that oil im-
port reductions can significantiy reduce oil
price growth (Figure 1). This effect was
quantified by examining the average price
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Figure 1 Prlce and guantity impacts of increased
OPEC export supply or redeced import demand. The
salid lines represent the reference case non-OFEC
import demand {downward sloping) and lhe OPEC oil
export supply curve (upward sloping). The initial
equilibrium is at A with price P* and quantity §%. An
outward shift in the supply curve {broken line} leads
to a new equilibrium at B with price F' and quantity
Q°. An inward shift of the demand curve isads lo
equilibrivm at G with a price P and quantily Q'
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decline for each reduction of & million bar-
rels of oil a day in the demand of oil-importing
countries. The study caiculated that by 1990,
world oil prices would be reduced between
$0.90 and $2.40 a barrel (1981 constant
dollars) for each million-barrels-a-day re-
duction in oil import demand.

Because the member countries of OECD
as a whole (or even the United States alone)
import large quantities of oil, imporl reduc-
tions thal moderate oil price increases can
yield significant economic benefits to those
countries.

Security of oil supplies

Because so much of the world's oil comes
from a region that is politically unstable,
the specter of cil supply disruptions remains.
In fact, oil supply disruptions larger than
those experienced in the past are possible,
To examine the implications of such disrup-
lions, the models were alsc applied to a hy-
pothetical reduction in the production ca-
pacity of OPEC,

Under the assumptions of the reference
scenario, world oil prices increase on an
average 355-%12/bbl for each sudden re-
duction of a milfion barrels a day in OPEC
crude ail oulpul. However, the analysis
shows that price jumps can be expected to
be more than proportional to the size of the
disruption. Similarly, the models indicate that
the economic impact of supply disruptions
could be immense. For exampie, if QECD
is importing 25 million bbl/d at the time of
the disruption (roughly current levels), an
B miilion bbl/d reduction in OPEC output
could lead to increased wealth transfers
from the OECD nations to the oil-exporting
countries of $200~%1100 billion per year—
between 3 and 13% of the combined OECD
gross national product. Unemployment and
other macroeconomic consequences of ihe
disruplion could multiply these losses sev-
eral times. And ratchet affects, which keep
prices high long after a disruplion, imply that
economic losses would persist even after the
disruplion itselt has subsided.

According to the analysis of price jumps
during disruptions, price escalations could
be moderated significantly if oil stocks are
released or excess capacity is placed into
production during 1he disruption. For exam-
ple, the study indicates that for a large dis-
ruplion, price jumps might be moderated by
around $20/bbl if a million barrels a day are
released from stockpiles or excess capacity
is put into preduction. Thus, stockpiles or
usable excess capacity couid provide major
benefits to the oil-importing nations.

The study also looked at the effects of
gradual import reductions taken in advance
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of disruptions. Such reductions might lead
to increases in excess capacity and thereby
reduce the price escalation and economic
costs of disruptions {Figure 2). For example,
a 5 million bbl/d demand reduction under-
taken prior to a 10 million bbl/d oil supply
disruption was estimated to reduce its eco-
nomic costs by between 30 and 90%.

Transition to oil substitutes

Beyond the next iwo decades, far-reaching
changes in the world oil market may begin to
occur, The study focused on the oil market
effects of different levels of unconventional
fuel supply, referred io as backstops, under
plausible assumptions about future oil de-
mand and conventional supply.

Under assurmptions made about cost and
future supply of backstop oil, it was found
that the world oil price rises well above aver-
age backstop costs in most circumstances
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(Figure 3). In fact, massive quantities of
backstop production were required before
world oil prices declined to backstop costs
in most scenarios. Although backstop tech-
nologies may not place a cap over world oil
prices during the next 30 years, generally
the greater the quantity of backsiop produc-
tion, the lower the world cil price. Similarly,
the greater ihe available quantities of natural
gas or other oil substitutes, the lower the
world oil price. For example, the models
indicated thai by 2020, projected world oil
price could be reduced between $1.20 and
$3.90 per barrel, on the average, for each
increase of a million barrels of oil a day in
backstop production rates.

World oil madeling

A primary interest of EPRI in this study is
in the insighls on the usefulness of such
models. In using the 10 mode!s of the world
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Figure 2 Effects of import reduclion measures on disruplion impacls. The solid lines represent the reference
case non-0OPEC oll imporl demand {downward stoping) and the OPEC normal-year oil exporl supply curve
(upward sloping). The equilibrium in a normat year is at A. In a disruption year, the supply curve is shown

by the upward sloping broken line and the new equilibrium will be at B, a much higher price than al 4. If
import reduclion measures cause-reduced oil demand, then in a normal yaar the price will be reduced slighlly
(equitibrivm at C, nol A), and in a disruption year, the price will be reduced significantly (equilibrivm al

rather than B).



Figure 3 Etfect of backstop production on world oil
price. In this simplification, all unconventional oil
sourcas are trealed as a single backslop source with
a conslant produclion cosl. Oil prices pass through
tnree distincl phases. Early on, only conventional oil
is produced,; iis price rises as this resource is de-
pleled. Attime {,, when the price of conventional ail
first reacheas the backstop cosl, backslop production
begins. If, as seems likely, unconventional oll pro-
duclion capacity can increase only slowly at first
because of fmited capital, environmental constraints,
and so on, the price of oil may continue to rise above
backstop costs. Il backstop capacity eventually
growe to the point where il (along with conventional
¢il production) can meet demand at backstop costs,
oll prices will decfine to the level of these costs.

This is he third phase, aftar t,, where backstop cosls
zat the world aif price.
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oil markel, the EMF study reached a number
ol conclusions about the current generation
ol models, The 10 models use a striking
diversity of assumptions andapproximations.
They dilfer in their degree of product cover-
age and disaggregation —some represent ol
markets only, ignoring other energy markets;
others represent oil markets within the con-
tex! of all major energy commodities; and
slill olhers treat all energy as a single broad
aggregate.

The models differ widely in their treatment
of OPEC decision making: in some, virtually
all OPEC choices are exogenous; in others,
OPEC istreated as an optimizing monopolist;
and in siill olhers, rules of thumb for QPEG
decision making are simulated.
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The medels differ in their representation of
oil demand. All but one assume that demand
responds slowly to price—short-run price
clasticities ot demand are far smalier than
long-run elasticities. Only four models in-
clude any effect of oil prices on economic
activity, even though the existence of such
an effect is well established. None includes
consideraltions of internaticnal baiance of
trade or represents the consequences of
trade imbalance for economic growth or for
oil import demand. Finally, none includes
the macroecaonomic losses associated with
the unemployment of labor and capital
equipmeni during a severe disruption of
oil supplies.

The differences and admitted limitations of
the models reflect the current imperfect
understanding of the worid oil markeis. The
ofl market is a highly complex, uncertain
network of centralized and decentralized
decision-making processes. Polilical shifts,
changes in weather, war ang revoiution may
cause rapid, unforeseen changes in oil mar-
kets. To the extent that domestic policy and
planning decisions require information about
world oil frends and options, more research,
modeling, and analysis should be directed
toward the world oil and energy markets.

The final report on the world oil study was
published in May 1982 (EA-2447-5Y). The
reporl contains a detailed analysis of the
model-based resulis, as well as conclusions
reached about the current generation of
models. The report also suggests areas for
fundamental research that could improve
our ability to model world oil markets in the
future. Project Managers: Shishir Mukherjee
and Stephen Peck

TOXICOLOGY OF CHEMICALS
IN THE UTILITY WORKPLACE

Public concern has been growing in recent
years abou! the eflecls of chemicals on
human health. Occupational exposure (o
chemicals—especially those whose effecls
are not seen untif many years later—is a
parlicutar worry for workers and employers
afike, Ulilities, tike many other indusirial
operations, need extensive information on
the potential hazards of the chemicals used
on sfte. Chemicalloxicology is complex, with
wide varialions in toxicify among chemicals
and varying degrees of risk, depending on
use and degree of exposure. Oblaining ac-
curate information is critical to ulilities de-
signing chemical monitoring and contfrol
programs in the waorkplace. RP2222 will
identify 25—50 chemicals of polential high
risfcin utility uses.

Utililies need information on the nature of
the chemicals used in their generation and
distribution facililies, the potential long-term
health eflects, and the possible exposures
of workers. However, utilities do not have a
complete and systematic inventory of those
chemicals specific to utility use. RP2222 wilt
provide utilities with the up-1o-date lechnical
information they need to manage chemical
use in the workplace.

The three-year EPRI project will proceed
in two phases (Figure 4). In Phase 1,
researchers will evaluate the toxicity of
chemicals commeoenly found in the utility
workplace; in Phase 2, they will identify
those suilable for a more detailed toxicology
assessmenl. The evajuation will focus on
such long-term toxicologic hazards as car-
cinogenicity, mulagenicily, teratogenicity,
reproductive toxicily, and neurctoxicily, The
goal is to produce a list of polentially hazard-
ous chemicals that may occur in sufficient
amounts in ulility sites to be of concern.

In cooperation with utility personnel, re-
searchers will begin Phase 1 by assembling
an inventory ol chemicals used in the utility
workplace. A preliminary search of com-
puterized bibliographic data bases will be
used to assemble required information on
the toxicologic, physical, and chemical prop-
perties of all the compounds in the inventory.
Toxicology experts will first screen the list
tor chemicals known or suspected to be
associated with long-term heallh effects in
pecple or animals, A second screening, con-
ducted by toxicologists and indusirial hygien-
tsts, will eliminale compounds that—based
on current knowledge of their use, Ihe amount
present in the workplace. or other relevant
factors—do not seem to pose a significant
occupational hazard.

Al this point, researchers will perform a
detailed review of the scientilic literature to
obtain enough information to design Phase
2, while toxicologists and industrial hygien-
ists will visit representalive ulilities io observe
industrial hygiene and other work practices.
Project designers believe that this informa-
tion will help create a list of 25 1o 50 sub-
stances for closer scrutiny in the project's
second phase,

A second product of Phase 1 will be a sys-
tem for ranking chemicals by their polency
or potential hazard to health in the utility
workplace. Researchers will develop the
system based on their evaluation of existing
syslems and their applicability o utilities’
needs. The resuitant system will guide the
final work of Phase 2.

Phase 2 of the project will evaluate in de-
tail the risks posed to workers by the sub-
stances targeted in Phase 1 and will suggest
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Flgure 4 Tasks for the iwo phases of AP2222. Phase 2 will focus on 25-50 chemicals identified through preliminary evaluation and screenings in Phase 1.
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methods for controlling workers' exposure
tc an acceptable level. (Standards set by
regulatory agencies such as QSHA or EPA
will guide the definition of '‘acceptable"”
levels of risk.)}

In the first stage of Phase 2, researchers
will collect detailed toxicity information on
the selected chemicals for cellular and sub-
cellufar systems as well as for animals. The
next step will be to estimate worker expo-
sures based on available information in util-
ities and comparable industrial operations.
Direct an-site observations, if needed, will
provide descriptions of work patterns that
can shed light on worker exposures.

In Phase 2, project leaders expect three
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benefits from ranking the chemicals by their
potential for long-term health hazards.

o Identification of chemicals requiring early
validation of occupational risk

o |dentification of chemicals that may pose
a significant hazard but that require toxico-
logic testing

o [dentification of chemicals for further
monitoring

Project researchers will also issue a series
of short reports on selected chemicals that
will focus primarily on long-term health ef-
fects but will alse include information on
medical surveillance, handling, and disposal

practices required by EPA, OSHA, and other
regulatory agencies. These monographs will
outline industrial hygiene and occupalional
medicine concerns, tailored to the needs of
utility health and safety personnel. The first
monograph will be availabie at the end of the
first year of the project.

A group of three oulside scientisls, two
toxicologists and an expert in industrial hy-
giene, will advise EPRI during the project.
In addition, utility advisers will review the
work lor its relevance to utility operations.

Phase 1 of the project began in November
1982: completion is scheduled for the sec-
ond quarter of 1984. PFroject Manager:
Walter Weyzen










Figure 3 Typical resuit ot analysis of the madule,
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cells connected in series), the less the per-
cenlage impaci. Accordingly, in the new
stack design two submodules of 24 cells
{48 V) in series are connected in parallel as
opposed 1o the earlier arrangement of six
submodules of 10 cells in series. The new
design should increase the overall reliability.
Shunt currents through paraliel paths in the
electrolyle manifold have been held lo a
minimum through careful design. The over-
all loss in efficiency resulting trom such para-
sitic currenis is estimated to be about 1.5%.

The propensity of zinc to grow dendriles
during electrodeposition plagues all second-
ary battery syslems with zinc anodes. Care-
ful attention in design is required lo mini-
mize stagnant elecirolyte regions between
the electrodes and to eliminate sharp corners
and edges on 1he zinc deposition substrates.
In the final assembly, corrosion-resistant
and insulating masking of unwanted or un-
necessary electrode and connector sur-
faces (graphite busbar in 1he present zinc
chloride design) prevents dendrite formation.

Results of the operation of the first two
prolotype modules showed the need to im-
prove the mechanical and hydraulic com-
ponents: two pumps, two control valves, and
three heat exchangers. Prototype pumps
were delivered late in 1980 and thus were
not incorporated in the tirst prototypes. Later
module prototypes are using both the elec-
trolyle and hydrate-formation pumps, the
lormer with complete success and he laiter
with some difficulty,
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Diaphragm valves, which are packless
and moior-operated, have been selected as
more reliable than the solenoid valves used
earlier. Cycle lests have proved these 1o be
quite satisfactory.

Only the hydrate-formation heat exchanger
ts complex enough to be of concern. Tita-
nium is the metal of choice for exposure to
the moisl chlorine environment, The tube-in-
tube design has proved to be completely
satisfactory for much lower cost than the
earlier shelf-and-lube model.

The pumps were designed and fabricated
by Ingersoll-Rand Research, Inc., specifi-
cally for the 50-kWh module elecirolyte cir-
culation and hydrate formation from the fol-
lowing specifications,

o Magnetic coupling of the ac electric motors
lo the pumps

o Pump bodies of injection moldable PVC
and titanium for shafts to eliminate any pos-
sibility of electrolyte contamination

o Produclion cosis to be approximately
$300 per pump

o Centrifugal pump for electrolyte

o Posilive displacement gear pump for hy-
drate formation

System performance

An extension to the DOE-EDA contract
called for the fabrication and operation of two
50-kWh protolype modules to validate the
new design features. Concurrently RP226-05
required the tabrication and operation of an
additional 50-kWh module. The efficiency
goal of this module is 70%, more than the
63—-65% for 1he DOE modules, which do nol
contain all the design improvements.

The first of these new prototype modules
{designaied number 3) began operalion in
March 1982. Since that time it has been
cycled daily (weekdays only), achieving over
150 cycles as of this report with only one
serious interruplion. Performance has been
very stable with an electrochemical energy
efficiency of ~861%. The one interruption
was caused by a defect in the PVC insulation
of the internal terminal connector. After the
insulation was replfaced and impurities re-
moved electrochemically from the electro-
iyte, the module was again placed in opera-
tion (cycle 80). Prototype 4 has been in
operation for a shorter pericd of time and
has performed much like prototype 3,

The submodules firsl infroduced into the
EPRI-funded module (prototype 5) were de-
feclive; consequently, the performance was
erratic. New submodules were inslalled in
September 1982, Because of continued dif-

ficuities in oblaining a reliable hydrate-for-
mation pump, extended operation of proto-
type 5 is yet to be achieved.

Performance of the redesigned zinc chio-
ride modules can be summarized as follows.

o Although the modules are substantially
more efficient than the first prototypes,
coulombic efficiency falls a few points short
of the goals,

v Mechanical component reliability has
been good; however, hydraie-formation-
pump reliability remains a concern.

a Chemical degradalion as evidenced by
eleclrolyte contamination is very slow; the
original elecirolyle is slill used after 150 cycles,

u Carbon dioxide buildup in the gas space
is slow, requiring that this volume be flushed
with cylinder chlcrine about once every 20
cycles, Whether inert gas rejection by means
other than perfodic flushing with chiorine is
required remains unanswered since il is not
certain that steady-state operation has been
achieved (i.e., aging continues}.

n There has been little noticeable degrada-
tion in performance wilh time or cycles over
the test period.

Evidence points fo rough or nodular zinc
deposiis as the cause of lower-than-ex-
pected coulombic efficiencies. These nod-
ules, which appear toward the end of the
charge cycle, disrupt the electrolyte flow,
50 that dissolved chlorine has easier access
to the zinc. Consequently, a greater amount
of zinc 15 dissolved chemically. The ongeing
RP226-05 will study the causes of the sud-
den reappearance of this phenomenon.

The results described above justify the
evaluation of a 10-module (500-kWh) zinc
chloride battery in the BEST Facility. Battery
fabrication and installation will be joinlly
funded by DOE (50%), EDA (25%), and EPAI
{25%). The EPRI share of funding ol the bat-
tery evaluation will be provided by RP255,
Two years of testing are planned, beginning
in mid 1983. If early resulis are satisfactory,
battery size may be increased by aboul 75%
(to 1000 V). That voltage is the limii of the
BEST converter and represents a moere real-
istic system lest,

Researchers expect to have solved the
zinc deposition problem and to have 70% or
greater electrochemical energy efliciency
by the time the BEST evaluation is complete.
Successful resuits at the BEST Facility will
be followed by efforts to begin commerciali-
zation by installing a larger battery on a
utility grid or at a customer site for commer-
cial dernonstration purposes. Project Man-
ager: David Douglas

EPR! JOURNAL January/February 1983 51




R&D Status Report

NUCLEAR POWER DIVISION

John J. Taylor, Director

BWR WATER CHEMISTRY

Many of the siress corrosion probiems in
bofling water reactors (BWRS) result from the
presence of a very small amouni of dissolved
oxygen in the reactor water., Radiolysis in
the reactor core continually decomposes a
small amount of the very pure waler used in
BWHSs into free oxygen and hydrogen., Most
of the gas is slripped from the water by the
steam, feaving only trace amounis of oxygen
and hydrogen dissolved in the reacitor water.
Although the amount of dissoived oxygen is
only about 200 ppb, it is sufficient to facilitate
siress corrosion cracking. Hydrogen water
chemislry can reduce dissolved oxygen fo
a leve! that will no longer facifitate stress
caorrosion,

Pipecracking in BWRs firstcame to the atten-
tion of U.S. electric utilities in 1974. This
problem has resulted in costly repairs and
lost operating time. The potential serious-
ness of the problem was recently emphasized
by the discovery of cracks in large-diameter
{26-in; 660-mm) recirculation piping at a
domestic BWR. These cracks necessitated
replacement of the complate recirculation
piping system and will cost 12 to 18 months
of cperating time.

Earlier EPRI reports (EPR! Journal, Sep-
tember 1861, p. 6; November 1981, p. 18)
have helped familiarize lhe industry with the
various factors involved in pipe cracking. In
most cases, cracks have resulted from inter-
granular stress corrosion cracking (IGSCC).
This status report describes how changing
reactor waler chemisiry can help prevent
IGSCC.

Three conditions must be present simulta-
neousiy for IGSCC to occur: stress, a sensi-
tized microstructure, and an environment
{water chemistry and temperature) that will
facilitate cracking. Theoretically, no pipe will
ever crack if any one factor is completely
eliminated. Eight pipe-cracking remedies
have been developed: three that affect
stress, lhree that affect sensitization, and
two that affect environment (Table 1). By
their very nature, all the stress and sensiti-
zation remedies are limited to the specific
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component to which they are applied. For
example, induction heating stress improve-
ment affects cracking in the pipe weld to
which it is applied, it does not affect any
other weld. Only the water chemistry reme-
dies have the potential of protecting the
whole system.

The water in a BWR is similar in purity to
laboratory distilled water. It is converted into
steam by reactor core heat, condensed into
liquid again after passing through the tur-
bine, and reconverted into steam on re-
entering the core. This process is repeated
continuously.

During reactor operation, radiclysis in the
reacior core continually decomposes asmall
amount of water 1o form free oxygen and
hydrogen. Most of the oxygen and hydrogen
is stripped from the water by the steam and
is subsequently removed from the water cir-
cuit by special equipment in the condenser,
However, about 200 ppb oxygen and 12 ppb
hydrogen remain dissolved in the water in
the core when the reactor is af the steady-
state full-power operating temperature
(288°C; 550°F). During reacior startups

Table 1
CAUSES AND REMEDIES FOR
BWR PIPE CRACKING

Cause Remedy

Stress Induction heafing siress

improverment
Heat sink welding
Lasl-pass heat sink welding

Sensitization  Solution heat treatment
Corrosion-resistant cladding

Alternative materials

Environment  Hydrogen water chemistry

Impurity control

and shutdowns oxygen concentration varies
with temperature (Figure 1). The important
question of which temperature-oxygen com-
binations facllitate IGSCC has been an-
swered in part under EFRI research (RP1332
and RPT115). The shaded IGSCC danger
zone in the figure represents those combi-
nations.

Reducing oxygen levels during reactor
startups and shutdowns by deaeration has
been highly publicized in the BWR industry.
Although helpful during transients, this rem-
edy does little, if anything, tc reduce pipe
cracking during steady-state conditions
(RP1332-2, RPT112-1, RPT115-3, RPT115-4).
Deaeration does not affect oxygen levels
during sieady-siate operating conditions,
which definitely facilitate IGSCC. The amount
of time spent at steady siate is about 140
times greater than the amount of time spent
in startups. Therefore, to reduce IGSCC fur-
ther, it s necessary to change water chem-
istry during steady-state conditions.

Hydrogen water chemistry

In hydrogen water chemistry, small amounts
of hydrogen gas are added to the reactor
feedwater. In the reactor core the added
hydrogen recombines wilh axygen and other
radiolysis products to suppress the net
amount of oxygen produced at the steady-
state temperature (Figure 1}.

Although hydrogen water chemistry ex-
perimenis were conducted over 20 years
ago in several early Norwegian and U.S.
tesl reactors, the concepl was not further
developed until 1878, when the Swedish util-
ittes and ASEA—Atom conducied a short
eight-hour test of hydrogen water chemistry
at Oskarshamn-2 and demonsirated that hy-
drogen water chemistry was economically
feasible. In 1981 the Swedes conducted a
second test at Oskarshamn-2 for four days
and obtained detailed water chemistry mea-
surements, These tests showed thal hydro-
gen water chemistry lowered the oxygen
concentration to levels that would no longer
be expected fo facilitate stress corrosion.
However, no actual in-reactor corrosion tests
were performed. In June 1982 DOE funded




Figura 1 The shaded area represents the temperature-oxygen combinations that facilitate IGECC in high-
putity waler. The data paints are examples of temperature-oxygen combinations thal have been measured in
operating BYWRs during starlup, shuldown, normal sleady state, and hydrogen water chemistry steady state,
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a 30-day hydrogen waler chemistry experi-
ment at Commonwealth Edison Co.'s Dres-
den-2 plant. During this experiment, EPRI
sponsored in-reactor stress corrosion tests
tha! helped confirm hydrogen water chem-
istry as a powerful antidote for stress corro-
sion problems (RP1930-2). A $1 million EPRI
laboratory research project on hydragen
water chemistry, which has been in progress
for two years, supports this conclusion
{RP1930-1).

The combined results of the in-reactor
and laboratory IGSCC tesis show that the
oxygen leve! must be suppressed 1o 20 ppb
lo eliminate IGSCC completely. For example,
during the Dresden-2 test, a severgly sensi-
lized sample of stainless steel was tested
under exireme siress and strain, and abso-
lutely no IGSCC was detected. In lahoratory
tests on fuli-scale pipes the growlh rates ot
preexisting cracks have been slowed by a
lactor of 10 as a result of hydrogen water
chemistry. If no cracks are present before
hydrogen treatment of water, no new cracks
are expected to start.

To achieve an oxygen level of 20 ppb
during the Dresden-2 test, il was necessary
to add 1.5 ppm hydrogen to the feedwater
andto use pure oxygen in the off-gas system
instead of air. The iotal cost of both hydro-
gen and oxygen was less (han $1000/day.
If a BWR had a 70% capacity factor and a
remaining [ifetime of 20 years, the tolaj
would be about 85 million. Equipment instal-
fation woulg cost an additional $1 million.
in contrasl, replacement of a compleie re-
circulation piping system is estimated to cost
on the order of 8500 million, including the
cost of replacement power,

Allhough the stress coirrosion benefits
from hydrogen water chemistry are expected
to be very high, al least one negative side
effect exists. The amount of the radioactive
isotope nitrogen-16 (N-16) in the steam will
increase, The N-16 is formed in the reactor
core by the nuclear reaction: oxygen-16 +
neutron — nitrogen-16 4 proien. Under
normal water chemistry conditions the N-16
reacts with dissolved oxygen to form nitrate
{NO;). which is soluble in the reactor water.

Under hydrogen water chemistry condi-
tions there is not enough dissolved oxygen
to react with the N-16 to form NO3; the N-16
combines with the hydrogen to form ammo-
nia, NH;. Ammonia is a volatile gas and is
therefore removed from the water by the
steam. The N-16 is a very unstable isotope
and decays with a half-life of 7.11 g, giving
off high-energy gamma rays. Because more
N-16 ends up in the steam when hydrogen
water chemistry is used, the steam lines and
steam turbine will emit more gamma radia-
tion than when normal BWR water chemistry
is used. At Dresden-2, the amount of N-16
gamma radiation increased by a faclor of 5
during the hydrogen water chemislry lest.
The turbine is heavily shielded and therefore
the increase in N-16 did nol significantly
increase the radiation dose rate to plant
personrel. In general, the N-16 side effect
was manageable during the tesis at Dresden-
2. When maintenance crews had {o enter an
area where N-16 radiaticn was high, the hy-
drogen injection was stopped, and N-16
radiation levels quickly returned to normal.
After the mainlenance crew left the area, the
hydrogen injection was resumed.

The major uncertainties abouwl hydrogen
water chemistry revolve around the possibil-
ily of long-term negative side effecls. The
wo most important concerns are the hydro-
gen embrittlerent of the nuclear fuel clad-
ding and 1he redisiribution of corrosion
products {radiation buildup) within the plant.
Although the besl technical judgment avail-
able indicates that the possibility of either of
these elfecis becoming unmanageable is
extremely remote, there is no data base on
which to build lirm conclusicns. Al leasl one
fuel cycle with hydrogen water chemistry will
be reguired hefore a recommendation can
be made to the ultilities. EFRI is developing a
long-term in-reactor test program to address
these major uncertainties.

Control of impurities

Although reactor water contains impurities
in small amounts (at the ppm or ppb levels),
BWRs generally operate with high-purily
waler. For example, NRC guidelines spec-
ify that reactor water chloride (Cl} con-
centration be kept below 0.2 ppm and the
conducltivity below 1 pS/cm during plant
operation. A solulion containing 1 ppm of
sodium chloride (NaClh would have a con-
ductivity of about 2 pS/cm and a Cl concen-
tration of 0.6 ppm. Therefore, 1 ppm of NaGl
would exceed the NRC specifications. The
resulis of EPRI research projects have shown
that maintaining water purity may be just
as important as controlling oxygen levels
{RP1563-2, RPT115-3, RPT115-8). Impuri-
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ties increase the size of the IGSCC danger
zone.

In acceleraled laboratory IGSCC tesis as
little as 1 ppm of certain impurities eradi-
cated hydrogen water chemistry benefits,
To benefit from hydrogen water chemisiry,
utilities will have to control both oxygen
levels and conductivity, Reactor water with
only 20 ppb oxygen and a conductivity in the
vicinity of 0.2 uS/cm may eliminate any pos-
sibility of IGSCC. EPRI has recently stepped
up its research to understand the role of
impurities in an effort to produce cost-effec-
tive water chemislry guidelines. Project
Manager! Michael Fox

VALVE RESEARCH

The primary goal of valve research in EPRI's
Nuclear Power Division is fo reduce the
amount of plant unavaifabifity aliributable o
valves in LWA power planis. These R&D
activilies seek to improve valve maintenance
practices and valve performance and reli-
ability and thus reduce the cosi of producing
electricity. EPRI's initial effort in this area
was an assessmeni of indusiry valve prob-
lems conducted in the mid 1970s (NP-241).
it was found thal nuclear plant unavaifability
atlributed lo valves, valve aclualors, and
associated control circuits represenled ap-
proximately three forced outages per plant
per year, with an average outage duration of
about two days. The value of such unavail-
ability is significant. A study reporfed in the
June 1582 EPRI Journal {p. 18) indicates
that a 1% availability improvement in base-
load coal and nuclear generating units com-
bined would represent savings of 2.2 billion
nalionwide over the seven-year study period.

In the initial assessment of industry vaive
problems, which was conducled by MPR
Associates, Inc., the concept of key valves
evolved, These are valves whose maifunc-
tion can result in a forced plant outage,
a power reduction, or an extension of a
planned outage. It is basically to these valves
that the EPRI research effort is directed.

The study concluded that only a small
percentage (5-10%) of the total vaive popu-
lation in a nuclear power plant is appiled
in such a way that failure would result in a
forced outage. It should be noted that these
key valves are not necessarily safety-related
valves. No major differences were found be-
tween PWRs and BWRs regarding the causes
(seat leakage, stem leakage, actuator mal-
function) of valve-retated shuidowns.

The study also concluded (hat forced oul-
ages atlributable to valves are underreported
because of an umbrella or shadowing ef-
fect—situations where a valve requires
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maintenance or repair work during an outage
attributed to another system or component.
Thus, although the valve could be consid-
ered a contributing cause of the outage, this
Is not reflecled in the reporied data.

MNuclear plant data collection and evalua-
tion systems originally had many shortcom-
ings. As a result of improvemenis in these
systems, data quantity and usefulness have
been increased. Other existing sources of
information remain 10 be assimilated, how-
ever, 1o achieve a comprehensive view of
the problem. EFPRI’s limiting-factors analysis
studies, the findings of which are published
in four reports (NP-1136 through NP-1139),
provide further insight into the causes and
the magnitude of nuclear plant availability
losses attributable to valves.

On the basis of the efforts described above,

two areas were selected for initial EPRI R&D
altention: the seat leakage performance of
main steam isolation valves {(MS1Vs) in BWRs
and valve stem packing improvemenis for
both PWR and BWR application.

Figure 2 presents a cutaway view of a rep-
resentative MSIY with the vatve bonnei and
the actuator removed. Two identical M3ivs
are installed in series in each BWR steam
line. Technical specifications for BWR plants
establish maximum allowable seat leakage
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rates for MSIVs and require the periodic test-
ing of each valve to verify 1hat this require-
ment is met.

Work was initialed in early 1979 wilh At-
wood and Morrill Co., Inc., a manufaclurer
of MSIvs, and General Electric Co., the
nuclear steam supply system contractor for
BWR plants, to develop a comprehensive
test program on MSIV seat leakage perfor-
mance (RP1243-1, RP1388-1). The goals
were first to identify the factors that affect
the valves' capabilily to meet the seat leak-
age criteria imposed by the local leak rate
tes! (LLAT) and then 1o identity and verily
the effectiveness of corrective actions for
improving valve leakage performance.

The program evaluated ihe effects of such
factors as local residual stresses trom valve
installation welding; forces and moments
applied by the connecting pipe; mechanical
cycling; thermal cycling; excessive wear
and corrosion of critical valve surfaces;
and poorly controlled mainienance prac-
lices. Of the faclors investigated, corrosion
ol the valve seating surface {or changes in
the friction coefficient} and inadequate main-
lenance praciices were found to be the mosi
significant contribulors to the seal leakage
problem. Program results are reported in
NP-2381 and NP-2454.

/ Sl

Stzam
kel

- Lo
gpnclez mt

Figure 2 BYR main steam isclalion valve. EPRI has sponsored a test program to delermine the factors that
affact valve seal leakage performance and to evaluate ways to Imprave this performance.







New Contracts

fyumber Tifte Duration

Advanced Power Systems

RP1348-16 Technical Assessment 5 months
af Biomass-Derived,

Low-Btu Gas as a Fuel

Source for Existing

Uilily Diesel Censt-

ating Unils

AP1458-2  Film: Texaco Gasifica- a0 menths
tion—Combingd-
Cycle Demaonstration

Plant

RP1657-2  Bvaluation and GQuahfi- 14 months
cation of Ceramic Sub-

sirale Materials far

Stationary Gas Turbine

Calalytic Combustors

RP1996-3  Solano County Mod-2 23 months
Wind Turbine

Evalualion

10-MW (2] Solar-
Thermal Pilol Plant.
Report an Lessons
Learned and Project
Documentalion

RF2003-2 7 manihs

RP2029-10  Evaluation of Texaco 18 manths
Gas Cooling Costs for

GCC Power Flants

RP2112-7  Synthefic Fusls 18 monlhs

Logistics

RPZ112-9  Synluel Figld Test— 7 manths

Industrial Hygiene

RP2221-1  Performance Improve- 5 months
ment lor GCC
Power Syslems Using

Low-Rank Coals

Coal Combustion Systems

RPI8Z-20  Chiyoda Demonstra. & months

tion Test Flan

RP1266-32 Feasibility of Using 9 months
Rapid Freeze Plugs
for Waterwall Tube

Repairs

RAP1403-4  GCevelopment Plan for 17 months
Advanced Pulverized-

Coal Power Planls

Funding
(8000}

1791

1494

219.1

148.8

4712

8506

50.0

85.6

2528

Contractorf
EPRY Project
Manager

Burns &
hMcDonnel
Engingering Co.
5. Kohan

Bravura Films,
ine.
J. Janasik

Engelhard Corp.
W. Bakker

Pacific Gas and
Eleclric Co.
F. Goodmar

Burns &
MecDonnell
Engineering Co.
J. Bigger

Fluor Engineers
and Conslructors,
Ing.

M. Gluckman

Radian Corp.
H. Schreiber

Tabershaw
Qecupational
Medicing
Agsociales
H. Schreiber

Energy Conver-
sion Syslems,
Inc.

N Hatt

Bechlel Group,
Ine.
T Morasky

Babcock &
Wilcox Co.
J. Dimmer

Gilbert
Assaciates, Inc,
A. Armor

Number

RP1609-2

RP1645-4

RP1685-6

RF1855-2

APig62-2

RP1895-10

RP2248-1

RP2248-4

RP2250-1

RPZ2235-1

fitlg Duraiion

Definition of Economic
Benefil of Integrated
Environmental Con-
trols for Coal-Fired
Power Plants

& months

Empirical Evaluation of 18 monlhs
integrated Environ-

menial Control Caon-

liguratines (or Coal-

Fired Fower Plants

Ewvaluation of Site
Closure—Land Hecla-
malion Methods for
Fower Plant Disposal
Sites

&8 monlhs

Laser-Doppler Yelo- 16 monihs
cimeter Program,

Phiase 2

In-Service Hotor Crack
Dataclion Sysiem

4 years

Coal-Water Siurry 7 monlhs

Loop Tesls

Invesligalion of FGD 30 monihs
Cherical Process

Problems

FGD Equipment 4 months

Sparing Practices

FGO Damper Design 17 mom s

and Qperalion

Elfects ol Goal Quality
on Power Plant Per-
formance and Cosls

b oyear

Electrical Systems

RAP1504-3

RP2005-1

NGH Subsynchronous 23 manths
Resonance Damping

Scheme

Lightning Transien! 16 manths

Recorder Development

Energy Analysis and Environment

RPG5H2-3

Sensitivity Analysis of 4 months

Energy Conservation

Funding
{3000}

428

1168.3

43.0

284.6

1320.9

4181

743

268.1

200.0

1217.4

281

539

Contractor
FPRI Project
Manager

Black & Wealch
Consulling
Engineers
E. Cichanowicz

Brown and
Caldwell, Inc.
£ Cichanowice

Michael Baker,
Jdr, ing
0. Golden

General Electric
Co.
A, Armor

General Eleciric
Cao.
A, Armaor

Adelphi Research
Cenler, Inc.
R Manfred

Radian Carp.
0. Stewar!

Black & Veatch
Consulling
Engneers
D. Stewart

Black & Veatch
Consulting
Engineers

T. Morasky

Energy and
Environmental
Research Corp,
A Kehta

Siemens-Allis
Coip.
. Hingorani

Macrodyne, Inc.
H. Songster

Apphed Energy
Services, Inc.
5. Multherjee
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Number

RP240-5

RP2020-1

RP2020-2

RP2047-2

RP2153-2

RP2263-1

RP2264-1

Titfe

Analyges of London
Wartality Data

Selenium Speciation
Techniques for Natural
Walers and Sediments

Arsenic in MNatural
Walers and Sediments

Transfarability of Diract
Load Control Expari-
ment Resulls

Mawer Approaches to
Assessing Exposures
in Air Pollution
Epidemiolagy
Thermal Discharge
Slandards Framework

Almaspheric Deposi-
tion of Sutfale During
SURE

Duration

3 months

25 months

25 months

4 monlhs

4 months

1 year

35 months

Energy Management and Utilization

RP1201-20

RP1278-13

RF1967-5

RP2033-15

RP2034-1

Concepl Study: Dis-
tributed Logic Load
anagement Control
Syslems

Evaluation of DEUS
Conceptual Design—
Diglilalion Columng

Evaluation of Absorp-
tive Coatings for Use
With Malerial Process-
ing Lasers

Design Soals:
Advanced Heal Pumps

Energy Use, Infilira-
tion, and Indoor Air
Quality in Tight, Well-
Insulaled Residences

Nuclear Power

RP502-12

RFP810-11

RPB14-6

RP1557-6

Werification of Turbine
Reliability Technclogy

Sail-Siructure Inter-
aclion Elfects

DATATRAN Installa-
tion, Qualilication, and
Analysis

Radionuchide Correla-
lions in Low-Lewve!
Radwasle, Phase 1

22 months

16 months

1 year

11 months

26 manths

3 months

9 months

10 manths

3 months

Funding
(5000}

3654

1031

285.2

34.9

134.8

250.0

64.1

340.0

50.0

100.0

694 2

181.1

969.2

25.4

767

Contracior ]
EFRI Projact
Manager

H. Daniel Roth
Associates
R Wy-ga

Oid Dominion
Lniversity
Research
Foundation

J. Huckabee

Ballelle, Pacific
Northwest
{aboralories

J. Huckabee

Booz, Allen &
Hamilton, Inc.
E. Beardsworth

Arlthur D, Liltle,
Inc.
C. Young

SRI International
V. Niemeyer

Yale University
A. Patlerson

Honeywell Tech-
nology Strategy
Cenler

V. Rabl

Procon Interna-
tional, Inc.
D. Hu

University of
Southern
Galifornia

J. Brushwood

U.5. Dept. of
Commerce
J. Caim

Geomet Tech-
nologies, Ing,
A, Lannus

R. Patterson

J. A Jones
Applied
Research Co.
M. Kolar

Miagara Mohawk
Fower Corp.
K. Winklebiack

Intermountain

Technologies, Inc.

P Railey

EDS Nuclear,
Inc.
. Naughion

MNumber

RF1561-4

RP1731-3

RP1761-19

RP1932-32

RP1935-4

RP2054-1

RP2120-2

RF2135-5

AP21688-3

RP2176-1

RF2180-6

RP2189-1

RP2225-1

RP2227-2

RF2240-6

RP22585-1

RP2294-1

R&D Staft

RP2278-1

Title

BWR Design Dala and
Transierl Test Docu-
mentation al Grand
Gulf

Scaling Analysis of SRI
Upgrade Tesl Fagility
for B&W Syslern Design

NODETRAN Mods to
New MNode-P

Subscale Hydrogen
Wisualization Tesl

Evaiuation of Low-
Cobalt Alloys for Hard-
Facing Applications in
Muclear Components

Analytic Simulators
Qualification
tethodology

Aerasol Transporl
Through Reactor
Primary Coolant
System

LWR Source Term
Experiments

TMI-2 Equipment
Survivabilily
Methodology Study

Pipe Rupture and
Depressurization
Experiments

Fraclure Toughness
of RFY Steel

Clualification of
Mechanical
Companents

Feasibilily Study:
Large-Scale Seismic
Test

Development ol a
Simplified Piping
Design Handbook

Feasibilily of Scaling
Ferritic Spent-Fuel
Storage/ Shipping
Casks

Reactor Salety Sludy:
PWH Source Term and
Risk Update Program

Evaluation of Diagnos-
tic Training for Wuclear
Power Fiant Parsonnet

Simultaneous
Chromizing-Aluminizing
of Sleels

Duration

15 months

5 months

3 months

6 months

11 morths

18 months

2 years

3 months

& months

18 months

¥ months

18 months

3 months

t year

2 months

17 momihs

11 months

25 months

Funding
($000)

.8

167.5

oy

339.2

298.7

145.0

98.2

1538.6

306.6

48.1

65.0

44 .5

548.3

98.3

103.6

Contractor!
EFRI Project
Manager

General Eleclric
Co.
F. Baifgy

Babcock &
Wilcox Ca,
J. Sursack

Systems Contral,
Ine.
W. Eichr

Acurex Corp.
J. Hosfer

Westinghouse
Electric Corp.,
H. Dchen

Babcock &
Wilcox Co.
J. Sursack

Batiolla,
Coiumbus
Laboralories
M. Merilo

Argonna
Mational
Lahoratory
A. Vags!

Westinghouse
Electric Corp.
G. Sliter

Whyle Laboratories
H. Tang
A. Duffey

General Electric
Co.
T. Marstan

Maillerus Engi-
neering Corp,
C. Chan

Robert L. Cloud
Associates, Inc.
M. Tang

Echo Energy
Caonsultants, Inc.
R, Mickelf

Fracture Conirol
Corp.
R. Mickelf

Science
Applications, Inc.
. Walt

Search
Technology, Inc.
J. O'Brien

Chio State
University
J. Siringer
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New
Technical
Reports

Each issue of the Jdournal includes summaries ot
EPRI's recently published reports.

Inguiries on technical content may be directed
to the EPRI project manager named at the end of
each summary: P.O, Box 10412, Palo Allo, Cali-
fornta 94303; {(415) B55-2000.

Requests for copies of specific reports should
be directed to Research Reports Center, P.O.
Box 50490, Pale Alto, California 94303; (415)
965-4081. There |s no charge for reports re-
quested by EPRI member utilities, government
agencies (federal, staie, local), or foreign
organizations with which EPRI has an agree-
ment for exchange of information. Others in the
United States, Mexico, and Canada pay the
listed price. Research Reports Center will send
a catalog and complete price list {including
foreign prices) on request.

Standing orders for free copies of reports in EPRI
program areas or Technical Surmmaries of reporls
lor each EPRI techpical division may be placed by
EPRI member ufilities, libraries of U5, federal,
slate, and local government agencies, and the
official representalive of any toreign organization
with which EPRI has an information exchange
agreemenl. For details, write 1o EPRI Technical In-
formation Division, P.O. Box 10412, Palo Alto,
California 84303,

Microfiche coples are available trom National
Technical Intormation Service, P.0O. Box 1553,
Springtield, Virginia 22151,

ADVANCED POWER SYSTEMS

Moving-Bed Gasiflcatlon—

Combined-Cycle Control Study:
Oxygen-Blown, Slagging Ash Operation
AP-1740 Final Report (RP914-1), Vol 2; $12.00
This volume details the second parl of a computer
simutation analysis of process dynamics and con-
trol for advanced gasification—combined-cycle
pianis. N addresses plants based on moving-bed
gasifiers with stagging operation. The contraclor
is General Electric Co. EPA! Projecl Manager:
G. H. Quentin

Photovollaic Cell and

Module Status Assessment

AP-2473 Final Reporl (RP1975-1); Vol. 1, $12,00;
Vol. 2, $16.50

This reporl presents the results of a project to
docurment lhe current slatus of photovoltaic cell
and module technology. it is intended to serve as
an aid in assessing new developments. Volume 1
provides an overview of cell and module slatus.
Yolurne 2 presenis a seties of in-depih appendixes
that cover the basics of pholovollaic lechnology.
The contractor is Research Triangle Institute,
EPRI Project Manager: R. W Tayior
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Combustion and Gasification
Characteristics of Chars

From Four Commercially

Significant Coals of Difterent Rank
AP-2601 Final Reporl {(RP1654-6); $15.00

Bench-scale lests were conducled in a drop-iube
furnace system to determine ihe chemical reaction
kinetics of four size-graded coal chars: Piltsburgh
No. & seam hvAb, lllinois No. 6 seam hvGlh, Wyo-
ming subbituminous G, and Texas lignite A. Olher
tests delermined 1he physicochemical properties
of the coals and chars. Results show lhat lower-
rank coal chars are more reactive 1han higher-
rank coal chars and that char combuslion reactions
are much fasler than corresponding gasification
reactions. The contractor i Combuslion Engi-
neering, Inc.  EPAY Project Manager: G, H. Quentin

Characterization ol Thermal Decomposition
of Coal in Experimental Reaclors
AP-2602 Final Report (RP1654-7); $12.00

This report presents a cormparison of theorelical
and experimental studies of coal pyrolysis in a
laminar entrained-flow reaclor at temperatures up
to 1500°C. It discusses the use of a madel of coal
pyrolysis that has been successtul in simulating
lower-temperature experimants. |l also describes
experiments performed in a drop-tube Jurnace
system and the analysis of the chars by Fourier
transform infrared speciroscopy and optical mi-
croscopy. The contractor is Advanced Fuel Re-
search, Inc.  EFAY Project Manager: G. H. Quentin

EDS Coal Liquefaction Process Development
AP-2604 Annual Reporl (RP778); $43.50

This is the fiflh annual report on Exxon Donor
Solvent (EDS) process development and covers
the period frorm July 1, 1980, lo June 30, 1981. The
shakedown of lhe EDS coal liquefaction pilot plant
at Baylown, Texas, is discussed, and lhe results
of the first 1est programs are presenied. Modifica-
lions performed alter the initiai operation are aiso
described. The contractor is Exxon Research and
Engineering Co. EPA! Project Manager: N. H.
Heriz

H-Coal PDU Tests on Wyodak Coal

AP-2823 Final Reporl {RP238-3); $24.00

This repori describes an experimanlat and analylic
investigalion of the processing of Wyoming sub-
bituminous coal from the Wyodak mine in lhe 3-t/d
H-Coal process development unit. The contracior
is Hydrocarbon Hesearch, Inc. EPAR{ Froject
Managar: N. C. Stewart

H-Coal PDU Tests on Kentucky No. 11 Coal
AP-2624 Final Repor (RP238-3); $21.00

This report describes an experimental and analytic
invesligation of the processing of Kentucky No. 11
coal in the 3-1/d H-Coal process developmenl
unit. The worl was part of a project to ready a
250-t/d pilot plant for operation. The coniraclor
is Hydrocarbon Research. Inc. EPR! Project
Manager: N. C. Stewart

Assessment of Distributed

Photovoltaic Eleclric Power Systems
AP-2887-5Y Summary Reporl (RP1192-1}; $9.00
This repori surmmarizes work to develop and test
{Ihrough case studies) a methodology for assess-
ing lhe potenlial impacts of dislributed photovol-
taic (PV) systems on electric utilily systems. The

impacls of PV syslems on ulilily system operalions,
generalion mix, and subtransmission and distribu-
tion systems were assessed. Also, the economic
potential of distributed PV systermns was invasti-
gated for utility ownership and for customer owner-
ship. The contractor is JBF Scientific Corp.  EPRY
Project Managers: F. B, Goodman, Jr., and E. A,
DeMeo

ELECTRICAL SYSTEMS

Human Faclors Review of

Eiectric Power Dispatch Control Centers
£L-1960 Final Report {(RP1354-1}; Vol 3, $10.50;
Wol. 4, $15.00

This six-volume report details a three-part study of
the dispalch control center environment in which a
power system dispatching team is expected to per-
form its duties wilh a minimum of errors. Vol
umes 3 and 4 idenlily the needs for, and the vuses
of, power system information by a systern operator
in condilions ranging rom normal to degraded
operation. Volume 3 summarizes operator infor-
mation needs, and Volume 4 presents them in
more detail. The contractor is Stagg Systems, Inc.,
for Lockheed Missiles & Space Co., lnc. EPR!
Project Manager: C. J. Frank

Thermal Stability of Soils Adjacent lo
Underground Transmission Power Cables
EL-2595 Final Reporl (RP7883); $13.50

This report describes work on the perlorrmance of
soils surrounding power cables, the iransmission
of heat trom the cables through the soils, and soil
stability as a function of relevant paramelers, An
analytic model that mathematically simulates heat
transfer and meisture migration in soil is detailad,
Tesls made with thermal probes embedded in re-
producible scil samples and experimental mea-
suremenis made in a tank with full-sized cables as
heat sources are discussed. The conlractor is the
Georgia Institute of Technology. EPR! Project
Manager: R. W. Sarmm

Siudy of Turbine Generator

Shaft Parametlers From the

Viewpoint of Subsynchronous Resonance
EL-2614 Final Report (TPS81-794); $18.00

This repoit dogumenis an investigalion of the sus-
ceplibility of turbine generators lo subsynchro-
nous resonance (SSR) problems as a result of
shaft, network, and load characteristics. Electrical
damgping characieristics of generators were calcu-
lated over a wide range ol network condilions, and
ihe dala were used with several difierent typical
shafl characleristics to evaluate the impact of 55R,
The conlraclor is Power Technologies, Inc.  EFRY
Project Manager: D. K. Sharma

Improved Transformer Oil Pump
EL-2619 Final Reporl (RF1797-1); $18.50

This reporl describes the design of a prototype
transformer oil pump of impraoved reliability that
would not conlaminate a transformer with conduc-
tive debris during normal operation or in the event
of pump failure. The chosen design, based on the
rotating-casing pump ptinciple, is described in de-
tail, and tull manulacturing drewings and a parls
list are presented. The coniractor is Mechanical
Technology, Inc. EPR! Project Managers: D. K.
Sharma and J G. White



Gases Superior to SF;
for Insulation and Interruption
EL-2620 Final Report (RP847-1); $31.50

This reporl describes experimental and theoret-
wcal studies of the insulation and interruption prop-
erfies of pases and gas mixiures of potential use
as replacements for SF; in compressed-gas-insu-
lated transmission equipmenl and interruplers.
The report containg detailed quantitative data on
the electric strength, interruption properties, vapor
pressure, carbonization behavior, diffusion rates,
thermal aging behavior, toxicity. and other prop-
erties of the gases and gas mixtures. The con-
lractors are Weslinghouse Research and Devel-
opment Center and E. {. du Pon{ de Nemours
& Co, Inc. Project Managers: B. 5. Bernstein
and Edward Norton

Baslc Research an
Transformer Life Characteristics
EL-2622 Final Report {(RP1289-2); $21.00

This repor describes the preparalion and testing
of a series of insuleted conducter model coils and
a group of subassembly mode! fransformers de-
signed tc represent typical 50-MVA translormer
windings, Organized to evaluate the significant
factors affecting transformer life, the project cov-
ered gas evolution during thermal aging of insula-
tion and {hermat, mechanical, and electric stresses
aver time. Scaling factors are discussed, and rec-
ommendations for future life tests are presenied.
The conlractor is Weslinghouse Electric Corp,
EPRI Project Manager. B. 5. Bernsiein

Fiber Composite Aetaining

Rings for Turblne-Driven Generalors

EL-2674 Final Report (RP1474-1); Vol. 1, §16,50,
Vol. 2, $15.00; Vol 3, §13.50; Vol. 4, $19.50

This reporl discusses the development of a carbon
fiber composite material suitabla for the manufac-
ture of relaining rings. The fabrication ang testing
of such a ring are also addressed. Volume 1 covers
material development, and Yolume 2, the labrica-
tion of the retaining ring. Yolume 3 discusses the
tesling procedures, and Volume 4 provides con-
ceptual design elternalives for solving the prob-
lems of ring altachment and circulating currents,
The contracior is Weslinghouse Electric Corp.
EPRI Profect Manager: D. K. Sharma

Far-Inirared Laser Scanner
for High-Voltage Cable Inspection
EL-2675 Final Reporl (RP734-3); $10.50

This report delails the third phase of the develop-
ment of a far-infrarad laser scanner for the on-line
factory inspection of the solid-dielectric insulation
of high-voltage cables for use in underground dis-
tribution syslems. In this phase alaboralory model
of the instrument was buiit and successfully iested.
The contractor is Uniled Technologies Research
Center. EPRI Project Manager: Joseph Parler

ENERGY AMALYSIS
AND ENVIRONMENT

Prevention of Golden Eagle Eiectrocution
£A-2680 Final Report (RP1002); $10.50
Conlributing factors in eagle elsctrocutions were
investigated, along with possible methods of miti-
galing the problem. Electroculions were docu-

mented in six western states by examining car-
casses lound below power lines. The report noles
thal more eagles were electrocuted in collomtail
sabbil habitats than in other areas. Measures
to fawer the incidence of eleclroculion—routing
lines around preferred prey habilats, locating
power poles in topographically low areas, and
insulating pole conduclors—are described. The
contractor is Brigham Young University, EPA!
Project Managers: / W, Huckabee and R. A
Goldstein

Biochemical Genetics of Largemouth Bass
EA-2688 Final Report {(RP1063-1); $22.50

A biochemical study of the genes of 80 popula-
tions of fargermouth bass was conducted to evalu-
ate he usefulness of biochemical genelic tach-
niques in describing responses of fish populations
to thermal regimes, Vertical starch gel electro-
phoresis and hislochemical staining techniques
were used fo delerrnine phenotypes at 28 enzyme
loci for 20 individuals per population. Allele fre-
quencies at each locus, the mean number ol alleles
at each locus, the average number of polymorphic
loci, and the mean level of beterozygosity are
addressed. The contractors are the [llinois Natural
History Survey and the University of lllinois.  £PR!
Froject Manager: R. W. Brocksen

Effects of Chiorine on Marine Benihos
EA-2696 Finai Repor {RP1224-4); $12.00

This reparl presents the resulls of research 1o de-
velop and fest an open-microcosm methodology
for investigating the effects of chlorination on
marine benthic communities, Measurements of
the rate and extenl of colonization are given, and
the affacts of chlorination and other experimental
parameters are discussed. The conlractor is
Battelle, Pacilic Northwes! Laboratories. EPAR!
Froject Manager: J. W Huckabee

Methods for Analyzing 1he

Market Penetration of End-Use
Technologies: Guide for Utility Planners
EA-2702 Final Reporl (RP2045-2): $15.00

This report presents a survey of various methods
for estimating market saturation of end-use {ach-
nologies, wilh emphasis on electric utility planning
needs. Each method is explained in terms of ils
iheoretical basis, dala requirernents, varianis, re-
lationship to other melhods, strengths and weak-
nesses, abilily to incorporate uncertainty, and suit-
atility. A telephone survey on current business
praclice is described, and crileria for method se-
lection are put forth, The contraclor is Resource
Planning Associales, Inc.  EPR! Project Manager:
Edward Beardsworth

ENERGY MANAGEMENT
AND UTILIZATION

Sulfur-Tolerant Fuel
Processors for Fuel Cell Power Plants
EM-2686 Final Reporl {RP1041-4); 13,50

The developmeni of fuel processors that could use
middle-disiillate fuels in dispersed fuel cell gen-
erators is described, The repor! details the pro-
gram plan; the lest stand and procedures; lhe
results for metal oxide, noble metal, and Toyo
Engineering Corp, calalysts; and the kinetic analy-

sis of fuel conversion data. The resulis from this
project and a related efforl by Kinelics Technolagy
International Corp. confirm he technical feasibil-
ity of the hybrid fuel processor for using high-
sultur middle-distillate fuels in dispersed fue! cells.
The coniraclor is United Technclogies Corp.
EPRI Projeci Manager: E. A, Gillis

Assessment of Ulility Impact of
Electrification in the U.S. Chemical Indusiry
EM-2700 Final Report (RP1085-11); $13.50

This report presents an assessmeni of the pros-
pects for large-scale implementation of electro-
organic synithesis processes in the chemical in-
dustry and the impact such processes would have
on the ulifly indusiry. To determine poleniial elec-
tricity demand, candidate processes were screened
againsl certain crileria, including projeclions of
darmand for the chemical (and thus the need for
new plants} and the merits of the electrochemical
processes versus conventional processes. The
contraclor iz SR International. EPRY Project
Manager: B. R Mehta

NUCLEAR POWER

Reactor Transient Tests at AND-2
NP-1709 Final Reporl (RP1385-1}; $15.00

This reporl documents a series of reector iransient
tests perlormed at Arkansas Nuclear Ons, Unit 2,
for use in gualifying reactor system transient anal-
ysis compuler codes, Four tests were canducted:
complete loss of forced primary coolant How, lull-
lenglh control element assembly (CEA) drop, parl-
lenglh CEA drop, and turbine trip. The reporl
describes the tests and discusses their use in
providing a basis for increased industry confi-
dence in the abilily of compuler codes o predict
the course of various operating Iransiants. The
contractor is Combustion Engineering, Ine.  EPAY
Praject Managers: J. A. Naser and A. N. Whitesef

Properties of Colloldal Corrosion Producls
and Their Effects on Nuclear Planls
NP-2606 Final Reparl {(RP966-1); Viol. 1, £9.00;
vol. 2, §19.50

This report describes a laboratory-scale effort o
characterize the properties of corrosion-product
paniculate oxides, such as magneiile and hema-
tite, in waier heat transfer locps in LWRs. Volume 1
is an execulive summary, and Yolume 2 conlains
the detailed resulls. The contractor is Clarkson
College of Technology. EPA! Project Manager:
7. Q. Pasself

Test of Job Performance

Aids for Power Plants

NP-2B76 Final Repor {(RP1396-1); §16.50

This reporl describes a study of the potential sffec-
tiveness of using job performanca aids (JPAz) in
selected applications in the nuclear power indus-
iry. Sample JPAs developed for control room oper-
ations, maintenance, plant operations, instrurmen-
fation and control, health physics, and quality
assurance fasks are delailed. Criteria for judging
JPA benefils in specific siluations are presenled,
as well as guidelines for the developreni ol JPAs
thal meel industry requirements and constraints.
The conlractor is Kinton, inc.  £PAJ Project Man-
ager: H. L. Parris
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NEW TCCHMICAL REPONTS

Evaluation of Cobalt

Sources in Weslinghouse-

Designed Three- and Four-Loop Plants
NP-2681 Final Report (RP1784-3), $13.50

This report identifies sources of cobalt in two typi-
cal Westinghouse-designed three- and four-loop
LWR power plants, Materials determined to have a
pathway for contribuling cobalt to the primary
coolant system were inventoried. A detailed anal-
ysis of the materials is given, classifying them by
alloy identification, coball weight percentage, and
associated surface area. On the basis of a cosl-
benefit anatysis, recommendations are made con-
cerning cobalt reduction options. The contractor
is Westinghouse Electric Corp. EPR! Project
Manager: M, D. Naughton

Thermal-Hydraulic Analysis of the
Westinghouse Model 51 Steam Generator
NP-2683 Final Report (RPS130-1); £24.00

The computer code THIRST was used to perform
a thermal-hydraulic analysis of the Westinghouse
Model 51 recirculating steamn generator for operat-
ing conditions at 100%, 50%, and 20% of nominal
power. The methodology, assumptions, and em-
pirical correfations used in THIRST ara discussed,
and quantitative code results are given for each
power level, including the parameters that char-
acterize overall unit performance and complete
local details of the flow field. The coniractor is
Atomic Epergy of Canada Lid. E£PR! Project
Manager: D. A, Steininger

Coball Source ldentification Program
NP-2685 Final Reporl (RP1784-1); $10.50

This report identifies the major potential sources
of coball-58 and cobail-60 in an operating Com-
bustion Engineering PWR—that is, materials de-
termined to have a pathway for contributing coball
to the primary coolant. The repori summarizes the
chemistry environment and condilions for each
material and presents calculated cobalt release
rates. Design modifications and material replace-
ment aptions for eliminaling or reducing the major
coball sources are assessed. The contraclor is
Combustion Engineering, Inc.  EPR! Project Man-
ager: M. D. Naughion

Tests of Types 51A and 51M

Steam Generators at Bugey-4

and Tricastin-1 Nuclear Power Plants

NP-268% Final Report {(RPS154-1); $16.50

This report presents thermal-hydraulic and chem-
ical samphng data oblained at various power levels
from special instrumentation on Eleciricilé de
France's operating steam generators at Bugey-4
and Tricastin-1. The data include downcomer flow
rales, shell temperatures, and temperatures and
chemical concentrations near the secondary sur-
face of tubesheets. These data are useful for quali-
fying thermal-hydraulic computer codes. The con-
lractor s Eleclricilé de France. EPHAI Profect
Manager: C. L. Willams

Evaluation of Nonchemical

Decontamination Techniques

for Use on Reaclor Coolant Systems

NP-2690 Topical Reporl {(RP2012-2); $18.00

This reporl presenls an examination of 17 non-
chemical decontamination methods, citing devel-
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opmenl hislory, prior applications. and specific
advaniages and disadvaniages. Aimed at creating
a body of information that will be ugeful to the
utifity industry in any postaccident situation, the
project characlerized and evaluated decontami-
nation techriques thal could be applied to ihe
cleaning of fue! debris and corrosion producis
from reactor coolant systems and components.
The contraclor is Ouadrex Corp.  EPR! Project
Manager: L. E. Anderson

Evaluation of Abrasive Grit—
High-Pressure Water Decontamination
NP-2681 Final Report {RP2012-4); $9.00

This reporl delails an abrasive gril—high-pressure
water lechnique developed primarily tor the de-
contamination of steam generator channel heads.
it presents a description of the system; summaries
of field experience lo date; general guidelines,
criteria, and pertinent parameters that must be
congidered when applying the decontamination
method; and a general assessment of the appli-
cability of the method io various components and
systems. The contractor is Westinghouse Electric
Coirp. EPR! Profect Manager: L. E Anderson

Control of Containment Air Temperature:
industry Survey and Insulation Test
NP-2694 linal Report (RP1730-1); $15.00

The causes of high air temperatures in nuclear
power plant containment buildings were investi-
gated. This report presenis an analysis of causa-
tive factors, such as exposed hot surfaces unac-
counted for in design, compromises in insulation
inslallation, higher-than-expected lalent heat
loads, and inadequate cooling-air circulation. A re-
view of currenl engineering practices in the design
of conlainment building thermal environmental
conlrol systems is given, and the testing of five
types of commercial insufation is discussed. The
conlractor is Dynalech R/D Co. EPR! Praoject
Manager: T. M. Law

Salem Unit 1 Denting Mitigation
Program: Implementation of Improved
Oxygen, Chloride, and Copper Control
NP-2703 Final Report (RPS132-5); $13.50

This report discusses the results obtained in the
Salem Unit t denting mitigation program. A review
of the unit's chemistry operations during fuel cycles
1 and 2 i3 presented. Secondary-side chemistry
control and menitering methods for the third fuel
cyclaare discussed, and the findings of the steady-
slate, high-power chemistry monitoring effort are
addressed. Hydrogen monitoring and eddy-current
inspection resulls are included. The contractor is
Westinghouse Eleclric Corp.  EPR! Project Man-
ager: A. L. Coit

PWR Secondary Water Chemistry Guidelines
NP-2704-5R Special Report; $12.00

This report presents a justification for water chem-
istry control parameters and describes available
analytic methods, data management and surveil-
lance, and the management philosophy required
to successfully implement the guidelines. The
guidelines presented should aid the electric utility
indusiry in the management of PWR secondary
water chemistry 1o minimize localized corroston in
steam generalors and turbines. EPA! Project
Manager: 5. J. Green

Structural Mechanics Pragress in 1981
NP-2705-5R Special Report; $18.00

This report reviews the significant progress made
in 1981 in the Structural Mechanics Program and
discusses lhe interrelalionships of ihe projecls,
The program now has 14 research lopics with
more than 40 separale contracts. An up-to-date
account of structural mechanics issues and a dis-
cussion of progress loward resclving them are
provided. Program plans are alsoincluded. EPR!
FProject Manager: T. U. Marston

Secondary Water Chemistry Control
at 51. Lucie No. 1
NP-2706 Topical Report (RPS170-1); $12.00

The plant design characterislics, operaling philos-
ophy, chemistry history, and damage history of
Florida Power & Light Co.'s St. Lucie Unit 1 are
reviewed. This review provides insight into the
factors thai may have led to the early onset of
steam generator corrosion gdamage. The report
documents the marked improvemen! in water
chemistry performance and the reduction in cor-
tosion damage progression achieved by major
condenser modifications. The contracior is NWT
Corp.  EPAY Project Maniager: C. S. Welty, Jr.

Prevention of Wear Problems in PWR
Steam Generators: Annotated Bibliography
NP-2711 Final Reporl (RPS145-1); $9.00

This report documents a lilerature survey of spe-
cific waar mechanisms, focusing on studias-ihal
involve materiale and/or geometries and operat-
ing conditions refaled to PWR steam generators.
Il provides a state-of-the-art compilation of avail-
able literature on solid-particle impacl erosion,
liguid-groplet impactl erosion, cavitalion erosion,
and fretting. The coniractor is Hydronautics, Inc.
EPRI Project Manager: C. L. Williams

R Curve Characterization
of Low-Sirength Structural Steels
NP-2715 Final Report (RP2055-7); $10.50

The resulis of a six-month project lo generate
fraciure loughness data on three low-strength
structural sleels are described. The report dis-
cusses lhe relationships of fraclure toughness,
Charpy energy, drop weight, and dynamic tear
test resutts and describes the fuel fracture tough-
ness fransition curve for each material tested. The
results indicate that for the matetials evalualed,
nil ductility transition temperature is not a reliable
indication of the static fraciure loughness tran-
sition temperature. The contractor is Materials
Engineering Associales, Inc.  EPAI Project Man-
ager: T. U, Marston

Characterization of the Contamination
in the TMI-2 Reactor Coolant System
NP-2722 Final Report (RP2012-1); $10.50

This report describes an effort lo characterize the
conlamination on the primary-system surfaces of
TWI-2 in suppori of deconlamination process se-
lection and planning. The identification of methods
for analyzing fission-produci and fuel-debris dis-
persion in a severe reactor accident is addressed,
and the use of these methods to characterize the
cortaminalion in the TMI-2 reactor coolant system
is discussed. Conclusions and recommendations
are presented. The cortractor is Battelle, Colum-
bus Laboratories. EPAI Project Manager: L. E.
Anderson
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of generator by hydrogen May 52

of HVDC thyristor valve Ocl 50

of underground cable Nov 41
Cooling garment, for nuclear plant
maintenance workers Sep 14
Cooling system, power plant

dry J/F33

testing for bacteriain  J/F 45

wet-dry Oct 39
Cool Water Coal Gasification Program
J/F 31; Mar 35; Apr 23; Sep 18
Corona Mar 18
Corrosion

of BWR piping Dec 53

cable MNov44

in FGD systems Dec 40

in PWRs Oct 22
Culler, Floyd L. Apr4;J/A 35
Current conversion J/F8
Current-limiting protector J/A 14
Customer incentives, for load management
May 156
Cycling operation, of coal-fired plants J/A 37

Datton, Stuart M. Oct 2,4
Damping
conductor J/F 42
of subsynchronous resonance Nov 42
DASS. See Disturbance analysis and
surveillance system.
Davis, John Dec 30
Demand forecasting May 24; J/A 48; Dec 6
Diagnostic monitoring  Sep 6; Dec 38
DIALOG Sep 26
Direct current (dc) J/F 8
biclogical effects of Mar 47
conductor development  Jun 50
effects of, on ac system May 45
mitigation of stray currents  Oct 51
transmission cable Sep 45

Dispatch control center, human factors in
Dec 45

Dispersed technologies J/F 13; Jun 33

Distribution automation J/F 44; May 41,
Sep 46
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Disturbance analysis and surveillance system
{DASS) Jup 31:J/A9

Dougherty, Charles J.  Jun 38

Ecological affects, of power ptant effluents
Jun 53

Eddy-current monitoring.  Ses Diagnostic
monitoring.

Editorials

Asking More From Forecasts Dec?2

Coal Water: Innovation in Financing and
Management Sep?2

Focus con the Human Element J/A 2

Getting the Inside Story Mar 2

Industry’s Move to Electricity Jun 2

Integrating New Sources Into Utility Systems
J/F2

Modeling for System Reliability Nov 2

Problems and Progress in SO, Control
Oct 2

Scheduling Waste Disposal

Edmonds, James Sep4

Educational program, for high school students
May 29

EHV current transducer J/A 41
EHV switching, semiconductor for
Electric ARM  Nov 31

Electric field effects Mar 47
Electricity, industrial applications of Jun6

Electricily: Today's Technologies, Tomorrow's
Alternatives  JfA 34

Electricity supply, effect of oil import
interruptions on  Dec 49

Electric Power Database (EPD) Sep 30
Electric Power Software Center Dec 31
Electric power technology, trends in - Jun 30
Electric vehicle Sep 58

Electrochemical machining J/A 44

Electrohydrodynamic pumping, of
underground cable cil Nov 41

Electrolyzer, development of May 52

Electronic current transducer, for HVDC
applications Ocl 49

Electrostatic precipitator, use of chemical
additives with  Apr 19

Electrosynthesis May 53
Electrotechnology Jun 6

Emissions Control and Test Facility (Arapahoe)
Apr 20

Energy development, in Third World Dec 28
Energy forecasting May 24, J/A 48; Nov 46;
Dec6

Energy Information Admintstration May 24
Energy R&D, international cooperation in
J/F 26

Energy Research Advisory Board Nov 26
Energy storage. See Baltery; Compressed-
ajr energy storage.

Energy Technology Conference and
Exposition (ET '83) Dec 31

Entrainment, in FGD systems Dec 40
Environmental control systems, reduced costs
for Jun 23

EPRI
Consolidated Management Office Sep 35
Electric Power Database (EPD) Sep 30
Electric Power Software Center Dec 31
financial report  Apr 25
operations review Apr6
R&D budget for 1982 J/F 31; Jun 38

May 2

Jun &1
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statement aof busingss  Apr 1
Technical Assessment Guide {TAG) Sep 35
telephone information service Oci 33

EPRI Regional Systems Jun 16
European Atomic Energy Community Mar 29

Fan system refiability May 35
Fault current limiter Mar 42; J/A 14

Fault detector, in gas-insulated substation
Mar 44

Fault duration, reduction of J/A 42

Features
Aiding the Disposal Engineer
Air Qualily in the Home Mar 6
Amorphous Metals: Cutting Losses in the
Core J/F 14

Breaking New Ground With CAES Oct 16

Cleaner Coal for Power Plants  Jun 24

Designing for Man: Advances in Control
Room Operation J/A 6

Diagnostic Manitoring of Plant Components
Sep b

Electrotechnology: Sparking Productivity in
Industry Jun &

Ensuring Power System Stability Nov 6

Evaluating Passive's Potential J/A 18

Fault Protection for High-Current
Distribution J/A 14

Forecasting the Patterns of Demand Dec &

Geologic Disposal of Nuglear Waste May 6

Information at Hand Sep 26

Japanese Challenge in Goal Gombustion
Technology May 20

Keeping Cool on the Jeb  Sep 14

Kenneth Randall’ Two-Way Communicator
Nov 21

The Load Management Decision May 14

Longer Life for Wood Poles Nov 18

Marketing Coal Ash, Slag, and Sludge
Dec 14

The New Bond Dec 20

New Connections for New Technologies
J/FB

A Niew Path From Coal to Electricily Sep 18

Piant Construction and Community Stress
Nov 14

Redesigning Line Structures Mar 15

Scrubbers: The Technology Nobody Wanted
Oct 6

Stanley York: Practicing the Public Interest
JIA 24

Steam Purity in PWRs  Oct 22

Toward Betler Methods of Risk Assessment
Mar 22

Trade-offs in NO, Control J/F 18

Trends in Electric Power Technologies
Jun 30

The Value of 1%

Federal R&D budget
Feedwater heater flow test
Ferraro, Ralph J/F 4
FGD. See Flue gas desulfurization.

Fish, James Dec 2@

Flashover, on compact fransmission line
May 42

Flue gas conditioning Apr 15

Flue gas desuliurization {FGD) Ocl &
dry sgrubber pilot plant  J/F 37
evaluation of full-scale systems GSep 41
materiats for May 38
wet stack Apr 15; Dec 40

Fiuidized-bed combustion.
fluidized-bet combustion,

Foregasting
energy demand May 24: J/A 48, Dec B
for small electric systems Nov 46

Dec 26

Jun 16
Sep 32
Dec 51

See Atmospheric

Fossil-fuel-fired power piant

cyclingof  J/A 37
diagnestic monitoring in  Sep 8
Fuel cell

advanced Sep 56
commercialization of Oct 58
demonstration of  Apr 20
first-generation J/F 49

Fuel planning J/A 50
Fuel rod performance  J/A 55
Fumigation, of wood poles  J/A 41; Nov 18

Giasification. See Coal gasification,
Gas turbine, cooling of Oct 36

Gas turbine power plant, reliability of
Gellings, Clark Dec 2, 4

Generation, industrial, forecasting model for
J/F 48

Generation capacity, model for Apr 10

Generation planning Mar 44; May 47. See ako
Load rmanagement.

Generator

circuit breaker for
inguction J/F 39
superconducting  Jun 31

Generic safety analysis, nuctear plant  Jun 57
Geomagnetic-induced current  Qct 51

Geothermal chemistry mobiie laboratory
Apr 15

Geotherma! demonstration plant, binary-cycle
Dec 34

Geothermal liguid turbine  Apr 20; Sep 38
Gibbs, Clark Sep 35

Golden, Dean Dec 4

Gould, William R. Apr 2

Greenhouse effect Jun 24

Grounding
substation Oct 48; Dec 44
transmission Dec 44

Groundwater, monitoring of Jun 46
Gupta, Pradeep May 4

Mar 37

May 43

Heaith efiects
of air pollution  Apr 19; May 48
of dc transmission Mar 47

Heat rate, improvements in  Jun 20
Hedrich, Albert Ocl 28
Hot spot detector  J/F 40

Human factors engineering Apr 19: J/A 6;
Dec 45

HVDC, andac Oct 48

HVDC converter
control system for Nov 44
electrical noise from Oct 47

HVDC electronic current transducer  Ocl 49
HVDC thyristor valve, cooling of  Oct 50
Hydroelectric power, smali-capacity J/A 52

Hydrogen .
combustion and centrol of, in LWRs
May o6 )
for generator cooling May 52

Indoor pollutants Mar 6
Induction generator J/F 39

Informalion network, computer Sep 28



Model
energy demand Dec 8
over funder capacity J/F 4B; Apr 10
transfer of, to utilities J/F 46

Morasky, Thomas Oct4
Motors, powerhouse auxiliary J/F 33; Dec 48
Mulvaney, James Jun 4

In-plant generation forecasting model  J/F 46
Insulator Sep 44

Interconnection, power system Nov 6
|nterterence, electrical, on power lines  J/A 40
intergranular stress corrosion cracking

Dec 53

International Atomic Enargy Agency Mar 29
International Energy Agency J/F 27
Jnternational energy R&D cooperatlon  J/F 26
international Nuciear Fuel Cycle Evaluation

measurament of Nov 44
remaoval of, from transformer ofl
May 43

Polysil insulator Sep 44
Porier, Joseph J/A4

Power conditioning and controf system
J/F9; Jun 55

Power conversion J/F6
Power flow computation Jun 48; Oct 51; Dec 45
Power lina, effect of, on birds  Apr 13

Apr 13;

Neutron detector, sensitivity measurements

Mar 30: Nov 51 Mar 55 Power line clearance J/A 40; Dec 47
' Nitrogen compounds, in coal liquefaction Power plant. See also Fossik-fuek-fired power
Iveson, RobertH. Nov 2, 4 May 32 plant; Nuclear power planl.
Nitrogen oxides {NO,). control of J/F 18; availability of Jun 18
Qct 43 construction, and iocal communities
. . Nov 14
Jones, Robin  Dec 4 Nondestructive Evaluation Center  Apr 23 construction lead time  Ocl 53

Norlon, Edward J/F 4

NO,. See Nilrogen oxides.

NRC. See Nuclear Regulatory Commission.
NSAC. See Muclear Safety Analysis Cenler.
Nuclear Energy Agency (OECD} Mar 30

Nuclear fuel
improved design of Apr 15
performance code for J/A S5
recycling MNov 51

Nuciear Fuel Industry Research Program
Nov 30

Nuclear power plant.  See also Boiling water
reactor; Pressurized water reactor.

cooling system J/F 33, 45; Oct 39
efficiency, trends in  Jun 31
effluents, ecological effects of Jun 53

Power system
advanced concepts for Dec 45
plannlng. computer concepis for Qct 52
production costing model for J/F 46
stability May 45; Nov &

Pressurized water reactor (PWR). See afso
Boiling water reactor; Nuclear power plant.
cobait sourcesin Jun 59
core simulation Sep 61
corrosion and steam purity in - Oct 22
relief valve program for  Apr 23
thermal-hydraulic analysis codes for

Kahammer, Fritz R, J4/F 2
Kar{son, Frederick Jun 4
Kennon, Richard Mar 4
Kinetic bonding Dec 20
Komai, Raiph Dec 4
Koomanoftf, Frederick  Jun 35

May 58

Lafleur, Joseph D., Jr.  Mar 32
l.amont, John MNowv 4

Laser inspection, of cables Jun 48
Lidar Apr 19

Lightning surges, effacts of, on distribution
transformers J/A 40

Light water reactor (LWR). See Boiling water
reacior; Nuclear power plant; Pressurized water
reacion.

Load control, direct May 15
Load leveling, on industrial compressor
systems J/F 48

toad management May 14, Jun 32
communication system for May 41; Sep 48
customer-side /A 54
strategy testing model May 49
survey of utility projects in  May 53

Load research Mar 48

availability analysis for J/A B5
control room operationin  J/AB
coaling garment for maintenance
workers in  Sep 14
diagnostic moniloring in  Sep 6
feedwater heater tube erosionin  Dec 51
fuel rod performance in  J/AB5
generic safety analysis for  Jun 57
hydrogen combustion and control in - May 56
risk assessment in  Sep 63

Nuclear Regulatory Commission (NRC}
Mar 32

Muclear Safety Analysis Center (NSAC)
Mar 34; Jun 39

Nuclear waste disposal May B

O Brien, Jobn  J/A 4: Sep 4

Prochnik, Martin  J/F 27
Purcell, Gary J/AA4
PWR. See Pressurized water reactor.

Randal, Kenneth Nov 21
Reed, William B. Jun 38
Regional Air Quality Studies  Apr 20
Regulatory analysis model J/F 47
Regulatory impact, on coal combustion waste
disposal Jun 47
Reliabitity
of gas turbine power plant
models for May 42
of powar plant fan system May 35

power system Nov B
trendsin  Jun 31

Mar 37

Office of Energy-Related |nventions Ccl 29

Office of Science and Technology Policy
JfA 30

Qi import interruptions, effect of, on electricity
supply Dec 49

(rShee, Thomas Sep4
Over/under capecity planning model

Load shape forecasting model
Loewenstein, Walter B. Sep 36
Long, Alexander J/A4

J/F 46 Relief valve program, for PWRs  Apr 23

Repair welding, in BWRs J/F 52
Residential electricity use, forecasting J/A 48
Retaining ring, fiber-composite Qct 50

Rhudy, Richard Oct 4
JfF 46;

McEiroy, Michael J/F 4
tMagnetohydrodynamics Dec 33

Man-machine interface. See Human factors
enginearing.

Marcum, John J/Aa 30

Matrix management Sep 37
Maulbetsch, John Dec 4

Maurc, Robert Jun 2, 4

Metal reclamation, from fly ash May 28
Metering interference  Jun 49
Methanol synthesis Jun 42

Miller, Michael J/f 4

Minac Apr 10

Mitsche, James Nov 4

Mobile laboratory, for tracking bird migration
May 29

Apr 10

Parris, Howard J/A 4

Passell, Thomas Qct 5

Passive solar, evaluation of J/A 1B
PCB. See Polychlorinaled biphenyl.
Perbac, Ralph M. Mar 2 4

Plister, A.J.  Jun 38

RPiping, BWR, remedies for cracking of

Apr 13; Dec 53

Plume dispersion Oci 40

Polychlorinated biphanyl (PCB}
detection of Apr 13; J/A 42
disposal of Apr 17; Jun 46
EPRI seminaron  J/F 32

Ricci, Paolo  Mar 4

Risk assessment
methods for  Mar 22; May 42
nuclear plant Sep 63

Rotary separator—turbine Apr 20; Sep 38

Sefety parameter display system (SFDS) J/A 9
Schainker, Robert Oci 4

Schmidt, Philip  Jun 4

Scrubber. See Flue gas desulfurizalion,
Selective catalytic reduction 0c143
Semiconductor, for EHV switching  Jun 51
Shatt (turbine) crack detection Sep 6; Dec 39
Shugars, Gordon Sep 4

8§0,. Sae Sulfur dioxide emissions.
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Soil, thermal stability of Dec 45
Soil thermal property analyzer Apr 10

Solar energy
passive systems J/A 18
solar-thermal conversion Nov 35
survey of utility R&D  May 53; Nov 30

Solid-waste utilization May 28; Jun 47; Dec 14
SPDS. See Safety parameler display system.
Spencer, Dwain F. Sep 2

Stability, in power systems May 45; Nov 6
Stahlkopf, Karl Nov 2, 4

Starr, Chauncey Mar 35; Jun 5: Qci 34

Steam purity, in PWRs  Qct 22

Stephens, Randall Oct 31

Substation
capacitor for JJF 41
fault detection in  Mar 44
grounding in  Oct 48; Dec 44
switching Mar 45

Subsynchronous resonance, damping of
MNov 42

Sulfate Aegional Experiment (SURE)Y J/A 46

Sulfur dioxide (80,) emissions J/A 46; Oct 6,
See afso Fiue gas desulfurization.

Superconducting generator  Apr 20; Jun 31
Surge errester Dec 47

Synthetic fuel, field tesis of Nov 33
System Joss, reduction of Jun 23

Tackaberry‘ Robert Nov 4

TAG. See EPRI, Technical Assessment Guide.
Taylor, John J. J/A 2

TEAM-UP J/F 46

Technology, dispersed Jun 33

Technology choice model J/F 46

Technology improvements, regional benefits of
Jun 16
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Teich, Albert Sep 33

Thermal-hydraulic analysis codes May 58
Thermal stability, of soil Dec 45

Three Mile Island, cleanup research Dec 32

Thyristor, cesium vapor lamp system for
Oct 49

Thyristor valve, cooling of Oct 50
Transducer, HVDC Oct 49

Transformer
amorphous alloys for J/F 14
discharge detector for MNov 44
effect of lightning surges on  J;/A 40
failure Sep 46
hot spot detectionin J/F 40
oil pump for Oct 51
paper insulation for JfA 43
two-phase cooling of J/F 41

Transmission line

compact design of Dec 44

flashover on May 42

grounding Dec 44

HVDC J/F 42

and parallel gas pipelines J/F 42

right-of-way Nov 41

structural design research  Mar 15
Transmission Line Mechanical Research
Facility Mar 16; Jun S0

Transmission Line Reference Book, 345 kV
and Above J/A 36; Sepd4

Transmission tower Mar 15; Apr 10,13
Tree growth control  J/A 40

Tree trimming Dec 47

Trerice, Douglas Jun 4

Turbine
advanced cooling system for  Oct 36
chromium-enriched coating for  Apr 17
diagnostic monitoring of Sep B; Dec 38
geothermai liquid Apr 20; Sep 38
water induction detactionin  J/F 35

Turbine generator shaft, torsfonal fatigue
strength of Dec 48

Turbine rotor disk, cracking in  Apr 18

Underground cable, installation of Apr 17

Underground Cable Test Facility (Waltz Mill}
Jun 52

Utility management, of fuel use JYA S0

Utillity pole. See Transmission tower: Wood
pole.

Vanderryn, Jack J/F26

VAR sources, in system planning  J/A 45

Vibration signature analysis. See Diagnostic
monioring.

Visthility, evaluation of, in national parks
Sep 52

Voltage, effect of, on conservation Sep 45

Whaste disposal
coal combustion Jun 46; Dec 14, 26
nuclear May B
PCB Apr17;.Jun 46

Water induction, detection of, in steam turbine
JfF 35

Weld crown contouring machine Mar 56
Welding, for BWR repairs J/F 52
Williams, Robert May 4

Windows in Time: Research Today for Energy
Tomorrow Dec 32

Wind turbine Dec 35

wind vibration, effect of, on conductor J/F 42
Wood pole, fumigation of J/A 41; Nov 18
World Bank Dec 28

Wyzga, Ronald  Mar 4; Nov 4

Yeager, Kurt May 4
York, Stanley J/A 24
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