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Authors and Articles

The Fature is what EPRI is all about,
Even so, the same as anyone else, EPRI
and its people can slip easily into a
narrower frame of mind that looks
only at yesterday, today, and tomor-
row: the advisory committee meeting
attended, the contractor’s pragress
report under review, the new project
authorization to be sought.

The Fature comes sharply to mind,
however, in reviewing the articles in
the JOURNAL this month. Regional
and national implications and conse-
guences, not tomorrow but one or
more decades from now, are mare
than usually evident.

o “Geothermal Energy—The Hot Pros-
pect” (page 6), for example, could be
the new source of 40,000 MW on-line
in the year 2000, It's just now moving
out of the category of exctics and into
the conventional,

The new outiook is the resualt of
increasing experience. Until recently,
the absence of experience has been a
subtle check on even the most far-
sighted developers and utilities. This is
one impression gained by JOURNAL
feature editor Ralph Whitaker in de-
veloping this month’s cover article.
Whitaker’s sources, starting with Vasel
Roberts, EPRI’s program manager for
geothermal energy, included assess-
ments of worldwide geothermal develop-
ment and an inventory of U.S. potential.

But though geothermal experience
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may yet be scant, technology is not.
This is another impression, gained
from EPRI-spansored reports that lead
to an upcoming hydrothermal demon-
stration plant. Resource assessment,
for example, has benefited immeasur-
ably from geochemical thermometry,
the determination of reservoir temper-
atures from the chemical and ionic
composition of fluids and their rates
of change and precipitation.

In sum, geothermal technology has
moved quickly, hitchhiking at times
with geology and other sciences. Geo-
thermal experience is still at the low
end of the curve, but the slope is in-
creasing and there shouldn't be any
inflections in the next 25 years.

B The future for U.S. energy poli-

cies, as for many other national affairs,
has been symbolized in thesc early
months of 1977 by the new President
and the new look he has brought to
Washington. That look includes “Joseph
Fisher: An Energy Leader in Conpress”
(page 14). Just elected to his second
term, Fisher is also a member (and
former chairman) of EPRI's Advisory
Council and a professional economist.
He brings all thosc roles together in
this interview by Barry Sulpor, manager
of the EPRI news bureau,

0 The Further we go into the future,
the more our growth and interdepen-
dence encourage large technological

systems, The U.S. energy nelwork is
one such system. [t 1s undeniably
valuable; it confers benefits, [t is also
costly: it entails risks. Responsible
development therefore calls for con-
scious evaluation of “Energy and En-
vironment Trade-Offs"” (page 18).

Staff writer Stan Terra’s article looks
into the subject of risk-benefit analysis,
especially the practice of technology
assessment and the major components
of technological impact. Terra reviews
a recent book that features three EPRI
names: President Chauncey Starr key-
noted the 1974 seminars that became
its chapters; planning director Ric Rud-
man and planning staf member Chris
Whipple were two of its editors.

a The Future use of coal as a boiler
fuel, whether we treat it or convert it
or just clean up its combustion products,
occupies a lot of professionals in R&D.
The context is simple: There's more
coal than oil and gas, so we have to
make the switch,

But time is limited and we may be
facing fuel shortages. In “Coal Con-
version— A Partial Answer” (page 22),
George Hill suggests how oil- and gas-
fired power plants themselves can help
us make the transition.

George Hill has been helping coal
along for most of his career. Now
director of the Fossil Fuel Power Plants
Departinent in EPRI’s Fossil Fuel and
Advanced Systems Division, he previ-






ook down. Beneath your feet

there is geothermal energy, the

earth’s interior heat, constantly
leaking out in elusive patterns and
varied forms. Some we have already

hamessed, some we will never capture.

But can we categorize it, even for the
U.S. alone, and can we define and
evaluate the amount that might be
useful For penerating electricity?

The answer is yes, and the task was
authoritatively begun with U.5. Geo-
logical Survey efforts reported just two
years ago. But there are some impor-
tant conditions:

& First, consider only the geothermal
reseryoirs hotter than 150°C (that's
300°F and pretty much the lower limit
for an efficient steam cycle)

o Second, set aside all questions of
how to extract the heat (it will tax our
ingenuity to sink a well into magmal)

0 Third, completely disregard cost

On these bases, the U.5. geathermal
resource is equivalent to about 450,000
MW, just a little less than the total
1.5, generating capacity today.

Scaled down to include only the
steam and hot water that could be
tapped by methods known today, but
still without regard to cost, the re-
source is a respectable 45,000 MW.

Developed geothermal capacity,
however, stands in distinct contrast:
502 MW, all of it belonging to Pacific
Gas and Electric Co. (PG&E) at The
Geysers in California, produces about
0.2% of our electricity, or less than
0.0006 of all 1.5, energy consumption,

Vasel Roberts, EPRI's program man-
ager for geothermal energy, prefers to
ook through the funnel from the other
end. “The important thing right now,”
he says, “isn’t how big a resource base
there is, but how well we are putting
to use our known reserves—the geo-
thermal energy we can exiract eco-
nomically with today’s knowledge and
equipment.”

On this basis we're doing well. From
11 MW in 1960, PG&E’s capacity at
The Geysers grew to 290 MW by
1972, Two plants of 106 MW each
were later added, raising the total to
502 MW in 1975. Three more units
are now being built, and capacity at
The Geysers, by PG&E alone, is
planned to hit 2000 MW by 1987,
quadrupling the 1975 figure in just 12
years.

GEOTHERMAL
ENERGY -
THE
HOT
PROSPECT

Natural heat inside

the earth is & iong-lived energy source.

Four prospecis

The most vivid understanding of geo-
thermal energy comes from distin-
guishing its different physical forms,
why and how they occur, and their
relative importance,

Dry steam is the most obvious, eas-
iest to use, and rarest geothermal form
—some say less than 0.5% of the us-
able potential. Whether tapped by a
well or occurring naturally in a geyser,
this geothermal fluid flows to the sur-
face under pressure or is flashed to
vapor as it rises.

Hot water is the next most attrac-
tive form—20 times the amount of
steam, or perhaps 10% of the resource,
Where it is under pressure, it may
be as hot as 360°C, well above geo-
thermal steam. Both fluids exist at
accessible levels and useful temper-
atures because of convection currents
that gradually transfer heat upward
from its source, the hot rock (and
sometimes magma) squeezed inta
fractured portions of the earth’s hard-
ened crust. The water in these systems
originates as rainfall runoff that
percolates down over very long time
spans and sometimes over great hor-
izontal distances, It is not known
whether steam and hydrothermal re-
sources are renewable, because fluid
extraction on a time scale of years
inevitably upsets the natural cvele of
heat supply and dissipation, which
is on a geologic time scale.

Geopressured systems are a very
different type, but at an estimated 20%
of U.5. geothermal resources, they are
potentially important, They consist

We generate electricity now with steam from geysers,

and soon we’'ll do it with hot water from geothermal wells.
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of water from 150°C to 200°C (and
usuvally dissolved methane) trapped
in sediments by overlying imper-
meable shales. These reservoirs lie
under the U.5, Gulf Coast and off-
shore, where they were formed by the
successive depasition of sediments
that account for their depth (below
3 km) and pressure (thousands of
pounds at the wellhead). Qil explo-
ration has thoroughly mapped the
extent and cap depth of the geo-
pressured regions, but records of
geothermal yield are scant because
drillers have not produced from
these strata.

The largest geothermal prospect—
some 70% —is crystalline rock and
magma, together classed as hot ig-
neous material. Magma is the hotter
medium, having originated at great
depth and then intruded into the
crust above, causing volcanic activity.
It is frequently an intermediary in the
transfer of interior heat into stzam and
hydrothermal convection cells.

Pattern of origins

The link between volcanic activity
and useful concentrations of geo-
thermal heat is basic. If the earth’s
crust were uniform, so also would be
the transfer and dissipation of heat
outward through it to the surface, But
this order and symmetry are moder-
ately altered by variations in the
thermal conductivity of different rocks
and strata, and they are sharply dis-
torted by the occurrence and effects of
tectonic and velcanic activity.

Teckonic has to do with crustal defor-
mation and the forces behind it. On
a world scale, the geologist's concept
of tectonic activity postulates crustal
segments, or plates, that move, im-
plying boundaries (faults} between
them where they part or where they
meet, (Interestingly, one fundamental
geologic view holds that multiple con-
vection cells in the earth’s plastic
mantle produce upward and outward
flow and that this is the essential
mechanism causing lateral movement
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of the continental and oceanic plates.)

Specific occurrences of fracture or dis-
location constitute seismic activity, and
they create the weakened zones where
volcanic activity is most likely to occur.

Geologic and geothermal mapping
thus coincide. Crustal plate boundaries
throughout the world also mark the
regions of active or recent velcanism,
of faulting, of earthguakes and their
epicenters, and of geothermal resources
(other than geopressured). The frac-
tured state of crustal rock provides
access for percolating water, which
becomes the geothermal fluid con-
vecting heat upward and outward
throughout a reservoir or field.

The boundaries where plates are
formed and from which they move
apart are called spreading ridges (or
rifts). With few exceptions, they are in
the oceans. Where plates meet, one
generally sinks beneath the other. These
active boundaries are called subduction
zones, and they exist mostly at the
edges of continents.

Pattern of development

To catalog the world’s geothermal
resource base, or even its known re-
serves, has little meaning. Data are
incomplete and inaccurate, and devel-
opment depends on many criteria that
are not consistent worldwide, But it ig
instructive to assess major capacity and
thus learn the lacations and applica-
tions of geothermal heat.

Larderello, Italy, is the field devel-
oped longest and ene of only three
sites in the world producing commei-
cial dry steam. {The others are The
Geysers in California and Matsukawa
in Japan.) Recovery of boric acid from
mineral waters at Larderello dates at
least to 1804; use of geothermal steam
as heat began somewhat later, Elec-
tricity generation, first tried in 1904,
has been continuous since 1913 and
capacity now exceeds 395 MW.

Iceland began using hydrothermal
energy for municipal heat in the 1930s.
It was [irst used in the city of Reykjavik,
but now it is used by over half the

Geopressured iluids are conlained in
sediments buried deeply and quickly —in
g_eologic terms— by furiher deposits from
rivars and the progressive sinking ol the U .
coasl along the Guli of Mexico. Impermeable
shales seal these reservoirs, and overlying
strata compress them, creating thousands of
pounds of pressure that can lifl the hot water
to the surface and also be harnessed to
produce power. Methane dissoived in the
geopressured waler is thought to be an
important fraclion of this energy resource

I recovery is ever to be economically
atiractive, it will depend on the cambined
value of the methane and the geothermal
energy.

Major geothermal regions ol ihe world
coincide with crustal pleie boundaries. Mos!
of the spreeding ridges or rifts where plates
movo gparl are beneath the oceans: the
European, African, and balh American
continenis are slowly retreating from a rifl 1hat
splits the Atlantic floor sauth of lceland
Boundaries called subduction zones, where
plates come together and slide aver and under
each other, rim the continents of the Pacific
Ccean.

The Gulf of California marks an unusual
juxtaposition of plate boundaries. Here a il
"comes ashora™ under the Goloraca
River delta and Ihe Sallon Sea trough juslt
northwes! of it —in a region where crustal
plates also callide. Thus the soulbwestern
United Stales rapresents a complex geslogic
dynamic and at the same lime a rich and
widespread geothermal resource.










wells averages 230 vig/h of superheated
brine from reservoirs of more than
300°C at an average well depth of 1.5
km. About 20% of the brine flashes to
steam for power plant use, sa the aver-
age well is equivalent to about 5§ MW,

Cerra Prieto is important to U.5.
research and development partly for
what it reveals about an essentially
shared geothermal resource in the Sal-
ton Sea trough, the northern end of
the rift between Baja California and
the rest of North America. [t is im-
portant also to utilities for its operating
experience in handling carrosive brine
and in dealing with environmental
conscquences, mainly from the dis-
charge of waste heat, chemicals, and
brine.

Thus, the southeastern California
desert, north of the Mexican border,
has high priority ameng geothermal
reserves for new exploitation, even
though developed capacity at The
Geysers will dominate for many years.

Imperial Valley developments began,
in at least one case, as early as the
1920s, when shallow (150 m) wells
were drilled at Niland to obtain carbon
dioxide gas. The value? Production of
dry ice to refrigerate rail-shipped pro-
duce from the area’s year-round truck
farms. In later years both potassium
chloride and calcium chloride were
recovered from Niland’s geothermal
Lrines, and 3 MW were generaled in
an experiment early in the 1960s.

Systematic assessment

Inn contrast tu the The Geysers, a local-
ized dry steam field that may total
2200 MW, with equal hydrothermal
potential nearby, the Imperial Valley
is thought to have twice that develop-
ment potential —approximating 9000
MW, Such is the incentive for a geo-
thermal resource assessment that has
been systematized and expanded in
recent years to include all 11 western
states,

Most comprehensive is a 1975 report
by the 11.5. Geological Survey, notable
for its estimates of volume and heat

content for 290 steam and hydrothermal
systems—258 of which are in those
same western states (and 32 in Alaska
and Hawaii). By their detail and internal
consistency, the USG5 figures super-
sede various earlier geothermal resource
estimates that differed by two orders
of magnitude—that is, by 100 times!
Converted to electricity generating
capacity that might be realized with
current technology, the major avail-
able hydrothermal systems tabulated
by the USGS represent about 8000
MW for 100 years (8000 MWocen),
This total omits Yellowstone and Lassen
Volcanic National Parks and the vast but
apparently low-tempcrature Bruncau-
Grandview system in southwestern
[dahao, all of which would add ancther
9000 MWcen.

This time-based measurement—the
unit called a megawatt-century —envi-
sions a sublerranean reservoir that is
emptied of its recoverable heat, with-
out any replenishment during 100
years. [t is conservative in that it makes
no allowance for heat recharge, the
natural inflow and warming of new
groundwater, or even the rewarming of
geothermal well water that is injected
into the earth rather than wasted on
the surface. (Geologic studies of earth
and rock thermal conductivity, perme-
ability to fluid flow under various pres-
sure conditions, and the like, lead to
the vonclusion that this recuverable
heat is about one-fourth the total.}

But why exhaust a geothermal reser-
voir in a century, or in any selected
time interval? Since it is replenishable
by natural processes, it may be pos-
sible to enhance those processes, man-
aging the reservoir so as to draw on it
and enjoy its benefits for a longer
time.

In practice, today some degree of
overproduction is a necessity for
several reasons. One is almost intui-
tively evident: A geothermal resource
is truly in balance only in its unex-
ploited state, but its natural heat dissi-
pation is usually so low, slow, and
diffuse as to be useless. To spread

development and plant costs aver as
much power production as possible,
and to do sa over 2 normal plant
economic lifespan, encourages faster
heat withdrawal. All in all, the rate of
geothermal extraction from any well or
field, like the rate of overall geother-
mal energy development, is controlled
by perceptions of risk {as with any
new resource), by econpmic uncer-
tainty, and by technological and envi-
ronmental matters.

Potential generating capacily

Beyond the USGS5's assessment of BO0O
MWcen of near-term resources in
identified western hydrothermal sys-
tems, some more specific questions
need to be addressed on behalf of
electric utilities. Such has been the
purpose of numerous studies sponsored
by EPRI, notably thase of The Ben
Holt Co. and Procon Inc. and of TRW,
Inc., from which can be drawn several
estimates of gecothermal capacity seen
to be technologically available, the cast
ranges for successive increments, and
some idea of a timetable. These esti-
mates are a measure of the state of the
geothermal art in terms meaningful to
electric utilities.

0 The hydrothermal rescurce associ-
ated with hot springs above 150°C

in the western states is some 15,000
MWcen. This is about twice the USGS
figure, extrapolated from it to account
for resources that have not been eval-
uated but are indicated by the zones
lying within boundaries defined by
elevated spring temperature,

0 The total western hydrothermal re-
source is still larger (by a factor of 2}
at about 30,000 MWcen. This extrapo-
lation assumes that even in the absence
of hot springs, hydrothermal resources
fairly consistently underlic those west-
ern lands that share a similar tectonic
pattern and concentration of fault evi-
dence, volcanic activity, and recorded
earthquake epicenters.

0 Some 6000 MWocen of geothermal
capacity is available, most of it in a
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can and will play a very special role in
new energy legisiation. (The traditional
jurisdiction of this committee is taxes,
tariffs, and import quotas,)

“The way you try to affect the operation
of a private industry is largely threugh
taxes and tax incentives,” he explains.
“If you want companies to invest in ex-
ploration and the development of energy
commodities faster or differently, about
the best way to do it is by providing tax
incentives. In the same way, if you want to
get conservation moving faster than it
otherwise would, be it in industry or
among consumers, the best way to do it,
again, is by tax incentives or some kind
of stimuli.”

Fisher admits that it is often difficult
for legislators to balance the ticklish prob-
lem of public popularity versus the
advice of technical experts on energy
priorities,

He acknowledges that it is “always a
tug-of-war,” unless a congressman is on
a committee that is deeply involved in
hearings with technical experts. Other
congressmen, who are not exposed to the
technical experts, are more inclined to
respond to popular desire. But Fisher
does not believe that responding to public
pressure is wrong “because decisions
that don’t have consensus and broad
support tend not to work well.”

As an example, he cites a Ways and
Means Committee bill he proposed in
the last Congress that would have placed
a fuel efficiency tax on new automobiles,
beginning with the 1978 models. [t would
have resulted in a progressive tax on
cars getting less than 18 miles per gallon,
with this figure going up slightly each
year for a number of years. The bill was
defeated mainly by the combined op-
position of automobile companies and
the unions.

Locking back, the congressman ac-
knowledges that if “you can’t get the
suppott, you probably dont deserve to
have your bill passed.”

With a background in economics and
a reputation as a national energy leader,
Fisher feels a special responsibility to
warn the public not to be taken in by
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their “love affair with solar energy.” He
does not hesitate to caution his fellow
congressmen to “watch themselves and
not overrespond in solar or any other
new technology with more money than
there are ideas or good people to de-
velop it.”

Fisher sees the enthusiasm over solar
energy, for all its more distant promise,
as an escape, for many people, from other
problems.

“The American people have been ac-
customed to cheap and plentiful energy
in a variety of forms for a long time.
And the energy industries, including the
utilities, have boasted that their per-
formance has given the American people
all the energy they want at low cost;
then rather suddenly, it tums out that
there isn't an endless supply of energy
at low cost. 5o, the expectation has to
be changed, although up to now the
American people have not been willing
to face the music.”

Fisher concedes that Americans do not
want to give up setting the thermostat
at 75, nor do they want to give up riding
in big automobiles that consume a lot
of gasoline. But although they do not
want to do it willingly, he does think
that over time they can be persuaded
to change by higher prices, by educa-
tional campaigns, by taxes, and by other
incentives. “But it is not something that
happens with a snap of the fingers,”
he says.

Although the congressman does feel
that solar and other new technologies
have an important place in our country’s
encrgy future, he says that conservation,
coal, and nuclear power are going to have
to be the immediate answer. And people
are just going to have to conserve, as
well as face the “dirty, mucky preblems
of how to use more coal without too
much damage io the environment and
health.”” He also says there is no choice
but to increase our reliance on safe
nuclear power,

“No matter where you get the energy,
there are going to be some trade-offs,”
he states, citing as an example a front
page story last Decemnber in the Washing-

ten Post on the effects of increased coal
use in Wyoming. The story detailed how
people in northeastern Wyoming were
having second thoughts about the coal
boom. From initial expectations of more
jobs and economic prosperity, citizens
in two Wyoming coal towns were suffer-
ing from mile-long strings of coal cars
that rumbled through their towns with
ever-increasing frequency. At the same
time, new and unforeseen social stresses
were being placed on the families because
of the rapid growth.

There remains no doubt in Congress-
man Fisher’s mind that whatever our
energy future, EFR] has a major role
to play. He says that government agen-
cies will be looking to Congress, as well
as to EPRI and private industry, for
guidance and advice, especially in this
year of government change.

“EPRI should make available the best
of its thinking to the new administra-
tion,” Fisher comments. “EPR] ought to
respond to invitations to testify as com-
mittees of the House and Senate consider
various energy bills, In addition, all
ETPRI's reports should be made readily
available to the new people who are
coming in to head the energy agencies.

“[ think EPRI has quite a bit to say on
the best way to distribute energy R&D
money, as well as having a general ap-
preciation of what can be done and what
needs to be done,” asserts Fisher.

The congressman applauds the job
EPRI has accomplished so far, In fact,
being one of the first members of the
EPRI Advisory Council, there are few
people more aware of EPRI’s abjectives,
achievements, and problems, than Jee
Fisher.

He does recognize that the Advisory
Council has a “distance to go yet in
feeling vut how it can be wost helpful
to EPRI in bringing public thinking into
the picture.” While he admits that he is
not completely satisfied with the Ad-
visory Council’s role in EPRI thus far,
he is also not highly critical.

“l think that the broad social and
institutional issues that the Advisory
Council often brings forward are some-



times thought by EPRI and its Board of
Directors to be unrealistic or missing
the point. But it is just at those times that
they should take stock and think again.”
Fisher currently serves on the Ad-
visery Council committee involved with
national issues affecting EPRI. This com-
mittee is one of four committees in the
Council; the other three examine gues-
tions on environment and ecology, power
sources and uses, and communications.
The congressman is optimistic about
what these recently formed committees
can accomplish. His committee has rec-
ommended the establishment of a joint
group comprised of members of the
Board of Directors and the Advisory
Council to formulate a modest program
of policy-telated research. Such research
would enable the power industry to
anticipate and prepare for the impact
of national policies on electric energy
supply and demand. It would also inform
national decisions by pointing out, at
an early date and in a credible manner,
the impact of policy choices on the costs
and conditions of electric power supply.,
The type of policy studies envisioned
would involve problems associated with
the utilization of coal and nuclear re-
sources; conflicks between energy and
environmental goals; energy eHects of
changes in national patterns of housing
and urban development and in modes
of transportation; prospects for, and
public acceptance of, conservation tnea-
sures; changes in fiscal and monetary
policies as these bear on energy; and
other broad issues.
Fisher feels it's essential that the
Advisory Council continue to stand out-

side the electric power industry and
provide input to EPRI on what is happen-
ing in the economy and in the country
that will affect electric energy R&D.

In the flicld of architecture, for exam-
ple, Fisher notes that the design and
construction of homes is something
that the EPRI staff cannot deal with
expertly, but which could be addressed
by the Council. Another example would
be a tax policy on investment stimulation
that would impact the kinds of invest-
ments taking place in electric power
development.

On a personal level, Joe Fisher is a
man very much in touch with his en-
vironment. The congressman has a deep
love and appreciation for nature and
often velaxes by canceing in his home
state, He emphatically points out that
any economic growth must be reformed
and redirected along lines that will be
socially and environmentally acceptable
over the long run,

Joseph Fisher—congressman, trained
economist, dedicated environmentalist,
and energy specialist—is a futurist fight-
ing for what he believes is best for the
country and his constituents. He is
basically optimistic about the future of
the United States and the world and be-
lieves there is enough knowledge, tech-
nolegy, management, and money to
make things better.

“As always,” he says, “the principal
obstacles are less in the nature of re-
sources than they are in the nature of
pecple and their institutions.”

Is he gptimistic enough to believe that
the nature of people and their institutions
can ever be changed? He says he is,

although such change will not be easy.

“But one hopes that it can be done in a
civilized and methodical way. And that,”
he states, “is the problem.”

During his first two years in Congress, Joe
Fisher was deeply involved in the chief issues
confronting the nation in the migd-1970s.
Those issues—the federal budget, infla-
tion, unemployment, tax reform, energy. and
the restoration of confidence in the federal
government—are going to continue to de-
mand the congressman's atteniion as he
begins his second term.

Prior to his election 1o Congress in 1974,
ihe long-fime Damocral was president of
Resources for the Future, which is a private
foundation for research and education on
natural resources conservation and develop-
ment, environmental protection, and urban
problems.

A former chairman of the EPRI Advisory
Council and one of the early supporers of
the EPRI concept, Fisher is also a former
executive officer and senior economist on
the Council of Economic Advisers, as well
as an economist for the U.S. Department
of State. In addition to his experience in
energy and environment affairs, the congress-
man Is a professional economist, having
earned a PhD in economics from Harvard.

In Congress, Joe Fisher serves on the
House Ways and Means Commitlee, the
Subcommittee on Trade, and the Subcom-
mittee on Unemployment Campensation.
Very recently, he was elected to the House
Budget Committee. The House committee
and a corresponding committee in the Senate
review the federal budget as a whole, set
priorities for faderal expenditures, and reiate
these to anticipated federal revenues.

QOutside Gongress, Fisher is moderator and
beoard chairman of the Unitarian Universalist
Association, on the board of directors for
the American Forestry Association, on the
board of trustees for the Joint Councii on
Economic Education, and a member of the
American Association for the Advancement
of Science, the American Society for Public
Administraticn, and the American Economic
Association.
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Energy and
Environment
Trade-Offs

Expert opinicns on approaches to
energy and environment risk-benefit
analysis are offered in a recently
published book.

Enorgy and the Environmant: A Risk-Benglit Approach,

ediled by H. Ashley, . L. Hudman, and C. Whipple,
s published by Pergamon Press, Eimsiord, New York,
and may be ordered through bookstares at $1% .50

a copy.
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ruising along a freeway in your

car, you risk 1 chance in 4000 of

having a fatal accident. When
you travel by commercial airliner the
odds improve considerably to 1 in
100,000 (statistics based on annual death
rate—average citizen). These are only a
couple of the countless risks we accept,
often daily, in exchange for benefits we
value as members of modern seciety.
While most of us go about our daily lives
giving little or no thought to such risks,
there are those who do give attention to
what is known as risk-benefit analysis —
a study of the advantages of technica) sys-
tems and the effects they have on people
and on our environment as a whole,

Discussions by prominent experts on
various aspects of this relatively new sub-
ject as it relates to national decision mak-
ing have been published by Pergamon
Press under the title Erergy and the Envivon-
nient: A Risk-Benefit Approach. These dis-
cussions of risk-benefit analysis tock
place m 1974 in a series of seminars at
Stanford University, cosponsored by
EPRI and the Institute for Energy Studies
at Stanford.

In the keynote talk of the seminar,
EPRI] President Chauncey Starr’s topic
was “General Philosophy of Risk-Benefit
Analysis,” or as he put it more specific-
ally, "How does society go about deciding
the major issues of balance between the
advantages of large technical systems that
so pervade our lives and all the other ele-
ments of social value that these systems
impact?”

We can no longer use the trial-and-
error approach of the past in making risk-
benefit trade-off decisions. New technol-
ogy advances so rapidly and is put to use
so quickly throughout society that the
former luxury of time in which to make
adjustments is no longer available. What
we need, says Starr, is “a mechanism for
predicting our adjustment to the technical
systems and the ways these systems will
move inte social use.” Such a mechanism
has become known in professional circles
as technology assessment. There is a rel-
atively new fcderal Office of Technology
Assessment that advises Congress on the

expected impact of new and hsture tech-
nologies.

No clear guidelines

Unfortunately, since society typically
makes its trade-offs in an empirical, trial-
and-error fashion, we have no well-
defined guidelines for telling us when
we've passed over the boundary from an
acceptable to an unacceptable trade-off,
Starr points out. So we are forced to ex-
amine past decisions, ill-defined as they
are, in appreaching present questions
such as “How safe is safe enough?” and
“How clean (environmentally} is clean
enough?” Clearly, Starr notes, we do not
have the resources to achieve total safety
and total cleanliness and still attain the
benefits of our technical systems. Thus
the necessity for trade-offs.

There are voluntary and involuntary
risks. A voluntary risk, for instance,
would be the choice of a ski slope, the as-
sumption being that we make our own
risk evaluation. If we live in a city or large
industrial center, we are exposed to such
environmental conditions as traffic den-
sity, air pollution, high noise levels and
the like. We have little choice in these
risks, so they are involuntary.

Personal response to risk is tied to the
individual’s perception of it in terms of
time and distance: if it's close and immi-
nent, there is great concern; if it's remote
and distant, the attitude is that it won't
happen to me.” On the other hand, na-
tional response to a disaster is linked to
the scope of political responsibility. A
major flood or earthquake, for example,
prompts a federal government response
in the form of aid out of a sense of na-
tional responsibility.

If we are going to do any kind of pre-
dictive analysis of risk-benefit, we have
to give quantitative measures to risk situ-
ations.

How have we historically handled risk
trade-off situations in technical systems?
Starr examines the data compiled on ma-
jor disasters—air crashes, earthquakes,
floods, tornadoes, and so on—and points
out that records show a large number of
events where a few people are killed and



a small number of disasters where there
are many fatalities.

Value of life

There has not been adequate quantifica-
tion of the total social value of a human
life. Some early attempts to define this
value were made in terms of individuai
lifetime earning potential. By this mea-
sure, an infant is worth more than an old
man in potential productivity. It is clear
we need measures that more accurately
reflect societal values,

Mining is one industry where the
unions representing the workers negati-
ate pay scales based mainly on the degree
of risk involved in the work. The degree
of risk in relation tu the rate of pay, in ef-
fect, is a measure of the value these work-
ers place on their lives.

Society has made a trade-off in the
death rate from automobile accidents at
a level that is roughly equivalent to the
death rate from disease. Having found
this an acceptable level, Starr notes, “We
don’t really put much pressure on reduc-
ing the death rate from automobiles any-
more.”

An examination of accident data shows
that when the individual has the choice
of how to use a given system—a car or a
farm tractor, for instance—the safer the
system is made, the further a user wifl
push to its safety limit. So the accident
rate doesn’t change much.

Voluntary and involuntary risks

Starr makes a point about the difference
in the degree of safety society requires
in risk exposures that are voluntary,
where the individual makes the choices,
and those that are involuntary, in which
we usually give the government contrel
over setting the standards. “In a society
where we appoint an agency to keep us
from getting hurt,” says Starr, “we ask
that agency to give us a thousand tines
mere protection than if we leave it up to
ourselves.” He cites this example to illus-
trate that we require more safety in sys-
tems that others control than in those we
control: Notice the distance between the
knife blade and your fingers when you

A hypethetical relationship between involuntary risk and derived benefit 18 expressad by this
graph. The upper and lower limits of risk are represented by the annual death rates from
disease and natural hazards, respectively. Risk levels for involuntary activities are unacceptable
to sociaty if they fall abovs the §-shaped curve. The risk levei for a 1000-MWe power plant is
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hold and slice a luaf of bread; then look
at the distance between the blade and
your fingers when you are holding and
someone else is slicing,.

The historical data on death rates from
accidents lead us to conclude that there is
a level below which the fatality rate can-
not be reduced. And that level is equiv-
alent to the natural hazard death rate,
which is 1 per million persons per year.
That sets a baseline below which we can’t
make things safer. As an upper limit, we
take the annual rate of death from dis-
ease, which is 10,000 per million. Se we
can set up a scale that ranges from below
the baseline {negligible) to above the up-
per limit (excessive) as a guideline to ac-
ceptable and unacceptable risks.

What significance such a guideline
would have in terms of national policy
making is unclear, Starr observes, but we
need such a guide “because it will tell
us what the incremental effect of money
spent to improve the safety of a technical
system would be in terms of the choice of
what system we put it into.”

Future oplions

In a separate discussion, “Future Alterna-
tives and Technical Options for the Na-
tional Energy Systewn,” Starr lists our
principal options as conservation, plan-
ning, and the traditional American way
of “lucking it out.”

Surveys show that residential encrgy
use is tied to income—the higher the in-
come the more energy consumed. High-
income people use energy for amenities
as well as necessities, while those with
low incomes concentrate their energy use
on necessities. So any reduction in energy
or rise in entergy price affects low-inceme
people at the level of survival, whereas
affluent pecple have more flexibility in
cutting back. This is important to take
into account, says Starr, when consider-
ing programs of energy conservation and
rationing.

The long-established pattern of energy
use in this country, based on the assump-
tien of an unlimited supply of fuels, needs
to be changed. The major uses of energy
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are in running industry (37%), power-
ing transportation (25%), and in heating
homes and offices (18%). Through more
efficient use of energy in the systems we
have and by way of new technology, we
can effect energy conservation in indus-
try, transportation, and in residential and
office space heating. But conservation
alone doesn’t solve the energy problem,
says Starr. “It buys us time, Hime to do
more sensible things in terms of our en-
ergy options and social structures.”

In reviewing the technical options,
Starr notes that at present the utiliry in-
dustry relies heavily on gas and oil as
fuels—gas is clean, oil is relatively clean
and can be made cleaner. Recent concern
over the high levels of energy imports has
resulted in an incentive for indushry to
expand its use of domestically abundant
coal. With present technology, a shift
to coal from oil and gas will increase en-
vironmental costs. Utilities also favor
nuclear fission—the light water reactor
—since the total social costs, which even-
tually someone will be paying, appear to
be low. 5Solar space heating is moderate
in cost and desirable, and we anticipate
developing this resource in the future.
Geothermal dry steam is attractive but
unfortunately is limited, Coal and ura-
nium will be the primary sources of elec-
tricity for the balance of this century.
Solar and geothermal will make only a
small contribution nationally.

Let the marketplace decide

In another discussion, econemist Lester
B. Lave says that two of socicty’s major
decisions are answets to guestions on
how much electricity is to be produced
and which fuels should be used, He con-
tends that of the various ways open to us
for making these decisions—by govern-
ment, by experts, by the marketplace—
the interplay of the marketplace is the
best.

“The advantage of using the market-
place,” he says, “is that if all of the costs
of producing electricity—the full social
costs—are embodied in the price of elec-
tricity, the market will act to produce
electricity efliciently, at low cost, and in
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the way that the consumers desire. In the
past, the full social costs have not been
reflected in the price; in particular, envi-
ronmental degradation was largely ig-
nored. Past mistakes are imporfant, but
they suggest reform rather than abandon-
ing the system.”

Lave has attempted to calculate the
health costs per kilowatthour of electrie-
ity produced by each of the major fuels—
gas, 0il, coal, uranium. Comparing coal
and uranium, Lave figures that in terms
of coal mine accidents, the loss of life and
disability would add roughly $0.08 per
thousand kilowatthours to the cost of
electricity. For uranium mining accidents,
the cost would be 10% as great. For
chronic disease associated with mining,
the costs are about three times as large as
these for mine accidents. For the pressur-
ized water reactor, public health effects
are considerably less than the lung cancer
risk to miners. For coal, public health ef-
fects are much greater than occupational
hazards fer miners; whereas for uranium,
public health effects are much less than
lung cancer risk to miners.

How then can we use the marketpiace
to decide how much electricity we should
produce and with which fuel? Rather than
having government, a public utility com-
mission, or responsible business make
this decision, “We would be better off by
allowing the market to do it, after having
the price of electricity reflect the total en-
vironmental and health costs of produc-
ing that electricity,” Lave says. For the
coal-produced electricity, it would mean
that the price would be much higher than
it was a few years ago. And for that pro-
duced by light water reactors, it would
rise hardly at all, he adds.

If we used those costs, we would make
sure the public had the correct informa-
tion about whether or not to use electric
toothbrushes and can openers, for exam-
ple. We would also be giving the utilities
the correct information for making deci-
sions about what kind of and how many
Facilities to build. The analysis suggests,
Lave concludes, “that one of the reasons
for the very stringent EIA standards that
came about under the Clean Air Act of

1967 and its amendments in 1969 is that
there were considerable environmental
costs associated with producing electric-
ity by coal, that we were underpricing it
by a factor of two, and that fact led the
utilities to make a series of bad deci-
sions.”

Energy and welfare

Although they were not given at the
gseminar, a pair of lectures on energy and
human welfare and energy and the envi-
ronment by Richard ]. Gonzalez, nation-
ally recognized energy economist from
Houston, are included in the book be-
cause of their particular relevance to the
seminar theine. The special lectures were
delivered at Stanford during the same
quarter as the seminar.

In"Energy and Human Welfare,” Gon-
zalez emphasizes the importance of “edu-
cation, machines, and energy as the basis
for increasing production at a faster rate
than population.” He says that “the po-
tential exists for several decades during
which humanity can use its intelligence
and ingenuity to fry to check population
growth and increase production. We can
change the average size of families in one
generation. What it takes is cducation
and instilling in parents a sense of re-
sponsibility for the impact of their chil-
dren on their world. This is why I place
such great emphasis on education.”

Gonzalez lists five factors that are
needed in combination, as he seas it, to
bring about economic progress, The fac-
tors are knowledge, initiative, resource
development, capital, and energy.

Knowledge is the basis of technology.
1t takes initiative and human effort to put
knowledge to work to improve the world:
resources must be converted into useful
goods and services; capital is needed for
machinery and tools; and energy is re-
quired to pawer the machinery, Gonzaiez
observes.

“The combination of these five factors
in the right kind of political, social, and
governmental situation determines in-
come and wealth,” he says. “And the re-
lation, then, of those factors to population
determines standards of living.”



[f the world is going to achieve signifi-
cant economic progress, it will have to
find ways of using more energy. Can we
do this? There are two reasons to think
we can, Gonzalez believes. First, we have
used energy rather inefficiently in many
cases simply because it has been cheap.
And if it’s no longer cheap, we clearly will
use it much more efficiently. Second,
there is a potential for increasing our total
supply of energy.

A few ways Gonzalez cites that we can
use energy more efficiently are by reduc-
ing the size and weight of our cars, up-
grading our railroads, and redesigning
our cities so that transportation can be
more efficient--bringing closer together
the places where people live and work.
And we can reduce cur “conspicious con-
sumption.” Gonzalez ended on the opti-
mistic note, “I believe that we can make
this a better world.”

Need to balance alternatives

In his treatment of “Energy and the En-
vironment,” Gonzalez defines environ-
ment broadly, encompassing the physical
world, economic life, and cultural and
social institutions.

He points out that there is a great deal
of pollution that occurs naturally in the
world—floods and rains cause erosion,
volcanic eruptions spew gases and dust
into the atmosphere, sulfur oxides are
naturally emitted from the earth.

As we increased our industrialization
and concentrated in large cities, we be-
came more conscious of the impact of
indirect social costs, especially when it

was apparent that the quality of air, for
instance, had deteriorated significantly.

(Gonzalez notes that at the beginning of
the decade we committed ourselves to a
new program—not knowing what it was
going to cost or what it was going to ac-
complish—~when we passed the National
Environment Policy Act in 1970. "We
literally wrote a blank check and said to
the bureaucrats, ‘Set whatever standards
you want, just clean up the environment,
don’t worry about the costs,”” he says. In
the case of electric utilities, he points out,
“We have insisted that they use fuels with
lower sulfur content, Therefore, we must
pay higher rates because the low-sulfur
fuels are much more expensive than high-
sulfur fuels.”

We have to keep in mind the need for
limiting costs of environmental cleanup
to keep them consistent with the total
objectives we have of reducing paverty,
improving education, making our cities
more livable. The biilions of dollars
spent for environmental improvement
have resulted in reducing the amount of
capital available to expand plant rapac-
ity, thus limiting the growth of output in
some cases, (Gonzalez says.

What we have to look for is a balance
of the best available alternatives that will
serve our needs. Practically everything
we do involves pluses and minuses, trade-
offs, We have to concentrate on what we
can do for the foreseeable future by the
actions we take now.

Among the things we need to give at-
tention to is bringing population growth
under control sometime early in the next

century; finding ways to use renewable
forms of energy; conservation and more
efficient use of energy; changes in life-
style, whereby we influence where people
live and change the concentration of peo-
ple in cities. Such changes won't come
rapidly. We need to decide on a long-
range policy and stick with it. Whether
we will choose this course remains to be
seen, Gonzalez concludes, with guarded
optimism.

Other discussion topics

Other detailed discussions from the sem-
mar included in the book are “Public
Health Aspects of Energy Systems” by
Dr. Leonard Sagan, associate director,
Department of Environmental Medicine,
Palo Alto Medical Clinic; “The Rate of
Discount of Long-Term Public Invest-
ment,” Kenneth J. Arrow, Nobel prize-
winning economist from Harvard Uni-
versity; “Risk-Benefit Trade-Offs in
Nuclear Power Generation,” Wolf Hi-
fele, director of the International Insti-
tute for Applied Systems Analysis in
Laxenburg, Vienna; “QOptions for the
Conversion of Fossil Fuels,” E. ]. Gor-
nowski, executive vice president, Exxon
Research and Engineering Co.; “U.5. Op-
tions fFor a Transition from il and Gas
to Synthetic Fuels,” Alan 5. Manne, polit-
ical economist with the John F. Kennedy
School of Government, Harvard (now on
the faculty of Stanford University);
“Fault-Tree Analysis as an Example of
Risk Methodology,” Gerald ]. Lieberman,
professor of Operations Research and
Statistics, Stanford University.
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Coal Conversion—A Partial Answer

by George R, Hill

Given the need to switch to coai, converting it to liquid and gaseous fuels
can lessen the disruption of facilities built to burn cil and natural gas.

torm warnings went up for all to

see in 1973 when the Mideast oil

embargo cut a major supply and
hiked the price of a basic energy source
we had long taken for granted. But with
the end of the embargo came a disregard
of the warnings and a return to business
as usual. Today the United States relies
on imports for over 40% of its oil, more
than before the embargo and about one-
third of it still from uncertain Mideast
sources.

As the energy appetite of the U.S. con-
tinues to increase, along with the rising
energy needs of the rest of the world, it is
crucial that we prepare now to meet the
energy demands of the future. Conver-
sion of coal to ofl and gas could provide
the answer and eventually free us from
dependence on the Organization of Pe-
troleumn Exporting Countries (OPEC). But
unless we move quickly to develop the
required coal conversion technology so
that commercia! plants can be built with
confidence, we may see a period of severe
fuel shortage with consequent major eco-
nomic and saciological disruptions.

It is not encugh that we merely switch
to coal froin oil and natural gas, as has
been advocated. We need to convert
wuch of that coal, by liquefaction and
gasification, to synthetic oil and gas for
continued use in those forms.

George A, Hill is dweclor ol the Fossil Fuel Power
Flanis Deparlment in EPRI's Fossil Fuel and Advanoed
Systarns Divisian.
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Pushing forward is essential, for even
with the research and development ef-
forts invested in coal conversion so far, it
will likely be 10 years before commercial
plants are tested. Experience has shown
that market penetration of new technol-
ogies is sometimes slow. For instance, it
has taken 30 years for nuclear-generated
electric power to achieve just a 10% share
of the total electricity produced in the
1.5, Environmental standards, federal
licensing regulations, and shortage of
capital are among the factors that have
delayed and continue to slow the devel-
opment of nuclear power, and they can
be expected to retard the advancement of
new technologies for coal conversion.

Coal conversion promising

The conversion potential of coal is indeed
promising. Methane, which constitutes
over 90% of natural gas, can be derived
from coal. Processes are available for pro-
ducing supplemental natural gas from
coal at a price per million Btu that is not
much above that of imported liquefied
natural gas. And research now under way
shows promise of reducing the cost of this
coal-derived matural gas by as much as
20% below the cost from present tech-
nology.

By subjecting coal to high temperatures
in a hydrogen atmosphere, a petroleum-
like substance can be produced that is
convertible into gasoline, diesel fuel, and
heating oil for use in generating electric
power. The energy consumed in the con-
version process is from 20% to 35% of the
energy present in the feedstock. There
are perhaps half-a-dozen processes that

have reached the pilot plant stage for pro-
ducing petroleum substitutes from coal,
but no commercial plants have yet been
built. Cost estimates for such commer-
cial-size plants are placed at $1 billion,
gimilar to that of a petroleum refinery, If
we are willing to pay the price required
for coal conversion, there need be no fu-
ture shortage of gaseous or liquid fuels,

Fuel consumplion paitern

How did we arrive at our Fuel shortage
predicament? Historically, the energy
consumption pattern in the U.S5. was
based on the belief that there was an un-
limited supply of fuels. The use of natural
gas, petroleumn, coal, and uranium in-
creased as the gross national product
grew. In recent years, however, the gas
and petroleum industries have been un-
able to meet the increasing demand at at-
tractive prices,

Economical domestic supplies of nat-
ural gas and petroleum have fallen short
of demand. Among the results have been
the denial of natural gas to new hame-
owners in many parts of the country, the
phasing out of industrial interruptible
contracts, and an alarming increase in oil
imports. Before the 1950s, the U.5. sup-
plied its entire oil needs and had a surplus
for export, Just prior to the embargo, im-
ported oil accounted for about 30% of our
total supply. Now, as mentioned earlier,
that figure has risen to over 40%,

The criterion “best use of fuel re-
sources” is new for this country, forced
by the fuel shortage. Natural gas, the
cleanest, most versatile primary fuei, was
used in many plants that could have used



other fuels, such as coal or residual oil.
There was a reason for this. Distributors
of natural gas could justify installation
of major pipelines and distribution sys-
tems only if a large market existed. By
stimulating large contracts with indus-
trial users and electric power companies,
the natural gas producers established a
substantial baseload, which then made it
possible for them to sell gas to individual
homeowners and ta set up a pipeline sys-
temn to supply it. Then the FPC, under di-
rection of Congress, froze the price of
natural gas at an arbitrarily low level to
protect the interests of residential users,
As a consequence of the low price and
extensive pipeline supply network, nat-
ural gas was put to even wider use as a
Fuel in systems where coal and residual
oil could have served.

Another major factor that has contrib-
uted to our fuel shortage is America’s Jove
affair with the automobile. The living pat-
tern of Americans has been profoundly
influenced by the automobile. The splen-
did network of highways and secondary
roads that link the country resulted from
a seemingly unlimited flow of cheap gas-
oline and diesel fuel for an abundance of
mass-produced cars and trucks. But in
recent years it became necessary for gas-
oline producers to reach overseas for pe-
troleum in order to supply the enormous
volumes af Fuel needed to power our four-
wheeled addiction. This dependency on
foreign oil made us vulnerable to the con-
tingencies of the import market, as was
dramatically underscored by the em-
bargo. A positive effect of the embargo,
which could eventually lead to breaking
our preoccupation with the automobile,
is the attention now placed on the need
forefficient mass transit systems through-
out the country,

Coal has had a checkered history, wax-
ing and waning in popularity. In the early
decades of this century, coal consump-
tion in the U.5. reached a high level as it
replaced wood as the primary source of
heat and energy. Then along came petro-
leum and natural gas to displace coal as
the main fuel for space heating and for
powering the railtoads. Many electric

utilities also turned from coal to oil and
gas. Since the beginning of this century,
annual coal production has been on a pla-
teau because the expansion of utility net-
works increased the amount of coal used
by electric utilities and thereby offset the
decreased use by railroads and other con-
sumers. However, the percentage contri-
bution of coal as a primary energy source
in the U.5. has steadily decreased.

Coal consumption in the U.5, in 1975
was 624 million tons, of which 406 mil-
lion tons {65%} were used by electric util-
ities. The FEA forecasts an increase in
U.5, coal consumption to nearly 800 mil-
lion tons in 1980, over 1 billion tons in
1985, and more than 1.3 billion tons in
1920, Fortunately, the coal reserve is larpe
—about 90% of the country’s total fossil
fuel reserve,

Fossil fuels a stopagap

It is evident to those familiar with the
world's energy problem that fossil fuels
offer, at best, a bridge ta such long-range
solutions as solar energy, nuclear fusion,
and the use of waste, wind, and waves.
Research and development work on all
these potential energy sources must pro-
ceed as rapidly as can be justified eco-
nomically.

The breeder reactor offers a prospec-
iive intermediate solution to meeting our
electric power needs, Conversion of non-
fissionable uranium-238 and thorium
in a properly designed nuclear reactor
can increase our supplies of fuel for elec-
tric power generation by a factor of 100 or
more. However, the costs of producing
electricity from a breeder reactor, as well
as from fusion and solar energy, will
probably be higher than from present
technology. But as the past has shown, by
the time new technologies are perfected
the public has been able to afford them.
Adjustments in energy use patterns will
be made to accommodate the price.

The problem is how to best use the
fuels and technology we have to generate
the energy we need until the promising
new technologies are developed and put
to widespread use. Several steps should
be taken. For instance, we ought to free

the natural gas now being used on an
interruptible basis and divert it to com-
mitted use in residential heating and in
special industrial applications that re-
guire a clean fuel. The use of clean fuels
should be restricted mainly to those ap-
plications where substitutes are not pos-
sible.

Woe need to pursue discovery and de-
velopment of new natural gas and oil res-
ervoirs. We should move forward with
production of fuels of required purity
frem coal, oil shale, tar sands, and by sec-
ondary and tertiary recovery methods
from petroleum. Research and develop-
ment in improving the state of the art of
energy conversicn must be continued.
The relative costs of producing energy by
new methods need to be calculated and
taken into account as the new technolo-
gies become economically viable.

At the same time, we must increase our
efforts to achieve energy conservation
through such methods as insulating
homes and designing new homes, com-
mercial buildings, and factories to make
use of sunlight as an energy source. City
and industrial planners need to bear in
mind the desirability of siting plants and
housing at convenient distances from
each other. Mass transit systems need to
be planned and built for the eHicient, con-
venient movement of people and to re-
duce automobile use.

The current slowdown in construction
of electric power plants resulting from
the recession and the accompanying de-
crease in electricity demand will have to
be reversed if the projected future power
demands are to be met. Most utilities an-
ticipate building a number of oil-fired
plants to take up the slack in supply. This
type of plant is quicker and less expen-
sive to build than coal-fired plants, which
need more complicated materials-han-
dling facilities and require stack-gas
cleanup systems, or their equivalent, to
meet federal clean air standards. As soon
as utilities can get supplies of coal that
meet these standards, they plan to con-
struct major coal-fired power plants.

If the utility companies could be as-
sured a continuing supply of oil for tur-
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bine-powered generating plants and for
direct firing of boilers, they would no
doubt maintain existing plants and in ad-
dition, plan to build less costly oil-fired
facilities. Eventually, oil from petroleum
will become scarcer and too expensive
unless supplemnental sources are avail-
able. The twe such sources that have
potential for conversion development
within the next 10 years to supply re-
quired needs are coal and oil shale. The
cost of il from either of these sources will
probably be higher than current prices
for imported oil. The major U.5. oil com-
panies are reluctant to build commercial-
size conversion planits because of the
uncertainty that the end product can be
sold at a profit. For instance, OPEC pro-
ducers couid drop the price of their oil
sufficiently to make the synthetic fuels
from conversion unmarketable, 5o it is
unlikely that U.5. companies will venture
into the coal and shale oil conversion bus-
iness without some form of risk protec-
tion and price guarantee. Financing of
conversion plants with a guaranteed re-
turn on investment is needed in order to
move forward with the essential work of
preving at least one production process
for coal liquefaction and one for shale oil.

From R&D to commercialization

The programs supported by ERDA aimed
at improving the processes for energy
proeduction need to be continued for they
lead to lower-cost second-generation
plants. However, in order for the new
technologies to reach the commercial
market, companies with the capability of
commercialization must be involved early
enough so their staffs can acquire the
skills and technical know-hew required.
The technology-transfer problem de-
mands that personnel familiar with pro-
duction and plant operation be factored
in soon enough to ensure that the com-
mercial unit is put on stream by a target
date.
Currently, much government-sup-
ported research is conducted in discon-
tinuous stages. Research is done by one
group, extending through the process
development stage. Those involved in the
research and development phase ordi-
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narily do not also build and operate the
pilot plani, since each phase of the work
is treated as a separate package. Entirely
different groups frequently are involived
in constructing the demonstration plants,

Theoretically, after the demonstration
plant stage, any company could build a
commercial plant with the knowledge
then available. But historically, no group
has stepped forward to build a plant de-
veloped with government funding be-
cause it is common knowledge that initial
commercial-size units rarely are as eco-
nomical as the second and third units that
would later be built by a competitor. The
only exceptions have been nuclear power
and space technology development, in-
cluding the moon shuttle, where govern-
ment laboratories played a principal role
because no counterpart technology ex-
isted in private industry. The national
laboratories and contracting industrial
groups provided a combination that
brought these enterprises to fruition
within the normal economic pattern of
the country.

However, in the case of energy de-
velopment —electricity and liquid and
gaseous fuels—there already exists an
economic systemn that is an integral part
of the national structure. Plans and pro-
cesses developed in national laboratories
rarely are transferred to the private sector
unless the development work is done by
the companies that subsequently build
the commercial plants.

Need to revise approach

In some instances, development of the
required technology has taken a different
course. At the start of World War I, there
was a critical need for synthetic rubber
and for high-octane fuels for military air-
craft. The processes in each case were
developed by awarding contracts to com-
panies with the necessary technical capa-
bility and experience in related areas to
build large plants. The front-end capital
was provided by the government. After
the plants were in operation and proved
economically viable, they were sold on a
bid basis either to the companies that had
developed them or to their competitors.

It is recommended that a similar proce-

dure be followed for development of first-
of-a-kind plants for preducing il from
coal and shale, high-Btu gas from ceal,
and electricity using fluidized-bed com-
bustion. The company given responsibil-
ity for each program would understand
that the plant design and all requisite
know-how would be available to any
company desiring to build such a plant.
If economic conditions were such that the
plant could operate at a profit, it could be
sold for the cost of construction to a com-
pany that would operate it as a commner-
cial enterprise. And should the price of
the resultant product prove competitive
with available petroleum supplies, rev-
enue from the sale of the oil would be
plowed back to pay for the plant.

The important accomplishment here
would be that preblems always present in
first-generation plants would be solved in
the construction and shakedown stages,
and we would have a viable, proven tech-
nelogy for production of supplemental
fuels.

We would get the same results if one
commercial plant of each type we’'ve men-
tioned was built. Currently, there is no
knowledge of the real cost of using the
new technologies to produce oil or high-
Btu gas or electric power.

Successful operation of the first one-
of-a-kind plant is imperative if we are to
place a ceiling on the price of imported oil,
We could then avoid serious economic
dislocation during the 20-year transition
period te advanced technologies. Since
we have a plentiful domestic coal supply,
the cost of this raw material for the con-
version plant would remain stable. As the
price of OPEC il escalates, it would reach
the point of parity with the demonstrated
cost of ¢il from coal and shale. Petreleum
companies would then be willing to in-
vest stockholder capital in building new
plants, since there would be assurance of
a fair return on investment.

The U.5. is facing a critical period in
its economic history. Solutions to the
problems are available by using methods
applied successfully in the past. It is ear-
nestly hoped that the necessary programs
will be implemented before the situation
becomes more critical.















Project Highlights

EPR| Negotiates 30 Contracts

Contractos { Cantracior
funding  EPRI Projact Funding  EPA! Projecl
Numbar  Tillo Duration {5000} Manager Number  Tille Ciuration {5000} Manager
|
Fossil Fuel and Advanced Systems Division APEZ1-1  On-Line Analysis of & monlhs 177.4  Systems Conliof,
Power Plant e,
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Adternaive Coal and Constrig- , )
Gasification tors, inc. RPEY1-2  On-Line Analysis of 42 monhs 189.9 Corpbusl_lon
M. J. Gluckman Power Plani Engingaring, Inc.
Dhelurbances A, Lang
RPGE4Z-1  Open-Cycle MHD 1 year Z4B.3 Avco Everett . _ ) )
Generalor Invaner Research Labo- RPEg2-5 AC;L;'%'GE’ Imaging 4 monthe 4.8 Lockheed Mis-
inlgraction Test ratory, Inc. of 55 Samples siles and Space
P. . Zygielbaum Go., Inc.
E. Reinhart
RP779-11 Tasl Parah 2 mmil 8.0 Paraho Develop- )
¢ Shzl::%i(l)l A ® menl Carp. P AP835-1  Power Shapo Mani- 3 monins 50.0  Exxon Nuclear
A Wolk laring System Cotp.
F E. Galhaus
AP780-2  Emission Analysis 1 yaar 134 LFE Emaron-
Sarvices mental Analysis
L aboralories
A Carr .
Electrical Systems Division
RPY80-3  Emisston Analysis 1 year 747 Meteorology
Sarvices Servicas, Inc, AP213-31  Faull Data Acguistion 25 monins 558.9 Boeny Engi-
A. Garr System and Data naaring and
AP?B6-1  By-product—wasle 3 year 1980  Michael Baker, Loggar for fhe (VDG Canstruction
Dispasal lor Flue Gas i Ing. Compacl Terminal 8. Milsson
Cleaning Processes T. Morasky RP764-2 Research in Long-Term 26 menihs 366.5  Genaral Eiecln
HP787-2 Capial Cosis of 1 year 550 Arihur D. Little, Powar System Co.
Advanced Batterias lor inc. Dynamics F. M. Anderson
Utity Energy Slorage J. B. Birk RAP796-1 Composie Wood Utilly 3 years 3660 Michigan Tech-
RFE3Z-2  Evalualivn of Advanced & moniis 93.4 Catalylica, Ins. Polas nolagical Uni-
Liquetaction Contapts H. Lgbawitz versily
R. 5 Tackaberry
RP834-1  Economic Evaluation of 11 monlhs 1500 Stearns-Rogers, N )
Fabric Filtration Varsus nc. RPA30-1  Gas-insulated, Vapori- 25 months 1050.0  Weslinghouse
Electrostatic Precipi- . Teixsira zalien-cooled Electric Corp.
tation lar Ultrahigh Transformers . Fackaberry
Parhiculale Callection
Efhclency
RPODS-1  Acceptance Tesl Melli- 10 monlhs Z1.6 Environmenial o
odology tor Cooling Systems Corp. Energy Analysis and Environment Division
Towers J. 8. Maufbelsch
RPEE4-2  Critical Assessment ¥ months 15.0 Gr. J. Danel
RPY10-1  Trrce Element Removal 2 years 149.9 Stanford Uni and Modificalion of the Khazzoom
by Absarption on lron versily Rechte! Energy Supply A. Michefson
Hydroxides A Jordsn Planning Wodel
RP4{4-1 Fixed-Bed Gasilica- 2 years THED Geaneral Electric RPE76-2 Laser-ingduced Fluores- 3 menths 2.4 Georgia Tech
tian—Camtbined-Cycie o, cence lo Sludy Power Research
Control Study M. Gluchman Plant Plume Chermisiry Instilule
. . karing
FP9Z4-1  Phoenix House Solar- 4 mantis AR Kaman Sciencas C. Hakkatiner:
Assisted Heat Pump Corp, AP855-1  Characlenzalion of the 21 months 185.5 Asphundh Enwvi-
System Bvaluation J. E. Cummings Ecologicat Eftacts of ronmental
. Overhear] Transmig- Services
HP327-1 \f\fasle Haal Rejecilarn 10 monihs 148.3 R. W, _Beck & sion Line Rights-ol-Way i Ray
From Geothermal Assoriales
Power Flants P LaMor RPRTS-1  Evalualion ol Chlonne I year 336 Pubhc Service
ilgring Tachnigu: Elerine and
HPg82-1  Development of a 1 yeai 855  Pedco-Environ- woniloring Techniquas e C:o
Frocess Desgn/ Eval- menlal Specahst, AK Ka. waratani
ation Data Book tor Ine. o
Lime-based FGD T. M. Marasky NPE80-1  Synthesws and Analysis 18 months 143.8 Baltelle, Pacific
Systemns of Gooling Impound- Naorthwest Lab-
menl Intgrmatian araiories
A A. A Goldsten
Nuclear Power Division
RF939-1  Aguatic Microbiomes 1 manti 55.8 Lawrence
RP248.2 EFLOD Code Davelop- & months ‘B2 University of far Assessmenl of Berketey
menl for Rellood Hed! Texas at Alstin Effluent Eftects Laboratory
Transfer L. Agea K. K. Kawaratam
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Earthquake Effects on Nuclear Power Plants

EPRI is investigating the response of
model nuclear power plant structures to
simulated earthquake ground maotions
through a contract recently awarded to
the Civil Engineering Research Facility at
the University of New Mexico,

The project is part of a program on the
interaction of soil and nuclear power
plant structures. Investigators are study-
ing how a seismic event might be trans-
mitted through soil to a nuclear plant.
The purpose of the program is to provide
an expanded data base and new method-
ologies that will allow for more efficient
designs of nuclear power plants.

“Nuclear plants are designed according
to very strict and conservative standards
to withstand the effects of a hypothetical
seismic event,” stated Conway Chan,
EPRI program manager for the research
effort. “The current study will expand our
knowledge in this area and provide us
with new options for evaluating possible
earthgquake effects.”

The overall program involves the de-
velopment of methods for generating
earthquakelike ground motions with
conventional high explosives; a series of
studies with soil response models; the
testing of scaling laws to permit investi-

gators to use small models in lieu of an
actual full-scale experiment; and the test-
ing, which will begin shortly,

During the testing at a site south of
Albuguerque, strong earth-shaking will
be induced by conventional explosives;
both the ground and the models will be
heavily instrumented to measure the re-
sponse to the movement. Of the five
models to be used in the test, the largest
will be 12 ft (3.66 m) in diameter and 5 ft
(1.52 m) high. The smallest will be 3 ft
(0.91 m) in diameter and 3.75 ft (1.14 m)
high. One of the models will be huried
underground.

Data Lacking on Health Effects of Sulfur Oxides

Information is badly needed on the health
effects of various sulfur oxides that peo-
ple may be exposed to from the burning
of fossil fuels. Until this information is
available, it's difficult to make rational
decisions for setting sulfur eruission
standards and for developing emission
control strategies.

These were the conclusions of a study
recently released by EPRI, which is based
on a one-year evaluation of current data
and information. The EPRI-sponsored
study was conducted by the San Rafael,
California, research firm of Greenfield,
Attaway & Tyler, Inc.

Electric utilities are particularly inter-
ested in this issue because they are the
major users of the nation’s coal. The issue
is timely because emission standards on
sulfur oxides will be reviewed by the
government in the near future,

Efforts are also needed on the develop-
ment of technologies for controliing
sulfur emissions from fossil fuel combus-
tion. The type of control systermn and the
costs of its operation will depend on the
amount of emission reduction necessary.
Because coal use is expected to increase
dramatically in the years ahead, research
on sulfur oxides has a special urgency.

“Utilities must protect public health
but must also avoid pollutant controls
that raise electricity costs without provid-
ing significant environmental and health
benefits,” says Dr. Cyril Comar, director
of EPRI's Environmental Assessment De-
partment. The cost of sulfur controls can
run into billions of dollars,

“The report makes clear just how com-
plex the issue really is,” states Dr. Comar.

Although sulfur dioxide is the main
sulfur compound emitted into the air, the

report notes that this substance has been
thoroughly studied by scientists and by
itself appears to pose no threat at present
levels.

Instead, the report says, other sulfur
compounds, such as sulfates, sulfites, or
sulfurous and sulfuric acids, may be more
important to study than sulfur dioxide —
especially because these compounds may
combine in the air and act together
with such pollutants as particulates, ni-
trogen oxides, photochemical oxidants,
and polycyclic organics.

The report, Suifur Oxides: Crrvent Status
of Knawledge, EA-316, concludes by des-
cribing the type of research needed. In
particular, it urges researchers to investi-
gate which sulfur compounds pose health
threats, under what circumstances, and
how these compounds react with other
air pollutants.

Safer Power Transformers

EPRI has announced a new research pro-
ject to develop safer power transformers,

The objective of the $2 million study is
to develop gas-insulated, vapor-caoled
transformers that compare economically
with oil-filled units but eliminate the fire
hazards sometimes associated with oil. In

addition, the project will provide a sub-
stitute for polychlarinated biphenol—a
compound that has been widely used in
transformers but is now banned because
of its nonbiodegradable characteristics,
It is anticipated that the two-year proj-
ect will culminate in the construction and

field testing of gas-insulaled, vapor-
cooled transformers in three sizes,

The project is being cooperatively
funded by EPR], Niagara Mohawk Power
Corp., Empire State Electric Energy Re-
search Corp., and Westinghouse Electric
Corp., who will conduct the research.
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QVERHEAD TRANSMISSION

Compact transmission line design has
been high on the list of priorities at EPRI,
the research having been initiated nearly
three years ago because of the decreasing
availability of righis-of-way for overhead
transmission.

Now the feasibility of operating 115- and
138-kV lines with 3-ft (0.2 m) phase spacing
has been demonsirated as a result of a
research project (RP260) with Power Tech-
nologies, Inc. A reference book is now being
published, giving detailed mechanical and
electrical design concepts based on tesis
and operaling experience obtained on a
short 138-kV compact test line.

While the current edition of the National
Electric Safety Code does not permit con-
struction of lines with such small clearances,
the -practical limits of compact design have
been shown. Hot line maintenance tech-
nigues have been demonsiraled. Utility
planners may now wish to consider this type
of line design for solution of special prob-
lems where uprating of lower voltage circuits
or constricted rights-of-way must be utilized
(Figure 3).

Four utilities are presently using the re-
sults of this research to design compact
lines for their systems. Another utility is
extrapolating the 138-kV data for design of
a compact 230-kV circuit. Final proof of the
validity of this concept must await con-

struction and operation of a prototype line
by a utility.

The primary value of this research is in
providing the utility industry with another
alternative scheme for overhead transmis-
sion lines. Planners and designers can now
consider compact lines for those special
locations on their system where constricted
rights-of-way will not permit construction
of convenlional circuit designs. Should a
compact design meet the need, sound
engineering data are now available on which
to base line design and operation.

A second target of research in overhead
transmission has been the probiem of wake-
induced conductor oscillations on bundled
canductor lines. This project originated with
the Electric Research Gouncil. Viclent mo-
tion is induced by the wind in bundled
conductors, resulting in snapover with con-
sequential hardware and tower damage
and possible failure of the conductor. This
problem was first discovered on 500-kV
lines, but it extends to all the lines applying
more than one conductor per phase.

A project recently completed by Alcoa
Research Laboratories {RP119) has pro-
duced three useiul results:

Olrregular spacing of nondamping spacers
along the span will minimize weight-induced
oscillations.

OSpecial spacer-dampers may not be re-
quired, as was first thought.

101t
le—(3.05 m—|

< Right-of-way: 90 ft (27.43 m) —>|
Conventional Design

I D

0 A computer program has been developed
to evaluate phase stability for existing lines
and for new line design.

The significance of this accomplishment
is that a simple and economic sclution to a
very complex problem has been found that
is applicable to most cases. Utilities with
bundled conductor lines are now benefiting
from this research and manufacturers are
recommending spacer applications based
on these resuits. For example, Porttand
General Electric Co. is using the computer
program to evaluate spacer applications 16
reduce wake-induced oscillations on their
portion of the Pacific Northwest-Soulhwest
500-kV Interlie. Southern California Edison
Co. has already employed the irregular
spacing concept on its lines. Bonneville
Power Administration and the Tennessee
Valley Authority, as well as ulilities along
the Gulf Coast, are also Using this concept.

It is eslimated that approximately 20,000
mi (32,180 km) of lines using bundled con-
duclors will be built between 1970 and 1980.
If it is assumed that only 25% of these will
be susceptible to subconductor oscillation
problems, 100,000 conventional spacers
could be employed instead of special
spacer-dampers. Since conventicnal non-
damping spacers thatf cost between $10 and
$25 each may be used (compared with
$30-%100 for spacer-dampers), a cost re-
duction of 80—75% may be realized. Pro-
gram Manager: Frank Young
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[«Right-of-way: 60 ft (18.28 m)
Compacl Design

Figure 3 The advantage of compact overhead transmission line design shown should result in a significant reduction of rights-of-way
needed for 138- and 230-kV lines. This should enable utilities to construct some lines at these voltage levels on city streets.
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R&D Status Report

ENERGY ANALYSIS AND ENVIRONMENT DIVISION

René Males, Direclor

DEFINING DISTRIBUTION
OF POLLUTANTS

An important ongoing effor of the Physicat
Factors Program in the Environmental
Assessment Department concerns theidenti-
fication, characterization, and monitoring
of pollutants resulting from electric power
production, The uliimate goal is to define
the distribution of pollutants in the environ-
ment. Such knowledge is essential for
evaluating health effects and for studying
transport phenomena, including reaction
mechanisms.

At present, the identification, charac-
terization, and monitoring subprogram is
supporling 16 research projects—B8 at uni-
versities, 7 at private research organizations,
and 1 with a government research group.
Expenditures for 1977 willamount to approxi-
mately $1 million, with about 60% going to
universities, 35% to private research groups,
and the remaining %% to a national fabora-
tory. Studies have focused almost entirely
on atmospheric poliutants from coal-burning
facilities and will continue to do so for the
next few years. However, research is in-
creasingly being directed toward pallutants
in terrestrial and aguatic environments and
pollutants derived from fuels other than coal.

The subprogram has two main aspects:
research on sampling and analylic methods;
and field measurements. Sampling and
analylic techniques are being studied to
assess the reliability of existing procedures
and to develop new approaches. The mea-
surement effort deals not only with pollutants
from power plants but also with those from
nonanthropogenic and non-power plant
sourcesinan effortto define more accurately
the utilily industry's contribution to the envi-
ronmental inventory. The three projects
described below indicate the types of re-
search being supported through the sub-
program.

In a study on sulfur dioxide interferences
in the measurement of ambient paricuiaie
sulfates (RP2862), Radian Corp. evaluated
the magnitude of error in measuring sulfate
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concentrations with the use of high-volume
filters. The specific error suspected arose
from the possibility ihat atmospheric SO,
might be forming sulfates on the filter Haeif.
Such formation would, of course, give tco
high an estimate of atmospheric sulfate,
due to the combined atmospheric concen-
tration, and the secondary formation on the
filter. If secondary sulfate formation is sig-
nificant, existing sulfate data are suspect,
and many health effects studies are without
firm foundation. In view of the seriousness
of the issue, an evaluation of measuring error
is a high priority.

The rescarch cntoilcd thc cxposurc of
commercial filter materials o a flow of air
of known SO, concentration, humidity,
temperature, and, in some instances, parlic-
ulate matter. The fiters were analyzed for
both 50, and sulfate. The research (Final
Report, EPRI-262) demonstrated that S0,
on filters will convert fo sulfate in amounts
equivalentto 1.6 10 8.9 pg/m?, for a 24-hour
sample. For 2-hour samples, the interference
from conversion is especially severe be-
cause most conversion oceurs within the
first few hours of sampling. Temperature and
concentration of SO, are the two major vari-
ables that aftect secondary sulfate formation,
the formation being favored by low temper-
ature and a high level of SO,. Fortunately,
pretreatment of filters can reduce the infer-
ference problem. The problemof more sulfate
being measured than actually exists is real.
However, meaningful interference probably
does not affeci values over 10 ug/m3. High
sulfate values, thereifore, are probably not
significantly suspect. Conversely, low values
may indicate significant error.

Two projects are under way to develop
laser units for remote measurement of
atmospheric poliutants. Stanford Research
Institute (SAI) is developing a mobile laser
instrument for making field measurements
of SO,, NQ,, and O,. Because of increasing
concern over air quality, the electric power
industry needs better and less expensive
methods of measuring atmospheric guality

for such purposes as determining the best
ptant sites and monitoring effluents from
existing plants. The measurement or moni-
toring of stack emissions is a key factor In
judging air guality, in designing control
devices, and in understanding the chemical
reactions that occur in the atmosphere,
particularly these within plumes.

Presen! measuring technigues depend
either on ground stations (which give, at
best, only an indirecl indication of what is at
higher levels of the aimosphere) or on air-
craft (which are limited by cost, weather, and
flight restrictions). What is needed is a way to
measure atmospheric constituents from the
ground under all weather conditions. A laser
device has such capability. A basic laser
instrument has been developed by SHI. The
current work is aimed at making the device
and supporting computation equipment both
mobile and field operational. Alihough a
number of laser units are already in oper-
ation, the one being developed with EPRI
support is unique in that it can operate under
all weather conditions, day or night, and
from the ground can analyze the atmosphere
over any discrete interval {e.g., between
1000 and 1500 feet) from ground level to
about 7000 feet. The mobile unit should be
operational in early 1978. The other project,
a demonstration of remote air pollution mea-
surement capability (RP488) with Stanford
Universily, is aimed at developing a laser
unit that is interchangeable with the SR
device and lhat will operate al shorter wave-
lengths than the SR! device. The advantage
of the shorler wavelength unit is better
analylic discrimination and less interference.

New York University is working on the
sources and tissue deposition of trace ele-
ments in urban aerosols (RP439) in an effort
to: (1) provide data on present air quality in
New York City in ferms of present fuel use;
{2) identify the sources of suspended partic-
ufate matier in the atmosphere and the per-
centage contributed by source—the main
ones being automobile, fuel oil furnaces,
incinerators, and natural sources; and (3) de-




fine any relation that may exist between
irace element content in human tissues and
thai in the atmosphere. Many urban areas
face the possibility of having to change from
one fuel to another in the near future, and
the effect of this change on atmospheric
quality is a real concern. However, the effect
cannotbe assessedwithoutbackgrounddata
for comparison. The need for such data is
the rationale behind lhe first goal.

The rationale for the second goal centers
on contral strategy. An efieclive control
strategy needs to be predicaled on accuraie
information covering the extent 1o which
utilities conitribute to the total atmospheric
loading of pollutants. Existing emission in-
ventories, especially those for New York
City, are of only limited use in providing such
intormation. The research in this project is
providing a much more direct means, based
on actual collection of ambient pollutants,
of defining air quality and of indicating the
amount of poliutanis contributed by individ-
ual sources.

The interest in the third goal is really the
focus of almost ali air quality programs, that
is, what effect does air quality have on
humans? Certainly the relation belween
changes in air quality and the incorporation
of pollutants in tissue has profound impli-
cation for any type of control strategy.

In this sludy, samples have been collected
at five siles over a pericd of two years and
analyzed for a variety of physical and chemi-
cal parameters. The data were then analyzed
statistically, using correlation-regression
analysis and factor analysis to identify key
elements that would be indicative of a par-
ticular source. The tissue work involved
collecting tissue {(mainly from kidney, liver,
respiratory organs} plus biood and bone from
persons whe died suddenly. Sudden-death
viclims were selected in order o eliminate
the possibility of having tissue samples thai
might be contaminated from a long-term
iliness. Tissues were then roulinely analyzed
for the same list of elements as in the air
quality work.

Resulls include background data and
source identification (Final Report, EPRI-
117). The study identified the automobile
and natural sources as making the greatest
contribution—30% each—to atmospheric
particulate loading. Fuel oil burning, in-
cluding that in power plants, contributes
11%. Since 1969 the automobile contribution
has doubled, the fuel-cil contribution halved,
Tissue studies show that concentralions of
chromium, nickel, and lead in air correlate
with these in lung and lymph node tissue.
Also, the amounts of cadmium and lead in
tissue relate to incipient pathological symp-
toms in humans.

Within the fdentification, characterization,
and monitering subprogram, new studies will
be directed toward almospheric organics,
problems related to waste (ash and sludge)
disposal, and pollutants arising from coal
conversion processes. Research in the first
two areas has already begun. Emphasis on
air pollution will remain, while interestin ather
facets of environmental damage are re-
ceiving more attention.  Program Manager:
Ralph Perhac

FORECASTING REGIONAL
FUEL SUPPLY AND PRICE

The Energy Supply Studies Program pro-
vides supply curves and analysis for all fuels
and sources of energy. Such information on
fuel prices and availability plays an impor-
tant role in the evaluation of R&D options for
power generation. In the case of cil and na-
tural gas, the supply forecasts serve a dual
purpose. They throw light on the viability of
technological options, such as the fuel cell,
and since cil and naturai gas are electricity's
most important compelitors tn many mar-
kets, their projections of price and availability
are important determinants of electricity re-
quirements. A previous report (JOURNAL,
November 1978) described two projects,
RP436 and RPB85, which reviewed oil and
natural gas supply modeling efforts that de-
termined the state of existing knowledge.

A study on domestic oil and gas supply
{RPS44) will develop a mechanism for pro-
ducing credible, regionally disaggregated
projections of domestic oil and gas prices
and quantities over the next 25 years. The
proposed research will synthesize specific
elements from selected models {reported in
the above projects) and augment these with
new modeis {o provide a computerized eval-
uation system. This system will allow EPR}
analysts and others to project regional oil
and gas supply and transmission patterns
under a variety of alternative assumptions.

To consiruct this system, the researchers
will extend and refine the models of offshore
oil and gas supply and examine the potential
of applying methods to onshore “frontier'’
areas, whose economic and resource de-
velopment considerations are operationally
similar to the offshore areas. The prospects
for supplemental and synthetic gas suppiies
will be examined from the standpoint of the
likely timing, regional dispersion, volume of
gas to be produced, and the economics of
distribution questions needed for analysis of
these new supplies. The feasibility of extend-
ing melhodologies to examine the link be-
tween the marketplace of oil and natural gas
and the resources allotted to exploration and

drilling will be determined. The research will
madify a linear programming model of the
natural gas pipeline transmission network
lo permit regional projections of supply 1o
the end user. The oil and natural gas pipe-
line studies are most important in view of the
possibilities for reversing existing lines and
building new lines to accommodate Alaskan
crude oil and natural gas, thus perhaps radi-
cally changing regional patterns.

The contractor, Mathematica, Inc., and
subconiractors, Institute of Gas Technology
and the University of Southern California,
are developing a detailed design for the
research in this project. It includes meth-
odology evaluation and the selection of par-
ficular elements of existing methodologies
tor adaptation in new gas and oil evaluation
systems, as well as the development of new
analytic elements where existing methods
are deemed inappropriate. An important
component of the design task is the specifi-
calion of linkages between model compo-
nents. The output of this phase will be a
more refined design of the remainder of the
research. Major emphasis in the research
will be put on regional exploration activity
models. Methodologies that have been used
by the FEA and others will be synthesized to
modify existing models for examining the re-
lationship between risk and return in order
lo develop disaggregafed projections of gas
discovery and production,

A major portion of the research will be
devoted to implermenting the oil and natural
gas analysis systems so that analysts may
examine alternative assumptions and future
projects. The analysis system will be applied
to present forecasts of regionally disaggre-
gated oil and gas supply for the next 25
years. The researchers will develop alierna-
tive scenarios that describe the likely states
of nature over the nexl 25 years for the key
input parameters.

Completion of this project will provide the
Supply Studies Program with the mechanism
to forecasi gas and ol supplies. This will be
coupled with a supply analysis of nuclear
fuels, coal, and other new tachnologies 1o
provide the production side of the supply
and demand picture. The analysis in this
study will be aided by research in other supb-
programs. The supporting resources sub-
program, for example, will provide supply
information an input, such as water, capilal,
labor, and other materials. The energy de-
livery and storage subprogram will analyze
related transportation problems, such as oil
lanker characterislics and LNG transport.
The result will be consistent sets of supply
curves lhat will allow analysis of new tech-
nclegies and projections of fulure energy
pictures. Project Manager: Rex Riley
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ANMLYZINWG
RESIDENTIAL ENERGY USE

The timing of this status report on residen-
tial sector research is appropriate since two
major projects were recently completed and
two others initiated, This allows examination
of the connections between two links in the
research project chain as opposed to view-
ing an isolated link where the direction of
research is less visible and the results more
tentative.

The recently compleied projects were
RP333 on the assessment of energy model-
ing (Long-ARange Electric Energy Demand
Studies, EA-221), and RP431 on the devel-
opment of models to aid in forecasting resi-
dential energy use (Residential Demand for
Fnergy, EA-235). A number of conclusions
from the projects are useful for immediate
forecasting application.

RP333 demonstrated that the selection of
historic data periods often has a dramatic
effect on forecasting performance. Based
on tests conducied for the residential sec-
tor, RP333 tound that two types of models
ylelded relatively strong forecasting perfor-
mances. The first was characterized by a
detailed specification of demographic and
meteorological variables in addition to in-
come and the prices of electricity and sub-
stitute fuels. The second approach used an
estimation technique that captured much of
the inherent regional variation among states.

RP431 demonstrated the importance of
energy prices in determining the amount of
electricity households consume. The results
were especially sfrong in view of the exten-
sive methodological and data development
conducted in the project. The study estab-
lished the practical importance of properly
modeling declining block tariffs and con-
cluded that the long-run residential price
elasticity of demand for electricity may not
be as large as previous studies indicated.

The objectives of RP333 were to provide
points of reference with which EFPRi-spon-
sored models may be compared and to pro-
vide “‘place-holder’’ models for forecasting
while EPRI-sponsored modets were under
development. The project began with the
development of a set of model selection cri-
teria that led to ihe evaluation of four resi-
dential, one commercial, and three industrial
econometric models. Given these models,
an appropriate common data base was con-
structed and the parameters of the models
estimated. The models were then subjected
to various formal and informal tests concern-
ing their ex-ante forecasting capabilities.

In addition to basic statistical tests con-
cerning explanatory paower of the estimated
equations, the models were also analyzed
in terms of parameter stability, appropriate-
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ness of specification, treatment of the error
structure, and practical usefulness for fore-
casting application, The models were further
analyzed in terms of forecasting and back-
casting accuracy over various historic data
pericds. In addition, an annotated bibliog-
raphy of electricity demand studies was pro-
duced. The results of the study led to the
selection of a particular commercial sector
kilowatthour model 10 be used in the current
EAE Division's in-house energy forecast to
the year 2000. These forecasts will assist
EPRI in its R&D planning.

In ihe residential sector, ihe resulis of
RP333 concerning various treatments of the
efror structure led to the use of a particu-
lar parameter estimation technique for the
models developed under RP431. The EPRI
technical staff subsequently selected one of
the residential models from RP431 for in-
tegration into the EAE Division's forecasting
modetl.

The principal objective of RP431 was to
construct detailed time series data for major
household appliances and declining block
rate structures for electricity. Both data se-
ries covered 48 states for the years 1956—
1972. Appliance data were constructed from
Merchandising Week and Bureau of the Cen-
sus sources, while the rate struciure data
were aggregated to the state level from ac-
tual utility rate structures. The data base
gives EPRI the capability to conduct detailed
analysis at the state level, which may then
be aggregated into national forecasts, The
study also maintained much of the disaggre-
gate data concerning individual utitity ser-
vice areas.

The continuing development of those mod-
els will focus on improving model specifica-
tions, generalizing estimation techniques to
better account for regionai diversity in the
parameters, improving the treatment of in-
terfuel substitution among natural gas, oil,
and electricity, and improving several as-
pects of the analysis of deciining block rate
structures, such as residential electricity
taxes, These models ultimately will allow
EPRI's Energy Demand and Conservation
Program 1o address such guestions as the
effects of natural gas curtailment and dereg-
ulation; regional trends in variables, such as
income, population, and urbanization; and
the market penetration of various space-
conditioning systems.

The final reports of RP431 and RP333 both
noted that the aggregate analysis of house-
hold energy consumption decisions was
limited by aggregation problems, which
often mask the true behavior of individual
households. In response to this need, re-
search on patterns of energy use by elec-
trical appliance (RP576) was initiated as a

joint EPRI—FEA project in 1975. This project
began with a suryey by perscnal interview of
2000 randomly sampled households. From
the primary survey, 150 households were
selected, which had an average of 8 major
electric appliances individually metered to
record monthly kWh usage. Using the RPS76
survey data as well as the data collected
under the FEA—Northeast Ulilities Time-of-
Day Pricing Experiment, RP1005 was initi-
ated to analyze major appliance and fuel
choice decisions by househoids. RP1003
also will focus on the deveiopment and ap-
plication of statistical techniques to combine
survey data sets based on different sampling
distributions and experimental objectives but
applying to the same gecgraphic area. A
number of cross-section data sets are too
small to be of general usefulness in isolation
bul may provide a rich information base for
household energy consumption analysis if
successiully aggregated to meet the needs
of EPRL

A second aggregation question in this area
is how to utilize simultaneously the informa-
tion contained in cross-section survey data
and aggregate state data such as that col-
lected in RP431, The project will analyze the
applicability of a variety of discrete choice
models to the problem of forecasting the
dermand for new and existing energy-using
equipment. These models explicitly recog-
nize that many househcld appliance options,
such as space heating, result in the selec-
tion of one fuel type. The resuliing appliance
forecasts ultimately will be used in energy
consumption and load forecasting models.
The RP576 data also are being used by the
EPRI technical staff in an in-house study of
the discrele choice modeiing of space and
water heating fuel decisions.

The second residential sector project
recently initiated is a study on the analy-
sis of load management experiment data
(RP1006). This project will assess data
sets forthcoming from load management
and time-of-day pricing experiments for
their usefuiness to EPRI project areas, such
as appliance stock forecasting, the demand
for new goads, and load forecasting, As a
by-product the study also will examine the
quality of the data in terms of completeness,
appropriateness of sampling procedures,
and experimental design, In addition, the
study will evaluate the usefulness of the data
for policy inference by individual utilities and
public institutions. It is expected that these
experiments will provide useful cross-sec-
tion survey data and that they will aliow de-
tailed analysis of consumer responsiveness
to time-of-day and seasonal pricing and the
efficacy of various load management de-
vices. Project Manager: James Boyd




SURFACE CONDENSER LEAKAGE

The main surface condenser is a critical
component in the sleam cycle of any steam
electric power plant (Figure 1}. This large
tube-type heat exchanger functions as a
heat sink for condensing the exhaust steam
from the power turbines and as a deaerator
of the resulting condensate. In functioning
as a heat sink, the condenser is the only
boundary between the high-purity water in
the steam cycle and the relatively impure
cooling water (e.g., lake, river, ocean, or
cooling-tower water).

The integrity of the condenser becomes
a crucial factor in the reliability of a power
plant when considering the plant productiv-
ity loss from repairs to condenser leaks and,
probably more imporiant, the deterioration
of other components {(e.g. steam genera-
tors) in the steam cycle as a result of im-
purities in 1he condenser leakage.

The possibilities for leakage into the con-
denser are extensive when one considers
that today's large power plants have con-
densers with more than 60,000 tubes, and
that each condenser is comparable in size
with a house. Tube failures can result from
a number of causes. Mechanical malfunc-
tions, such as thrown turbine blades or other
objects falling on the tubes, tube vibration,
and broken baffles allowing steam to impinge
directly on socme of the tubes, are prominent
causes of tube failures. Tube corrosionand/
or erosion constitute another class of fajlure
mechanisms.

In general, a condenser's susceptibility
to the various mechanisms for leakage is
a function of several variables and combi-
nations of those variables, including cool-
ing-water environment, condenser design,
materials of construction, steam-side water
chemistry, and operation and maintenance
procedures.,

The Bechtel study

In order to determine what experience oper-
ating power plants have actually had with
congdenser tube leakage, EFPRI contracted

Figure 1 A diagram of the steam cycle in any steam-eleciric power plant, whether fossil-fired
or nuclear, showing the position of the condenser.

Steamn
supply

pump

with Bechtel Corp. for anindustry field survey
and literature search (RP624). The Bechtel
stugdy addresses several areas related to
condenser tube leakage, inciuding design,
materials, chemistry, operation, and main-
tenance. The field survey concenirated on
large fossil-fueled planis, nuclear piants,
and plants having condensers tubed with
titanium. During the survey, 30 power sla-
tions with 76 generating units {61 fossil, 9
PWH, 6 BWR) were visited. The 76-unil con-
densers included 116 condenser sheils con-
taining a total of 2,281,510 tubes with a total
surface area of 23,189,000 fi2 (215,433
m?). The median age of the generating units
was 12.1 yr, and the median generating ca-
pacily, 476 MW,

A comprehensive field survey form was
used for the collection of all pertinent data.
The surveys were conducted by muliidisci-
pline teams of 1-3 engineers.

One area of prime imporiance in the Bech-

l

Turbine

Condenscr

R

Feedwater

lel work is the analysis of the large volume ot
condenser tube failure data collected in
the field survey. In order to interprel these
data, the tubes in a particular condenser
were grouped into several tubssets accord-
ing to their service function. Examgles of
such tubesets are air removal sections, con-
densing sections, steam impingement sec-
tions, or combinations of these. Tubing fail-
ure rates were then calculated as a function
of tubeset, tubing material, cocling-water
conditions, failure mechanisms, condenser
design, condenser size, and many other pa-
rameters about which data were collected
in the fieid survey. The failure rate calcula-
tion used in this study was used previously
by Newton and Burkett (1) in a similar ap-
plication and is defined as the percent of
tubes failed (piugged) per 10,000 service

hours: % Tub | q
Failure rate = © 1Ubas pug3e

Service hours x 10—4
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bility curves for three situations of condenser tube perfor-
mance: (a) shows the behavior of titanium, aluminum brass, 90—10 copper-nickel, and alumi-
num bronze in seawater; (b} shows the effect of adding ferrous sulfate to 90-10 copper-nickel
for seawater service; (c) indicates the difference in behavior of admiralty brass depenrs on

its fu~~*~nal location within the condenser.
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POOL SWELL IN
PRESSURE SUPPRESSION SYSTEMS

For the past 20 months EPRI has been in-
vestigating the phenomenon of pooi swell in
BWR Mark | containment wetwells (Figure 3)
and is continuing o improve the predictive
methods, as well as to describe the struc-
tural response o pool swell. There is strong
indication that the structural feedback effect
on the phenomenon could affect the iocads
experienced. The four areas of study are:

0 Hydrodynamic analyses of pressure sup-
pression, or pool swell {(RPE93-2, with
Jaycor)

o Multiple downcomer pool-swell tests
(RPB893-1, with Stanford Research Institute)

O Fluid-structure  interaction  analysis
(RPB12, with Science Applications, Inc.:
Marc Analysis Research Corp.; and Lock-
heed Missiles & Space Co., Inc., Palo Alto
Research Laboratory}

0 Water impact tests (RP817, with Devei-
apmental Sciences, Inc.)

The hydrodynamic analyses discussion
that follows decuments the model develop-
ment that has been performed and validated
by early two-dimensional Mark i pool-swell
tests. Future work in this area will extend the
prediclive methods to three dimensions, with
a data base for validation available from the
multiple downcomer pool-swell tests,

EPRI's study of fluid-structure interaction
is presently focused on the ringheader re-
sponse to pool swell impact. The nonrigid
response of the siructure may in fact mitigate
the loading on the structure. To clarity the
interaction, both analylic ang experimental
efforts are under way.

Hydrodynamic analyses

EPR! is currently sponsoring research to
quantify the loads in a Mark | containment
system during a postulated LOCA. This proj-
ect will develop and verify {by comparison
with experimental data) numerical models
to simulate pool swell. The effort has pro-
duced two numerical models (codes) that
together calculate the kinematics and the
dynamics of the pocl swell from initial dry-
well pressurizaticn until shortly after ring-
header impact. Two codes were developed
because two flow regimss were identified
with the aid of laboralory observations: the
distinctly three-dimensional flow field during
and shorlly after the vent-clearing process,
and 1he essentially iwo-dimensional flow in
the intermediate and late stages of bubble
growth. The VENT-3 code covers the period
from the initial drywell pressurization to the
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Technical approach

Reaction seclion
Operating pressure

Total high-pressure
reactor volume

Reactor types
Catalyst consumption
Catalyst bed

Preheater outlet
temperature

GCther considerations
Product objectives

5olid separation
glternalives

Hydrogen/Fuel gas

(Generation
alternatives

Direcl catalylic

Higher

Lower
One
Higher

Fividized, in contact
with coal

Lower

Low severity—
heavy boiler fuel

High severity—
distiliate oif

Heavy boiler fuel—
solvent

Precipitation ar

filtration

Distiltate oil—

distillation

Steam methane reforming
of light gases

Partial oxidation of
precipilation or distiliation
residue

Gasification of
filtration residue

Indirect catalytic

Lower

Higher
Two
Lower

Fixed, not in contacl
with coal

Higher

Distillate oil

Digtitlate oil—
distillation

Steam meibane retorming
of light gases

Fluid-bed coking of
distiflation residue

Gasification of
fluid coke

yresents a technical problem in the design
¥ commercial systems. Successful opera-
ion must be demonstrated on a large scale,

Eliminating direct contact between coal
ind the heavy products from coal dissolution
1s practiced in the EDS process greatly
wxtends useful catalyst life. Catalyst poisons
ire present in the coal ash and the heaviest
yoducts from coal dissolution. Specific
Wwisons include titanium, calcium, sodium,
ind iron, Heavy liquid products ihat are
ibsorbed on catalyst surfaces inhibit cata-
ytic activily by blocking pores and pre-
renting the flow of reactants into and out of
he catalyst structure.

Using a fluidized catalyst bed in the H-Coal
wocess has advantages and disadvantages.
lhe term ebulfiated bed has been used o
iescribe this fluidization regime, since both
ipflowing gas and liquid play a role in the

fluidization process. Almost all the lifting
power comes from the flow of liquids. Gas
{low greatly increases turbulence. In this
violenily agilated system, the heat of re-
action is absorbed by mixing with feed to
the reactor, and there is no pressure drop
because of the absence of flow restrictions
between particles.

Since the expansion of the bed is con-
trolled primarily by ligquid flow, large quan-
tities of liquid must be recirculated. The
amount of circulation required is a function
of the physical properties of the liquid,
primarily viscosity and density. Thesechange
as a function of reactor conditions, coal
type, coal conversicn level, and solids con-
centration in the reactor. Controllability
and stability of this system in a large-
diameter reactor remain to be demonstrated
for a coal liquefaction system. They have

EDS process tor hydrotreating distillate oil
is a modest extension of present petroleum
refining, hydrocracking, and hydrotreating
experience. The amount of hydrogen con-
sumed and the concomitant high heat re-
lease place this process at the upper end
of the spectrum of commercial practice.
Specialrelationships to determine the proper
amount of catalyst present between quench
points may have to be deveioped for this
system.

Product objectives can be varied with
the H-Coal process primarily by varying
coal throughput. With high ccal rates and
therefore lower hydrogen production, the
product is similar to heavy boiler fuel, Fil-
tration, or more likely solvent precipitation,
will be used {o separate solids. At lower
throughput rates and higher hydrogen re-
guirements, the product is an all-distillate
syncrude, Solids separation can be accom-
plished by vacuum distillation. The residue
from this distillation is fed 1o a partial oxi-
dation unit to generate hydrogen. With the
EDS process, solids separation is accom-
plished by vacuum distillation. The residug
is sent to a Flexicoker. In the first stage of
that unit, additional liquid is recovered by
coking of the residue. Coke is then fed to
an gir-biown gasifier fo produce fuel gas,
which then provides process heat.

Current status

H-Ceal has been operated on a 3-ton/d
scale and EDS process on a 1-ton/d scale.
This has shown that these processes work,
using laboralory equipment. However, al-
though excelient work has been performed,
these routes fo clean boiler fuel from coal
are a long way from commercial reality.
The economic attractiveness of a capital-
intensive facility depends very strongly on
its availability. Present estimates of the
capital and operating costs of these two
processes are about the same. |t is neces-
sary to proceed to the 250-600 1on/d
pilot plant scale to demonstrate the technical
feasibility of each key siep at a larger scale.
This will allow a decision to be made on the
suitability of each process for wide-scale
commercialization. With a better engineering
basis, management ¢an evaluale the finan-
cial incentives and technical risks involved in
establishing an industry that will provide
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clean fuels from coal for power planis that
will be operating in the 1990s, Without the
support of these projects by EPRI and the
U.S. electric power industry, they would
simply be laboratory ideas instead of alter-
native technologies with good potential
for commercial application. The two events
described at the beginning must be regarded
as major accomplishments. Program
Manager: Ronald Wolk

FUSION POWER RESEARCH

For an early and successful commercializa-
tion of fusion power plants, utility operational
requirements must be continuaily compared
with the projected capability and perfor-
mance of fusion power systems being de-
veloped by the UL.S. government. This
comparison can be accomplished through a
series of trade studies based on a parametric
systems analysis of conceptual fusion re-
actor designs. Such analysis will result in
concept and/or requirement changes and
must be continued as a feedback process
during the entire development time to ensure
a fusion power plant of maximum usefulness
to the utility industry.

Such an approach is routinely used it
complex, long-range military and space
programs. However, for a complex civilian
technology such as fusion power, in which
the eventual user and the developer are
separate entities, a special effort is required
o ensure a good feedback process for com-
paring requirements and system capabilily.

EPRI is developing the methodology and
initial tools for such an approach to fusion
power. At this early stage only the broad
critical elements that affect utility reguire-
menis need to be considered. The relation-
ship that determines the cost of electricity
generated by a fusion power system tends to
be dominated by the capital investment
(Figure 5) and the degree of plant availability.
The other faclors, annual operating cost and
fuel costs, tend to be smail by comparison.
Theretfore, a study was initiated to define the
impact of first-wall / blanket design concepts
and parameters on fusion plant capitai
investment and avallability (RP472). In addi-
tion, because of the influence of radiation-
induced struciural damage, a strong
emphasis was placed on developing the toois
and techniques for predicting first-wall/
blanket life. The project is funded jointly by
EPRI and the McDonnell Douglas Corp.

The study first defined nine conceptual
design issues involved in establishing capital
cosl and availability levels:

o Plasma confinement concept
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Figure 5 The cost of electricity generated by a fusion power system is dominated by the capital
investment, The capital costs may be reduced by alternative fusion reactor concepts that
provide simpler geometrias with more economic construction technigues and permit higher

power densities =2nd smaller modular units.
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The first three issues are intimately related
to the available technological options for
fusion and hence have different relative
risks associated with any choice; for exam-
ple, the selection of the plasma confinement
concept, the subsystem methods of plasma
heating, and the chaice of structural mate-
rials for the first wall.

A report of these studies has just been
published (EPRI ER-388). It is through such
parametric studies that we can ascertain
that utility objectives for fusion power sys-
tems are being met. These studies also allow
us to identify problem areas and indicate
where fusionalternatives should be explored.

Fusion options

By its very nature and because of its early
state of development, fusion power has many

available options for overcoming or circum-
venting its problems. EPRI is assessing this
option space to seek R&D directions that
could lead to systems better suited to utility
requirements. The following examples ilius-
trate how new options obtained through
design ingenuity, choice of maierials, and
choice of fusion fuel cycle could impact the
fusion reactor first-wall /blanket system.

Design Ingenuily In fusion, the volume in
which the neutrons are generated is com-
pletely separated from the volume in which
the energy is extracted. Fusion neutrons are
generated in a plasma and then interact
with materials located a considerable dis-
tance away. This characteristic of fusion
systems may be used to reduce the effects
of radiation damage in a way not available
tofission systems because radiation damage
effects are temperature-sensitive. Thus,
fusion reactors may be tailared so that mate-
rials that receive the highest neutron fluence
operate atatemperature where longer mate-
rial lifetimes are achieved.

Such temperature tailoring has been ap-
plied by the University of Wisconsin as part
of an EPRI study on inertial confinement
fusion reactors (RP237). Consideration of
plant efficiency favors a high operating
temperature for the first wall and bianket,
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Advanced Fuel Fusion Reactors

Advanced luel fusion reaclors based on
deuterium-helium or proton-boron mixtures
release mo™" * ther energy as hard X-ray
racliahon o1 ..arged particles and, conse-
guently, open the possibility of the so-called
neutron-lree reactor. All such reactions pro-
posed to date have limited cross sections and
require very favarable conlinement schemes.
Coupling such an advanced fuel wilh a
more efficie -* ~nergy conversion concept is
almosl ess.. ...l if such advanced reactors
are 10 be realized. The concept shown here
accomp'~*~ this requirement by introducing
aradialy iler in which the X rays are

absorbed in a high-Z working fluid that is
separaled from (he plasma by a low-Z X-ray
transparenl solid wall and a device called an
energy converter, which couples the turbines
lo the high-lemperature gases.

The high-Z working fluid inside the radiation
boiter absorbs the X-ray energy al very high
temperaturcs (about 3000K). The working fluid
lemperatures may be oo high for direcl use
in turbine generators, Consequently, a wave
energy converter is interposed into the elec-
tricity-generating cycle. The converter is used
to gas-dynamically iransfer the enthalpy of
the high-temperature fluid to a cooler working

1"

fluid. Acouslic impedance malchig between
the two tluids allows highly efficient energy
transfer {e.g., 85-90%) wilh the advantage
that the entire cycle efficiency can be char-
acterized by the Carnot efficiency of Ihe high
temperature of the boiler working fuid, while
ihe cold working luid allows the device to

bre coupled to a conventional turbine gener-
ator. Qveralt enargy conversion cycle efli-
ciencies ol betler than 60% can be calculated
for advanced fuel fusion reactors that use
the radiation bailer-wave energy converter
concept.
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of the specific advaniages for the utility
industry are:

n Substantial reduction of induced radio-
activity due tc neutrons will reduce nuclear
issues drastically in the public eye.

o The fuels are inexhaustible, cheap, and
presently available. The amount needed is
small compared with the quantity now used
commercially.

e Accessibility and simplicity of the prelimi-
nary reactor concept using these fuels
should improve performance of a future
fusion power station. Technical advaniages
for manufacturers and utilities include dras-
tic modification to the first wall, changing its
requirements completely. This is very impor-
tant because the first-wall/blanke! condi-
tions in a D—T reactor have created severe
problems in the development of fusion
reaclor designs. In the neutronless fusion
fuel, the first walls connected to externat
cooling systems can be designed with much
more confidence.

0 The complex blanket is viflually eliminated
and is replaced by much thinner X-ray-ab-
sorbing plates and heat transfer media.

O The structural integrity and life appear
to be much improved.

0 The preliminary examinations so far indi-
cate the fusion core and boiler would be
more accessible, permitting different meth-
ods of fuel injection and heating.

0 The production of fusion energyin the form
of electromagnelic radiation presents oppor-
tunities to achieve exceptional efficiency of
conversion and use.

A preliminary examination of one reactor
concept using p— "'Bis in progress at TAW.
This work was stimulated by an EPRI-
sponsored assessment efforl by Professor
John Dawson of the University of California
at Los Angeles. It embodies a tusion reactor
concept that uses floating magnetic multi-
poles to achieve efficient fuel containment
and 1o minimize the internal magnetic field.
This latter requirement is important because
of the severe losses incurred al high fuel
temperatures due to synchrotron radiation
from the fuel in a strong magnetic field. So
far the preliminary results show that a driven
system producing 106 MW at an ion temper-
ature of 250 keV, electron temperature of
130 keV, can be sustained with neutral beam
healing. Energy is exiracted by X rays
through a thin Be or Al wall into a high-Z
gas, which then can be ccnverted at high
efficiency (55—-85%) inlo electricity, or by
mixing the high-Z gas with water. The high
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lemperature ocbtained mighi be used to break
water into H, and O, for synthetic fue! pro-
duction. The use of such energy converlors
for advanced fuels is being studied at
Mathematical Sciences Northwest, Inc.,
under a receni additionto RP645.  Program
Manager: William Gough

OPEN-CYCLE MHD

Top attention is being given to open-cycle
magnetohydrodynamics (OCMHD) as a
promising concept for efficient power gen-
eration from coal. Preliminary economic
comparisons of OCMHD with competing
technglogies support this position. Over
the past few years, national funding for
MHD research has made possible extensive
investigation of several limiting technical
issues and significant advances have re-
sulied. While a number of key technical-
economic issues remain to be resoived,
these recent results have considerably
strengthened the basis for a comprehensive
development program jor OCMHD tech-
nology.

Competitive economics

The recently completed, federally spon-
sored study on energy conversion alter-
natives provided a comparison of a number
of advanced options for baseload power
generation from coai or coal-derived fueis
{1). Conceptual plant designs were de-
veloped and analyzed on economic com-
petitiveness in fixed plant capacity factor
(B85%), fuel prices, and other assumptions
{Figure 7). OCMHD appears to be com-
petitive with the best allernatives in regard
to both energy conversion efficiency and
cost of electricity. This sludy was only a
preliminary comparison, since it did not
account lor various importani aspects of
realistic ufility siluations. EPRI and the fed-
eral government are currently performing
more comprehensive studies. However, at
this point OCMHD does appear to be an im-
portant candidale for advanced power gen-
eration from coal.

Technical progress

The major technical issues and the extent
of recent progress are shown in Figure 8.
The block diagram represents the major
subsystems of the most commonly envi-
sioned type of cecal-fired OCMHD power
plant. This configuration consists of an
OCMHD "topping"’ cycle and a steam
"bottoming'” cycle.

As indicated by the bold outlines in the
diagram, four major segmenis of the pro-
jected MHD plant encompass limiling tech-

nical issues. The combustor, the generator,
and the associated power conditioning and
control eguipment, viewed as closely inter-
related unils, represent one such segment
of the OCMHD plant. The superconducting
magnet system required for the MHD gen-
erator has presented limiting lechnical Is-
sues in fabrication and assembly. The seed
recovery and reprocessing subsystem, in-
tended 1o recover the potassium seed
material Injected into the flow to increase
the electrical conductivity of the combustion
gases, represents the third area of major
uncertainty. The fourlh area of major concern
has been the high-temperature air pre-
heaters, which would use the exhaust of
the MHD generator to preheat the combus-
tion air to very high temperatures (above
2000°F). The other major subsyslems
shown in Figure 8 appear to present no
limiting technical issues at this point.

Encouraging advances have been made
in the development of the air prehealers
that are envisioned as being similar to blast
furnace heaters, using a series of ceramic
beds that aliernately cool the exhaust gases
from the generator and heat the air going to
the combustor, Since the coal combustion
products will contain some amounl of slag
and potassium seed malerial (present as
potassium sulfale}, these heaters could be
subject 1o severe corrosion. However, re-
cent tests (2) indicate thal commerciaily
available blast furnace heater materials will
be capable of long-life service while pro-
viding preheal temperatures up o approxi-
mately 2500"F, a temperature sufficient for
the needs of OCMHD systems. Also, a back-
up position has been esiablished by the
successiul demonstration of an alternate
healer configuration, which would be fired
by a separale gas stream instead of the
MHD exhaust gases.

Superconducting magnels for baseload
OCMHD power planis present a variely of
development problems. However, a large,
high-field superconducting magnel has
been successfuily tested in Japan. Also,
experience over the lasl decade with targe
bubble chamber magnels in the U.5, has
provided overall confidence in the ability
of U.5. magnet manufacturers to deliver the
required magnets (3).

Considering the MHD generalor itself,
tremendous progress has been made over
the lasl tew years in understanding the pro-
cesses involved in lhe operalion of coal-
fired and other generators. Recently, Soviet
investigators operaled a channel al the
highest power culpul (slightly over 20 Mwe)
ever achieved by their U-25 pilot plant, ang
the acluai power culpul achieved by fhe










current and anticipated role in the develop-
ment and commercialization of QCMHD
power generalion comprises three main
lypes of involvement.

o Market assessment and plant design
evaluation

0 Hardware R&D assessment and/or
assistance

o Development-commercialization catalyst

The first area involves continuing assess-
ment ot the potential market for OCMHD
technology, coupled with the evaluation of
reference plant designs in relation to this
market. The objectives of this etiort are to
evaluate on a continuing basis the relative
importance of OCMHD development, the
potential impact of the technology on the
electric ulility industry, and the choice of
preferred reference plant designs reflecting
lhe needs of the industry. These guestions
are being addressed directly by EPRI re-
search projects now under way.

The second area of EPRI involvement in
the QCMHD program cencerns the con-
linuing assessment and supporl of the
nationwide hardware development efforl.
This activity provides the important capa-
bility of independent evaluation of the tech-
nical direction of the national program, in
addition to an opportunity 10 assist the
hardware development effort, Since EPRI's
funding for MHD research constitutes a
small fraction of the reguired support, the
research emphasizes technical issues basic
to the feasibility of OCMHD power gen-
eralion. Research on processes, rather than
hardware development, is emphasized.

The processes associated with the pres-
ence of coal slag in QCMHD systems have
been identified as a central issue, and con-
sequently, EPRI's laboratory research
projects on QCMHD are addressing this
issue broadly. These projects are investi-
galing the behavior of slag in the MHD
channel flow stream, the electrochemical
and electrodynamic processes involved in
current transpor through slag layers, and
the development of advanced diagnostic
techniques and equipment for use in these
process investigations and tests of MHD
hardware. A recently initialed project will
test a flexible PC&C system with an MHD
generator supplied by ERDA to assess the
processes involved in the control of power
flow in ihe generator, emphasizing the role
of slag layers and the control of electro-
chemical processes occurring atthe genera-
tor walls.

Selting constraints on the design and
Operation of the generator-PC&C subsystem

to allow for the presence of slag layers could
have important effects on the operating
regime of other plant susbyslems. For
example, the requirements for handling
slag in the generator might direcily affect
design requirements for the combustor,
the high-temperature air preheaters, and
the seed recovery and regeneration system.
Thus the EPRI-sponsored projects on slag
etfects provide a useful basis for evaluation
of the remainder of the hardware develop-
ment effort, while producing information
applicable to a wide variety of equipment
designs.

The third aspect of EPRI's role in the
OCMHD program is 1o develop a coordi-
nating position in the commercialization of
the technology. Cne objective of this efforl
is to foster effective technical information
exchange within the MHD community itself.
Toward this end, EPRI is moving io establish
a number of groups of technical specialists
who would address key areas of the MHD
development program. These smail groups
of invesligators would meet on a continuing
basis to assess research results and recom-
mend additional research effors.

Another aspect of this role as a develop-
meni-commercialization catalyst s to pro-
vide continuing communication between
the MHD community and the electric utility
industry, both through EPRI's utility advisory
committees and through public forums.
Finally, a very imporlant aspect is the initi-
ation and coordination of a business plan
for commercialization of QOCMHD tech-
nology. The goal of this effort will be to
provide utilities with information so that
well-founded decisions can be made on
support of the OCMHD program, to encour-
age technical and financial involvement in
the program by prospective eguipment
manufacturers, and to establish appropriate
government cooperation in the commer-
cialization of the 1echnology.

With technical progress evident in all
aspects of the program, OCMHD represenis
animportant polential option tor future power
generation from coal and merits serious
attention by the electric utility industry.
EPRI, through its active and planned efforts
in this area, can play a key role in the con-
tinued development and eventual com-
mercialization of QOCMHEC technology.
Project Manager: Paul Zygielbaum
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Correction

In Figure 1, page 27 in the March JOUR-
NAL siatus report on Coal Cleaning, the
phrase ''Fine-coal cleaning'' should be
substituted for “Flue coal cleaning.”
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ered by regulatory agencies as an "'oil’’ ora
“coal' was resolved by EPA's ruling that the
emission limitation be the average of the in-
dividual tuel standards, weighted according
to their proporlions in the mixture.

The test boiler has no particulate collec-
tion equipment. During the test the stacks
produced gray smoke with 30% average
opacity, which was unacceptable. Evalua-
tion of emissions led o a conclusion that a
precipitator or bag filter is necessary.

Ash remoaval  When coal-cil slurry is burned
under a boiler originally built for coal firing,
the boiler's hopper bottom aids in ash re-
movai. A flat-botiomed boiler, normal in oit-
fired designs, requires special attention. The
R&D solution was a soot blower designed to
travel continuously back and forth across
the boiler floor and sweep ash into a trough
at the far end for removal in a water slurry. it
worked very well. Most of the light ash was
reentrained in the fiue gas stream rather than
swept to the far end. However, the heavier
ash particles were removed in the water
trough. It was found unnecessary to run the
machine coniinuously,

Different coals will produce different ash
deposits. However, either a traveling design
as tested or stationary steam nozzles to re-
entrain the ash seems to be a practical solu-
tion for ash handling.

Boiler operation Dala at high loads were
not cbtained with the General Motors hoiler,
g0 it is difficult to evaluate any reduction of
nameplate rating when burning slurry. Tests
are to be made at high loads, and the find-
ings and their significance will appear in the
research project report. At medium loads
{B0,000-75,000 Ib/h) the boiler required
30—40% excess air to keep the stacks rea-
sonably clear.

The boller responded to load changes with
no probiem. No slagging was observed on
the walls after about 200 hours of slurry oper-
ation. The wall tubes were clean. There was
a light buildup of ash on horizontal surfaces
in the convection section, but it was easily
removed by a soot blower. Altfhough some
deposit was observed to grow at the tip of
the burner, it was soft and easily blown off
with a steam lance.

Economic analysis  During tests there was
difficulty in maintaining a constant 40% slurry
concentration. However, this could be over-
come with more cperating experience. (A
50% coal concentration shouid be attainable
in the future, making the economics more
attractive but also increasing the sulfur and
ash concentration of the slurry.)

The cost of a 40% coal-oil slurry (Table 3)
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Table 3
COST COMPARISON: COAL-DIL EMULSIONS

Concentration
tngredient {thjib)
40% Coal
No. 6 fuel il (15 API) 0.570
Coal (Kentucky bituminous) 0.4008
Water 0.023
Emulsifier ($1/1b) 0.007
Emulsified fuel mix 1.000
50% Coal
No. 6 fuel cil {15 APK 0.470
Coal (Kentucky bituminous) 0.500°
Water 0.023
Emuisitier (50¢/1b) 0.007
Emulsified fuel mix 1.000

233% on Bl basis,
Bpjoy mnciuding slurry preparation costs,
C43% on Biu basis.

Higher
Hesling
Value Cosi Ash Suifur

{(Btu/ib) (£710° Blu) (%) (%)

18,675 2.50 0.2 05

13.350 1.00 9.0 2.5
a 0 0 0
) 0.44

15,084 2.44° a7 1.2

18 675 2.50 0.2 05

12,350 1.00 9.0 2.5
o} 0 o 0
0 0.22 o

15,452 2,090 4.5 15

is little better than the cost of oil alone: $2.44
versus $2.50/10°% Btu. Therefore, with the
added cost of a preparation plant, particulate
emission controls, and ash-handling equip-
ment, there would be no overall economic
incentive to burn coal-cil emulsions. Moli-
vation would exist only if oil was cut back and
conversion of a specific plant to coai firing
was either not possible of not economically
attractive.

With furlher development it is reasonable
to expect higher concentrations of coal and
lower costs for the additive, such as in the
50% coal-oil slurry of Table 3. The sensitivity
of slurry cost to coa!l concentration and addi-
tive price is apparent, and the basic conclu-
sion is unchanged: Coal-oil slurry firing is an
attractive alternative only when conversion
of an oil-fired boiler to coal is not practical.

Technical justification

It appears that cil consumption can be re-
duced by approximately 40% on a Biu basis
by using coal-oil sturries and that conversion
of a plant to accept slurry fuel can be ac-
complished with a minimum of downtime.
Although some further development of tech-
nology is desirable, coal-oil fuel is a near-
term aiternative for small utility and industrial
boiler applications. As analyzed to date, op-

eraling costs are higher than for straight
coal, but they compete with oil on a Biu basis.

An extremely attractive fealure of the coal-
oil slurry concepl is that an extensive new
technology doesn't need to be developed
before application. The fuel could be com-
mercially available within two years, with a
minimum reguirement for new eguipment
and technology.

Since preparation of the coal-oil mixture
is complicated and expensive, a central
slurry preparation plant can be visualized
that prepares and ships a stabilized fuel
mixture to outlying power plants. Fuel blend-
ing may become a new business venture,
Small users could buy biended fuel and
presumably interchange slurry fuels and oil
wilh a minimum of lurn-around efiod and
expense. Larger users could justify their
own preparation facilities.

For bollers originally designed for ail,
conversion to coal is untikely 1o be practical
without serious derating of the planis. Man-
agement would undoubtedly allocate avail-
able oil to these plants as long as possible
lo avoid the tremendous expense of down-
time and conversion. But, to conserve oijl
for such planis where oil is essential, it
makes sense to adapl small stations and
industrial boilers 1o coal-oil mixlures.




New
Technical

Reports

Superconducting Fault Current Limliter

FL-329 Final Reporl (RP328)

This report evaluates tha use of a superconducting
element as the active part of a faull current limiler
lor power utiliies, Such a device is technically
teasible over a wide range of parameters for the
required electric power source and malerial prop-
erties of ihe superconductors available. Limiling
is achieved by driving the superconductor into its
resistive state and commuting the current into
a shunl resistor. For a three-phase, 145-kV (rms),
2-kA (rms) line, lhe total cost, excluding instal-
lation in the power syslem and shunt resistor,
is approximately $300,000. The specilic advan-
tages and disadvantages are indicated, as well
as lhe outstanding problems fo be lackled nexi.
Argonne Nalional Laboratory

Fundamenlal Investigation

of Arc Interruption in Gas Flows

EL-284 Final Report (RP246-1)

This document reports work ot a multidisciplinary

leam on physical and aerodynamic processes

involved in earlv. or thermal, recovery of gas
1 electrode geomelry
arply defined optimai
ectrode with respect
ise arc section, con-
ecovery speed, was
d of nozzles in which
Ifor low nozzle pres-
of the flow from the
shock waves.
:sting techniques re-
RRV}is independent
#ide range, provided
lic electrode vapor
General Electric Co.

1ergy
{RP431)
n residential energy
2, with principal em-
‘icity. In order to deal
zing in the sale of
s theoretically appro-
sound, a new price

daia set was conslructed from aclual residential

rate schedules published in the National Electric
Hate Book. The price of slectricily 15 represented
in the econometric demand lunctions as the
marginal price plus @ measure of intramarginal
expendiiure. The basic unil ol observation ig the
slaie, and the models are estimated using the
yariance-componenis technique.

Two types of dynamic models are eslimated;
(1) logarithmic flow-adjusiment models in which
appliance stocks do not appear explicitly and
(2} stock-adjustmenl models in which they do.
The latter employ annual estimates for the years
1960 to 1972 of 11 types of electrical appliances.
Data Resources, Inc.

Determination of the Feasibility
of Ozone Formation in Power Plant Plumes
EA-307 5 Vol, {RP572-1, 2)

This publication reports on investigations con-
ducled in cooperation with the Universily ol
Washinglon Cloud Physics Group regarding lhe
potential tor ozone formation in 1he plumes ol
coal- and gas-fired power planis in the south-
weslern U5, Il includes a review of pertinent
scientific literalure, a collection of exlensive air
quality and meleorclogical data by two aircralt
al three southweslern power plants, analysis of
the data, and testing of a computer simulation
model for chemically reactive plumes.

The results of this research are described in
five volumes:

Yolume |: Executive Summary

Yolume |i; Final Reporl

Volumes lll-V: Data Summaries

A lopical review of technigues for characlerizing
power plant piumes (EC-144) and a [inal reporl
on the University of Washington's investiga-
tions (EA-270} have been published separately.
Meteorclogy Research, Inc., and Systems Appli-
calions, Inc.

Effects of Electric
Fields on Large Animals
EA-331 Inlerim Report (RP799-1)

This inferim reporl briefly describes progress
toward the eslablishment of a colony of Hanlord
miniature swine (HMS) for long-lerm study of the
eftects of 60-Hz eleciric fields on development
and physiologic function. Major tasks 1o date
have included: design and erection of an elecirode
syslen lo provide uniform, vertical fields of large
magnilude; design of nonconducting housing
meeling criteria of durabifily and elaclrical ac-
ceptabilily, and establishmenl of a breening
projocol for the first generation of HMS.

This animal was developed by selective breed-
ing for laboratory use as a stand-in for man,
Eftects in inemen and switchyard workers noted
by 1he USSR (nausea, loss of appelite, etc.)
reportedly occurred afler prolonged and repeated
exposure to HY fields. Similar effects have nol
bheen seen in lhe US. W such eliects can be
caused by strong electric {ieids, relaled responses
shouid be demonsirable in the experimenial
animals.

Thic project is part of an EPHi-sponsored
biological research program comprising a bal-
anced spectrumn of HV investigalions. The overall
program inciudes projects concerned with effecls
on specific ecosystemns, an cardiac pacemakers,
and on behavior of social insects, and with the
developmen! of a data base designed to maintain
awareness of worldwide research in this area,
Batiefle, Pacific Norihwest Laborafories

An Assessment of Energy Storage Systems
Suitable for Use by Eleclric Ulililies

EM-2B84 Final Report, Vol. Il (RP225)

{ERDA E(11-1)-2501)

This volume provides expanded treatment of
the material on conventional and underground
pumped hydro plants in Yol. . 11 describes 1heir
current stale of developmen! and characterizes
their typical, or expected, unit sizes, head, &ifi-
ciency, charge/discharge ratio, reliability and
availabilty, slorage capacity, lurnaround time,
life, and siting polential.

Principal findings are thal hydro pumped stor-
age 15 a wel-developed, malure technotogy.
Where suitable siles are available for lwo surface
reservoirs, no lechnical obstacies exisl o impede
implementalion. Underground reservoirs may ex-
lend the areas where hydro pumped storage can
be used, and further development of high head
equipment wili be desirable for use in high
head underground planis. Pubfic Service Elec-
tic and Gas Co.

Developmenl of Sodium-Sulfur
Batteries for Utility Application

EM-266 Annual Reporl {RP128-3)

The results of this pasl year's work (parl of a
mulii-year program} have considerably strength-
ened our previous opinion that the sodiurm-sulfur
baltery will meel all technological requirements of
a successful Joad-leveling and peaking systam.
The emphasis of the total program has been to
demonstrale that high capacity, long life, and
high efficiency can be oblained from the sodium-
sulfur syslem, using economical materials and
praclical fabrication methods. This year, lhe
testing and study of small cells was acceierated,
and new programs on module and system design
were initiated.

This reporl includes discussion of two initial
cell/module fsystem designs (the cells consisting
of many individual beta-alumina tubes separating
single sodium and sulfur compariments). H also
includes the resulls of heal conduclion experi-
ments, a lhermal analysis of the system, and a
comparalive cost analysis. Supporting research is
also presented, including corrosion studies on
conlainer materials, sodium motion and detect
siruclure in beta-alumina, pressure-lemperature
stability of beta and beta-alumina, and the et-
fects of grain orientation on the electrical prop-
erlies of bela-alumina, General Electric Co.

Evaluation of Regenerable

Flue Gas Desulfurization Processes

FP-272 Final Report, 2 Vol. (RP535-1)

This reporl evaluates eleven regeneratle flue gas
desulfurization (FGD) processes on & common
design and cost basis to assess their [ulure
potential and make recommendations regarding
the level of additional developmental activities.
(One lhrowaway FGD process, lme/limestone
wet scrubbing, provides a “'baseline’ for process
comparisons.) Due to the preliminary development
status of many of these processes, capilal invest-
ment cosls are nol estimated. Additional lopics
considered include reducing gas proguction,
lime/limesione sludge regeneration, and sulfur
versus sulfuric acid proguction.

Although capital cosls have nol been estimated,
they will undoubtedly represent a major factor
in the lolal annualized cosl of 1hese processes
and will become 1he key o selecling one process
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