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Coal Quandary

At a time when we are striving to make greater use of
domestic energy resources, nearly all experts point to coal

as one of the few short-term alternatives with significant
potential for electric power production. Projections tell us that
coal use in the year 2000 will be over 35 quadrillion Btu and
that at least two-thirds will probably be consumed by the
electric power industry.

Although most generation plants at that time will
probably still be directly firing pulverized coal, a broad array of new technologies are
being developed and readied to use coal both efficiently and in a more assuredly
“clean’ manner. These include: chemical coal cleaning {such as solvent-refined coal),
coal hydrogenation (to produce liguid fuel from coal), fluidized-bed combustion (to
capture sulfur ahead of the exhaust stack), and coal gasification integrated with
combined cycles (converting coal to a low- or intermediate-Btu gas and then extracting
its energy through gas and steam turbines in tandem). In addition, new systems are
being deveioped to transport coal from mine to power plants. Each of these
technologies offers different performance and economic incentives; however, all depend
on having coal available.

Encouragingly, in this circumstance. we have long thought that the United
States has a nearly inexhaustible supply of coal; even, some experts say, for 300 years
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or more. But in this month's lead article, we look beyond this apparent panacea to
consider just what our usable coal inventory may be. Further, we begin to assess the
real question, ''Can enough coal be produced to meet our potential demand?"

As we will see, there appear to be shortfalls developing in eastern coal
output, even within the next 10 to 15 years, and western coal production remains a

question mark due to the heavy influence of federal government holdings and policies.

Tightening environmental restrictions based on use of the “'best available control
technology'' may force the use of precombustion coai beneficiation as well as
postcombustion control of sulfur oxide, nitrogen oxide, and particulate emissions from
coal-fired plants, even from those burning low-sutfur coal. Against the seemingly
endless set of requirements and restrictions, can coal really play the role in which it
is cast?

//
A

Dwain F. Spencer. Director
Advanced Fossil Power Systems Depariment
Fossil Fuel and Advanced Systems Division
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Authors and Articles

® [n an apt phrase from the Mational
Coal Association, “coal is the ace in
the hole.” The inference is that fuels
are the high cards in the resources
poker game of this energy-intensive
nation. The players are prisducers and
users, policymakers and economists,
regulators and geologists, electric utilities
and technolagists. It is a leng-standing
game of high stakes, heavy betting,
and inevitably some bluffing, played
against a background of kibitzers.

Which player holds the ace? Wha
determines its true value? How?

Coal’s value is more than a matter
of tonnage figures or regional pricing
or even mineral constituents. It is in-
fluenced by a complex mix of defini-
tivns, leng-standing perceptions, and
practices among many industries that
pervade the U.S. economy and require
the talents of all the players in the
reseurces game. Some insights are
offered in this month’s cover feature,
“Coal: Keystone of Energy Fuels”
(page 6).

Richard A. Schmidt writes with the
perspective of an economic geologist
and the sentiment of one who has
heard the creakings of a coal mine
roof deep underground. A project
manager in EPRI's Advanced Fossil
Power Systems Department since early
1974, he previously spent more than
six years with SRI International (for-
merly Stanford Research Institute) in
energy resource development and man-
agement, specializing in coal in the
U.S. and abroad. Trained as a geolo-
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gist at Franklin and Marshall College
(BS 1957) and the University of Wis-
consin (MS 1959, PhD 1963), Schmidt
has participated in assessments of the
mineral resource potentials of Alaska
and Saudi Arabia and has contributed
to studies spinsored by federal and
state agencies on energy and envi-
ronmental topics.

® In “Load Forecasting—Modeling
With Judgment” (page 12), Anthony
Lawrence acknawledges that advances
in computerized data manipulation
have led to improved forecasting meth-
ods. But his point remains that “the
forecaster’s good judgment always
has been and always will be the sine
qua non of load forecasting.”
Lawrence is a project manager in the
Demand and Conservation Program
of EPRI's Energy Analysis and Envi-
ronment Divisicn, He is responsible
for studies in the development of load-
forecasting methods and is also in-
volved with research into energy use
for transportation and commerce, Last
spring Lawrence participated in an
international load-forecasting confer-
ence in England, which was attended
by leading time-series statistical econo-
mists and economic analysts from
energy and communications industries,
He also took part in a load-forecasting
workshop in Aspen, Colorado, together
with academic, government, and in-
dustrial econsmists friom throughout
North America.

Lawrence came to EPRI in 1975 trom
the University of Kentucky, where he
was an assistant professor of econom-
ics. From 1972 to 1974 he served as a
research economist with the U.S, Bureau
of Labor Statistics in the Office of
Prices. Earlier, he was a Lehman Fellow
in the Social Sciences Department at
the State University of Mew York at
Buffalo, where he received a doctorate
I ecOoToImics.

= By picking up a telephone or tapping
out keywords on a terminal, users asf
EPRI’s Research and Development
Information System (RDIS) have access
to detailed information on some 3000
electric energy R&D projects. Begun

in 1974 with a pilot data base from

six utilities, RDIS now centains ab-
stracts from some 90 companies and
provides on-line computerized access.
It is also serving as a tool to reduce
duplication in research. RDIS manager
Kenton Andrews and his staff supplied
the input for “A Key to Utility R&D
Facts” (page 18) by JOURMAL staff
writer Stan Terra.

s |t's a long jump from the 3000 re-
search projects —past and present—

in EPRI's RDIS to the 30 that are high-
lighted on these pages, But “30 R&D
Solutions: An Application Agenda”
(page 20), as the title suggests, isolates
a special category: EPRI-sponsored
findings that mark the beginning of



the Institute’s payoff to its members
and their customers. Winnowed through
the cooperative efforts of the Research
Advisory Committee and EPRI’s plan-
ning staff, these projects are charac-
terized by RAC Chairman Lud Lischer
as “items of use to us teday” or “far
enough along that they should be con-
sidered for application in our present
plans.” Lischer’s advice reflects the
necessity —and the risk—of the next
step: “Some of these accomplishments
may not stand the hard test of use in
the field, but we will know this only
by application on our systems.”

8 Jf you're a fan of The Readers Digest,
you know about the cool wind of re-
sistance to change that blows threugh
the State of Maine. [t’s often docu-
mented by the laconic quips ef “down
easters” in the humorous anecdotes
scattered among Digest articles.

Well, it’s not true. The evidence is
“Peter Bradford: Perspectives on En-
ergy’’ (page 28), which documents the
conjunction of an energetic young
utility commissioner and a rejuvenated
view of the regulatory function born
in this decade from such newly urgent
issues as consumerism, inflation, and
the Arab oil embargo. Bradford’s per-
spectives were captured for the JOUR-
NAL last April by Marie Newman of
the EPRI News Bureau.

Now, as this issue is prepared for
publication, Peter Bradferd may be
moving to yet another pesition of regu-

latory overview: In mid-July he was
nominated by President Carter to serve
on the Nuclear Regulatory Cemmission.

® [n the continuing effort to boost
power plant availability and capacity
factors, in-service inspection is a key
function. For nuclear plants, it is impor-
tant not only because it improves these
measures of reliability but also because
such vigilance is the price of safety.
Tolerances are tighter, stresses are
greater, instrumentation is more com-
plex, monitoring and record keeping
are more extensive. The result is a
recegnized need for “Evaluating the
Performance of In-Service Inspectors”
(page 61).

[n EPRI’s Nuclear Power Division,
Eugene R. Reinhart heads R&D for
in-service inspection methods. A proj-
ect manager in the Systems and Ma-
terials Department since 1974, Reinhart
has a solid background in his specialty.
He began six years” work as a design
and research engineer at the Rocketdyne
Division of Rockwell International Corp.
in 1962, after earning a bacheler’s de-
gree at the University of Texas and a
master’s at the University of Seuthern
California—both in mechanica! engi-
neering. In 1968 he went to Southwest
Research Institute as a senior research
engineer specializing in remote inspec-
tion systems, and in 1972 he became
program manager for the development
of nendestructive examination tech-
niques for in-service inspection.

Schmidt
ﬁ F\ \
o \ .1 I-I
3 _-.~."|| - Lawrence
Reinhart
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oal, the fuel that powered the

industrialization of the Ameri-

can economy, is receiving re-
newed attention as the nation seeks
domestic resources to satisfy future
energy needs. But if coal is to regain
its position as the keystone of U.S.
energy fuels, a better balance is re-
quired in dealing with several factors
that control its production and con-
sumption: issues of policy, of technol-
ogy, of environmental controls, and of
coal industry outlook. Each of these —
as well as all of them together—is of
great importance to the electric utility
industry.

How much coal?

Basic to any assessment of coal devel-
opment issues is a foundation of fact
(or, at least, of agreed assumptions) as
to the size of the resource, its quality,
and how fast it can be produced and
used.

Despite hundreds of years of coal
mining, our understanding of coal
quantity remains imperfect. To begin
with, we distinguish between the total
amount of coal deposited by nature
(which geologists call resources) and
the portion that can be developed for
use (which they call reserves). Re-
sources can be estimated or postulated
on the basis of geologic knowledge.
Reserves, however, are by definition

more precisely measured as to quantity

and cost of mining by specific means.
The U.S. Geological Survey maintains
information on all designated coal re-
sources, and the U.S. Bureau of Mines
is responsible for compiling estimates
of the coal reserve base in measured
and indicated deposits.

Demonstrated reserves are well cat-
aloged: measured quantities in the
thickest seams at depths less than 305
meters (1000 feet). Even so, not all

— —

Richard A. Schmidt is a project manager lor power
plant requirements and analysis in the Advanced
Fossil Power Systems Department ot EPRI's Fossil
Fuel and Advanced Systems Division,
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How much coal? How soon? A rigorous new
assessment of our accessible coal inventory emphasizes "%
the importance of understanding how coal production J

is influenced by government policy, technology,

pollution contrals, and coal industry outlook.
[0 An EPRI state-of-the-art feature
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Product Fuel 120 blllion 1ons | l

Recoverahle Reserves 150 billion fons

L §

Demonstrated Reserves 434 billien tens

Identified Resources 1731 billien tons

How much coal de we have?
Hew far down? How thick?
In what kine of ground?
How geod is it? What would
it cost to mine it today?

Ten years from new?

And how certain is our knowledge?
The total resource estimate
reflects not only actual

exploration but alse speculations
andl inferences from geologic

data and precesses. Identified
resources are more narrowly construed;
gross quantity and quality determinations have
been made. By definilion, demenstrated
reserves are the pertion of resources that are
amenahle to mining under today's conditions of cost,
technelogy, and market. Estimates ditfer in part
according to the level of detail used in their
derivation. Geologic and mining knowledge thus
permits the finer physical delineatien of recoverable
reserves and product fuel; but because economic factors are inherent
in their definition, all coal reserve estimates are subject

to jusigment and to change.

Telal Estimated Resources
3368 biflion tons |

such reserves can actually be extracted
and used. In underground mines, for
example, some perfectly good coal
must be left in place simply as struc-
tural support between reoms and haul-
ageways. Similarly, efficient extraction
from one mine may alter stress condi-
tions so as to preclude development
of ether seams in the same coalfield.
Also, legal provisions limit mining
beneath cities, parks, rivers, and pre-
viously mined areas.

Frequently these and other restric-
tions on coal recovery are estimated,
somewhat arbitrarily, to be as much
as 50%, indicating a total recover-
able U.S. coal reserve of semewhat
ever 200 billion tens.* But detailed
studies by the author, assessing coal
reserve data state by state (recognizing
mining methods as well as discrete
geologic data for individual mines
and coalfields), suggest that such an
assumption is liberal. The overall re-
coverability is closer to 33%, yielding
a much lower reserve figure of 150
billion tons.

Finally, even the best coal-handling
and -cleaning processes outside the
mine also lead to losses. What we
term product fuel is thus the important
measure, yet it is as much as 20%
iower, This ultimately usable net re-
serve appears to be about 120 billion
tons (using production and beneficia-
tion metheds known today), or less
than one-third the often-cited base
of demonstrated coal reserves. But
we now use 0.7 billion tons annually,
and we are preposing to raise that
figure to at least 1.0 billion tons in
the next eight years. Clearly, even 120
billion tens would be exhausted in a
relatively short time on history’s time
scale. In the author’s opinion, there
is a real need for intensifying explora-
tion to better define the ceal reserve
base and for developing ways to re-
cover coals that are not mineable at
present,

Exploration of inferred and specula-
tive deposits may increase the known
recoverable reserves fourfold or more.

*1 billion tons = 1 gigaton.



Whereare U.S. coal deposits? How much is left? In a state-by-state analysis. historic
production totals were combined with current recoverable reserve figures to derive estimates
of original quantities. Today's reserves are thus expressed as percentages. Western coal
wealth is evident. Eastern coal depletion (under today's reserve definitions) is startling.

Additional coal may be discovered in
areas not presently considered as coal-
fields. For example, analysis of data
from oil wells in Kansas, Nebraska,
Oklahoma, and Texas will probably
extend the midwestern bituminous coal
deposits farther to the west.

Better mining techniques and equip-
ment should add to the reserve inven-
tory, and it may also be possible to
exploit coal reserves (other than by
mining) through in situ burning pro-
cesses to produce low-Btu gas. How-
ever, a recently prepared EPRI estimate
is that even underground coal gasifica-
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tion would, at most, double the 120
billion tons foreseen as recoverable
through mining from known deposits.
What future production can be ex-
pected? To approach a better under-
standing of how much coal can really
be recovered, detailed data must be
compiled, at least on a state-bystate
basis. The results are, in some cases,
startling. The best known deposits
have been severely depleted in several
states that depend heavily on coal as
the mainstay of their economies: Ala-
bama, Tennessee, Pennsylvania, and
West Virginia. Of course, substantial

inferred reserves remain. However,
unless these are delineated and devel-
oped, or alternative activities estab-
lished to replace coal, depletion of
reserves {or even the prospect) could
upset state and regional economies.
Prohibition of coal development, it
should be noted, can have the same
economic effect.

On the other hand, reserve depletion
is at a very early stage in many west-
ern coal-bearing states. Here the prob-
lem is to plan for development so as
to conserve both the coal and the re-
lated resources, such as water, agricul-



tural acreage, and the soil itself,

In sum, the U.S. has large quantities
of coal by any scheme of classification
or measurement. But technical assess-
ments today tell us that the foresee-
able yield of processed, delivered Fuel
is a smaller proportion of demonstrated
reserves than commonly estimated.
Also, the state-by-state inventory of
untapped coal reserves requires careful
exploration and analysis. Both facts
emphasize that coal, like other fossil
fuels, is finite and its development
calls for prudent planning. Any sudden
rise in price due to a revisien in the
magnitude of recoverable reserves
alone is highly unlikely.

How good is it?

The quality of coal has received con-
siderable attention in recent years,
mainly in relation ta the chemistry of
emissions (especially sulfur oxides)
from coal-fired power plants, Because
sulfur dioxide is subject to air pollu-
tion regulation, coals have come to be
distinguished as much by their sulfur
content as by their specific heating
value. Most low-sulfur coals come
from western coalfields, while those
with a greater range of sulfur content
come from the East and Midwest,

[ntensive exploration for more low-
sulfur coal supplies in the East has
been undertaken in recent years. Also,
major research effort is in progress to
develop coai-cleaning technologies and
emission treatments. But sulfur removal
remains an elusive technology and has
not yet been perfected.

There are, of course, numerous other
coal-quality factors critical to plant
performance: heating vatue; ash con-
tent, composition, and fusion tempera-
ture; and engineering properties (such
as grindability) under operating con-
ditions. These are often critical in de-
termining whether or not a given coal
can be used successfully in a particular
plant, and they deserve greater atten-
Hon. But all are overshadowed by the
present focus on the emissions of sul-
fur oxides and other pollutants,

Coal in the years ahead

Projections of U.5. caal productien and
cansumption vary. In analyzing these
farecasts, it can be concluded that each
(or none) is correct. Here we will con-
cern ourselves with just two: the Na-
tional Electric Reliability Council (NERC)
projection of future coal consumption
by electric utilities and the Mational
Coal Association (MCA) projection of
planned coal supply for the utility
market. These estimates are timely,
their sources are knowledgeable, and
they draw on individual producers and
consumers to compile totals (rather
than assuming growth rates or deriving
equivalents in terms of other fuels).
According to present plans, electric
utility cnal production and consump-
tion are forecast to be in a close bal-
ance over the next decade. Noteworthy
is the finding of the National Coal
Association that coal will be used where
it is produced, with little interregional
movement between east and west.
Eastern coal output will increase at
only a modest rate, with much new
production needed to replace depleted
mines. When these estimates were
made, the larger increase was seen to
be in the West. The administration’s
national energy policy, if accepted by
Congress, will result in greater use of
eastern coal, altering the relationships
forecast by NERC and NCA. The ease
of establishing a new balance in re-
sponse to this changed tondition re-
mains to be determined because of
basic matters of coal quantity and
quality, as well as an array of factors
influencing coal development.

Winning against uncertainty

Deceptively simple in concept, the
activities of coal production still con-
stitute an art or a craft more than an
exact science. They are replete with
ungertainties in such fundamental ele-
ments as deposit characteristics, mining
conditions, and coal character, not to
mention labor relations, market eco-
nomics, equipment performance, trans-
portation availability, financial security,

and government regulation. This array
of uncertainties is such that coal pro-
duction was formerly described as
“winning.” The term reflects the strug-
gle of coal producers against the im-
perfectly understood processes of nature
that created the deposits they labor

to exploit. Reducing these uncertainties
requires knowledge of at least the
following factors that influence coal
development: policy, technology, pollu-
tion contral, and industry eutlook.

Policy

Many attempts to form a national
energy policy have been advocated and
undertaken in recent years; the latest
was announced by the president in
April of this year. Without embracing
or rejecting these latest propuosals,
which are still being considered by
Congress, it is possible to analyze the
thrust of the provisions concerning coal.

In the principles enunciated by the
president, emphasis is placed on shift-
ing from scarce fuels to coal. A spe-
cific goal is to increase annual coal
production by more than 400 million
tons* by 1985, from nearly 700 million
tons today. It remains to be deter-
mined whether the transition will be
essentially voluntary, encouraged by
various tax incentives, or mandated
under the authority of the Federal
Energy Administration (FEA) as part
of a new Department of Energy.

The relation of expanded use of coal
to protection of the environment (also
a principle of the president’s program)
needs to be assessed. We don’t know
whether the rising concern over par-
ticulate control will influence the fi-
nal environmental contrial program er
whether alternative pollution control
strategies will be available. Among
these are coal conversion processes to
produce “clean” fuels, improved com-
bustion methods, and the use of com-
bined-cycle generating systems. If
scrubbers are required for both new
and existing coal-using power plants,
we could experience a shift in forecast
patterns for regional coal production

“1 million tans = 1 megaton.



Where will electric utilities get coal, and where wili they use it? The trend ot annual
production for utilities is upward to nearly 800 million tons by 1985 in this National Coal
Association forecast. Western coal guadruples to 400 million tons annually in the period.
The net from eastern coalfields is nearly level, although by 1985 there are over 150 million
tons from new developments to replace retired facitities. The Nationa! Electric Reliability
Council's forecast of utility requirements in the East and in the West tracks well with NCA's
projection, indicating little interregional coal movement. But national energy program
proposals now before Congress may require these forecasts to be altered.
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How do we double annual coal progduction between now and 19857 Most significantly, we do

it aimost entirely by wider use of the technology and methods known today. and we replace
worn-out facilities at the same time. The lead time for R&D and commercialization of markedly
new technology is at least eight years. Thus, the impact of that technotogy by 1990 or 1885—or
any distant year—depends on how soon the “window” of new technology ¢an be opened.

and use. The prospective advantage of
low-sulfur western coal in midwestern
or eastern markets would be reduced
or eliminated, slowing the pace and
scale of western ceoal development.
Because the federal government owns
the principal western coal reserves,
their development will continue to be
closely contralled. In sum, the rela-
tively undeveloped West, rich in low-
sulfur coal, is market-limited. There
the question will be, “How fast is it
necessary to increase production?”

At the same time, greater levels of
production of higher sulfur, higher
heating value midwestern and eastern
coals would be encouraged because of
proximity to consumers and lower
transportation costs and because scrub-
bers will probably enable these coals
to satisfy air poliution control objec-
tives. Eastern coal is largely owned by
private organizations or individuals;
in the further development of reserves,
they face a challenge to avoid adverse
social and environmental effects from
the operations themselves or from the
exhaustion of deposits where extraction
is already well advanced. In contrast to
the West, the East is resource-limited,
and the question there will be, "How
slowly may we increase production?”

Clearly, the proposed goals for coal
are consistent with the principles of
the administration’s energy policy in
that environmentai quality would be
served by slower-paced western coal
development and by mandated emis-
sion controls, and economic redevelop-
ment in the midwestern and eastern
coalfields would be served through
intensified coal development and use.

Technology

Teday’s technology for coal production
and use —for the most part—evolved
from a histary of engineering empiri-
cism and trial and error. Marked or
widespread change is unlikely through-
out the remainder of the twentieth
century because if any new technology
were to have significant impact on coal
production within 10 years, it would



have to be in the hands of the mining
industry today. William Poundstone of
Consolidation Coal Co. said it flatly:
“New technology won't give us any
overnight solutions. It took the coal
industry years to refine the continuous
miner and make it worth the sizable
investment involved.”

An analogous situation exists with
respect to technologies for coal conver-
sion and use. This reality was empha-
sized by Richard Balzhiser, Director of
EPRI's Fossil Fuel and Advanced Sys-
tems Division, in testimony before the
U.S. Senate’s Committee on Energy
and Natural Resources: “The principal
form will continue to be pulverized
coal, directly fired to raise steam for
electric power generation.”

Looking ahead, it is possible to de-
lineate the role of existing coal tech-
nology in serving electric utility re-
quirements. Many of today’s facilities
(mines and power plants) will have
been retired as the end of the century
approaches, although some will remain
in service beyond 2000. For at least the
coming 10 years, the opening of new
mines with technologically current
equipment can be expected to com-
pensate for those retirements and to
satisfy growing demand. Assuming
that new technology is perfected and
demonstrated according to current
R&D plans, the earliest opportunity for
new technology would appear to be in
the late 1980s or early 1990s. In view
of this, it seems worthwhile to devote
special efforts toward incremental im-
provement of today’s technology so
that it can—as it must—carry the bulk
of the load for this quarter century.

Examples of the kinds of improve-
ment needed are the U.S. Bureau of
Mines’ programs for development of
an automated extraction system (com-
bining roof supports with a continuous
mining machine) and Consolidation
Coal’s effort to perfect hydraulic trans-
portation of coal from underground
mines. While these are advances over
present practices, they are not com-
plete departures, as are concepts for

outfitting coal miners with “‘space suits”
or using chemicals for coal extraction.

Poliution control

Mitigation of pollution to the physical
environment has become a strong in-
fluence on all aspects of coal develop-
ment and use. After a long struggle
between the coal industry and an active
coalition of groups concerned about
the environment, a federat strip mine
control law has been enacted. The law
establishes uniform minimum surface
mining and reclamation requirements.
Many of these requirements (especially
those pertaining to rehabilitation of
mined lands or prevention of pollution
from active operations) already exist to
some degree in state laws and regula-
tions and in operating requirements
for federal coal leases.

Although the provisions of this law
may lead to somewhat higher produc-
tion costs and restrict development of
certain deposits, an analysis sponsored
by FEA suggests that these effects will
be relatively small. Now that the issue
is resolved, the energies directed to-
ward the pollution control debate can
be refocused on improvements in re-
serve recovery and productivity.

The controversy over means to con-
trol pollution from coal-using facilities,
however, continues unabated. Unless
it is resolved soon, expanded coal use
is still unlikely, leaving the nation vul-
nerable to increasing petroleum im-
ports. Exhaust gas scrubbers for sulfur
oxide control, which lead to higher
capital costs and somewhat reduced
plant efficiency, are required for most
new coal-fired plants under today’s
performance standards for such new
sources.

As with strip mining, having a known
regulation in effect, even though not
the preferred one, can be a construe
tive resolution that permits progress.
But a requisite for the installation of
scrubbers (or any pollution control
strategy, for that matter) is that the
requirements be clear, consistent, and
specific and that they not change ap-

preciably (if at all) during the useful
lifetime of a power plant. Provision for
scrubbers is being made in the design
and construction of new plants, but
demonstration of their operability and
assurance of stability in the standard-
setting arena is needed before they
will be universally accepted.

An innovative and potentially pro-
ductive group has been formed to
address environmental policy matters
that have ramifications in the eco-
nomics of coal technology and of coal-
producing regions. During the past
year the National Coal Policy Council
has brought together the National Coal
Association, The Sierra Club, Con-
solidation Coal Co., Friends of the
Earth, Peabody Coal Co., and others
of widely divergent views on coal de-
velopment. It may be worthwhile for
electric utilities—who collectively con-
sume two-thirds of U.S. coal produc-
tion—to add their voice and viewpoint
in this forum.

Outlook and implications

The nature of coal, its whereabouts,
quantity, and quality, may be expected
to control the manner of its use. As
in the past, most coal will be used in
the same region as it was produced. Es-
tablished patterns of development will
strongly influence the location and
scale of future activities. And for at
least the remainder of the century,
both coal production and use will de-
pend on the expanded deployment of
existing technology, with the role of
truly advanced technology being small.
Since the technical timetable is largety
independent of changing needs and
necessarily proceeds at a more mea-
sured pace, coal producers, users, and
regulators must be innovative in stabil-
izing the conditions under which they
compete and cooperate to fill consumer
needs. Knowing and understanding
viewpoints, and appreciating their ori-
gins and differences, are perhaps the
most important contributions each can
make in restoring coal as the energy
keystone.
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ccurate load forecasting has be-

come increasingly important to

electric utilities, but the accuracy
of load forecasts has left much to be de-
sired. Recent improvements in computer
efficiency and the development of sophis-
ticated forecasting methods show promise
for solving this intricate problem.

The premium placed on accuracy and
the difficulty of forecasting both stem
from the same set of factors, Throughout
the 1950s and 1960s, energy and load
requirements grew steadily and accurate
projections could be made with simple
statistical models. Aggregate peak load
and energy use models, which took into
account a few key economic and demo-
graphic variables, produced fairly accu-
rate forecasts. These forecasts owed their
accuracy to the fact that energy was
cheap, economic growth was steady, and
relative energy prices were stable, so
there were no incentives for dramatic
changes in energy use. Traditional meth-
ods were adequate, and little attention
was paid to developing or implementing
new forecasting approaches.

Throughout this period the demand
for electricity rose much faster than the
rate of ecenomic growth due to a gradu-
ally falling real price level for electricity
and a simultanecus shift to electricity as
a cleaner and superior form of energy.

In the early 1970s the energy picture
began to change, slowly at first, then
explosively. Pent-up economic forces
created during the Vietnam conflict
caused rapid inflation and economic dis-
location. The steady economic growth
of the 1960s ended. Energy prices in-
creased slowly as supplies tightened and
as air quality regulations changed energy
demands in favorof expensive low-sulfur
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Load
Forecasting—
Modeling With
Judgment

by Anihony Lawrence

Simple preembargo methods of load
forecasting are giving way to
sophisticated statistical modeling
that promises more reliable load
curve projections.

o An EPRI program article

Anthony Lawrence (s an economis! and preject mana-
get in the Demand and Conservalion Program of
EPRAI's Energy Analysis and Environenent Division

coal and imported oil. Finally, the OPEC
oil embargo shattered the market, trans-
forming already serious domestic energy
prablems into the energy crisis.

Failure of old methods

As aftershocks from the energy crisis
resounded through the economy, reli-
abitity of energy demand and consump-
tion forecasts tumbled. Mew forecasts
repeatedly missed the mark. Traditional
methods of farecasting, which relied on
the correlation of a few variables or the
extrapolation of existing data, failed to
produce credible results for utility mana-
gers and public policymakers, The fore-
casts failed when they were most needed
—when private industry and government
were redesigning policies for energy
production, distribution, and use.

Uses ot forecasts

Load forecasts have many different uses.
The intended use of a forecast determines
its time horizon into the future and its
level of detail. Generally, the longer the
range of the forecast, the greater the need
for detail. This general rule rests on the
fact that more and more factors are sub-
ject to change the further one projects
into the future. For short-run forecasts,
all these tomplicating factors ran be
ignored in favor of factors that have
marked short-run variation,
weather.

In the long run, virtually all economic
and technological may
change. An understanding of the long-
run impact of these changes on the toad
pattern requires load models for specific
end uses and locations. Perhaps the best
testimony to the importance of economic
and technical change is the historical

such as

parameters



Utility system forecasts may vary in length from 3 hours to 50 years. depending on
their purpose. The longer the time span covered, the greater the depth of detail
required; the further into the future the projection. the greater the probability of a
change in the determining factors. For short-run dispatch scheduling. for instance, the
forecaster can concentrate on short-range variation in factors such as weather. For
longer-run projections, determinants that change over time, such as economic
growth, resource availability, and developing technology, need to be considered.

Depth of Detail

Length of Forecast

National,
regional,
or
system
load

Customer
class

or

sther
avision
of

system
load

Individual
customers

Indivicddual
production
process

or
energy-using
applance

Short run Mediurm run Long run
(3 hours-3 days) (1 day-2years) (1 year-15 years)

Verytong run
(10-50 years)

Dispatch Maintenance Generation
scheduling scheduling planning

Distribution Transmission

planning and
distribution
planning

Revenue and
rate
planning

Research
and
development
planning

for

new
production,
distribution,
and
utilization
technologies
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experience of air conditioning. In the
post-World War Il period, its rapid
market penetration changed many util-
ities’ annual peak demand from winter
evenings to summer afterroons. Looking
into the distant Future, the load forecaster
must be alert for similar load-shifting
innovations,

Varied ranges

The range of load forecasts varies from
a few hours to fifty years. Short-run fore-
casts, ranging from a few hours to a few
days, are made for dispatching electric
power. Most utility companies or power
pools have economic dispatch models
that schedule generation equipment to
be brought into service in a threehour
to three-day period. Medium-term fore-
casts, from a few days to several months,
schedule maintenance, renovation, and
installation of generation equipment.

The uncertainty associated with short-
and medium-run forecasts affects system
reliability. Power system reliability is the
probability of the system’s meeting total
customer demand.

If the actual demand is much greater
than the demand forecasted, it may over
burden the system and cause outage. All
else being equal, the more uncertain the
load forecast, the more standby equip-
ment is required and consequently, the
higher are the capital and operating costs
to maintain the level of service. It is
economically important to both pro-
ducers and consumers of electricity that
the uncertainty of load forecasts be re-
duced to the smallest possible level by
using the best data and methods.

Long-term load forecasts, from a few
years to a few decades, are used for utility
system planning and revenue projections
and as aids in rate design. Both the
amount and the composition of genera-
tion, transmission, and distribution
equipment are determined by load fore-
casts. The total planned capacity of the
system must exceed the forecasted peak
load by a reserve margin to maintain
system reliability. Generation equipment
is composed of baseload, intermediate,
and peak load generators., The proper
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proportions for each tvpe of equipment
depend on the shape of the forecasted
load. (The relationship between load
shapes and capacity proportions is dis-
cussed in the EPRI JOURNAL, May
1977, p. 6.)

Revenue projections derived Ffrom
long-run load forecasts must be matched
with the capital requirements for system
expansion. Rates are designed to pro-
duce adequate revenues and manage the
system load shape.

Research decisions about new tech-
nologies to produce and use electricity
must be made far in advance of their
entry in the marketplace. Very long-run
load forceasts are useful in making R&D
decisions. For instance, if some fortuitous
combination of forecasted future de-
mands resulted in a flat load profile, it
woulid no longer be necessary to develop
large-scale storage battery technology.
Such R&D concerns are of primary im-
portance in EPRI’s load forecasting re-
search.

The new premium placed on forecasts
derives from their value in decision
making for conservation, load control,
and technological change. The present
scarcity of energy and capital has given
greater importance to these areas.

Conservation

Accurate load forecasts promote conser-
vation through the efficient operation of
Lhe puwer supply systemn by providing
information for power dispatching, by
contributing to the most efficient design
of the generation and distribution system,
and by aiding R&D decision making
about Future technologies for the supply
and use of electric power. Inaccuracies
in the dispatch forecasting model on the
high side of actual demand cause exces-
sive operating costs and fuel consump-
tion, while inaccuracies on the low side
of actual demand require the purchase
of power from neighboring systems, the
shedding of interruptible customers, or
voltage reductions in the system.

If tuture load forecasts show that sys-
tem loads will be relatively level, then
the Future generation mix will be more

heavily weighted with baseload equip-
ment powered by coal or nuclear fission
than with equipment of greater cyclic
capabilities, which require expensive oil
or gas fuels. Similarly, the unevenness of
the forecasted load pattern should be a
determinant of the research priority for
load-teveling devices.

Controlling the load cutve

Load management is a generic tertn for
policies pursued by electric utilities to
control the shape of their load curve. Load
control measures may be characterized
as hard or soft. Soft load control measures
rely on customers to respond to economic
incentives. Hard load control measures
are designed to give the electric utility
dispatcher physical control over the
amount of load available for particular
end uses by specific customers at each
point in time. Forms of soft load control
are electricity prices that vary by time
of day or by season and rate schedules
that have separate chargesfor energy use
and peak demand. Two forms of hard
load control are interruptible agreements
with industrial users and ripple control,
which allows the utility to shed specific
appliances by sending a small electric
impulse over the power lines.

For a load control measure to be effi-
cient, it is necessary to forecast load
accurately. Soft load control requires
measurement of the effects of alternative
rate tlesigns on load shape. For hard load
control, the time pattern of the inter-
ruptible load must be known to measure
the impact of load shedding on the system
load curve.

Technological change

Detailed load analyses are necessary to
determine the impact of new energy-
using devices on electricity load. The
effects of new energy-using processes and
appliances on the load pattern are criteria
for assessing the desirability of devel
oping and promoting new technologies.
Thus, the load dynamics of new electric
goods, such as electric vehicles and
heat pumps, are of major interest. New
methods of generating power become



feasible by technological research and
development. One factor in evaluating
the economic desirability of potential
generating technologies is the overall
load pattern that must be served by new
technologies in tandem with existing
technologies. For example, if a new gen-
erator is capable of being turned on and
off rapidly, then it will have its greatest
value if the system load is highly variable.

Technological change in energy-using
equipment is also related to accurate load
forecasting through its effects on the
regional growth or decline of specific
industries. As the industrial composition
within any one region changes, the load
pattern of the region changes. For the
utility to plan and cope with its changing
industrial load, the load forecasts should
be directly related to industrial compo-
sition and technical changes.

Methods and data

There are several methods of load fore-
casting. The best method for a given
situation depends on the use of the fore-
cast and on the time and effort available
for developing it. Ideally, the time and
resources put into the forecasting effort
are balanced against the expected value
of the information to be gained from the
forecast.

Generally, three types of information
are available to forecasters: historical
data, engineering data, and intuition or
judgment. Historical data include time
series of observations on economic and
environmentalvariables andobservations
on the same variable over a cross section
of similar units. The most important
datafor shortrunload forecasting are the
load’s own history and time series of
weather variables. For longer-term fore-
casting, cross-section data on economic
variables such as income, prices, and
employment are desirable for develop-
ment of statistical medels of the load
pattern. Engineering data include theo-
retical and empirical knowledge of the
operations of energy-using
processes. For instance, the load pattern
of heat pumps can be described mathe-
matically by using physical principles

various

and it can also be measured by automatic
recorders. In principle, both should agree.

No load forecast is complete without
the judgment of the forecaster. Pureintu-
itive or judgmental forecasts are primitive
in the sense that they cannot be repro-
duced objectively. However, they should
not be disregarded, since they often
include experience with factors that
cannot be easily quantified. lJudgmental
forecasts of certain key variables can be
regarded as a test of the reasonableness
of an econometric or engineering model.

Techniques exist that allow for judg-
mental forecasts to be explicitly incor-
porated into the estimation of a load
forecasting model. When reliable judg-
mental they
enhance the value of carefullyconstructed
statistical models that include both the
behavioral and the technological struc-
ture of energy use. Mathematical models
that can incorporate judgmental forecasts

forecasts are available,

can be especially valuable in assessing
the implications of public policies, rate
designs, economic growth, and technical
change on the total load pattern.

Engineering accounting methods de-
velop load forecasts by enumerating the
number and type of energy-using appli-
ances and then multiplying each ap-
pliance by its energy requirements and
frequency of use during every time
period. The load pattern is then con-
structed by adding up the energy used
in all appliances for every time period.
Forecasts using this technique are de-
veloped by extrapolating into the future
the numbers or saturation rates of all
the appliances.

Engineering process models are more
sophisticated than engineering account-
ing techniques. Process models are math-
ematical descriptions of how a particular
item is produced orsomeneedissatisfied.
A process model includes mathematical
equations describing technological and
behavioral relationships and operating
constraints or restrictions. Processmodels
can yield predictions of the time and
intensity of energy demand for specific
methods of energy use as a function of
the process’s outputand its environment.

Cogeneration

Under the proposed energy program,
load forecasting will be complicated by
increased cogeneration by industrial
customers. This problem can be analyzed
by developing load projections based
on engineering process models of the
industries involved. Such models will
have to account not only for the indus-
tries’ demands for power from the utility
systemsbut alsofortheindustries’supply
of power to the grid. A process model
can project the pattern and intensity of
the power demands or supplies resulting
from the industry producing its primary
product.

Scheduling in most industries is dic-
tated by social customs, such as the eight-
hour workday, and by the nature of the
industrial process. Deviations from both
are possible at some cost, such as over-
time pay, but will be made only to mini-
mize costs of production. Thus, there is
a potential for electricity rate structures
to be manipulated to induce cogenerators
to demand and supply power to the grid
at economically efticient times.

Historical data

Models that rely on historical data
may be subdivided into time-series
models, aggregate econometric models,
and microeconometric models. Time-
series models differ from econometric
models in a fundamental way. Econo-
metric demand models specify the be-
havioral and technological structure of
energy demand, relating it to other
economic and social variables. Time-
series techniques analyze the behavior of
each variable over time and attempt to
predict the variable’s future based on its
past behavior. Neither method is a com-
plete paradigm for all forecasting tasks,
and they can be combined to produce
hybrid models. Both techniques, sepa-
rately or in combination,
tempered with generous measures of
physical knowledge and good judgment
to produce superior load forecasting

must be

models.
Generally, time-series models forecast
the future values of an economic variable
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Long-run residential load forecasting reguires models of many behavioral and
technological factors, inciuding rising family income {which sharpens peak demand)
and such changing demographic patterns as more working women with smaller families
{which tends to lessen daytime demand). Offsetting these factors will be new uses of
power, such as electric vehicles and storage heating. Utilities need to promote
desirable residential load shapes by encouraging new uses that create off-peak demand
and by controlling demand through "soft” pricing incentives or “hard” direct load
control of such major uses as water heating and space conditioning.

Exishng load profile
typical household
n northern utiity
on winter weekday

Rising income
raises demand
and sharpens peaks

Soft load management |
lime-of-day pricing spreads
and flattens peaks % \

(
4
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and fewer children
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midday demands are lower Fd ol R

New products

and hard load managemenl
with electric vehicles

and storage healing,
nighttime and midday
valleys are filled in

P
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as a function of time and the variable’s
own history. In the construction of a fore-
cast, these models take advantage of
trends and recurrent patterns that are
evident in the variable’s history by repli-
cating them into the future. The simplest
class of such models includes linear and
exponential trend models.

Sophisticated time-series methods
include Box-Jenkins methods, spectral
analysis, Fourier series, and periodic
spline functions. These methods provide
neither a structural explanation of the
causal relationship between the variable
being forecast and other variables nor
insight into how the variable might be
subject to control. Time-series methods,
however, do have a useful role in load
forecasting. In the short run they are
quite accurate and require only limited
data, analysis, and computer time. These
economies stem from the fact that the
history of only one variable, the variable
being forecast, is required.

There are multivariate extensions of
time-series methods. However, these
methods are more difficult and expensive
to use than single variable time-series
models. It is difficult to interpret the
causal meaning, if any, of the interrela-
tionships between variables in a multiple
time-series model. these
methods deserve further attention for
electricity load forecasting, especially
in short-run situations where there are
only a few variables of interest.

However,

Econometric forecasting

Timeseries models are most useful in
the short run. For forecasts of one to five
years, aggregate econometric methods
are adequate for most purposes. They
can capture important interrelationships
between variables when there are few
fundamental technological or structural
changes at the microlevel.

To capture long-run changes in a load
forecasting model it is necessary to ana-
lyze detailed behavioral and technological
data. Ideal econometric load forecasting
methodology requires the forecaster to
combine well-reasonedbehavioral theory
with detailed engineering information

in formulating the model. This perspec-
tive does not limit the econometrician’s
tools to classical economic theory and
multivariate regression but includes the
vast scope of mathematical and statistical
methods, behavioral
other disciplines, and engineering in-

postulates from

formation.

Forecasting residential loads

The residential load profile typically has
two peaksduring the day— in the morning
and in thelate afternoon or early evening.
Winter heating and lighting loads shift
the evening peak a few hours later and
flatten the nighttime valley somewhat,
Summer air conditioning advances the
evening peak to the afternoon and par-
tially fills the daytime valley.

Individual household load data can
be combined with weather data and sur
vey data on household characteristics
to produce high-quality load projections.
The household characteristics include
an enumeration of appliances, type of
dwelling, and the demographic and
economic characteristics of the family.

When combined with models of appli-
ance choice, these load forecastingmodels
aid in evaluating the impact of changes
in the efficiency er quantity of electrical
appliances. The models can be extended
to evaluate the load impact of such new
electrical devices as solar-assisted heat
pumps or electric automobiles. It is pos-
sible that both would fill the nighttime
valley in residential demand.

The reshaping of the load pattern
resulting from secular changes in demo-
graphic and economic characteristics
can also be estimated. Two important
trends are the rising participation of
married women in the labor force and
the decreasing number of children per
household. These trends should result
in a deepening of the daytime valley and
a spreading of the peaks as the family
rises earlier and retires later.

The effects of both soft and hard load
management policies on the residential
load shape can be incorporated and mea-
sured with a detailed econometric mode!.
Time-of-day pricing is the most fre-

quently discussed soft policy for resi-
dential load management. Early results
using data frora federally sponsored
experiments indicate significant load
shifting as families readjust their sched-
ules to avoid high peak period rates.
While this is encouraging, it does not
diminish the potential role for hard
policies to manage residential loads
Some utilities and their customers have
already enjoyed considerable economies
from ripple-controlled water heating.
Recharging electric vehicle batteries is a
likely candidate for direct load control
in the future.

New methods

The development and the implemen-
tation of new load forecasting methods
are progressing rapidly. Some new
methods rely on the firm foundation of
statistical time-series theory, some are
built from engineering process models,
and others result from microeconometric
analyses of electricity users’ behavior.
The new methods are more complicated
and sophisticated than the preembargo
forecasting techniques that have proved
inadequate. Time-series methods are
useful for short-run forecasts and will
replace simple trend extrapolation tech-
niques. Process modeling and micro-
econometric modeling are promising for
longer-run forecasting. These methods
will supplement or displace engineering
accounting techniques and aggregate
econometric modeling.

The implementation of advanced fore-
casting methods is made possible by the
ever-increasing efficiency and falling
costs of computerized data manipulation.
Despite these advanced techniques being
inseparably tied to the computer, they
are certainly not automatic or cybernetic
forecasting tools. On the contrary, much
as the development of delicate heart and
brainsurgeryrequiresincreasinglyskilled
surgeons, the implementation of sophis-
ticated load forecasting methods requires
ever more skillful forecasters. The fore-
caster’s good judgment always has been,
and always will be, the sine qua non ef
load forecasting.
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A Key to Utility
R&D Facts

RDIS serves the utility industry as
an authoritative source of R&D facts
and as an aid in reducing

duplication of research effort.

ennessee Valley Authority instru-
mentation engineer Ernest Clauss
called to find out if a project TVA
was about to begin would duplicate
EPRI’s work on water reactor sensor
time-response verification. John Buech-
ler, an electrical engineer at Long Island
Lighting Co., wanted to know if any re-
search was being done to determine the
effect of more home insulation on the use
of residential air conditioners.
These are typical of the inquiries that
come into EPRI’s Research and Develop-

ment Information System (RDIS) office
in Palo Alto. About 50 such requests for
information about electric utility R&D
are fielded each month by the RDIS staff,
according to RDIS manager Kenton An-
drews. Andrews referred Clauss to the
EPRI technical staff in charge of the proj-
ect in question and, guided by informa-
tion from the data base, gave Buechler
contacts at Pacific Gas and Electric Co.
and at a midwestern university for dis-
cussions of the air conditioning issue.
RDIS, established by EPRI in 1974 as a
primary source of information about the
R&D activities of EPRI and the U.S. elec-
tric utilities, contains details on approxi-
mately 3000 R&D projects under way or
recently completed by some 90 organi-
zations. RDIS was designed as a single
authoritative source of electric utility
R&D information to reduce the duplica-
tion of research effort and broaden the
application of new and improved tech-
nology. Details about EPRI projects in
the data base are updated monthly. Infor-
mation is revised annually for the proj-

ects of other participating organizations.

The data base is computerized so that
access is provided through a com-
puter terminal linked by telephone and
teletype lines through the Telenet com-
munications system to the RECON 1V
program of Informatics, Inc. The central
computer containing the RDIS data base
is located at the Informatics facility in
Fairfield, New Jersey. Many requests,
however, come directly to EPRI by tele-
phone or by mail. In such cases, the RDIS
staff accesses the data base and supplies
the inquiring party with a printout of the
requested data.

The data base is organized in 13 major
subject categories: general R&D support,
hydroelectric power, nuclear power, fos-
sil fuels, advanced power systems, trans-
mission, distribution, stations and sub-
stations, customer utilization, economics,
personnel, area development, and envi-
ronmental assessment. Specific infor-
mation about each project includes the
project title; the name of the sponsor,
research correspondent, and contractor;



the amount of funding, and a list of pub-
lications resulting from the research. For
projects funded above $15,000 there is a
technical abstract of the research objec-
tive and significant results. RDIS users
may access information by utility project
number; FPC category; EPRI subject cate-
gory; the name of the reporting utility,
prime contractor, or cosponsors; and/or
keywords. For example, an EPRI report
on trace metals in the New York City
atmosphere can be accessed by the key-
words frace metals, air pollution, or copper;
by the EPRI project number RP117; or by
the category number 13.01F, which cov-
ers all data recordson ambient pollutants,

The entire data base is published an-
nually as Digest of Current Research in the
Electric Utility Industry. Some 3000 copies
of the 1976 Digest have been distributed
throughout the United States and toover
seas electric utility research organizations
with whom EPRI has bilateral agreements
for the exchange of information. The Di-
gestgoesroutinely to EPRI member utility
chief executive officers, to member utility

information coordinators, and to the
approximately 300 members of EPRI's
industry advisory committees, among
others. It is widely distributed, on re-
quest, to manufacturers,
agencies,research organizations, and uni-

government

versities.

Information about new projects for the
data base comes to the RDIS office from
the utilities on a standard questionnaire
supplied by EPRI. The information is
recorded, using a Datapoint-1100 unit
connected to a servoprinter that produces
a printout. This printout is sent to the
originating utility for verification of data
before it is entered in the data base. The
EPRI equipment enables the RDIS staff
to perform off-line editing of the project
information. About 150 new entries are
made each month.

Andrews points out that the RDIS of-
fice is about to release a new publication,
Keyword Thesaurus, which will assist the
users of RDIS. “lts purpose,” explains
Andrews, “is to standardize access to the
data base.”

A page from Digest of Current Research in the Electric Ulility Industry (left). RDIS statt in
Palo Alto check printout (below) accessed trom the central computer in New Jersey and teed
new data into system (right).

EPRI member utilities and those con-
tributing project information to the data
base are entitled to searches by the RDIS
staff without charge. Those wishing to
access RDIS directly through an interac-
tive terminal pay Informatics an initial
subscription fee of $100. The fee forcom-
puter connect time is $50 an hour, pro-
rated according to the actual time used.

In addition to its data base activities,
the RDIS office publishes a quarterly
listing of EPRI’s R&D projects. There are
now some 960 EPRI projects listed—
current, completed, and in contract nego-
tiation. The entry for each project in-
cludes the project number, title, and
shortened abstract of the purpose of the
work.

“Thesuccess of RDIS,” says Andrews,
“depends on widespread utility partici-
pation. All electric utilities having R&D
projects are urged to report them fully
and regularly to RDIS to ensure that it
will be a complete and accurate source of
current information for benefit of the
entire electric power industry.”




30 R&D Solutions: An Application Agenda

EPRI's Research Advisory Committee selects the research
results that electric utilities can apply in their operations and planning now.

Today, just over three years since the Electric
Power Research Institute began its research, we
are seeing the benefits of our investment, EPRI
is fulfilling its intended role in sponsering co-
ordinated research and development and in
acting as an important utility industry contact
with government and private agencies on matters
related to R&D.

Research programs and results are carefully
reviewed by the industry committees to ensure
that R&D effort is focused on our most urgent
priorities. For example, significant work is under
way on important future fossil fuel and nuclear
alternatives required to ensure the reliable
operation of our generating units. Progress is
also being made on developing an improved
understanding of the environmental aspects of
the industry, as well as the issues surrounding
energy demand, conservation, and resource uti-
lization. We can anticipate great long-term
benefits from these R&D programs. At the same
time, important results are being developed that
will find more immediate application. Near-term
development, which should be of value by 1985,
accounts for about 50% of the Electric Power
Research Institute’s program funding.

It has also been helpful to be able to prove
what will neither work nor be beneficial to the
utilities and their customers. Programs such as
flywheel and superconducting magnetic energy
storage are in this category. EPRI has ceased
work and phased out more than 18 projects of
this type.

To reap the benefits of the R&D we sponsor,
it is incumbent on us to see that these concepts
and technologies are tested in the practical world
of utility systems. Some of these accomplish-
ments may not stand the hard test of use in the
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field, but we will know this only by application
en our systems.

The desire to identify and present results of
near-term projects in a factual manner prompted
us to develop a list of some of EPRI’s accom-
plishments to date. The list was reviewed and
a careful selection of significant items was made
by the industry committees and the EPRI staff.
We believe these project results are representa-
tive of the current effort. Items of use to us
today are included, as well as those that are far
enough along that they should be considered for
application in our present plans. The highlights
of these accomplishments are presented on the
following pages and are listed according to the
key program areas used in our planning process.

o Resource Processing, including developments
related to the processing of coal and nuclear
fuels

o Energy Conversion, including fossil fuel, nu-
clear, and advanced conversion plants

o Electrical Systems, including electricity genera-
tion, transmission, and distribution systems

o Environment, Energy Management, and Energy
R&D Analysis, including efforts directed toward
environmental issues, conservation, and eco-
nomic analysis

We hope this material will stimulate your
application of these technologies. The industry
committees are proud of the progress made on
each of the programs, but our real satisfaction
will come as we see substantial use of the
results.

L. F. Lischer, Chairman
Research Advisory Committee



RESOURCE PROCESSING

High-intensity ionizer

A major step has been taken teward
more efficient collection of fly ash
from coal-fired boilers by the develop-
ment of a high-intensity ionizer. [ts
unique electrode geometry establishes
electric fields seme five times higher
than in conventional electrostatic
precipitators. Five months of system

Y ) @)

| |
9 €) )
8-
Ky ) C)
(I

testing at flow rates to 2.5 m3/s (5000
ft*/min) with both medium- and low-
sulfur coal confirmed the design: the
ionizer and a three-stage collector
reduced high-resistivity particle pen-
etration by 70%. A cemmercial proto-
type is being tested at 165 m3/s
(35 X 10° ft>/min) this summer, and
TVA is retrofitting a 140-m3/s
{3 X 10° ft3/min) passage at its
Shawnee power plant. lonizers are
to be commercially manufactured
under license frem EPRI. For new
installations, the forecast is that they
will cut costs by 25-30%; for retrofits,
they should cut costs by about 60-70%.
(RP386)

Electrostatic precipitator

Improvements in technigues for ac-
curately predicting the efficiency of
electrostatic precipitators have re-
sulted from EPRI-sponsored field tests
at six utility sites. The tests showed
that large fractions of total particulate
emissions occur during precipitator
rapping cycles (about 30% for cold-

side precipitators, 60% for hot-side).
Rapping losses occur for the most part
in the larger particle sizes, primarily
as particles larger than 2 pm diam.
However, rapping losses from both
hot- and cold-side precipitators are
major contributors to the overall
penetration and illustrate that signifi-
cant improvement in mass efficiency
may be possible by optimizing the
rapping system design and program-
ming. The tests also increased the
reliability of a computer model
commonly used in predicting pre-
cipitator performance. (RP413)

Bag filters for parliculate control

Because stringent particulate stan-
dards are stretching the performance
capability of electrostatic precipitators,
fabric filters have been investigated as
an alternative. To determine fractional

efficiency, measurements of particu-
late size and compesition were made
at filter inlet and outlet. Continuous
measurements of epacity at those
points permitted correlation of aerosol
capacity with such events as boiler

upsets, filter cleaning cycles, valve
actuations, and so on. Test results
show that fabric filters achieve the
highest efficiency now possible for
particulate control, especially for high-
resistivity fly ash. Mass emission data
at half and full load reveal that effi-
ciency is typically 99.9% for 0.02-
2-pm diam particles, though some
iarger particles seep through at full

load. Plume opacity is virtually nil,
ranging as low as 0.02% (equivalent to
13-mi visibility). (RP534)

Flue gas desulturization

High-velocity scrubbers have the
potential for reducing the capital cost
of emission control equipment by
cutting the number of scrubber
modules needed. Two advanced units
should equal the capability of four

countercurrent vertical scrubbers and
at about half the cost. A 1-MW pilot
facility on the TVA system has been
used to test the cocurrent and hori-
zontal scrubbing concepts. In related
research, reheaters and demisters
have also been evaluated: reheaters
because they use 25-50% of the
scrubbing system energy input and
demisters because their reliability is
key to system success. Tests results
show that the cocurrent scrubber
uses about half the energy of a
countercurrent scrubber for equal
performance in 50, removal. This
concept has been selected for use with
high-sulfur coal in a 10-MW TVA
pilot facility. The horizontal spray
is being used in an Ohio Edison Co.
scrubber design. (RP209-2, RI’537)

NO, contro!

[n anticipation of more stringent stan-
dards for NO, emissions from coal-
fired plants, field tests were conducted
to assess the relative effectiveness of
windbox gas recirculation and staged
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combustion for NO, control. The
boiler used was a 550-MW unit firing
high-sulfur eastern ccal. The effects
of stage combustion on boiler opera-
bility were also evaluated on a 750-
MW boiler firing low-sulfur western
coal. During the 18-month study,
measurements were made of NO,,
polycyclic organic materials, and total
particulate and size distribution, as
well as observations ef slagging,
fouling, and furnace wall corrosion.
Tests results indicate that windbox
gas recirculation is relatively ineffec-
tive compared to staged combustion
in controlling NQO,, and it also carries
a 1% penalty in boiler efficiency.
(RP529, RP530)

Solid waste as a boiler fuel

The feasibility and other aspects of
using fuel derived from municipal
solid waste for firing power plants
were investigated by EPRI. The study
showed that utility involvement in
municipal solid waste dispesal raises
financial, legal, and institutional prob-
lems that outweigh the technical
considerations. Three case studies
describe how utilities have dealt with
these issues. The study report outlines
the options available and under devel-
opment foruse of solid waste in power
production. It describes the problems
dealing with efficiency, cost, and
technology so that utilities can use
this information to respond to requests
from local communities for help in
solving the solid waste disposal prob-
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lem. It was found that energy efficiency
of waste shredding and supplemental
firing would be about 29% if used in
a plant with a 43% coal-to-busbar
efficiency. (RP261)

Fuel densification

In late 1972 AEC placed temporary
operating restrictions on some pewer
reactors after observing the pinching
of some PWR fuel rods, which was

attributed to densification of the fuel
pellets contained. AEC also required
new conservative assumptions in
licensing safety calculations, which
led to temporary reducticns in maxi-
mum operating power and other re-
strictions at a number of nuclear units.
An EPRI study determined the struc-
tural characteristics and irradiation
behavior contrelling the densification
of fuel pellets and developed proce-
dures (subsequently used by NRC) for
inferring this behavior frem simple
out-of-core tests. Dollar savings are
impossible to guantify, but success
in fabricating densification-resistant
fuel assures the industry this is no
longer a problem. (RP131)

Fuel performance evaluation

Because the reliability of nuclear fuel
and the ability to predict fuel rod
failure probability are so important,
EPRI evaluated the ability of an em-
pirical model to make such predictions
based on mechanical interaction be-
tween the uranium dioxide fuel pellet

and its cladding. The EPR! study
showed that such a model can predict
failure probability in LWR fuel reds.
The model permits the utility to opti-
mize core power maneuvers to mini-
mize both loss of plant output and
number of failed rods. EPRI is now
computerizing the logic of this analytic
model for optimal use by site engi-
neering and operating staffs to im-
preve fuel reliability. Its importance
is indicated by the $3-%$5 million an-
nual cost of replacement power due to
reduced plant availability or capacity
factor caused by fuel reliability prob-
lems. (RP509)

ENERGY CONVERSION

BWR blowdown

A major consideration in designing
and licensing power reactors is pro-
viding sufficient cooling capability
to keep fuel from overheating in the
remote event of a LOCA. So it is essen-
tial to be able to predict the response
of the system and fuel and to design
accident-preventing or -limiting steps
into the system. EPRI, NRC, and
General Electric Co. sponsored engi-
neering tests on BWR system perfor-
mance under LOCA conditions. The
tests shewed a number of inherent
cooling mechanisms are not taken into
account in current licensing evaluation
methods. The results from this project
are being used to develop mere ac-
curate and realistic computer codes



to improvie BWR safety margins. A
potential 1% incrirase in plant capacity
would be worth $100,000-$600,000/
plant-year. (R[’288)

BWR torus

The capability of BWR pressure sup-
pression systems to withstand sudden
loads from hydrodynamic forces in
the event of LOCA and relief-value
discharge conditions has become a
subject of concern. Using scale model
experiments and mathematical and
analytic techniques, EPRI has studied
and quantified the pool-swell effects
in the pressure suppression torus
under such conditions. The test data
were taken into account in an NRC
regulatory decision permitting con-
tinued operation of a group of BWR

units while assessment of the situation
went on. EPRI has also developed a
computer model to predict the motion
of water in the pool during a blow-
down. The cost of EPRI’s effort ta date

has been estimated as being less than
two days of downtime on asingle BWR
power plant. (RP693-1, RP693-2)

Steam-water mixing

Another LOCA research program per-
tains to the ability of a PWR system
to accept the injection of emergency
cooling water to keep the reactor core
covered with the intact piping circuits.
EPRI experiments and analyses of

Suction/
Diffuser
Section

steam-water mixing furnished data
allowing more realistic analysis of
steam-venting conditions, and has
resulted in a reduction of 50-100°F
in the maximum temperature galcu-
lated during a postulated LOCA when
the ECCS goes into operation. Model
work at 1/3-scale confirmed that
plugging does not occur during core
reflood. The data have been placed in
the public diomain, saving utilities
many times the project cost. (RP294)

Decay heat

Afterheat following shutdown in a
reactor due to fission product decay
is an important parameter in LOCA
and other safety evaluations. Experi-
mental difficulties have often pre-
cluded making direct measurements
of afterheat. EPRI has carried out
measurements to establish it with
high precision and accuracy. The low-
error band of the data, together with
other recent experimental and theo-
retical studies with which the data
are in good agreement, will lead to

reevaluation and possible lowering of
currently accepted standards. This
would have a significant impact on the
safety analysis and licensing of nuclear
plants. Each 1% uncertainty in decay
heat results in a 1% decrease in maxi-
mum permissible power for each nu-
clear unit that has been derated for
LOCA considerations, and each 1%
reduction of the uncertainty band
represents a potential saving of
$100,000-%$600,000 per unit per year.
(RP392)

New computer codes

More and more, utilities need analytic
capability to make structural and
reactor fuel management analyses
and operations safety evaluations—
tasks for which the tools have not been
widely available. EPRI has developed
five analytic codes for use by utilities:
ARMP, MEKIHM, STEALTH, RELAP/
E, and RETRAM. ARMP provides a
fuel management and operations
analysis capability. MEKIN is a com-
putation program for analyzing reactor
core transients in BWRs and PWRs.
STEALTH analyzes such phenomena
as seismic wave propagation, the BWR
pressure-suppression system, residual
stress from welding, and so on.
RELAP/E is a new, improved calcula-
tion tool for “best estimate” analyses
of ECL’S performance in LOCA situa-
tions. RETRAM is used for calcu-
lation of reactor system transients.
(RP118, RP307, RI’342, RP811, RP889)

Tornado missile protection

Muclear power plants are required
to be safe against impact from tornado-
borne debris, even debris of improb-
able weights and speeds. EPRI’s tests
with rocket-propelled objects driven
at high spieds into simulated auxiliary
building walls showed that 12-in re-
inforced concrete walls can safely
withstand impact by utility poles, 3-in
diameter steel pipes, and 1-in rein-
forcing bars; 18-in walls can also with-
stand being struck by 12-in pipe
sections. These results prove that a
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nuclear plant is safe in tornado condi-

tions. It may also be reasenably
assumed that the results contributed
to NRC’s decision to reduce minimum
wall-thickness requirements to 20 in
from24 inforeight nuclear units under
construction or awaiting construction
permit. This means a potential signifi-
cant cost saving for the affected build-
ings. (RP308, RP393, RP399, RP616)

Crack arrest data

The probability of cracks initiating
from existing flaws in a reactor pres-
sure vessel under normal and test
conditions is extremely small. How-
ever, in a hypothetical accident, such
as a LOCA, crack initiation is postu-
lated for small flaws located in certain
regionsofthe vessel and itis necessary
to demonstrate that such a crack will
stop growing before it traverses the

reactor wall, maintaining vessel integ-

rity. Theoretical and experimental
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studies on pressure vessel steels
showed present regulatory rulings
on crack arrest to be conservative
and established improved confidence
levels in the accepted curve for pre-
dicting crack arrest. The primary
research benefit is minimizing the
probability of extended outages for
inspection or repair caused by un-
certainty in calculations rather than
by actual hazard. (R’303-1, RP303-2,
RP499)

Steel fracture toughness

In 1972 AEC declared that additional
research was required to demonstrate
the adequacy of fracture toughness
requirements for nuclear pressure
vessel steel. EPRI tested more than 50
heats of steel from normal preduction
lots to determine generic fracture
toughness requirements for pressure
vessel fabrication use. The results of
the study show that present design
practices are overly conservative. Thus
the project averted potential forced

outages due to regulatory action by

providing more accurate methods for
characterizing flaws in pressure ves-
sels, The reduction of forced out-
ages represents a substantial saving to
the utilities that could average from
$250,000 te $300,000 per day per unit.
The results have also been submitted
to ASME. If adapted, they will help
to limit the continuing increase in
design and analysis requirements,
(RP232, RP312, RP696)

Boiler feed pump improvement

Boiler feed pump failure is a major
cause of power plant forced outage,
costing an estimated $55 million a
year in fossil-fired units larger than
600 MW. An EPRI survey revealed
that many botler feed pump failures
result from axial imbalance or pump
rotor instability, The impeller thrust
on a worn pump may exceed the
balance disc reaction on the original
design. A simple modification of the
balance disc in trials proved to rectify
the disorder and prompted vendor
adoption of the design change. Other
problems were also identified in the
survey, resulting in improvements
that are estimated to be worth about
$10 million a year in savings te the
industry. The Salt River Project in
Arizona anticipates yearly savings of
some $2 million. TVA expects to save
nearly $1 million a year in replacement
power costs. Outlay for the EPRI
survey was $26,000. (RP641)

Optimized solar energy system

As solar heating and cooling systems
come into wider use, increasing frac-
tions of central electric generating
capacity will have only a standby or
backup role. Yet the costs of that
capacity will remain in the rate base.
A computer program has been devel-
oped with the capability of deter-
mining optimal, or “preferred,” solar

heating and cooling systems for
specific service areas, including the




utility costs of providing supplemental
or backup service, The pregram per-
mits analyses of system and subsys-
tem sizing, various utility service costs,
different rate structures, and shifts in
utility load characteristics. To test the
program, it was exercised with specific
data from the service areas of 16
electric utilities. It is now being ex-
tended and documented so that the
program and a user’s guide can be
made available to utilities later this
year. (RP’549, RI"926)

ELECTRICAL SYSTEMS

Ultrahigh voltage transmission

As systems expand, a point is reached
where it becomes necessary to intro-
duce a new voltage level. Historically,
the new voltage has been approxi-
mately double the highest existing
voltage on a system. Utilities with
500-kV and 765-kV systems began
to consider a higher voltage in the
1100-1500-kV range that could serve
the needs of beth systems. Testing
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conducted at Project UHV has demon-
strated the engineering feasibility of
constructing and operating transmis-
sion lines in this range. The Transmis-
sion Line Reference Book, 345 kV and
Above was published in 1975, giving
data and design rules for conductor
selection, insulation requirements,
and electric fields. At least three util-
ities are currently using the data to

develop transmission alternatives fer
their future generation additions.
{RP68)

HVDC transmission lines

Successful operation of the Pacific
Coast dc interties showed the advan-
tage of dc transmission fer certain
special utility applications. Although
a pattern of dc line costs has not yet
been firmly established, thedata devel-

oped through this project will reduce
the engineering man-hours required
for the design of future dc projects.
The Bonneville Power Administration
cooperated with EPR! to complete
research on design criteria fer circuits
rated to £ 600 kV. Results of this proj-
ect were published in the Transmission
Line Reference Book, HVDC to + 600
kV. The data have been used in plan-
ning or constructing lines across
Minnesota, Utah, and Arizona. Pub-
lication and use of these data will
lead to confidence in the selection of
dc transmission options to enhance
system stability and achieve economic
benefits in long-distance, bulk pewer
transmission. (R[’104)

Prototype dc link

[n Future years HVDC transmission is
expected to play an impertant role in
power infeeds into the city areas. Its
inherent advantages include lower
cost and ease of high-capacity cable
transmissien, no increase in short-
circuit current at the points of con-

nection to the ac system, and con-
trolled power infeed. But power infeed
cannot be installed in city areas with-
out compacting the dc terminals. Com-
pact converter technology—in its
entirety, or in part—is needed teday.
One EPRI project involves research,
development, design, manufacture,
and installation of a 100-kV, 100-MW
(with 400-kV insulation) link with
compact terminals at the Astoria Sub-
station of the Consolidated Edison
Ce. When energized in 1978, this
development will be applicable, jointly
or separately, to converter ratings up
to +400 kV, 1000-2000 MW, (RP213)

Calibration of CCVTs

Coupling capacitor voltage trans-
formers (CCVTs) are used in bulk
power substations to sense voltages
needed for metering and control.
Periedic calibration of the voltage and
current sensors is necessary te ensure

accurate power-flow metering and
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reliable system protection and control.
Calibration errors in these devices
may be eight times the atlowable, and
aging of the device may cause drift
in the calibration from year to year.
A prototype mobile unit suitable for
use in field calibration of CCVTs has
been successfully developed, con-
structed, and field tested. Based on
field experience, the design is being
optimized. The field trials of the cali-
bration system have verified the need
te calibrate the voltage ratio and phase
angle of CCVTs on installation and
pericdically thereafter. (RI’134)

Varistors for surge arresters

Power transformers and other sub-
station equipment, as well as over-
head lines, must be built to withstand
overvoltages caused by lightning,
switching surges, and ferroresonance.
This extra insulation is costly and adds
to the size and weight of the equip-
ment. Two projects were initiated
by EPRI to develop improved metal
oxide surge arresters for overvoltage
protection. Two contractors have

Modern Surge Arresters
Limit Surge to
/_ 2.2 per Unit
Normal Line-to-Ground Voltage

1.0 per Unit—\

developed devices that could be used
to produce surge arresters with better
protective characteristics than the
present gap-type arresters. Work
completed at this time will makethese
devices available for other applica-
tions, such as fault current limiters,
dc breakers, and series capacitor pro-
tection. One utility is planning to test
a series capacitor scheme using ZnO
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arresters. (RP657)

Controlling decay in wood poles

It is estimated that 50% of the four
million woed poles sold annually in
the United States are replacements
for existing poles that are considered
unsafe due to groundline decay. A
research effort was undertaken to
better understand the decay mecha-
nism in wood poles and to determine

the most effective and environmentally
safe method of controlling decay with
fumigants. Internal decay in Douglas
fir poles can now be arrested with one
of three new volatile chemical fumi-
gants. As liquids poured into holes
drilled into the pole near the ground-
line, these fumigants vaporize and
move deep into the pole, traveling
both upward and downward frem the
point of application. They have been
demonstrated effective for six years
or more in controlling internal pole
decay. One of the fumigants is already
in use by companies offering pole
treatment services. (RP212)

Splice for extruded insulation

Tape-wrapped splices have long been
used very successfully for oil-paper
cables, and a polymeric tape wrap was
the first means tested to splice the
newly developed solid dielectric cables
rated 138 kV. In spite of the historical
reliability of taped splices on oil-paper
cables, their counterparts on extruded
dielectric cables have performed quite

poorly. The premolded splice that has
been developed can be tested in the
factory before shipment and should

be more reliable. The new splice
allows for shrink-back of the cable
insulation, requires only nominal
skills that are easily taught and
learned, and needs significantly less
installation time. The availability of
a more reliable splice is expected
to promote the use of the more effi-
cient and potentially more economical
extruded dielectric cables. (RP7815)

Polymer concrete insulation

Porcelain has long been the basic out-
door insulating material used by the
industry. There have been recurring
shortages of porcelain during peak
construction periods, with deliveries
delayed as long as two years. The
production of porcelain is also an
energy-intensive process due to the
high-temperature firing required for
porcelain products. A project was



initiated to investigate the feasibility
of using a cast concrete impregnated
with a polymer compound as an alter-
native to porcelain. The new polymer
concrete (now designated Polysil) has
twice the dielectric sirength of porce-
lain and one-half the dielectric con-
stant, Polysil has passed all electrical
and weathering tests available in the
laboratory. Present production esti-
mates are approximately 50% of por-
celain costs. (RPP480)

ENVIRONMENT, ENERGY
MANAGEMENT, AND
ENERGY R&D ANALYSIS

Fossil fuel combustion and heaith

Air quality standards in the U.S.,
established in 1971, were based largely
on inadequate data. Recognizing the
need for improved understanding of
air pollutant effects so that a rational,
cost-effective control strategy can
be planned, EPRI is analyzing much
of the data that support today’s
standards and the information devel-
oped since 1971. A reassessment of a

sutfu

pertion of E’A’s Community Health
Evaluation  Surveillance  System
(CHESS) results, for instance, indi-
cates that the original interpretation
of the findings may be incorrect. EPRI's
analyses have paid special attention
to data relating te sulfur oxides,
nitrogen oxides, and particulates, and
their effects en health. The results of
thizse studies should provide a more
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realistic base for revised air quality
standards. (RP681, RI’809)

Effects of electric fields

As the voltage in transmission lines
has increased, so has public concern
over the possible harmful effects that
electric fields generated by these lines
may have on exposed plant and animal
life, EPRI is funding $2 million in
research to determine those effects.

A comprehensive review of the results
of previous research has been com-
piled and a study of effects on cardiac
pacemakers is nearing completiun.
Several projects are under way to
determine effects on large animals,
mice, chick embryos, honeybees, and
plants and to assess the possible effects
on humans. So far, no adverse effects
have been found. The facts developed
by this intensive investigatien will be
useful to utilities in continuing to
design, censtruct, and eperate systems
with due regard for public health and
safety and for environmental integrity.
(RPP129, RP331, RPs81, RP679)

Uranium resources and prices

EPR! analyses of the data supplied
by AEC and ERDA cn uranium re-
serves and resources indicated serious
inadequacies, which led to new esti-
mates published by EPRI. For years,
uranium prices did not appear on the
industry supply curve; information
on discoveries was incomplete and
slow in being reported. Three EPRI

studies have provided a description
of the strengths and weaknesses of
AEC-ERDA data, an analysis beyond
that of AEC and ERDA on domestic
exploration efforts and results, and
an economic interpretation of uranium
costs and prices and their significance
in forecastings. These studies pro-
duced information that helps deter-
mine whether uranium resources can
support planned LWR expansion and
enables a more accurate assessment
of uranium resources. (RP489, RP490,
RP666)

Energy assessment models

Energy models are essential in EPRI’s
R&D planning. They also provide
insights into alternative futures for
the utility industry and can present
the industry’s perspective to govern-
ment for consideration in forming
public policy. EPRI is developing
assessment models and applying
energy-economic models to evaluate
the tost-benefit relationships of alter-
native energy technologies. Models
have been used to explore such issues
as the economic consequences of a
nuclear moratorium and the pavoffs
from a vigorous synthetic fuels pro-
gram. EPRI also has established the
Energy Madeling Forum, bringing
together energy model developers and
users from private industry, public
agencies, and universities to improve
the understanding and use of models.
(RI’263, RP442, RP652, RP873, RP’874¢,
RP1014)
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Peter Bradford:
Perspectives on
Energy

Commissioner Peter A. Bradford
brings to EPRI's Advisory Councit
energy perspectives gained through
experience with the consumer
movement, environmental matters,
and energy policy planning.

o An EPRI interview
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hen you talk about a diversified

energy strategy, you're talking,

in part, about the ability of the
electric utility industry to use a variety
of basic fuels to provide energy for con-
sumers,” explains Peter A. Bradford, a
utility commissioner in the State of
Maine, a member of EPRI’s Advisory
Council, and, as of July 13, a nominee to
the Nuclear Regulatory commission.

When Bradford talks about a diver-
sified energy strategy, he’s talking about
his view of an optimal energy scenario
for the future—ascenario that will ensure
security and maximizefreedom of choice.

“The real key to energy security is
maximizing your alternatives so that if
any one source is cut off or turns out to
be economically unfeasible, you won’t
bave too many of your eggs in that
basket,” says Bradford, a 35-year-old
attomey who served as one of “Nader’s
Raiders” and who is today one of three
members of the Maine Public Utilities
Commission. “It's easy to imagine an
Arab oil minister turning off a pipeline,
but there’s another kind of embargo—
discovering that a particular energy
source is too dangerous to use or that it
pollutes the air so badly it can’t be used.
What's really involved is coming up with
a mixture of technologies to maximize
freedom of choice. That means coal,
nuclear, hydro, and oil, plus whatever
else you can sensibly use. That way,
you have a mixture of plants in a mixture
of locations with an appropriate mixture
of transmission lines, and no one con-
tingency will black you out.”

Peter Bradford discussed his views of
the nation’s energy future during an
interview in his office in Augusta, the
capital of Maine. It was April 20, the day
President Carter was to unveil his energy
proposals to a joint session of Congress.
Bradford explained his belief that the
government’s role in dealing with the
energy problem should be to ensure
freedom of choice at national, state,
regional, and individual levels.

For example, although most govern-
ment energy programs in recent years



“l think the federal government
may have been too hasty in its
emphasis on conversion from oil
to coal.”’

have emphasized reduced U.5. consump-
tion of foreign oil, Bradford believes that
regional freedom to use this power
source should be maintained as leng as
it is economically feasible.

“1 think the federal government may
have been too hasty in its emphasis on
conversion from oil to coal, at least as
far as this region is concerned,” the com-
missioner says. “We're about as far as
you can get from the coal fields. We
shouldn’t rely overly on foreign oil, of
course, but [ don’t think it's a wise federal
pelicy to rule it out altogether as a source
of fuel fer power plants.”

Bradford stipulates that plants allewed
to burn oil should have standby plans,
such as the capability of canverting to
coal or another fuel. And he says the
regions served by those plants should
have the capability of getting along with-
out them for a limited period of time. But
as long as oil remains economically
feasible for the region involved, he con-
tends that it should not be altogether
discarded as a power source.

In the diversified energy strategy he
sees for the future, Bradford describes
the electric utility industry as playing
“a critical swing role” because of its
ability to convert a variety of basic fuels
into energy for a range of uses,

“Electric energy production is the only
way we can rely on uranium as a fuel
source, because you and | can’t use
uranium in our homes, In New England,
it’s the only way we now use ceal, be-
cause New Englanders don’t burn coal as
fuel any more. And it diversifies our
reliance on ail, in the sense that power
plants use Mo. 6 oil, while we use No. 2
oil to heat our homes.”

In this scenario Bradford attributes a
critical role to electric energy research
and development, "It’s inevitably a part
of trying to expand alternatives,” he
says, "and 1 assume that EPRI is going
to be very much in the forefront of that
effort.”

Peter Bradford is one of seven utility
regulators who sit on EPRI's Advisory
Council. He brings to that role a back-

ground of experience in the consumer
maovement, environmental matters, and
energy pelicy planning on a state level.

A 1968 graduate of Yale Law Scheol,
Bradford was one of the original members
of Ralph Nader’s consumer action group
in Washington, D.C., working that sum-
mer on what he describes as “a study of
the Federal Trade Commission’s failure
to adequately discharge its duties.” After
that he joined the staff of then Governor
Kenneth Curtis of Maine, acting as an
adviser on oil, power, and environmental
affairs and assisting in the preparation
and drafting of Maine’s landmark laws on
oil handling and industrial site selection.

Since 1971 he has served on the Maine
Public Utilities Cemmission; he was
chairmanfor11 months. One might think,
given his background, that his perspective
in this role would be entirely consumer-
oriented. Indeed, he admits that he was
appointed to the commission “specifically
as the result of consumer groups in Maine
reguesting that the governor find some-
ene with a perspective on consumer
problems.”

However, Bradford resists the label
of consumer advocate with respect to his
position as a state utility regulator.

“l don’t think that's what I'm here to do
under the law or the theory of regulatory
commissions,” he explains. “Commis-
sioners are supposed to bring the best
judgment they can to the solving of prob-
lems within the legal framewerk they
are set up to work under. And there’s
just no way that you can logically always
adhere ta a consumer perspective or an
environmental perspective or a utility
perspective and be doing the job you're
supposed to do.”

He uses nuclear power as an example
of the inconsistencies that can be in-
volved. At least one environmental
perspective says you should be opposed
to nuclear power, and there would be a
consumer perspective, at least on the
basisif Maine Yankee’s operating record,
that would lead you to be for it. The two
perspectives may merge somewhere
down the road, but in the short run at
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least, they aren’t consistent. So [ don't
think it's a good idea for a commissioner
to try to be an advocate of anything other
than common sense and good, indepen-
dent judgment.”

Common sense, to Bradford, implies a
fair measure of skepticism, an attribute
he claims he acquired during his associa-
tion with Ralph Nader. “Before that I was
inclined to believe that things worked
more or less the way one tearns they work
in high school and in college,” he recalls,
smiling. Working with Nader impressed
on Bradford "the importance of pro-
ceeding with real concern, with thorough-
ness, and with a willingness to work
terribly hard.” It also made him realize,
he says, that “there was a sound basis for
the things Ralph was saying about the
ways that regulated industries regulated
their regulators.”

Peter Bradford is the type of indepen-
dent thinker who can be intimately
involved in a situation and yet be able
to assess it with the calm impartiality
of a casual observer, His quiet, easy
demeanor is deceptive. Bradford can
dissect a problem with the precision of
asurgeon and articulate it with the direct-
ness and force of a trial lawyer.

He reveals all these qualities—skep-
ticism, directness, independent judg-
ment—when he discusses ene of his
primary concerns, the adequacy of state
regulation of utilities. He believes this
subject to be of critical importance to the
electric utility industry, and although he
sits on a utility commission himself, he
does not hesitate to express his senti-
ments in frank terms.

“Utility regulation in Maine today is
Bradford
charged during an address at a local
college last year. In his speech he claimed
that the utility commission was under-
staffed, overworked, and inadeguately

both a hoax and a crisis,”

funded. It was therefore unable to respon-
sibly regulate the large, well-funded
industries entrusted to it. His pronounce-
ments drew instant response from the
press and the public in Maine and were
instrumental in spurring remedial action.
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When Peter Bradford discusses utility
regulation, he doesn’t limit his comments
to the State of Maine, In fact, he believes
that utility regulation has been uniformly
inadequate in the recent past and that
regulated industries, including the electric
utility industry, suffer today from a
credibility problem, partly as a result
of association with what he calls the
dwarf commissions of the 1960s.

“Most industry executives have begun
to realize that their own credibifity is
very closely tied to the credibility of the
gevernment agencies that regulatethem,”
he explained. “A utility has no credibility
in saying that it needs a rate increase,
for example, if it can be shown that the
public utility commission that grants
the increase does not exercise informed
judgment in doing so. Many of the in-
dustry’s other problems would be di-
minished if the public is prepared to
trust the regulatory and governmental
processes that affect the
credibility.”

According to Bradford, the problem
is that the public has been unwilling to
give that trust. He claims this reluctance
stems from a period in the 1960s when
regulation was not under scrutiny and

industry’s

commissioners had terms much longer
than their vision. Appointments to the
cemmissions were “political in the very
worst sense,” Bradford explained, in-
volving “people who knew nothing about
the industries they were regulating and
who weren’t under any public pressure
to learn.”

These are the “dwarf” commissions
that Bradford speaks about. He says
that “when the crunch came, they lacked
the staff, the budget, and the sophisti-
cation to deal independently with the
problems that arose.”

The “crunch®” was the combined ef-
fects of inflation, consumerism, and the
1973-1974 Arab oil embargo. It resulted
in escalating fuel costs that were im-
mediately passed on to consumers
through fuel adjustment clauses. Sud-
denly the public was complacent no
longer. Commissions came under fire,

-

“Commissioners are supposed to
bring the best judgment they can
to the solving of problems within
the legal framework."




and according to Bradford, “governors
couldn’t get away with the kinds of
appointments they were making before.
They started appointing prefessionals
with some kind of knowledge of utility
regulation: attorneys, economists, envi-
ronmentalists, consumer representatives.
The shift within the state commissions
was dramatic.”

As a result, Bradford believes that
public faith in the independence and
honesty of the regulatory processes is
slowly being rebuilt on sounder feunda-
tions. He believes that as this happens, the
credibility of the regulated industries—
including the electric power industry—
will improve as well. “Then when a
government agency says that a rate in-
crease or an energy policy is necessary,
the public will be more willing to believe
that it really is.”

Similarly, Bradford contends that as
the research funded by the electric utility
industry is found credible by government
bodies working on energy issues, that
credibility will be transferred to EPRI
and through it to the industry.

“Five years ago the electric industry
was sharply criticized for net doing
enough R&D,” he says. “It was left to the
equipment manufacturers, and it always
turned out that any given power company
was spending far more on advertising
than on any kind of R&D. EPRI should
remove that negative factor and fill the
gap.”

Wil EPRI’s research results be accepted
as credible by a public that locks on the
Institute as an industry-funded organi-
zation?

“That depends on the format,” Brad-
ford comments. “In many casesthe credi-
bility won’t come until some other group
has also relied on EPRI's research con-
clusions and has found them to be valid.
For example, if EPRI officials are invited
to testify before Congress and the material
they present is accurate and stands up
under scrutiny by staffs that have some
knowledge of the field, that will build
up a sort of institutional credibility. Un-
fortunately, the climate today is such

that people go by labels, and if something
comes from industry, it loses credibility.
The process of reversing that will depend
partly on the integrity of EPRI’s research
and partly on a more general process by
which credibility is transferred to EPRI
through other groups.”

One of Bradfords key concerns in
electric utility research is what he calls
capacity censervation, which he explains
as“the wholebusinessofrateredesigning,
making better use of the capacities that
the utilities have now.”

He sees a clear potential for it. “It’s
been reflected in Bell System’s prices
for years, and if you can make a very
cheap phone call after 11 p.m,, then by
the same theory yeu also ought to be able
te purchase relatively cheap electricity
after 11 p.m.

“If it werks with the telephone indus-
try, which has the same capital-intensive
pattern and need to meet peak demand as
the electric utility industry, there’s no
reason it can’t work with the electric
industry as well.”

Bradford is a member of the EPRI
Advisory Council’s Power Sources and
Uses Committee, which studies the
efficient use of nuclear and fessil fuels
and other power sources. The use of
nuclear power is an issue about which he
admits ambivalent feelings.

“If 1 had nothing te go on but the
existing track records of the nuclear
plants now serving the State of Maine,
[ would be—1I guess—a gung-ho nuclear
advocate. As a regulater, | can’t respon-
sibly deny that it has been the best pos-
sible source of power in Maine in the last
two or three years,” he admits.

His reservations stem, he says, from
questions that have vet to be answered
to his satistaction. “What happens if we
run out of naturally occurring uranium?
[f we do, do we use reprocessed fuel and
plutonium? If we don’t, what will we do
about waste storage?” Until these ques-
tions are answered by beth government
and industry, Bradford says he would
find it very hard to approve a nuclear
plant if an application were brought

"It doesn’t serve anyone’s interest
to have important decisions delayed
beyond the minimum time necessary
to analyze the data and reach a

fair resuft.””
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before him,

“It just doesn’t make sense to me to
ask a state agency to say that the public
needs a facility whose sources of fuel
and whose waste dispusal are souncertain
10 or 15 yvears down the road. If you don't
know that reprocessed fuel is going to
be a possibility, and if you don’t know
what you're going to do with the spent
fuel if it isn't, it's pretty hard to vote for
the power source, even acknowledging
its clear economic and environmental
benefits in Mew England compared with
those of coal.”

Utility regulators are often criticized
by the industries they regulate for un-
reasonable delay in approving plant
applications and rate changes. Bradford
can see both sides of the issue.

“This whaole syndrome of regulatory
lag is a two-way street,” he savs. “Within
limits, regulatory lag is one of the great
incentives toefficiency. Utilities can make
money by achieving savings between
rate cases. On the other hand, it can’t be
denied that regulatory lag is a problem
and that it doesn‘t serve anyone’s interest
to have important decisions delayed
beyond the minimum time necessary to
analyze the data and reach a fair result.
For a big rate case or a nuclear power
plant, there’s going to be a period of
months necessary te reach a decision,
but it shouldn’t ever stretch out into
years,”

On this subject Bradford speaks from
the perspective of one associated on the
receiving end with an example of regu-
latory delay at its worst. He calls it the
Machiasport incident.

In 1968 the State of Maine applied to
the federal Foreign Trade Zones Board
for the creation of a foreign trade zene
in the area of Machiasport, a job-poor
coastal fishing village of some 800 inhabi-
tants. The zone would have enabled a
group of entrepreneurs to build an oil
refinery to be run on low-cost imported
oil. The New England governors sup-
ported the project because it would have
provided a way for their states to secure
home heating oil at prices lower than
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prevailing domestic rates. Maine was
enthusiastic because the prospect of a
new industry promised economic revital-
ization for a depressed area. The appli-
cation was filed in 1968; two years later
it still lay untouched. The refinery was
never built and New England never got
its oil.

Bradford was involved behind the
scenes in the incident through his role
as an aide on oil and power issues to
Maine’s Governor Kenneth Curtis. He
chronicles the Machiasport incident in
a beok published in 1975 by Harper's
Magazine Press, Titled Fragile Structures:
A Story of Oil Refineries, National Security,
and the Coust of Maine, the book describes
how a group of diverse interests were
able to block action on the Maine appli-
cation and destroy the chances of building
the refinery. The New York Times describes
the book as “a thoroughgoing account of
how energy policy is made—not just
through rational debate among competing
interest groups . . . but through back-
door and side-door pressures as well.”

Fragile Structures describes an era in
energy policy making that Bradford feels
industries such as the electric power
industry should have studied more
closely than they actually did. “Anybady
looking at U.S. oil policy in a serious way
in 1968—1969 had to be very alarmed
about it,”" he says, “and the industries
that relate to it, such as the electric
power industry, would have been better
off knowing a little more, [ think, about
developments with regard to oil. The
timing makes such a difference. Things
learned in 1974 might have been much
more valuable if they had been learned
in 1973 or 1972.”

Bradford feels the same way about
national energy policy. “Timing,” he
says, “is a critical ingredient. One of the
problems today is that so many years
were lost during which no policy decisions
were made that yeu get backed further
and further into a corner and your solu-
tions have to be more and mere drastic,

“To some extent the president is in a
box because for at least 10 or 12 years

“What's really involved is coming
up with & mixture of technologies
to maximize freedom of choice.””



energy policy was neglected —to be more
arcurate, 30 or 35 years. In terms of
changes in the nation’s high gasoline
consumption pattern, a decision to tax
automobiles moderated in 1969 or 1970
would have brought about the same
results as a very high gasoline tax imposed
today, and it would have done so much
more painlessly.”

Although Bradford is optimistic about
the energy
proposals, he is uneasy in the sense that

current administration’s
“1 can’t make all the pieces consistent
with one another.” One of these pieces
is the possible effect of a proposed gaso-
line tax on the poor.

“In the short run, it looks as though
this combination of energy policies,
including lowered energy growth, is
going to hit poor rural states very hard,
especially poor rural states with no
indigenous energy resources other than
falling water.

“Maine people, for example, drive long
distances to work, By and large they do
it in old cars that are net very energy-
efficient. The use of a tax—especially
a tax suddenly imposed-is going to
mean that an awful lot of the fuel saving
will come right sut ef the hide af the
rural poor. They're just not going to be
able to continue using their automubiles
the way they always have. That’s a very
sharp diminution in the quality of life
at the lower end of the social scale where
the quality wasn’t very high ta start with,”

Bradford explained that he would much
prefer to see the same goals met through
the pricing of automebiles. “Then the
energy-consuming machinery would
change, rather than an abrupt change in
the lifestyle of peeple in a state like
Maine.”

Although Bradford feels that energy
policy should include consideration of
social issues, he does not usually faver
using energy prices to achieve income
redistribution. He is not, for example,
an advocate of lifeline electricity rates
for the powor and the elderly, despite a
year-long experiment with the cencept
in Maine.

“When the legislators who devised
the bill came to me abaut it, | asked
them to convert it into some surt of time-
of-day experiment,” Bradford explained.
“My theory was that the lifeline experi-
ment really wasn't going L tell us much.
| contended that if you hold rates down
to three cents per kilowatthour for a
specified class of people and offer them
that rate versus a higher rate, they will
take the lower rate. You will learn that
and not much else.”

Although Bradford is “all for making
sure that elderly people and poar people
have encugh money to pay their electric
bills,” he takes the “fairly vonventional
view that it's better done through the
normal system of assistance for payments,
whether it's secial serurity, unemploy-
ment compensation, or weltare, [t seems
to me,” he says “that this is the way te do
it rather than to hold the electric rates
down artificially,”

Bradford chuckles when he recalls
that he did make one significant contri-
bution to the legislation mandating
Maine’s lifeline experiment.

“Originally the bill provided that the
only gualification for the lifeline rate was
being over 62 years of age,” he explained.
“I did point out that Nelson R ockefeller’s
summer home was in Maine and that he
did not need that kind of assistance.”
Bradferd explained that the legislation
was changed to include an income stan-
dard.

Peter Bradford’s term on the Maine
Public Utilities Commission will end in
December of this year. What lies ahead
for him is uncertain, he says.

“I suppose if I'm ever going to practice
law | should do it for at least a few
months,” he laughs. “But if | don't, i'd
like ta do sume more writing, in the short
run at least.”

What about the long run? What about
elective office? At the time of this inter-
view, Bradford made no comment on the
one and dismissed the other. But even
his short-run plans for writing or law
practice, not to mention his remaining
months on the state commission, were

put up in the air by the White House
announcement on July 13 of his namina-
tion by President Carter to a position on
the Muclear Regulatory Commission,

The nomination must be seen as an
endersement of Bradford’s perfermance
in energy affairs. Subject to his cenfir-
mation by the Senate, then, it appears
that Bradford will move from the nation’s
wings to spend his next five years on its
center stage.
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At the Institute

Board Approves $40 Million in Research

The EPRI Board of Directors approved
$40 million in electric energy research
for 50 new projects and 25 previously
authorized projects at a meeting in Wash-
ington, D.C., on May 5.

In fossil fuel research, the directors
approved a %3 million funding increase
to continue operating a pilot plant at
Wilsonville, Alabama, that produces
clean solid fuels from coal. The project
is also being funded by ERDA and
Southern Company Services, Inc., of
Birmingham, Alabama.

In the area of new electric energy tech-
nologies, the Board approved a joint
project with ERDA to develop prelim-
inary engineering designs for com-
pressed air storage and underground
pumped hydro storage systems foruse by
utilities. Another key project approved
by the Board will develop information on
the costs of heliostats (mirrors) that may
be used at solar-thermal power plants,
Recent studies indicate that heliostats are
a key cost item in central-receiver solar
plants.

A series of studies were approved for
electrical systems research to determine
the effect of broken conductors on trans-
mission lines. The tests will be pecformed
on seven miles of transmission line
scheduled for dismantling by Wisconsin
Power and Light Ca. Also approved was
a joint project with the National Bureau
of Standards to develop a screening
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program to determine the suitability
of using certain polymer materials for
high-voltage underground transmission
cables.

The Board established budgetary
guidelines for EPRI for 1979-1982,
which provide for more than $1 billion
in electric energy research and develop-
ment. A 1978 research and development
budget of $193 million was approved.

Another significant action was the
interim appeointment to the Board of
Floyd W. Lewis, president of Middle
South Utilities. Lewis, who will serve
until the 1978 Annual Meeting of Mem-
bers, is filling the vacancy created by the
death of Clyde A. Lilly, Jr., president of
Southern Company Services, Inc.

The Board elected Frank M. Warren as
its chairman and Aubrey ]. Wagner as
vice chairman. Warren is chairman ef
the board and chief executive officer of
Portland General Electric Co. (Oregon).
He succeeds Shearon Harris, chairman of
the board of Carclina Power & Light Co.
Wagner is chairman of the Tennessee
Valley Authority.

At the annual meeting of EPRI mem-
bers the day before the Board meeting,
John J. Bugas, president of Colorado Ute
Electric Association and Thomas ). Galli-
gan, Jr., president of Boston Edison Co.,
were elected to the EPRI Board for terms
of four years each.

Lewis

Warren

wagner

Bugas

Gatligan
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Former EPRI Chairman Honored

Leaders of the nation’s electric utility
industry met on May 5 in Washington,
D.C, to honor James E. Watson, who
recently retired from the Tennessee
Valley Authority (TVA). Watson had
served with TVA since 1936 and was
manager of power frem 1969 to 1976—a
position that placed him in charge of the
nation’s largest electric system, He also
served as senior adviser, power; director

of power marketing; and chief, power
contracts branch.

Watson was a member of the Federal
Power Commission’s Southeast Regional
Advisory Committee on the National
Power Survey and a member of the
National Electric Reliability Council, and
he was chairman of EPRI's Board of
Directors from 1973 ta 1975.

Cable Boring Technology Workshops

Twao EPRI workshops in the field of dis-
tribution cable boring technology were
held in Dallas and Atlanta. EPRI is plan-
ning to sponsor research in this area and
the April workshops were erganized to
obtain information on the state of the art.
Boring is ene of the metheds used to
install underground distribution conduits
and directly buried cables; it is an alterna-
tive to the more commonly used methods
of trenching-backfill and plowing.
“Electric utilities have used boring for
years to install underground facilities,
especially where other methods are not

permitted,” says EPRI's Dick Steiner,
citing its use under railroads and thor-
oughfares as a key example.

Gteiner, manager of the EPR! Distri-
bution Program, notes that the amount
of underground distributien line installa-
tion being done by boring still represents
only about 1% or 2% of underground
distribution line construction. But he also
says that if boring methods and equip-
ment were improved, applications could
be significantly increased. “This method
could prove particularly advantageous
for future cable replacement,” he states.

Fast Breeder Called Energy Insurance Policy

The cost to the nation of deferring the
fast breeder reactor (FBR) will range frem
$100 billion to as much as $3.5 trillion
over the next 75 years, according to René
H. Malés, director of the EPRI Energy
Analysis and Environment Division, re-
sponding to the recently released Ford-
Mitre study on nuclear power issues and
choices.

Addressing the Nuclear Regulation
Subcommittee of the Senate Committee
on Environment and Public Works in
Washington, D.C., on April 28, Males
referred to the breeder as a national
energy insurance policy. “If our other
known major energy resources, coal, oil

and gas, and uranium, prove to be ade-
quate, the benefits of the breeder are still
significant. But if some of these energy
resources fall short of expectations, de-
ferment of the breeder could cost us
dearly.”

Maleés said that if all three major re-
sources proved to be in short supply,
financial consequences of FBR deferment
tould go as high as $3.5 trillion. That
would amount to a 5.7% average annual
reduction in gross national product be-
tween new and the year 2050, according
to the EPRI division director.

Malés told the subcommittee that fu-
ture electricity prices would rise substan-

Waltson

Three main recommendations were
made by the workshop participants: first,
EPRI should investigate the guidance
system for a mechanical mole—devel-
oped some years ago by the Bell Labora-
tories—ta determine if it could be applied
to electric distribution boring; second,
EPRI should proceed with research to
develop impreved equipment for small
bores; third, EPRI should consider a
parallel research effort to develop a sys-
tem for detecting and lecating subsur-
face obstructions to boring and trenching,

tially if the amount of economically re-
coverable uranium is fimited. “However,
timely introduction of the breeder can
significantly reduce the size of that in-
crease in electricity cost to the consumer.
Delays in breeder development could
increase already high electricity prices
in the year 2010 by nearly 100%, depend-
ing on future constraints of the major
energy resources,” he stated.
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Yeager to Succeed Hill

Kurt Yeager will succeed George Hill as
director of the EPRI Fossil Fuel Power
Plants Department this September, ac-
cording to an announcement by Richard
Balzhiser, director of the Fossil Fuel and
Advanced Systems Division. Hill will
take the Envirotech Chair at the Univer-
sity of Utah as a professor in the Chemical
Engineering Department.

Prior to his new assignment, Yeager
was manager of EPRI’s Air Quality Con-
trol Program. Donald Teixeira, formerly
a project manager in the Air Quality
Control Program, is replacing Yeager as
program manager.

Hill joined EPRI in 1973 after 15

Yeager Hill

months as the director of the Office of
Coal Research, U.S. Department of the
Interior. Before that, he was on the faculty
of the University of Litah for 26 years.

New Nuclear Policy Could Be Counterproductive

Proposals aimed at preventing nuclear
weapons proliferation by not recycling
nuclear fuel could be counterproduc-
tive and could increase the potential for
spreading nuclear weapons rather than
limiting it, said EPRI President Chauncey
Starr.

In a luncheon address at the American
Power Conference on April 19, Starr de-
clared that “it is a disservice to the people
of the U.5. and of the world to create the
illusion that by putting restrictions on
civilian nuclear power we have somehow
solved the proliferation problem.

“In the Non-Proliferation Treaty,
which 105 other nations signed at the
urging of the U.5., we agreed to make
available the benefits of peaceful nuclear
power through international cooperation
in return for a pledge of abstention from
making nuclear weapons. That this pol-
icy has worked may be seen from the fact
that almost any nation with the resources
to afford a viable military establishment
could certainly afford a nuclear weapon,
yet only one—not a signer of the treaty—
has chosen to do so.”

The new U.S. policy, reversing a quar-
ter century of U.S. strategy, will inevi-
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tably be seen abroad as a unilateral rein-
terpretation of our commitments under
that treaty, Starr said. But because other
nations cannot afford to make wasteful
use or less than optimum use of their
energy resources, even if the U.S. does
s0, those nations will bedrivento develop
or to buy from other sources their awn
reprocessing plants and breeder reactors.

“Thus it is clear,” Starr stated, “that the
proposed administration policy would
be counterproductive by creating re-
source conflicts, removing faith in the
U.S. umbrella to pretect the welfare of its
allies, and stimulating the expansion of
indigenous nuclear capabilities abroad,
including enrichment and reprocessing.”

Spokesmen for a number of nations
have indicated that this is an already de-
veloping international response. The
EPRI president reported that at a meeting
in New York last March, each spokesman
declared that nuclear power is not a pos-
sible optian but an indispensabie neces-
sity for his nation: “A French spokesman
said his country is not even studying the
option of not reprocessing spent civilian
nuclear fuel and declared that France will
provide and guarantee fuel cvcle services

Teixeira

Yeager joined EPR] in 1974 after serv-
ing as director of Energy R&D Planning
for the U.S. Environmental Protection
Agency’s Office of Research.

to developing countries without strings
attached.” Starr also said that a West
German remarked that U.S. denial of re-
processing or breeder technology would
create greater pressure on others to move
ahead faster with domestic reprocessing
and breeder programs. At the same time,
a Japanese said his country’s confidence
in dealing with the U.S. appears to have
been shaken, according to Starr.

The EPRI president further pointed
out that commercial nuclear power is
only one of cight different ways available
today, with widely known technolagy,
to produce weapons material. Of the
eight, it is the most expensive, takes long-
est to install and begin yielding material,
and requires the highest level of support
technology and the broadest base of sup-
port industry. “lIt is, therefore, the least
likely route to be chosen should a gov-
ernment decide to establish its own ca-
pability to make weapons,” said Starr.

Who would benefit from the new ad-
ministration’s policy? “The oil exporting
nations, of course,” said Starr, “and those
nations that are continuing to develop all
their nuclear power options without re-
striction.”



EPRI Reports Available for Purchase

Technical reports describing research
projects sponsored by EPRI can be pur-
chased through the Research Reports
Center (RRC) of Palo Alto, California.
All reports, however, will continue to
be sent gratis to EPRI member utilities,
utility industry associations, national,
state, and local government agencies,

Fusion Seminar Planned

A three-day executive seminar on fusion
is planned by EPRI and ERDA for Octo-
ber 11, 12, and 13 at the Sheraton-Palace
Hotel in San Francisco, The purpose of
the seminar is to provide information for
the utility industry that will help in as-
sessing its role in fusion development.

New Insulating QOils Meeting

General Electric Co., which is developing
new insulating oils under EPRI contract,
reported on its research to representa-
tives from major U.S. oil companies at
an April meeting,.

Westinghouse Electric Corp. and
McGraw-Edison Co. are also conducting
research in this area for EPRL

Ed Morton, a project manager in the
EPRI Electrical Systems Division, ex-
plains that the electric utilities’ supplies
of naphthenic-based oils are vanishing
rapidly and that alternative oils must
be developed for transformers, circuit
breakers, and other types of electrical
equipment.

“Lubrication oils are made from the
same distillation fraction as transformer
oils. The same refining equipment, there-
fore, may someday be used for both in-
dustries,” Morton says.

EPRI research is identifving the refin-
ing processes and the types of crude oils
that have potential for utility applica-

tions.

and foreign organizations with whom
EPRI has a legal agreement for the ex-
change of information.

More than 400 EPRI reports are avail-
able through RRLC covering R&D on
electric power production from nuclear
sources, fossil fuels, and advanced sys-
tems; electric power transmission and

The presentations will emphasize the
status and potential applications of
fusiin power rather than the technical
aspects of its development. According to
Steve Nichols, coordinator,
enrollment will be limited.

Additional

seminar

information can be ab-

distribution; and a range of electric
energy and environmental concerns,
Lists and prices of EPRI technical
reports can be obtained through Research
Reports Center, P.O. Box 10090, Palo
Alto, California 24303; (415) 366-5432.

tained frem OSteve Michols, Assistant
Professor, Mechanical Engineering De-
piartment, University of Texas, Austin,
Texas 78712; (512) 471-4585.

EPRI President Chauncey Starr (left) welcomes T. K. Sloat of Westinghouse Electric Corp,
(right) and Earl Morrison from the Department of Water & Power, City of Los Angeles, prior
to a recent EPRI meeting on new insulating oils for electric utilities.
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Project Highlights

Report Questions Air Pollution Health Effects Data

An EPRI report released early in May
raises questions concerning EPA con-
clusions that there is a link between
occurrence of asthma attacks and particu-
late and sulfate levels in air (EA-450).
Working under an EPRI contract, the
San Rafael, California, firm of Greenfield,
Attaway & Tyler reanalyzed data from a
1974 EPA report on this subject. That
report was based on a study conducted
by EPA in the greater New York City
area during 1970 and 1971. The EPRI
report does not question the fact that high
levels of air pollution can produce adverse
health effects. Instead, it simply concludes
that the EPA data are inadequate to sup-
port any contention that there was or
was not an association between the inci-
dence of asthma attacks and the air pol-
lution concentrations measured, which
were in the normal range for that area.
During the fall of 1970 and winter
and spring of 1971, EPA began a series
of epidemiological studies known as the
Community Health Evaluation Surveil-
lance System (CHESS). They were carried
out at several locations, including the
greater New York City area. These studies
generally involved the short-term impact
of environmental agents, including air
pollution, on certain health indicators,
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such as the daily occurrence of asthma
attacks.

Since completion of the studies, many
questions have been raised in the scien-
tific community on the results of the study
and their interpretation. Recently, a
subcommittee of the U.S. Heuse of Rep-
resentatives Committee on Science and
Technology, chaired by G. E. Brown, Jr.,
issued an investigative report that criti-
cized all the reported CHESS studies.
For ane specific CHESS study (the one
dealing with asthma), the EPRI report
confirms the conclusions of the so-called
Brown report.

“But in all fairness, any judgments or
policy decisions based on the CHESS
interpretations, as a whole, should await
the results of the detailed reanalysis
efforts now under way,” says Cyril
Comar, director of the EPRI Environ-
mental Assessment Department.

Although CHESS data were not used
in setting emission standards, Comar
states that the data are being widely
quoted in support of regulatory and
standards action.

“For the first time, the EPRI report
presents the original CHESS data, which
were not available in the published liter-
ature, so that anyone can examine them,”

states Comar. In addition, Comar says
the EPRI report provides biostatistical
methods that may be useful to researchers
in future epidemiological research.

As partofits overall research program,
EPRI has been sponsoring a number of
studies evaluating the possible health
effects from fossil fuel combustion. The
report released in May represents the
second EPRI evaluation of health effects
of air pollution. The first report, published
in January of this year, deals with sulfur
compounds. |t emphasizes the inade-
quacy of existing data and describes the
research needed for making rational
decisions on sulfur emission standards
as well as for developing sulfur emission
control technologies.

EPRI plans to sponsor future efforts on
the reevaluation of the CHESS data. Such
studies will include data on asthma in
New York City during 1971-72, chronic
bronchitis in New York City, cardiopul-
monary disease in New York City, and
pulmonary function in schoolchildren
in Birmingham, Alabama, and Charlotte,
North Carolina.



Coal Gasitication Technology Moves Ahead

“The recently announced participation
of the federal government in a coal gasi-
fication test facility should speed the day
when this new technology can be used
to generate electricity,” said EPRI's Dwain
Spencer, commenting on last week’s
announcement by ERDA to commit $1.8
million to Commeonwealth Edison Co.
for the further design of a coal gasifi-
cation-rombined-cyzle gas turbine test
facility. When built and operated at
Commonwealth Edison’s Powerton site
near Pekin, lliinois, the facility will pro-
duce 25 MW of electricity.

Most of the nation’s electric utilities,
which represent about 80% of US.
generating capacity, have supported the
initial design efforts of the Powerton
test plant since March 1974 through their
membership in EPRI. Commonwealth
Edison has supported this effart with its
own funds, as well as through its con-
tributions to EPRI’s research program,

Tests conducted at Powerton should
lead to a demonstration of this new type
of coal-fired power plant by 1985,

“The coal gasification—combined-cycle

power plants promise higher efficiencies
and less environmental impact than con-
ventional coal-fired power plants,” said
Spencer, director of the EPRI Advanced
Fossil Power Systems Department. Ac-
cording to Spencer, these systems offer
the greatest potential for increasing our
country’s use of coal in a way that is
environmentally acceptable and tn accord
with the goals of the president’s recent
energy message.

Powerton’s gasification unit will be
based on the technology developed bw
Lurgi Mineraloitechnik GMBH of West
Germany. The Powerton system will
produce a gas (with a heat content about
one-seventh that of ordinary natural gas)
by reacting c¢oal under pressure with a
mixture of air and steam. The gas will
then pass through a cleanup system and
desulfurizer before being fired in the gas
turbine.

“By removing such e#mission-forming
constituents as particulates, nitrogen,
and sulfur compounds from the gas prior
to cembustion, pitwer systems based on
coal gasification offer zignificantly re-

Study Finds Continued Fuel Price Increase

The price of fuels will continue to in-
crease up to the year 2000, accurding ti
a report by Foster Associates, Inc., of
Washington, D.C., which was released
in April by EPRI. The study develaped
price projections on a regional basis,
both at points of production and at points
of consumption,

Although future energy prices invalve
many un<ertainties, the report asserts that
even without inflation, the price of all
forms of fuel will increase substantially.

The report, EA-411. Fuel and Energy
Price Forecast, Vol. 1, Final Report. and
Vol. 2, Scheidules, notes that the price of
uranium, the fuel for nuclear power re-

actors, is especially uncertain, “Uranium
isone energy source that has many unan-
swered questions in rispect to require-
ments, the size and nature of the resource
base, and the costs of exploration and
production,” the report states.

According to Thomas Browne, an
EPRI] project manager, the study was
made to provide input to the forecasting
efforts of the EPRI Energy Supply Pro-
gram. Browne noted that as with all con-
tractor reports the publication of this
report does not imply EPRI's endorse-
ment of the analyais or conclusions.

An impartant conclusian af the report
is that the (lrganization of Petroleum

duced emissions compared with today’s
coal-fired units,” actording to EPRI's
Meville Holt.

One of the main reasons for the high
efficiency of the gasification process re-
sults from ils integration with the com-
bined cycle. [n a combined cycle, waste
heat from the gas turbine is used to make
steam for a separate turbine-generator
mstead of being dissipated into the envi-
ronment as occurs with most gas turbines.

“These plants should be able to pro-
videe more kilawatts of electricity per ton
of coal than conventional power plants,”
stated Holt, manager of the EPRI Clean
L.aseous Fuels Program. “In addition,
these advanced power plants will require
much less land and only 60-70% of the
water neceded by present coal-fired
plants.”

Under the proposed budget for the
Powerton plant, ERDA will provide
$115.6 million of the total funding. EPRI
will contribute $30 million; Common-
wealth Edison, $14.2 millien; and the
State of Illinois, $7.2 million,

Exporting Countries (OPEC) will con-
tinue to be a deminant force in deter-
mining the price of world cil up to the
year 2000. In addition, world oil prices
will rontinue to influence other energy
prices in the U.S5,, although this inflation
will lessen considerably in the 1990s
because of the rising cost of domestic
ENErgy sources.

Far the year 2000, the report farecasts
that the average cost of domestic and
imported crude oil in 1975 dudlars, will
be about $18 per barrel, ranging from
abaut $10 to $24, which reflects the un-
certainty of the forecast.

For gas from all sources at points of
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production, the maost likely case shaws
the average price to be just ever $3/mil-
lion Btu in 1975 dollars. The range for
the gas price forecast is from $1.50 to
$4/million Btu.

Bituminous ceal costs at the mine, in
1975 dollars, will vary depending on type
of mine and region. For eastern high-
sulfur coal, the low priae will be around
$23/ton, with a high price of $26/ton.

Midwestern high-sulfur coal will be
about $21/ton. Western low-sulfur coal
will have alow price of $25/ton and 2 high
price of $31/ton.

The most likely cost of uranium in the
year 2000 is projected as $74/1b, with a
range of $44/1b to $134/lb, reflecting the
uncertainty in the projection.

The price of uranium must be inter-
preted somewhat differently than other

EPRI Joins Air Pollution Health Effects Study

EPRIannounced in April that it had joined
the federal government in sponsiring
“what is probably the most important
ongoing environmental health study in
the U.S.today,” according to the manager
of EPRI's Health Effects Program.

James McCarroll, M.D., stated that a
$378,000 EPRI award to the Harvard
School of Public Health will support a
role for the electric utility industry in a
project funded by the Mational Institute
of Environmental Health Sciences
(NIEHS).

“This project is the largest epidemio-
logical study of the health effects of air
pollutants on humans in the LS. today.
It is well conceived, comprehensive, and
significant in terms of both sample size
and funding,” said McCarroll.

The study focuses on six communitiis
in the U.S, and involves samples of 1600
to 2400 adults in each community. Chil-
dren are also being studied. The project
has been under way since 1974, with
approximately $3.5 million total cost
committed through 1979 from MIEHS.
If further federal funding is approved at
that time, the study is expected to last
through 1983,

The six communities under investi-
gation are: Watertown, Massachusetts;
Kingston-Harriman, Tennessee; the
southern end of 5t. Louis, Missouri;
Steubenville, Ohio; Topeka, Kansas; and
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Pertage, Wisconsin. The plan calls far
investigators from the Harvard School
of Public Health, under the direction of
Benjamin Ferris, M.D., to collect, cor-
relate, and analyze health and air quality
data in these communities. Sociveco-
nomic and meteorologic conditions in
the areas are alse being studied.
Investigators are
assessment data on adults and children
by conducting personal interviews and

coliecting health

administering lung functien tests. Adults
are retested every three years; children
are retested annually.

“The real payoff in the study should
come with the children because any
effects of air pollution may be more dis-
cernible in developing lungs,” stated
McCarroll.

Air quality in the communities is being
measured with three types of monitering
devices. One type measures concentra-
tions of air pollutants at a fixed location
in each community. This central location
serves as a reference point for a network
of samplers positioned throughout the
community.

A second
pollutant levels inside the homes of at
least 10 volunteers from each community
for a year. Samples are taken in the room
where the family spends most of its time.

The third measure of air quality is
provided by a portable monitoring device

instrument measures air

fuel prices because of the long time re-
quired to build a nuclear power plant and
secure the necessary licenses. The prices
quoted above reflect uranium purchased
in the year 2000 for delivery approxi-
mately 10 years later. Uranium burned
in nuclear reactors in the year 2000, for
example, would be produced from uran-
ium purchased in 1990.

that volunteers from the sample carry
with them every six days. The monitoring
device collects a 24-hr integrated sample
of all the pellutants to which the volun-
teer is exposed in traveling throughout
the community,

“Most other studies have only mea-
sured air pollution levels at fixed locations
in a community,” McCarroll pointed out.
"This is the first time that a major study
has also monitored poltution levels within
the home and on a communitywide expo-
sure basis. By taking into account all
three measures, we hope to get a more
comprehensive picture of the effects of
air pollutants on human health.”
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R&D Status Report

ELECTRICAL SYSTEMS DIVISION

John J. Dougherty, Director

OVERHEAD TRANSMISSION

The mechanical design of overhead trans-
mission lines must accommodate the effects
of wind loading. Wind is a dynamic, nonuni-
form force that can cause two problems:
conductor oscillations and transverse load-
ing stresses on sections of transmission
line. The overhead transmission mechanical
research subprogram is studying both
problems.

Conductor motion studies and damper
development are concerned with wake-
induced oscillations. Designing for trans-
verse wind loads is undertaken in separate
projects.

A project on wind-induced conductor
motion is now under way (RP792). It con-
cerns the three forms of conductor motion:
aeolian vibration, galloping, and subcon-
ductor oscillation. The investigators soon
discovered that although this subject had
been extensively researched throughout the
world. very little of the information could be
correlated and very little was available in
one place. One outcome of the project will
be the publication of the fourth EPRI trans-
mission line reference book. This will present
both published and previously unpublished
data in a form usable by the line designer.
The reference book will contain theoretical
causes and practical solutions for dealing
with conductor motion and will include a
section on fatigue.

The project was started in late 1976 and
is expected to be completed by early 1978.
The contractors are Alcoa Conductor Prod-
ucts Co. on galloping, fatigue, and subcon-
ductor oscillation, Boeing Engineering &
Construction on subconductor oscillation,
and Washington State University on aeolian
vibration. Commonwealth Associates Inc.
will coordinate and edit the final published
document.

One type of conductor motion, galloping,
has long been of concern to transmission
line engineers. Recent increased emphasis
on more attractive and compact overhead
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line designs intensifies the industry’s interest
in resolving the problem, despite years of
unsuccessful attempts. EEI, IEEE, and CIGRE
haveforsome years promoted efforts toward
the solution of this wind-induced problem.

Ontario Hydro has been very active in re-
search to conquer galloping and has tested
many possible solutions on test spans and
operating lines within its system. Most
attempts to control motion have used
damping devices installed on the conductors
or towers. Ontario Hydro has recently de-
veloped a device called a galloping detuner
that has shown promise of resolving the
majority of galloping problems. The device
Is reasonable in cost and may be attached
to new or existing lines, much as a vibration
damper or spacer is now installed. it sepa-
rates the torsional and vertical natural fre-
quencies of the span. The theory is to inhibit
initiation of motion rather than to absorb the
energy of an already moving conductor, as
with a damper.

To obtain in-service experience on the
device, Ontario Hydro has developed an
expanded field evaluation program with
EPRI (RP1095). Installation of galloping
detuners on existing spans of about six U.S.
utilities is planned for late 1977. Through
evaluation of the projected test spansin the
U.S. aswellas in Canada, itis hoped that this
long-standing transmission line problem can
soon be controlled.

An unexpected benefit from a recent
project on compact transmission line design
with Power Technologies. Inc. (PTl) has
been an increased understanding of trans
verse conductor wind loading (RP260).
This is the least well defined contributor
to tower loading Substantial savings in
structure cost, as well as a reduction in the
necessary clearance requirements in high-
wind areas, can be obtained by developing
the concepts identified.

PTI's test line data correspond to earlier
data from the Hornisgrinde test site in
Germany. However, they indicate loadings

substantially less than those obtained by
using the time-honored equation for calcu-
lation of wind pressure on a conductor.

Figure 1 shows the trend of loading versus
wind speed given by the two methods. The
essential difference is that the PT| work and
the German work take advantage of the fact
that for most span lengths the wind speed
is not the same at all points along the span
due to gusting. This fact, although recog-
nized, has not been investigated to any
significant degree in the U.S. Although pre-
liminary work performed in the U.S. and in
Europe confirms the benefits that can be
derived, it does not provide sufficient data
for application of the clearance reduction
factors in the various situations required.
It has shown that the amount of reduction
increases with higher wind speed as well
as with span length.

To solve this problem and to make savings
in tower steel and clearances, an evaluation
program is being developed. It will be neces-
sary to determine (1) how uneven wind
gusts—which are distributed in time and
space on the line—affect foading, (2) how
different types of terrain cause wind-gust
variations, and (3) how the gustiness varies
at different average wind speeds.

An EPRI workshop was held to discuss
ways of investigating reductions in wind
loading without sacrificing reliability. A proj-
ect may soon be under way that will make
possible significantsavingstoline designers,
particularly in areas of severe wind con-
ditions. Project Manager: Mike Silva

Environmental effects of dc lines are
rapidly assuming increased importance to
the U.S. utility industry. Electric field effects
have been one of the primary reasons used
by utility intervenors to block construction
of ac high-voltage transmission lines. Regu-
lators are now beginning to apply ac field
criteria to dc lines. even though the field
conditions are widely different. This places
a severe cost penalty on the dc line.

Very few data have been published on dc



Figure 1 Comparison of calculated and measured transverse wingd-loading pressures on
transmission lines. Wind gusts, which are uneven and distributed aiong the line, appear to
account for the difference between the curves at higher wind speeds. When properly
documented, wind data may make possible some modifications in loading criteria and a

resulting reduction in steel requirements.
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fields because of the tack of suitabie instru-
mentation. Accurate prediction and mea-
surement ot electrostatic fields is absolutely
necessary to establish a verifiable facts base
that is responsive to public inquiry. The few
instruments available have been uniquely
developed by each investigator and have
only modest! correlation between each other.
If commercial dc field instrumentation were
available to allinterested parties, the mystery
surrounding dc field effects could soon be
removed and reasonaple dc line design
criteria could be set, unbiased by ac line
problems.

The line parameters of interest in guanti-
fying the severity of any environmental
impact are electrical field strength, ion den-
sity, and current density. An EPRI-sponsored
project with Westinghouse Electric Corp. as
the main contracter and System Planning
Corp. as a subcontractor wiil develop an
instrumentation package that can be pro-
duced on a commercial basis (RP1046).
The instruments are designed to take mea-
surements not only at ground level but also
in the air. They should be suitable for long-
term recordings and direct readouts and
should provide connection to recorders or
telemelry for unattended operation. An
operator’'s remote-display and readout unit
may eliminate effects on the calibration and
performance of the instrument caused by
the operator's presence (Figure 2).

The instruments will probably be unat-
tended for long periods while measuring
ion drift or the effect of weather parameters
on dc line fields, For this reason the feasibility
of automatically controlling sensitive instru-
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Figure 2 Proposed design approach for
integrated d¢ field strength instrumentation
(RP1046). The head contains two conductivity
chambers, two ion-charge counters, four
electric field mills, and a zero-charge system.

ments will have to be investigated.
Successiul completion of the project
should provide the industry with new tools
for cbtaining a belter undersianding of dc
tfransmission line performance, thus pro-
viding utility engineers and the public with
added confidence in these circuits as impor-
tant links in the nation's power systems.
Project Manager: Lennart Svensson

Substations

The growth of power transmission systems
steadily increases the short-circuit-inter-
rupting requirements for power circuit
breakers. There are systems today in which
the breaker-interrupting reguirements are
at or near the rating of the largest breakers
available; today's breakers will quickly be-
come obsclete. With growth in system ca-
pacity, greater load-current-carrying ability
is also needed.

SFe gas is considered the best medium in
which to provide high-current and high-
voltage interrupting performance. Heavy-
duty, transmission-class, SFs power circuit
breakers have used double-pressure sys-
tems to provide gas flow during arc inter-
ruption. These systems require that breakers
be equipped with insulated, high-pressure
gas reservoirs and compressor systems
{(withtheir control devices), bothof which are
costly and require additional maintenance.

Recognizing these problems, EPRI has
funded a project with Westinghouse Electric
Corp. to develop a single-pressure, SFs
interrupter rated to interrupt 120 kA at 145kV
in two cycles or less (RP478). It would have
a continuous-current rating of up to 4000 A
(Figure 3).

One of the problems is to maintain a safe
temperature rise of current-carrying com-
ponents without an excessive increase in
material and mass of moving parts. This is
necessary 1o keep the breaker-operating
energy at a reasonable level.

A test is being conducted to determine
interrupter materials performance in the
high-temperature, high-pressure, SFs envi-
ronment (which is contaminated with arc
products). The goal of this portion of the
project is to evaluate insulating materials
that will give reliable performance at 135°C
and conductor materials, at 150°C.

Today's single-pressure puffer breakers
are of moderate interruplting rating and use
moderate gas pressures (75 psi). It is known
that the interrupting ability of SFs improves
as its pressure around the arc is increased.
Accordingly, two approaches to a higher-
pressure SFe interrupter design are being
investigated on this project. One is a super-
pressure (300 psi), SFs gas pufferinterrupter;
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Figure 3 Laboratory models of a superpressure circuit breaker interrupter (left) and a liquid
SF,; circuit breaker interrupter, built and tested to provide data for design of a prototype
interrupter (RP478). Both models successiully interrupted 90 kA at 145 kV early in 1977. One
will be selected for final development of an interrupier with a continuous-current rating of

4000 A,

the other is a liquid SFe interrupter. Both
use piston action during opening to provide
flow of SFs.

Full-scale model interrupters of each
type have been built and successfully lested
at 90 kA, providing the needed high-current
interruption performance data. These data,
together with those on hand for lower-rated
breakers, will provide the necessary infor-
mation for the design of both types of high-
duty interrupters. The two designs will then
be evaluated by EPRI. One will be selected
for ultimate development of a prototype
interrupter. The project is scheduled for
completion in late 1978. Project Manager:
Glenn Bates

Dec circuit breakers

Dc circuit breakers are the subject of re-
newed interest in view of expanded use of
HVDC systems. The concept of multiterminal
dc systems using parallel-connected con-
verters was discussed in the literature more
than 15 years ago (7). In the U S., several
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HVDC projects under consideration could
develop intc multiterminal, interconnected
HVDC systems. However, lack of d¢ circuit
breakers is most often cited as the reason
for not considering multiterminal dc schemes
seriously.

Ideally, the breakers should operate inde-
pendently, that is, without depending on
converter control system operation. How-
ever, some interaction between the breakers
and the converters is unavoidable. It will
doubtless take a number of system studies
to suppert a careful development of dc
breakers befare utilities will commit re-
sources to implement a multiterminal dc
system. Recognizing this, EPRIis conducting
a study being performed by Hydro-Quebec
Institute of Research that will provide basic
information about the duties of different dc
circuit breakers and the interactions between
the breakers and the dc system in four basic
multiterminal dc schemes (RP326).

The different concepts are shown in Figure
4. The study also covers diode rectifier con-

Figure 4 System concepts for appliication of
dc circuit breakers (RP326).
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cepts and the application of metallic return-
transfer breakers (2). It concentrates on
parallel operation of converter terminals
but excludes series-connected cenverter
terminat schemes because parallel con-
nection of converters is probably the most
realistic approach for systems where inde-
pendent load control is needed for each
converter terminal.

The first phase of the project consisted of
a set of preliminary system studies for the
different concepts. These studies have been
used 1o define the system parameters of
importance and to evaluate and develop the
control sequences needed for each circuit
breaker applicatien. The preliminary studies
used the basic dc circuit breaker model
(Figure 4). Other breaker concepts have
been developed that are based on informa-
tion supplied from manufacturers.

The last phase of the project is a set of
finalsystem studies that usesystemconcepts
proposed by or of interest to U.S. utilities.
The study will result in a dc breaker specifi-
cation outline. It will discuss the breaker
requirements for fault clearing, reclosing,
load break, and closing on load. It will take
into account the interaction between the
centrol system and the breaker. Further,
overvoltages generated by the dc circuit
breaker, the energy dissipation, and the
breaker's speed of operation will be con-
sidered.

As expected, a preliminary study showed
that the breaker specification is highly sen-
sitive to the contr¢o! system performance.
It has not been possible to optimize the dy-
namic response of the contrel system for
each application. Hewever, realistic delays
in the control sequences equal to expected
delays in commurication lines have been
inserted into the simulator model. Even
though significant differences exist between
control systems buiit by different dc sup-
pliers, the study is intended 1o be generic
and of value to the whole industry. Some of
the early results have been published (3).
The final project report is expected to be
available later this year. Project Manager:
Stig Nilsson
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UNDERGROUND TRANSMISSION

A project with Ohio State University (OSU)
will be 1o develop an accurate and expedient
method of detecting, identifying, and map-
ping underground obstacles (RP7856). The
hardware developed should prove to be an
important new tool that utilities can use to
plot an optimal cable route before trenching.

OSU's system for sensing obstacles em-
ploys a high-frequency, electromagnetic
pulse of approximately 150-us pulse width
at 1080-V peak amplitude. The pulse is sent
into the ground via a transmitting, folded
dipole antenna (Figure 5). This is a pulsed
radar type of system with a frequency spec-
trum of 250 Hz—-1 GHz. A receiving antenna
pesitioned at 90° te the transmitting antenna

ION TATL

picks up the scattered reflections from the
obstacles in much the same way that sonar
detects naval vessels. By knowing the veloc-
ity of propagation. sail dielectric constant,
ang soil conductivity (electrical), the depth
of an obstacle can be calculated. The size
of the obstacle is determined from the re-
flected signal's amplitude. By referring to a
data base of reflection signature profiles, a
comparative analysis can be performed to
characterize the obstacle by size, shape,
depth, and material. It is anticipaied that this
location device may be able to detect objects
20-40 it underground. It should be able to
focus ena 3-in target at a 4-ft depth and have
a resolution between obstacles of less than
11t. Project Managers: Tom Rodenbaugh,
William Blair
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Figure 5 Folded dipole antenna similar to that being developed under RP7856 for locating
underground obstacles. Ohic State University will design and build expanded instrumentation,
including a minicomputer, mapping unit, and sampling oscilloscope.
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R&D Status Report

ENERGY ANALYSIS AND ENVIRONMENT DIVISION

Rene Males, Director

RESEARCH STRATEGY
ON HEALTH EFFECTS

A major aim of the Environmental Assess
ment Department's research program is to
provide reliable data on any possible health
effects linked to electricity generation and
use so that rational policy decisions can be
made and cost-effective control technology
put to use as needed. This is a complex and
ambitious task. To accomplish it with any
measure of success requires a chain of
disciplinary studies to:

o Determine what significant pollutants are
emitted and in what physicochemical form

o Establish reliable methods for their mea-
surement and monitoring

o Determine transfer routes, movement
rates, and conversion during transport from
the source to the population exposed

o Estimate relative contributions of major
sources to population exposures

o Analyze critically existing biomedical
data

o Screen potentially significant pollutants,
determine mechanisms of toxicity, and es-
tablish dose-response relationships in animal
toxicology studies

a Apply the resuits of animal toxicology
studies to selective clinical trials in human
beings

oUse epidemioiogical studies in combi-
nation with other biomedical data to provide
humanrisk assessment (i.e., to quantitatively
predict effects of environmental agents of
concern on human health)

When EPRI's program started over two
years ago, it was decided that major empha-
sis would be placed on air pollution from
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fossil fuel combustion. The main reasons
for this were that a rapidly increased use of
coal was anticipated; there was relatively
liitle known about population effects from
coal combustion; air pollution was the major
route of population exposure to pollutants
from the burning of coal; and the most
effective way for air pollutants to exert their
harmful effects is through inhalation.

The first four steps noted above are pri-
marily physical in nature and were begun
first. Currently EPRI has about 25 projects
in this area with authorized funding for about
$9.5 millionover the nexttwo to three years.
A large part of this funding is for the sulfate
regiocnal experiment (SURE), about $5.5
miftion. In addition to investigation of sulfur
compounds, there are also studies of nitro-
gen oxides, polycyclic organic materials,
oxidants, and trace elements. This phase
of the work is well under way.

Analysis of existing biomedical data is
being done primarily by Greenfield, Attaway
& Tyler, inc.. under RP681, which started
in September 1975. Two groups of reports
are to be prepared. One deals with specific
substances and covers sulfur oxides (sulfur
oxides: current status of knowledge, EPRI
EA-316), nitrogen oxides, particulates, and
oxidants. The other group consistsofdetailed
reanalysis and interpretation of EPA epi-
demiological data. The first report has been
completed (Evaluation of CHESS: New
York Asthma Data 197 0—71. EPRI EA-450).
Others in this series will include New York
City asthma data for 1971-1972, chronic
bronchitis in New York City, cardicpul-
monary disease in New York City, and
pulmonary function in schoolchildren in
Birmingham, Alabama, and Charlotte, North
Carofina. Using research results from this
project, the contracters have been able to
testity effectively on behalf of several utilities

at legislative hearings.

The animal toxicology studies have just
recently been established and are expected
to begin soon. A three-year coordinated
program funded at about $3.5 million is
planned for these studies (RP1112). The
work will be done by three research teams
atthe Massachusetts Institute of Technology
and the University of California at Davis
and at Irvine. At MIT, aerosols will be pro-
duced and characterized under controlled
conditions, simulating actual combustion
products. Their relative irritant potency will
then be assessed. At U.C. livine, further
studies on the effects of these compounds
and others will be carried out with rodents
and dogs. using mixed atmospheres con-
taining sulfur oxides, nitrogen oxides, and
ozone in combination with metals in aged
atmospheres. Younganimals will be included
in the experiments so that physiologic tests
can be developed for follow-up human
studies. At U.C. Davis, an interdisciplinary
team from the Primate Center and the Veter
inary, Medical, and Engineering schoois
will carry out studies on long-term exposures
(three to nine months) to various pollutants.

Fuli-scale research programs for clinical
trials on human beings and epidemiology
are still in the planning stage and will prob-
ably be implemented in 1978. These are
to be large-scale projects and will likely be
done in cooperation with federal agencies.
In the meantime, EPRI has joined with the
National Institute of Environmental Health
Sciencesin an epidemiological investigation
conducted by Harvard University, School of
Public Health, to determine the health effects
of air pollutants on children and adults in six
U.S. communities (RP1001). The Health
Effects Programis being managed by James
McCarroll, M.D. Director, Environmental
Assessment Department: Cyrif L. Comar



TOOLS FOR
TECHNOLOGY ASSESSMENT

Assessing the probable impacts of new
energy technologies and policies is often
realistic only when they are considered
within the context of the total energy system
from the primary resources to points of end
use. Electricity offers a good example. Much
of the concern for and analysis of electricity
centers on the pollution, safety, and ineffi-
ciency characteristics of power generation,
while the counterbalancing effects at the
point of end use are neglected. Electricity
is the cleanest, safest, and most efficient of
all commonly used energy forms. Electricity
at end use can be considered a fuel, com-
peting with the direct combustion of coal.
oil. and gas. In many applications involving
such technologies as heat pumps, electric
automobiles, and steelmaking, the envi-
ronmental and end-use efficiency benefits
from electricity may more than offset the
emission effects and inefficiencies incurred
in the generating process.

An energy systems analysis study that
takes into account all the trade-off effects
between production and use shows the
overall impacts of electrification in the most
realistic manner. Similarly, the assessment
of numerous other energy technologies and
policies can benefit from such a comprehen-
sive overview. The recently published Re-
gional Reference Energy Systems (RES)
(EPRI EA-462), developed for EPRI by
Brookhaven National Laboratory (BNL),
and a Computation Procedure for Applying
Reference Energy Systems (COMPARES),
provide the methods, data, and compu-
tation tools for conducting these assess-
ments of energy technologies and policies.

RES are sets of structured data and pro-
jections that represent the flow of a nation's
or region's energy through a network of
technical activities from its primary energy
resources to its ultimate end use. These
activitiesinclude the processes of extraction,
refining, transportation, central conversion,
distribution, and use. Each activity (e.g.,
coal-steam eiectric power generation) is
quantified by the amount of energy that flows
through it and by coefficients that specify
its energy efficiency, environmental effects,
and costs. RES are developed for a historical
base year and for key future years based on
projections from various sources, such as
the U.S. Census Bureau, FEA, and ERDA

BNL initiated the work on RES in 1971
for the U.S. Office of Science and Technol-
ogy, specifically for the assessment of energy
technologies by that office and other gov-

ernment agencies. The purpose was to pro-
vide a reasonable and consistent framework
for gauging the range of effects from the
application of alternative technologies.
Since its development, the RES concept has
been used extensively by ERDA as an R&D
planning tool.

Regional RES

Since the effects of energy technologies
will be influenced by a wide range of regional
variations, RES were regionalized to allow
for these variations. This provides a level of
precision more in line with EPRI's analytic
requirements for technology assessment.
Under EPRI's contract with BNL, RES have
been developed for each of nine census
regions, for the U.S. as a whole (a summary
of the regional data), the New York Power
Pool, and the TVA service regions (RP442).
RES were formulated for the 1972 base year
and projections developed for 1980, 1985,
and 2000. The RES are base case scenarios
representing ‘mostlikely’ patternsof energy
consumption under somewhat status quo
conditions. They were formulated with a
minimal introduction of new technologies
and with allowances made only for moderate
conservation measures. RES are not fore-
casts of what the energy future will be. Their
intent is to provide a reasonable energy
condition from which to gauge the effects
of change brought about by the possible
introduction of new technoiogies, strong
conservation initiatives, or alternative energy
policies.

Application of RES

The RES are in balance, that is, the energy
from the primary resources, when multiplied
by the various efficiencies through all of the
technical activities. equals the amounts
required at the end use. Multiplying the
quantities of energy flowing through the
technical activities by the respective envi-
ronmental and cost coefficients, and sum-
marizing these calculations, determines the
inventory of environmental effects and the
total system’s energy cost.

The application of RES for technology
assessment and energy policy analysis is
accomplished through COMPARES, an
accounting procedure and computer pro-
gram.developed at EPRI for this purpose.
The COMPARES procedure is quite straight-
forward. First, the resource requirements,
environmental emission effects, other envi-
ronmental effects, and total energy system
costs are calculated for a given RES. Next,
a revision is intreduced to RES. The revision

is formulated to represent, for example, the
introduction or improvement of technology,
an energy conservation measure, or a re-
striction in supply. The formulation of a
revision to simulate such events may invoive
only the simple replacement of a process
efficiency or may require several aiterations
to RES parameters. The revised RES is
rebalanced through adjustment in the supply
of primary resources to meet final demand
requirements, and the environmental effects
and costs are recalculated. Finally, the dif-
ference in effects between the original RES
and its revised version determines the net
effect of the revision, thereby representing
the impacts of the technology or policy
option or event being analyzed.

COMPARES allows this procedure to be
carried out easily, quickly, and inexpensively,
making it practica! to assess a large number
of technology or policy cases in ashorttime.
Each COMPARES output is the net impact
for each technology or policy case in terms
of the requirements for specific energy
resources, firstorder environmental effects,
and total energy costs. These determinations
can be caiculated directly for the key refer-
ence years 1980, 1985, and 2000. By inter-
polation they can also be assessed for any
year between 1972 and 2000, and by ex-
trapolationforyears out to2010. Cost effects
for years in this interval can be discounted
back to any base year at any specified dis-
count rate.

The mostimportant aspect of this analysis
isthatall the trade-off effects betweenenergy
production and use are accounted for,
offering an important overview assessment
of technolegical change. Project Manager:
Ron Michelson
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R&D Status Report

FOSSIL FUEL AND ADVANCED SYSTEMS DIVISION

Richard E. Balzhiser, Director

MATERIALS FOR

COMBUSTION ENVIRONMENTS

Most alloys used for high-temperature com-
bustion service operate in oxidizing environ-
ments, where they are protected by oxide
scales suchas Cr,0; or Al,O,. In pulverized-
coal-fired boilers, oxidizing conditions are
maintained so as to minimize corrosive
attack by sulfur- or carbon-bearing con-
stituents in the combustion gases.

Coal gasifiers and fluidized-bed boilers.
however, involve low-oxygen environments
and thereby pose special chalienges in
the selection of structural materials. Oxida-
tion. nitridation, sulfidation, and carburiza-
tion—all can occur. Other equipment and
processes are at least potentially involved:
gas turbines, and coal gas- and liquid-
fired boilers. Several EPRI projects address
these related circumstances, seeking better
bases for selecting or designing materials
to resist corrosion and erosion.

Breakdown of protective oxides

Lockheed Missiles & Space Co., Inc., Palo
Alto Research Laboratory, with a subcon-
tract to Ohio State University, has the
responsibility to sort out the complex
chemical reactions involved in corrosion in
gasification and fiuidized-bed combustion
(FBC) conditions (RF716). For a forthcoming
interim report. the ranges of stability of
various possible phases in the ailoy systems
A-O-N, A-O-S.A-O-C,A-S-N, A-S-C,A-C-N
have been calculated (where A is one of the
three important base materials, iron, nickel,
or cobalt; or one of the important alloying
elements, chromium, aluminum, or manga-
nese, and O, N, S, and C are the oxidants).
This report will be valuable in interpreting
the corrosion products formed on alloys.
The Ohio State subcontract is concerned
with the transition from nonprotective in-
ternal oxidation to protective external scales
in low-oxygen activity environments.
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The program is also examining corrosion
in superheater and reheater tubes of con-
ventional pulverizedeoai-fired boilers.
Foster Wheeler Energy Corp. and the Inter-
national Nickel Co. have joined forces
(RP644) to reexamine this old problem from
a modern alloy design point of view. As
in all EPRI material design projects, the
initial phase is to evaluate the mechanisms
whereby stateofthe-art materials fail in
a simulated test. Compositions and micro-
structures then are designed to overcome
the mode of failure. Coupon specimens
coatedwith asimulated coalash are exposed
for 250-500 hours to 675-790°*C (1250—
1450°F) flue gas containing SO,, which
produces alkali iron trisulfate, the agent
believed responsible for fireside corrosion.
A wide variety of standard, advanced, and
experimental alloys are being studied. Pre-
iiminary analysis of the results indicates
that chromium, aluminum, niebium, and
silicon alloying additions reduce corrosion.
Ferritic alloys may be more effective than
austenitic inthatonty half as much chromium
is needed for equivalent improvement in
fireside corrosion resistance. Molybdenum
appears to be detrimental, and manganese
is moderately ineffective.

Foster Wheeler is also examining the
effects of alloy chemistry and surface treat-
ments on exfoliation from boiler tube alloys.
Steamsside exfoliation during cooling or
heating involves magnetite-type scale
greater than about 6 mils thick. The spalled
scale can.cause tube plugging and ultimate
failure from overheating, or it can be swept
into the turbine and cause erosion. Foster
Wheeler has identified the preoxidation of
ferritic boiler tubes in pressurized water to
be a treatment of particular interest. It might
be adapted, in situ, to operating boilers.

Extensive experience with the extfoliation
problem has also been obtained by Great
Britain’'s Central Electricity Generating

Board and is being summarized in a techni-
cal planning study on the spalling of steam-
grown oxides from superheater and reheater
tubes, which will be available in late 1977
{TPS76-655)

Although gasifier reactor chambers are
generally refractory-lined, metallic parts
are needed in ftransfer lines, valves, and
cyclones. In addition to corrosion by re-
actants ilike sulfur and carbon in the
low-oxygen-activity environment, these
components are subject to erosion from
solids like coal and ash in the gas stream.
Battelle, Columbus Laboratories and the
Cabot Corp. Stellite Division, are studying
the design of corrosion-resisting metallic
materials for coal gasification and FBC
environments (RP589). Results obtained
from this and similar ERDA projects indicate
that few metals will survive very long in such
service. Best results are obtained with
Fe-Cr-Al alloys containing dispersed oxide
phases to improve scale adhesion. The
protective Al,O, scales are stable at much
lower oxygen activities than Cr,O; scales
and are not subject to loss through volatiliza-
tion. Silicon is a beneficial addition in small
amounts. Also, small additions of reactive
elements like lanthanum greatly improve
the corrosion performance of Co-Cr-W-C
alloys like Stellite 6b. Erosion conditions are
characterized by low particle velocities of
about 18-30 m/s (60-100 ft/s) and high
particle loading of several thousand ppm.
However, hot corrosion and molten sulfide
slags appear to be greater problems. At
temperatures of 870-1090°C (1600-
2000°F) and with sulfur activity above 1%
H,S, it is unlikely that any metallic material
will survive, and ceramic or ceramic-lined
components may have to be used.

Refractory materials under study

Ceramics may displace metals in coal-fired
heat exchangers used with closed-cycle



turbines (RP545). The temperatures of inter-
est to the AiResearch Division of Garrett
Corp.. 980-1200°C (1800—2200°F), are
clearly too high for metals, and silicon
carbide appears to be the ceramic of choice.
Although the principal problems are de-
signing. fabricating. and operating large,
complex pieces from a brittle material,
erosion and corrosion in coalslag-laden
atmospheres are also being studied. Pre-
liminary results from burner rigs indicate
that SiC is quite resistant to degradation
by coal ash. A supporting study at Lock-
heed's Palo Afto Research Laboratory found
that at the highest temperatures, slags rich
in Fe,O; tend to react with the free silicon
in the SiC composite to form globules of
molten iron. However, initial evidence from
both projects suggests that such devices
can probably survive slag attack for eco-
nomically interesting periods of time.

Refractories for dry ash and slagging
gasifiers are being studied by Westing-
house Research and Development Center,
Pittsburgh (RP625). Experimental facilities
consist of a fluidized bed and a pneumatic
tube in which refractory specimens may be
exposed tocorrosion and erosion conditions
similar to those expected in reactors, pneu-
matic transport tubes, and cyclone sepa-
rators. A new model of refractory erosion,
developed with data from the Westinghouse
and other studies. should prove helpful
in refractory development, gasifier design,
and control of operating conditions to mini-
mize erosion. Under subcontract, Harbison-
Walker Refractories Division of Dresser
Industries, Inc., is testing the resistance
of stateof-the-art refractories to slagging
conditions. From preliminary analysis it
appears unlikely thatany uncooled refractory
will hold up to molten slags.

Corrosion and erosion of in-bed and
freeboard boiler tubes in fluidized-bed
boilers are major problems in FBC tech-
nology. Combustion Systems Ltd. (RP388)
has run two 1000-hr tests in the 1-it? bed
operated by the Coal Research Establish-
ment in Stoke Orchard, England. Relatively
high corrosionwas found in the in-bed tubes,
the desired location for the superheater
and reheater tubes. Much less corrosion
was found in the freeboard tubes. High
sulfidation rates were found for nickel-based
and cobalt-based alloys, generally the back-
bone of high-temperature, corrosion-
resistant equipment. Low-alloy ferritic steels
like 2% Cr-1Mo were corroded more than
in pulverizedcoal-fired boilers; permissible
temperatures for these steels will be 10—
24°C (50-75°F) lower under FBC con-
ditions. Austenitic steels performed the

Figure 1 Cylindrical samples of gas turbine materials project into exhaust duct of bench-scale
burner rig used by Pratt & Whitney to evaluate erosive effects of various particle loadings

in hot gas stream from coalderived fuel combustion. The spoked jig is periodically rotated so
that all samples experience identica! conditions

best. They probably will be satistactory for
use with metal temperatures up to 650°C
(1200°F), which is sufficient for raising
540°C (1000°F) steam.

A fluidized bed apparently has relatively
low oxygen activity (about 10-% to 10-7
Pa, or 10-'° to 10-'2 atm), despite the fact
that considerable excess air is used. The
in-bed tubes fluctuate rapidly between low
and high oxygen activity. The bed tempera
ture in the Stoke Orchard experiments was
900°C (1650°F)—somewhat higher than
is desirable for optimum SO, removal—
and a heavy calcium sutfate deposit formed
around the tubes, providing sulfur for the
slagging sulfidation of nickel- and cobalt-
based alloys. Further experiments are
planned to check the effect of lower bed
temperatures and the presence of calcium-
containing sorbents on FBC corrosion. The
experiment will be repeated in a bed with
an orderofmagnitude larger area; the
small bed in the Stoke Orchard tests put the
corrosion specimens ciose to the coal inlet
ports, possibly influencing the results.

Gas turbine erosion

Production of clean fuels from coal costs
both money and energy. It is therefore
desirable to burn the fuels in combined-

cycle plants for greater efficiency. However,
particulate matter and hot corrosion con-
taminants may remain in the fuel, creating
an erosion or a corrosion threat to the gas
turbine. Pratt and Whitney Aircraft Division
of United Technologies Corp. is addressing
this problem (RP543). State-of-the-art tur-
bine materials are used to evaluate a wide
variety of erosion conditions (Figure 1).
Hard particles like Al,O, have been used
for initial screening. All turbine materials
were excessively eroded by 130 ppm of
20-pm Al,O, particles. With the particle
size reduced to 2 pm (about the size ex-
pected to pass through particulate cleanup
systems), there wasless (but still significant)
erosion (Figure 2). A ceramic turbine
material, Si;N,, performed remarkably well
under these conditions, suggesting its con-
sideration for industrial turbines using coal-
derived fuels. Erosion resistance of alloys
forming Al,O, scales was greatly improved
by preoxidation but not of those alloys
protected by Cr,O; scales. Work is now
going on with softer particles, such as ash
and MgO. Designers of turbines for coal-
based fuels may have to walk a tightrope
between erosion and fouling, neither of
which is desirable.

Conversion of coal to clean solid and
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Figure 2 Three materials show a wide range of weight loss under erosion by 2-pm ang
20-um particles of Al,O, at 870°C (1600°F). IN738 is a nickel-based superalloy, Si;N, is a

ceramic structural material (which experienced a
and CoCrAlY is a physical vapor-deposited alloy

temporary weight gain, probably of SiO,),
coating.
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liquid fueis can produce severe erosion
problems in the letdown valves and slurry
pumps used in the process. Battelle, Colum-
bus Laboratories (RP458) is studying the
problem and has developed an erosion
wear test for valve trim materials. Cemented
tungsten carbide valve trim can survive
a period of weeks or months in this service,
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Several ceramic materials, such as B,C
and SiC, also perform well, especially B,C.
Erosion is considerably less at low angles,
suggesting that long exit channels would
be beneficial. The project is proving to be
helpful to both letdown valve design and
materials selection. Technical Manager:
Robert Jaffee

WATER QUALITY CONTROL

EPRI's water quality control program has
been established for slightly over a year.
This first report identifies the major water-
related problems of electric utility power
plant and sets down program objectives
and the initial plan for achieving them:.
Results from one project, begun in 13875,
are reviewed.,

A 1000-MW (electric) coal-fired power
plant with closed-cycle evaporative cooling
and stack gas scrubbing reguires a water
supply of 0.63-0.95 m?/s (10,000-15,000
gpm). Accessibility of adequate water ranks
with proximity of fuel supply and load center
as an important siting constraint. Water-
related problems can be categorized:
supply, in-plant treatment, and discharge.

Supply problems involve both quantity
and quality. Projections of national water
supply and demand, on the basis of regions
defined by the Water Resources Council,
mgicate that shartages for power plant use
are to be expected in many areas by the
year 2000, Even today, power plant re-
quirements can lead to severe local dis-
tortion of historic water allocation patterns.

In-plant treatment requirements vary
with both the quality of supply water and
its intended use. Uses include power-cycle
working tluid, main condenser ang auxiliary
cooling, flue gas scrubbing, ash sluicing and
coai slurry transport, and cleaning of boiler
walls, superheaters, and air-preheaters.
As increased use is made of recycle, reuse,
and cascaded water systems, the concen-
trations of impurities rise, increasing the
potential for scaling and corrosion and
imposing more difficult requirements on the
treatment processes.

Bischarge problems are largely a function
of environmental regulations. Where the
extreme of zero discharge is mandated
(as in the Colorado River Basin), the cost
of ponding, evaporation,and sludge disposal
may dominate water system design. At
arid western sites, lined evaporation ponds
(about 64 x 10% m? per m#/s, or about one
acre/gpm evaporated) are estimated to
costas much as $12/mz ($50,000 per acre).
In all regions, federal limitations of ‘‘no
detectable amount” on such commonly
used corrosion inhibitors as zinc and
chromate, and on seme trace metals identi-
fied as hazardous or toxic, reguire costly
cleanup and provide strong incentive for
discharge reduction through internal re-
cycling and subsystem integration.

In response to these conditions, EPRI
water quality research is initially focused
in three major project areas:



o Conservation: Reduction of ‘'clean
water requirements with integrated water
system design and use of waste water

oProcess development: Advanced, eco-
nomical treatment options, such as trace
element removal from cleaning and sluicing
waters, and corrosion and scaling control
in closed-cycle cooling systems

o Discharge limitations: Modification of
systems to meet discharge constraints with
alternatives to chlorination for biofouling
control

Conservation

Integrated water system design requires
comprehensive descriptions of source water
and coal supply characteristics, in-plant
water quality needs, treatment process
options, aqueous discharge constraints,
and the impact of stack emission control
and solid waste disposal options on water
stream contamination. As these descrip-
tions are sitedependent, the Jevelopment
of generalized design guidelines is a for-
midable task. In a project conducted by
Water Purification Associates (RP909), a
case study approach is being developed.
Water system designs will be generated for
individual plants at given locations using
specified coals. The intent is not to study a
composite or averaged plant but rather a
range of realistic, consistent design situa-
tions encountered by utilities. Generalized
procedures will then be developed from the
site-specific case studies.

The basis for selecting the case studies
will be established in a series of tasks that
(1) define current practices and typical
problemareas at several plants representing
a range of climates, water qualities, coal
types, and so on; (2) review the range of
environmental regulations; (3) define in-
plant water quality and quantity needs by
subsystem; (4) identify optional flow ar-
rangements; and (5) establish ground rules
for specific integration of the water system
in light of coal properties, solid residual
handling and disposal, and flue gas cleanup.
A sample case will then be selected and its
design developed to demonstrate the effort
required and results obtainable. At the con-
clusion of the project, it will be necessary to
decide the number of cases required, the
level of effort to develop the generalized
guidelines, and the value to the industry of
completing the study. Throughout this work,
research needs will be identified in process
development and in computational methods
to implement integrated designs.

The use of agricultural wastewater for

Figure 3 Cooling-tower blowdown is conserved in this experimental vertical tube

evaporator, which uses steam and a recycled foaming agent to produce distillate (usable for
steam cycle makeup) and a further concentrated stream (e.g.. 70,000 mg/I, largely of
Na,SQ,) for ion-exchange regeneration of the resin for treatment of incoming cooling water.

cooling-tower makeup is being investigated
jointly by EPRI, the State of California, and
three California utilities: Pacific Gas and
Electric Co., Southern California Edison Co.,
and the Los Angeles Department of Water
& Power (RP373). The project began with
laboratory development work in 1975,

A pilotscale (87 x 10-° m?/s, 2000
gal/d) field demonstration of an irrigation
runoff treatment systemis under way. Make-
up water pretreatment consists of softening
in an ion-exchange column. The tower blow-
down, further concentrated if necessary
to approach a concentration factor of X 20,
is used as the regenerant for the ion-
exchanger resin, thus eliminating the need
for purchased regenerant and the added
cost of its disposal. The system consists
of the ionexchange component, a simulated
condenser—coolingtower loop, and a
foam-enhanced vertical tube evaporator
(Figure 3).

Field tests aim to (1) establish design
curves for the softening and regeneration
unit, (2) establish limits of performance
(maximum cycles of concentration) for all

components, (3) demonstrate prolonged
scale- and corrosion-free operation, (4)
identify operating, control, and maintenance
problems, and (§) provide a basis for scaling
up the design and its costs for power plant
application.

The project is now well along at the Fire-
baugh, California, test facility. tnitial field
results tend to confirm the majority of earlier
laboratory findings:

o Steadysstate operation of the softening
and regeneration unit is achievable at con-
centrations of X10 to x20.

o Clogging-free operation of the ion-
exchange column can be maintained by
regenerating in an upflow, fluidized-bed
mode.

o Concentration factors in the cooling tower
alone may be sufficient to regenerate the
resin, eliminating the need for the evaporator
in the primary loop.

o Preliminary cost projections for a 1000-
MW(electric) plant are $0.095/m? ($0.36/
1000 gal)—in 1976 dollars—including an-
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nualized capital costs, energy input require-
ments, and allocated O&M charges, but
excluding costs of irrigation drainage col-
lection. silica control, or uitimate blowdown
disposal.

Very recent findings indicate condenser
scale formation, involving silica, and may
necessitate an add-on sidestream process
for silica control.

Process development

Various toxins become dissolved in water
streams after entering a plant via its coal
supply or as additive chemicals. For exam-
ple, arsenic condensed on fly ash may dis-
solve in sluice water, and chromium is a
common additive for corrosion control. A
recently initiated project with Stanford Uni-
versity (RP910) is designed to determine
how 10 different trace elements can be
removed from fossil plant water streams
by a potentially inexpensive and reliable
approach—adsorption. There are three
major objectives:

o |dentify problem elements in the aqueous
streams of fossil-fired power plants

a Establish the capabilities, limitations, and
chemical process requirements for removing
these elements with ferric iron

o Determine the feasibitity of applying such
processes to control trace elements in power
plant waters

So far cadmium., arsenic, selenium, cop-
per, zinc, and chromium have been selected
for study, and most of the idea! solution work
on cadmium has been completed.

Discharge limitations

Chiorine discharge from btofouling control
treatments is a pressing environmental prob-
lem for many utilities that use once-through
cooling. Federal effluent limitations for cool-
ing-water discharges are an average of 0.2
mg/| free available chlorine for a maximum
of 2 h/d (and as low as 0.04 mg/| total
chlorine for 4 h/d at some stations). Ac-
cordingly, chlorination schedules must be
altered at many plants. The impact is un-
certain, however, because biofouling (in
particular, its effect on heat transfer and
condenser performance) is not well quanti-
fied; the biological, physical, and chemical
processes that govern the buildup of the
films and their destruction by biocides are
poorly understood; and the alternatives
to chlorination are not well developed.
Two projects are under way: a study of
the fundamentals of fim buildup and de-
struction under controlled laboratory condti-
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tions (RP902) and a pilotscale test of ozona-
tion at two Public Service Electric & Gas Co.
plants (RP733). A third project (RP879)
dealing with residual chlorine analysis stan-
dardization and instrumentation in fresh and
saline water is being sponsored by the Envi-
ronmental Assessment Department. Froj-
ect Manager. Roger Jorden

GEOTHERMAL ENERGY

The main emphasis continues to be on the
technology that has direct application in the
development of hydrothermal resources: the
Heber demonstration plant and its support-
ing R&D projects. Several generic (less site-
specific) projects. inciuding critical compo-
nent testing, brine chemistry, and organic
turbine studies, are also making significant
progress.

Hydrothermal demonstration

Heber. in the Imperial Valley of California,
was selected as the site because it has more
of the attributes required for demonstration
and because of the maturity of the reservoir
assessment. The power plant will have a net
capacity of 45 MW (electric) and the design
will be based on the binary cycle, using an
organic secondary working fluid. Construc-
tion should be complete by mid-1980.

The first phase of this project is now com-
plete, including prelminary design and op-
timization studies conducted byHolt/Procon
(RP580-1). Phase I}, detail design and envi-
ronmentalreport(RPS80-2), willbecofunded
by EPRI and a group of utilities headed
by San Diego Gas & Electric Co. and in-
cluding the Los Angeles Department of
Water & Power, Imperial Irrigation District,
and Southern California Edison Co. Other
contributors are Portland General Electric
Co. and Nevada Power Co. ERDA funding
for construction is considered essential.

Compatibility between the reservoir and
power plant control systems was the subject
of one of the later studies during Phase |.
Geothermal reservoirs have an inherently
slow response time and are best suited to
baseload operation. If several wells are sup-
plying geothermal fluid to a single power
plant, it may be impractical to regulate the
flow more than =+ 15%, with a response time
of seconds to minutes. This is too little and
too slow to compensate for turbine over-
speed if load were dropped, so other control
schemes, such as turbine bypass and pri-
mary fivid bypass, appear likely. If the reser-
voir flow were to be regulated over a wider
range, the response time would likely be
minutes to hours for reduction in flow and

hours todays for increases in flow (wells can
be shut off much more quickly than they can
be activated). Other optimization studies of
Phase | included secondary working fluid
mixtures, effects of reservoir temperature
decline, and sensitivity of cost to critical
operating parameters.

Heat exchange and scaling rate

Because Heber is a low-salinity, moderate-
temperature hydrothermal plant using a sec-
ondary working fluid (binary) cycle, it re-
quires service criteria for the design of brine-
hydrocarbon heat exchangers. Specifically,
brineside fouling factor data will control the
design allowances made for deterioration
of heat transfer performance. Scaling phe-
nomena are compiex and prediction meth-
ods do not exist, so specific measurements
were made during a 2000-h heat exchanger
test (RP846-1) conducted by The Ben Holt
Co. Obijectives of the tests were threefold:
confirm the S00-h testdata of 1974 and ex-
tend them to 2000-h data to reduce the
range of extrapolation required to predict
heat exchanger service performance; de-
velop materials selection criteria for brine
heatexchanger service; and provide data to
benchmark computer-based methods for
scating-rate prediction.

Drawing from the 1974 test results of San
Diego Gas & Electric Co., mild carbon steel
and titanium materials were evaluated for
brine bulk velocitiesof 1.5 m/s(5ft/s) on the
tube side of a shell-and-annulus arrange-
ment. Demineralized water, passing through
the annulus side, simutated the hydrocarbon
working fluid.

The specific design of the heat exchanger
and the shor1time for conducting the scaling
tests forced the simultaneous testing of both
steel and titanium tubes. As the testing of
both types in the same exchanger module
would have led to a difficult if not impossible
data reduction probiem, steel tubes were
tested in two of the modules and titanium
tubes in the other two.

The first 500 hours of data confirm the
data reported in 1974 by San Diego Gas &
Electric Co. (RP378). The scale in the steel
tubes is harder than that in the titanium
tubes. it is layered and platelike, consisting
of regions of thin and regions of thick de-
posits. It separates in layers and the upper
layers may break away. The scale on the
titanium tubes, however, appears to be much
softer and more powdery in consistency.
Computer methods employing standard
spectra were used to analyze the X-ray
spectrum and obtain quantitative estimates
of scale composition. Results indicate (Table



Table 1
COMPOSITION OF HEBER HEAT EXCHANGER SCALE

(values in at%)

Tube material Ti Ti
Temperature 56°C 84°C
(132°F) (183°F)
Element
S 42.7° 49.2*
Sb 33.0* 31.5*
fe 0.7 2.4
Si 19.5 101
As 2.1 3.6
Zn 04 0.8
Pb 0.2 2.4
Sn 0.2 Trace
Th 1.2 Trace
Ca = =
Total 100.0 100.0

*Probably in the form Sk,S;.

1) that iron and silica are important on the
steel tubes, but that sulfur is also very im-
portant, with zinc and antimony present in
smaller concentrations. On the titanium
tubes, sultur and antimony are the major
constituents, with silicon present in signif-
icant guantities as well.

With respect to corrosion, the mild carbon
steel appears to corrode at the rate of 0.5%
by weight per year. However, the iron is
equally dispersed throughout the scale,
suggesting either that the iron corrosion
product migrates away from the surface or
that iron is attracted from the brine. In either
case, neither the exposed mild carbon steel
nor the unexposed control mild carbon steel
exhibits pitting corrosion. Hence, it appears
that mild carbon steel cannot be eliminated
on the basis of corrosion.

Hydrocarbon turbine studies

The Heber plant binary cycle will utilize a
turbine generator set that will develop 65
MW (electric) gross output. Because such
large single hydrocarbon turbines have not
previously been built, preliminary design
studies for two competing turbine types have
been funded: RP928-1, with Elliott Co., con-
cerns the axial flow turbine concept, ang
RP928-3. with Rotoflow Corp., focuses on
the radial flow turbine concept.

Objectives of the turbine studies are three-
fold.

Steel Steel Steel
66°C 116°C 1TBEC
{150°F) {240°F) (343°F)
47.1 34.0 210
7.7 40 7.4
135 29.4 46.5
23.4 1.2 5.6
Q.7 1.9 93
1.0 10.0 5.4
0.2 Trace 0.1
Trace 0.2 Trace
Trace 0.2 Trace
9.3 4.8
99.6 100,2 100.1

o Focus on preliminary design of a turbine
appropriate for the Heber plant (specific
hydrocarbon working fluids and specific
turbine inlet and exhaust conditions)

o investigate the suitability of that turbine
design over a range of turbine reguirements
represented by different geothermal brine
types

o Investigate the sensitivity of the design to
possibie environmenta! conditions (through
changes in condenser conditions prompted
by changes in either wet-bulb or dry-bulb
temperatures), including gradual thermal
and fiuids production decline of a geother-
mal field

The axial flow turbine design is a 3600-
rpm, double-entry, three-stage machine em-
ploying a last-stage rotor diameter of 711.2
mm (28 in) and last-row blade height of
202.8 mm (8 in). The inlet gas flange of 762
mm diameter (30 in) maintains gas velocity
below 30.5 m/s (100 ft/s). it will produce
about 65 MW (electric) gross at 84% overai}
efficiency, with a generator power factor and
efficiency of 90% and 98%, respectively.
The working fluid is @ mixture of 80 mo! %
isobutane and 20 mol % isopentane with
throttle valve exit conditions of 140°C and
3100 x 10° Pa (283°F, 450 psia), and ex-
haust flange conditions of 70°C and 496
X 10% Pa (157°F, 72 psia).

TEMS B N

The radial flow machine will probably be a
three-wheel machine housed in two casings.
one double-entry casing and one single-
entry. Adjustable nozzles will maintain ma-
chine performance with variation of working
fluid flow rate at design throttle conditions of
pressure and temperature. The same work-
ing fluid mixtures will be assumed with the
same throttle valve and exhaust conditions
as used for the axial flow machine.

Control systems will require some extrap-
olation for size scale-up. For both turbine
concepts, the response times required of
the control systems will have to be consider-
ably faster than required for steam turbines.
The higher molecular weight of the working
fluid, coupled with the smaller rotor-blade
masses, requires trip valve actuation times
cof 0.1-0.3 s,

Other specific study results include esti-
mates of turbine generator costs and deliv-
ery times and of O&M costs. Assessments of
reliability, maintainability, and maintenance
schedules are being made, along with pro-
cedures for startup loading, including load-
ing rate. These data will be important for
the design of working fluid loops that take
appropriate accouni of operations problems.

Brine chemistry
and heat-mass transfer

A significant portion of geothermal resources
in the U.S. (other than the steam field at
The Geysers) are liquid-dominated. Each
system contains water that has been in
contacl and in chemicat eguilibrium with a
unique set of rocks. Thus, the fluid of each
geothermal system will exhibit unigue
chemical properiies.

A capability is needed for evaluating the
changing chemistry and solubility of geo-
thermat fluids as a function of time as they
pass through the power plant. This problem
is even more complex because much of
the basic information must be developed
through analytic technigues, laboratory
tests, and field measurements. Battelle,
Pacific Northwest Laboratories, has just
completed a 15-month efiort to develop
basic predictive techniques (RP653). Pre-
liminary results indicate that most prior anal-
yses of geothermal brines are suspect and
many are deficient. A computer program
using chemical equilibrium information for
131 mineral species has been developed,
permitting calculation of the equilibrium
chemical concentrations in  geothermal
brines as a function of temperature and ph.
Scaling kinetics experiments of calcium car-
bonate and silica-rich brines have yieided
results that agree with those calculated by
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Figure 4 In this heat-mass transfer model, the effects of scaling on geothermal power plant
operation can be calculated and evaluated, providing insight into operating and maintenance

strategies and their associated costs.

the computer program and field tests.
Figure 4 is a simplitied schematic of the
computer model being developed. The user
of the program can select or specify plant
configuralion, operating parameters, and
geothermal brine chemistry and physical
properties that best fit the particular case to
be analyzed. The first step in the model is to
develop the plant configuration. The model
then calculates the basic thermodynamic
and operational characteristics of up to 140
state points at various locations in the fluid
flow path. Changing thermodynamic condi-

tions determine the number of state points.

Al each successive thermodynamic state
point, the model refers o the equilibrium
chemistry model to calculate the change in
equilibrium concentration of the various
chemical species once flow has started.
Supersaturation becomes the driving force
for precipitation of some chemical species.
The scaling rate is a function of supersatur-
ation and allows the calculation of scale de-
posited at each state point during each time
interval. The computer program simulates
plant operation for a specified time interval
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Inputs Compute ‘ | Compute degree
Geothermal fluid thermedynamic of mineral
conditions conditions at precipitation,
each state corrosion, and

(Fj’g;vg;plant point ' scaling rate
parameters at each point
State points
to be calcutaled |

Input ptant

operational

changes

Yes

L of corresion
pr%bl?m and scaling
and stop S ey
No plant
i operable? " ra)[etrl_frggr;ance

Compulte effect

or until some problem is flagged.

Knowledge of the equilibrium chemistry
and of the kinetics of scaling from geother-
mal brine solutions is the most important
input in calculating the time-dependent
heat and mass transfer of geothermal power
plants. Battelle built on the available data
base and made several significant changes
s0 that the equilibrium concentrations of
mineral species can be calculated over the
expected range of pH, temperature, and
redox potential. These improvements allow
determination of the species and amount of
material that can precipitate from brine sol-
dtions.

At the start of RP653 little published infor-
mation existed on the kinetics of scaling of
geothermal brines. Therefore, an experi-
mental scaling kinetics facility was built in
which to model the components that exist
where key thermodynamic and hydrody-
namic changes occur in a power plant (e.g.,
binary heat exchangers, flash separators,
condensers, piping, and so on). {nitial exper-
iments were directed toward scaling kinetics
of silica and calcium carbonate solutions,

the most common scales from geothermal
brines. Results of chemicai analysis of the
scales and brine have shown significant
agreement with the equilibrium chemistry
model calculations. Table 2 compares re-
sults for a calcium carbonate—sodium chio-
ride brine solution that flashes to steam plus
brine at 169°C (336°F). The kinetic part of
the experiments shows that calcite precipi-
tates immediately upon loss of CO, pressure
but that the scaling on plant components
proceeds at a much slower rate. The latter
resulis are incomplete.

Another important part of RP653 is com-
parison of the experimental results and
equilibrium chemical model predictions
with scaling and corrosion observed 1o occur
on power plant components at gecthermal
fields. Agreement is necessary in order
to have confidence in the model results.
Table 2 figures are from a simplified chemical
model of the East Mesa geothermal brine.
Results of the mogdel calculation agree fairly
well with the experimental determinations.
A much more imperiant correlation—from
a more complicated real chemical system—
was obtained from preliminary analysis of
the scale formed during the 2000-h heat
exchanger test at Heber.

Table 3 lists the analysis of the scale
formed on the mild steel heat exchanger
tubes at 116°C (240°F) and the predicted
scale phases. The comparative data show
good qualitative agreement. In this case
the geothermal welli was self-flowing. The
brine flashed to a tew percent steam in the
well, and its actual condition in the heat
exchanger was very near the saturation
curve. In the liquid phase, the predicted
scale is quartz (Si0,) and pyrite (FeS,);
if partially flashed, the predicted scale is
calcite (CaCQ;), quartz (Si0,), and min-
nesotite (Fe,Si,0,,(0OH),). The observed
scale is rich in iron, silica, suifur, and cal-
cium (this agrees with the prediction) as
well as in antimony and zinc. Antimony is not
yet in the computer data base butis expected
to have a chemical reaction similar to that
of iren; the high zinc concentration is not
yet explained.

The agreement between field observations
and calculations gives confidence that the
general approach will produce useful results
for utilities wishing to evaluate heatand mass
transfer in geothermal brine systems. Sig-
nificant additional work is required, espe-
cially in the kinetics of scale information.
Program Manager: Vasel Roberts



Table 2
SIMPLIFIED EAST MESA GEOTHERMAL BRINE CHEMISTRY MODEL
(0.1 M NaCl solution [5845 mg/1])

Chemical Mode! Experimentat
Predicted Value Vaitze
{nitial condilions
Temperature 25°C 20°C
Total pressure (Pa) 413 x 108 414 x 10
pH 4.5 5.2
Total Ca*++(M) 1.4986 x 109 1.97 x 102
Total CO, (M) 0.16 0.05
Conditions at elevated temperature
Temperature 169°C 169°C
Total pressure (Pa) 15.47 x 10® 2261 x 10®
pH 52 at169°C 5.3al20*C*
Total Cat+t (M) 1.4988 x 10-° 2.47 x 10-%
Total CO, (M) 0.07385 0.062
% Ca precipitated None None
Conditions after CO, pressure release
Temperature 163°C 162°C
Total pressure (Fa) 6.51 x 105 583 x 10°
pH 7.6a1163°C 6.14 at 20*C*
Total Ca*+ (M) 4892 x 10— 1.7 x 1072
Total CO, (M) 4.892 x 10— 6.04 x 10-3
% Ca precipitated 33% 69%
°pH ¢annol be measured at elevaled lemperalure.
Table 3

COMPARATIVE ANALYSIS OF HEBER HEAT EXCHANGER SCALE
{mild zteel lubes at 116°C)

Obhservation Calculation™

Element % Without Flashing Partial Fiashing
(to 172 X 10° Pa absolute)

s 34.0
Sb 40
Fe 29.4
Si 11.2 st )
As 19 B :
Zn 100 b o
e s Fe,Si,0:q(OH);
Th 02
Ca 93

*Based on the equilibrium chemistry code
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R&D Status Report

NUCLEAR POWER DIVISION

Miiton Levenson, Director

ADVANCED ACOUSTIC
TESTING TECHNIQUES

During the past few years there has been an
accelerated growth in the scope of pre-
service and in-service inspection of nu-
clear reactor systems and in the require-
ments governing inspection. The increased
interest of the utility industry and the in-
creased requirements of regulatory bodies
have resulted in greatly expanded research
efforts in nondestructive testing. These
expanded efforts in the field of ultrasonic
flaw-imaging techniques are expected to
enhance the ability to find, sizc, and classify
flaws in both pressure vessels and austenitic
stainless steel piping.

Limited field appiications are starting this
year. The basis for more widespread appli-
cationandforuse in code casesin the 1978—
1979 period is being developed.

EPRI has made two significant advances
in the art of ultrasonic inspection of the nu-
clear pressure boundary. When reduced to
field practice, these research efforts promise
to bring about substantial improvements in
the finding and sizing of flaws in thick-clad
steel vessels and stainlesssteel piping.

Ultrasonic holography

Specific criteria have beendevejopedin frac-
ture mechanics for establishing the severity
of flaws in pressure vessel structures. The
1974 addenda to Section X! of the ASME
Boiler and Pressure Vessel Code describe
the procedures to be followed in this type of
analysis (7). The sizing criteria for flaws
located in various areas of the heavy section
member are treated differently. The "a'* and
“I"* dimensions (major axis and minor axis,
respectively, of an ellipse circling the flaw)
take on special significance.

Present ultrasonic procedures, as estab-
lished by ASME Section XI, are sometimes
ambiguous in the information they provide
about the dimensions and the type of flaw,
both of which are important for evaluating
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flaw severity. Acoustic holography (2, 3)
shows great promise for providing this infor
mation accurately.

The objective of the current project, be-
ing performed by Babcock & Wilcox Co.
(RP 6095), is to determine the ability of ultra-
sonic holography to characterize defects
accurately, that is, to describe size, shape,
orientation, location, and type of defects in
thicksection materials. To evaluate the
capability of holography, it is necessary to
correlate its results with those from conven-
tional nondestructive testing (NDT) and with
those from destructive examination.

In previous projects it was shown that the
use of conventional test blocks with side-
drilled or flat-bottomed holes is not adequate
to demonstrate the advantages of hologra-
phy over conventional techniques. Generat-
ing images of natural flaws in production-ot
components and comparing these images
with the interpretation of conventional NDT
results isa requirement fordefining the bene-
fits of holography. Therefore, naturally oc-
curring defects in production vessels that
have been judged repairable and weid de-
fects occurring in special experimental ves-
sels will be holographically imaged. In some
cases, the imaging will be conducted from a
clad surface. In addition to the naturally oc-
curring defects, defects intentionally pro-
duced in the welds of the nonproduction
vessels will be imaged.

Because many of the components on
which acoustic holography is to be per
formed present curved surfaces, the effect
of surface curvature on image quality will be
investigated. To ensure that the full capabili-
ties of acoustic holography are exploited, the
holographic system will be modifiedto secure
optimal performance during data acquisition
on production components. This is of par
ticular importance when adapiing the com-
mercially available holographic system tothe
examination of components with complex
surface curvature.

Four naturally occurring defects have
been imaged in production welds. in all
cases, these defects were laterdestructively
analyzed during removal by arc air methods.
The defects were photographed and mea-
sured as they were exposed during removal.
Ultrasonic examinations that met the require-
ments of ASME Section XI were performed
on one of these defects. On the other three
defects, ultrasonic examinations were per-
formed that did not conform to the require-
ments of Section XI. A number of additiona!
defects in production vessels will probably
be imaged. Independent in-service inspec-
tion teams may conduct Section Xl ultra-
sonic examination on some of these weld
defects prior to either acoustic holographic
imaging or destructive analysis.

During the past few months, two heavy-
section stee! technology thermal shock ves-
sels (4) were examined in detail by acoustic
holography. In both vessels, cracks were
initiated and propagated by thermal shock.
Acoustic holographic images weremade be-
forehand for comparison with images ob-
tained after propagation of the crack by
thermal shock. Figures 1a and 1b are holo-
gramsof anisolatedareaofone crack before
thermal shock and of the extended crack
after thermal shock. An artist's reconstruc-
tion of what was found during destructive
examination of the vessel is shown in Figure
1c. The results shown were derived from
holographic information and clearly identify
the amount of crack propagation during
thermalshock. Figure 1cis notascale draw-
ing. The vessel is 1 m (3 ft) long with a wall
thickness of 15 cm (5.75 in). Using acous-
tic holography, the crack depth from the
inner surface of thewaliwas measured every
10 cm (4 in) along the length. Correspond-
ing data during destructive examination are
shown in Figure 1d. The excellent compari-
son between the destructive examination
and the holographic imaging can be seen.
However, additional core samples taken



Figure 1 Examination of a crack front by acoustic holography. Figure 1a shows hotogram

before thermal shock; 1b, hologram after thermal shock; 1¢, artist's reconstruction of the crack
front obtained from holographic imaging; 1d, the crack as seen after destructive examination of

the vessel, permitting comparison with the holograms.

after the nondestructive examination com-
plicate the visual comparison.

The holographic data obtained from the
second thermal shock test are now under-
going analysis. Although incomplete at this
time, the analysis indicates that crack propa-
gation during thermal shock was about the
same as on the first vessel test.

Because acoustic holographic imaging
still depends on the reflection of ultrasonic
energy from the defect, it may not be possi-
ble to image extremely tight cracks with high
accuracy. On the first thermal shock vessel,

acoustic holography indicated a maximum
crack propagation of 4 cm (1.55 in). Destruc-
tive examination indicated a maximum
growth of 4.3 cm (1.7 in). Acoustic hologra-
phy, however, did indicate positions where
maximum and minimum crack propagation
occurred. More work to gualify this effect is
needed.

Real-time flaw-imaging device

The application of acoustic holography to the
examination of pressure vessels is relatively
new. Because of the nature of commerciai

equipment, these examinations are siow ang
not adequate for volumetric inspection of
pressure vessel welds. EPRI has therefcre
initiated research with Battelle, Pacific
Northwest Laboratories and Holosonics, Inc.
(RP606) to develop a new type of ultrasonic
imaging system (5). The research is de-
signed to combine the advantages of pulse-
echo inspection with those of holographic
inspection o provide a near real time ultra-
sonic image of reflectors (flaws) in the weld
zone of the reactor pressure vessel.

The system is built around the use of a
linear ultrasonic array for use in both the
pulse-echo and holographic modes. The sys-
tem consists of 2 host computer that controls
all functions in the system, a mechanical
scanning bridge that manipulates the ultra-
sonic array, and a pulse-echo flaw detector
that can provide A-scan information and can
project an isometric image of the weld vol-
ume Being scanned. The isometric image is
a combined B- and C-scan projection show-
ing the reflectors detected by the pulse-echo
system in their proper perspective with re-
spect to location within the volume.

Once asuspectareais located, the system
is shifted to a holographic operation and a
hologram or series of holograms is taken for
detailed analysis of the character of the
reflector. The holographic system has two
monitors—one recerding the holographic
image and another providing a reconstruc-
tion of the hotogram for direct viewing or
archival storage.

The mechanical system is designed 1o pro-
vide x and y mechanical iranslation and to
provide exact coordinate information that
can be used bythe computer and the remain-
der of the electronic system 1o locate the
array andthe sound beam projected from the
array. The mechanical system is atlached to
a fixed carriage located inside the reactor
containment. The array will contact the sur-
face of the vessel and use a positive pressure
water-gap technique for coupling the sound
energy. The system is designed to cover
about 0.756 m? /min (4 {2 /min). This will pro-
vide a pulse-echo scanning rate of 0.3 m/min
(1 f1/min).

The sound beam projected from the array
is sequentially pulsed and the number of ele-
ments and the sequence series is selected
by the computer. To obtain a 0° sound field,
each of the individual elements of the array
is pulsed simultaneously. To obtain an angle
beam from the array, the time of pulsing of the
individual elements in the array is changed
by a tixed amount, resulting in a phasing of
the energy and causing the beam to steer to
a selected position.

The array is moved back and forth across
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Figure 2 A new type of ultrasonic imaging system. Figure 2a shows the movement pattern of the linear ultrasonic array; 2b, the
array positioning for 0°, 45°, and 60° angle beam inspection.
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the weld volume in an orthogonal pattern
{Figure 2a). While we are interested only in
the weld volume, for inspection at such
angles as 60° the array must be moved a
substantial distance from the centertine of
the weld. The scanning pattern may be
chosen to follow across the weld or along
manual control of the position of the array.

The inspection procedure is complex (Fig-
ure 2b). The array is moved along the weld
and indexed across the weld. The mechani-
cal position of the array starts at the longest
sound beam (the 60° beam, looking into the
weld). In the pulse-echo mode, the 0°, 45°,
and 60° angle beam inspections are devel-
oped sequentially. As the array moves across
the surface, the 0° inspection is followed by
the 45° inspection, which in turn is followed
by the 60° inspection. As each sweep across
the array requires only a few milliseconds,
the mechanical speed of the array can be
chosen to achieve an overlap of the sound
beams from the array. The information from
the 0%, 45°, and 60° inspections is super-
imposed on the isometric image for viewing
by the operator. As the array crosses the
centeriine of the weld, the angle beam in-
spections are reversed for observation of the
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Figure 3 The pulse-echo information from the ultrasonic array in Figure 2 is displayed
isometrically. The isometric sketch is shown in 3a; the ultrascnic image, in 3b; the potential
for this inspection mode, in 3¢ and 3d {which show the actual positions and dimensions of
holes in a test block and how it is possible to reconstruct the plan by hotography).



opposite side of the weld, providing full volu-
metric examination from a single scan across
the inspected area. The pulse-echo mode is
designed for high-speed search and locat-
ing. The holographic made is designed for
detailed characterization and recording of
specific information in the weld zone.

The system has been under deveiopment
for about one year, and initial results have
been obtained in both the pulse-echo and
holographic inspection modes. The pulse-
echo information is designed to be displayed
on an isometric display system (Figure 3a).
The isometric dispiay provides the operator
with a volume view of approximately 0.6 m
(2 ft) of weld zone. The flaw information is
gated torecord only the signals from the weld
zone. The computer supplies the coordinate
information and the angle beam location of
the sound field so that by combining them on
the display monitor a full view is given of all
the inspection modes.

The image (Figure 3b) was generated from
a 20 x 20 cm (8 X 8 in) block of material
containing side-drilled holes. The front and
rear surfaces have been gray-scale-sup-
pressed to ensure that subsurface flaws are
not masked by the surface signal. The system
records direci reflections seen by the exami-
nation and provides a rear-surface record,
which gives additional detail to describe the
character of the flaw. in the instance shown,
the location of the side-drilled hole is not
apparent from the direct image (or the line
sketch). However, the rear-surface informa-
tion clearly shows that the hole has been
drilled from the rear of the block (Figure 3c).

The holoegram (Figure 3d)is of a test object
with a series of side-drilled holes located at
difterent depths and in different positions. It
shows some of the potential for this inspec-
tion mode. The iarge white area is the zero-
order information and should be disre-
garded. The reconstruction of the side-
drilled holes shows two of the holes in
focus—those projected from the left and
rear sides of the block. It shows the deeper
hole out of focus, as should be expected
from the holographic reconstruction, but
more important, it shows the end-drilled,
round-bottomed hole in its correct size
and location.

The pulse-echo and holographic results
are preliminary. The systemis still at a bread-
board stage but shows promise. We hope to
be able to make a hologram and provide a
real-time reconstructed view in 5-10 s per
hologram. A laboratory demonstration model
of the complete system will be available in
late 1977. An improved prototype capable
of field inspection will be available late in
1979. Program Manager: Kari Stahikopf
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REACTOR TRANSIENT DATA

In compunction with its various computer
code development programs, EPRI is spon-
soring a number of experimental projects
aimed at obtaining reference quality {(bench-
mark) data from operating power reactors
for use in the qualification of these computer
codes. It is well recognized that power reac-
tors are not experimental devices. Yet no
experimental facilities in existence can simu-
late adequately the response of a 3300-MW
(thermal) BWR to modest pressure oscilla-
tions and transients. Such oscillations and
fransients, although not routine or frequent,
are expected to occur a2 number of times dur-
ing the operating life of a plant and have been
shown to constitute no safety hazard. To
accumulate further proof of this, measure-
ments can be made that will quality calcula-
tion methods. Such measurements must not

only be planned with care but must also be
carried out with close review by ihe NRC.

A current project that involves measure-
ments at the Peach Botiom-2 BWR of
Philadelphia Electric Co. is an example
(RP1020). This project, jointly sponsored
by EPRI and the General Electric Co., has
these objectives:

o Measure the transient response of the
BWR core power angd other important reactor
process signals during a rapid pressurization
transient resulting from a sudden rejection
of turbine load at less than full power operat-
ing congditions (test point TT1-TT3 in Fig-
ure 4)

o Measure the BWR core response charac-
teristics by testing with small pressure step
changes to evaluate stabitity at high power-
flow ratios at less than full power operating
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Figure 4 The power map for Peach Bottom-2 (the chart of core thermal power versus core
coolant flow). The rod-biock power—flow line (in color) represents the points for any combina-
tion of coolant flow and core power at which any further withdrawal of control rods (1o increase
power) is automatically blocked. The 20% pump speed line shows power-flow conditions when
the recirculation pumps are running at 20% of rated speed.
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conditions (test points PT1-PT4 in Figure 4)

Although the planning for this project was
begun in the fall of 1976, a great deal of pre-
paratory work was required. Special instru-
mentation and cabling were (nstalled at the
reactor site. Data acquisition equipment and
data reduction programs were installed and
checked. The temporary changes in the
reactor technical specifications needed to
permit stability testing above the rod-block
power—flow line (Figure 4) were prepared,
checked, and approved. Pretest predictions
of the transient decay ratio and neutron flux
spikes expected during the pressurization
transient were performed and analyzed. As
a result of ctose coordination between the
NRC, Philadelphia Electric, General Electric,
and EPRI, all was ready as Peach Bottom-2
neared the end of its second fuel cycle in
April.

The test program was executed without
major difficulty. Three pressurization tran-
sients were performed from power levels
ranging from 50% to 70% of rated power.
The coupling from pressure rise to neutron
flux was measured by allowing the reactor to
be scrammed by the high-flux signal instead
of the normal anticipatory scram signal on
closure of the turbine stop valves. Care was
taken to ensure that fuel preconditioning
envelopes were not violated. Four stability
tests were conducted by making small
changes in the pressure-regulator set point
at points along the 20% recirculation-pump
speed line (Figure 4). More than 100 process
signals were sampled every 6 ms, digitized,
and recorded on magnetic tape in each test.

Data reduction and analysis will take place
this summer. Work will begin on the develop-
ment of RETRAN and MEKIN models of the
Peach Bottom nuclear steam supply system
so that predictions may be made with these
computer codes for comparison with the ex-
perimental data. Project Manager: Robert
N. Whitesel

REACTOR POWER

DISTRIBUTION DATA

Another EPRI experimental project to gather
reference quality data from operating power
reactors for computer code qualification is
now nearing completion (RP130). General
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Electric Co. is using gamma-scanning tech-
niques during a refueling outage to measure
the distribution of reactor power that existed
just before reactor shutdown.

The measurements should provide power
distribution information from most or all of
the fuel bundles in a large sector of the reac-
tor core, usually an octant. When these data
are combined with measurements from a
number of symmetrically located fuel assem-
blies, important information on reactor core
performance can be derived. Moreover,
such power distribution information presents
a challenge to the capability of fuel manage
ment calculation systems. EPRI's principal
goal in gathering these data hasbeen to pro-
vide tests for the ARMP computer code
package.

Three gamma-scan campaigns have been
completed. A report has been published on
the first of these (6); the other two are cur-
rently in the data reduction stage.

In January 1976, gamma-scan measure-
ments were performed after cycle 2 at the
Quad Cities-1 BWR of Commonwealth Edi-
son Co. Measurements of the axial power
shape were made on 71 uranium dioxide fuel
bundles in an octant of the core, as well as
on the 5 mixed uranium—plutonium dioxide
assemblies (RP497. Quad Cities-1 nuclear
and fuel performance measurements with
plutonium recycle bundles).

In addition, 5 assemblies (2 mixed oxide
and 3 uranium dioxide) were disassembled
and scanned rod by rod to measure local
power variation within the bundles. A report
on the Quad Cities gamma scans (NP-214)
was published late in 1976 (6). One of the
reports from RP497 (7) contains design and
operating data from the first two cycles of
operation of Quad Cities-1. Using this infor-
mation, a project with Nuclear Associates
International, Inc. recently started testing the
ability of the ARMP codes to predict the
measured power distributions (RP973). The
second of the scans was completed after
cycle 1 at the Zion-2 PWR, which is owned
and operated by Commonwealth Edison Co.
Again, the bundles in an octant of the core
were scanned for axial power distribution.
Nolocal power variationmeasurementswere
possible as the PWR bundles cannot be
readily disassembled. The experimental data

have now been reduced. Efforts are also
under way to document sufficient design and
operating data for Zion-2 so that ARMP cal-
culations can be performed for comparison
with Zion-2 gamma scans.

The third and final measurement cam-
paign was completed after cycle 1 at the
Hatch-1 BWR, owned and operated by Geor-
giaPower Co. The measurements were con-
ducted in a manner similar to that used at
Quad Cities-1. The principal achievement of
the Hatch scans was to obtain power distri-
bution data from a reactor with a fixed and
substantial control-rod inventory at the end
of the cycle. (As Quad Cities-1 approached
the end of cycle 2, it was operated in an all-
rods-out configuration.} A total of 106 as-
semblies were axially scanned. 4 bundles
were disassembled for rod-by-rod measure-
ments. Data reduction is now in progress.
Project Manager: Robert N. Whitese!
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Evaluating the
Performance of
In-Service
Inspectors

by Eugene R. Reinhan

An EPRI study evaluating current
practice for in-service inspection of
reactor piping and pipe welds
shows the way to even better
techniques for detection of
potential flaws.

o An EPRI technical article

Beginning in {ate 1974, intergranular cracks
were detected in the stainless steel recircu-
lation bypass piping and core spray piping of
several operating BWR nuclear plants (7).
The detection methods included leakage
monitoring systems and a combination of
such in-service nondestructive evaluation
{NDE) technigues as visuat inspection (VI),
ultrasonic testing (UT), dye penetrant test-
ing (DPT), and radiographic testing (RT)
(2). Metallurgical examination and labora-
tory tests of cracked pipes removed from
these plants indicated that the cracking was
caused by an intergranular stress corrosion
mechanism, Such a mechanism results from
a complex interaction among stress (includ-
ing fabrication and duty-related stress),
sensitization, and an oxygenated high-purity
aqueous environment {3, 4).

Metallurgical examinations have shown
that nearly all such cracks are found in the
heat-affected zone on the inside surface of
the pipe, adjacent to a weld and usually par-
allel to the weld plane. In some cases, near
the location at which stress corrosion cracks
can occur, the inside surface of the pipe
shows significant changes in section as a re-
sult of tabrication procedures (pipe counter-
bore and grinding marks) and weld irregu-
larities (such as drop through and mismatch)

Fugene R. Reinhart is a projecl manager in the
Systems and Matenals Department of EPRI‘'s Nuclear
Power Division.

(2). These geometric changes in section act
as reflectors for sound waves, causing con-
fusing interferences for ultrasonic inspec-
tion.

The geometric reflectors tend to mask the
ultrasonic reflections from possible cracks
to the extent that muitiple observations and
careful, time-consuming analysis must be
used fo distinguish the crack reflections
from the geometric signals. Also, intergran-
ular stress corrosion cracks tend to follow
the grain boundaries in the material and
therefore present an irregular, diffuse re-
flection surface for ultrasonic energy. Com-
pared to an equivaleni-sized planar fatigue
crack on which present techniques are
based, intergranular stress corresion crack-
ing provides a confusing and low-amplitude
ultrasonic response relative to typical drilled
holes or machined noiches, which are used
as calibration reflectors (Figure 1). Also,
such cracks usually show little or no gap
between the crack surfaces. This condition
also tends to minimize ultrasonic response
from a flaw due to reduced impedance mis-
match ofthe surfaces; sound passes through
the surfaces and does not reflect. These
characteristics of stress corrosion cracks
further compound the inspection probtem
because they allow less margin for error in
calibration sensitivity, inspection procedure,
and operator interpretation of derived uitra-
sonic signals.

Present in-service inspection practice as
required by the American Society of Me-
chanical Engineers (ASME) Boiler and Pres-
sure Vessel Code, Section XI, uses pulse-
echo ultrasonics 1o detect and define the
nature of flaws in primary system piping (4).
This technigque is presently the most appro-
priate volumetric inspection methed avail-
able. However, prior work has not included a
full evaluation of its detection probabilities
for intergranular stress corrosion cracking
as found in BWR piping

To achieve the best possible inssection,
it is necessary t¢ know how efficiently vari-
ous technigques of in-service inspection de-
tect the degree of penetration of intergranu-
lar stress corrosion cracks. Through-wal!
penetration of these flaws during operation
is not regarded as a critical safety issue,
since the containment design of the plant is
based on the assumption of large leaks from
piping. However, on several occasions the
Nuclear Regulatery Commission has man-
dated special inspections. which caused
outages of from one to three weeks. Also,
it is highly desirable, whenever possible, to
detect and repair such cracks before they
leak to avoid the considerable loss in plant
availability when repair and cleanup opera-
tions require plant shutdown. Questions

raised by the NRC made it evident that the
present range of ultrasonic inspection prac-
tices should be extensively evaluated to
define limilations and toe permit sharp defini-
tion of areas needing improvemen

To deline the ability of present ultrasonic
and radiographic methods 1o detect stress
corrosion cracks, EPRI‘s staff carried out a
project tha! included a round-robin evalua-
tion of cracked and uncracked pipe samples
examined by five groups that provide In-
service inspection services to the commer-
cial nuctear power industry. In addition 1o
evaluation of the flaw detection and analysis
capability of the techniques used by these
inspection groups, the variables of code
interpretation, procedures, techniques,
standards, equipment, and iraining were
studied.

The study evaluated code-approved uitra-
sonic inspection technigues. Since the com-
plete in-service inspection process as shown
in Figure 2 utilizes other inspection tech-
niques to verify the results of uitrasonic
inspection, a later phase of the study will
evaluate the performance of in-service radi-
ography as a complement to ulirasonics
Figure 2 also indicates the steps in the in-
service inspection process evaluated and
reported in this phase of the study.

The practical realism of the study was en-
hanced by using actual cracked bypass and
core spray lines obtained from two BWRs.
The flawed pipe sections were slightly radio-
aclive and were examined under partial
simulation ot field conditions requiring radi-
ation work procedures, special clothing, and
some limitations in accessibility

Figure 1 Ultrasonic signal from a stress
corrosion crack can be seen on oscilloscope
screen, together with several high-amplitude
spurious signals.
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Figure 2 Logic diagram of the steps in the in-service inspection process. showing the relationship of the steps studied in EPRI
TPS 75-609 to the rest of the process.
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Planning the program
The EPRI study was designed to evaluate
current practice for in-service ultrasonic
inspection of BWR pipe welds. Its aim was to
gain insight into the factors affecting in-
service inspection performance within the
range of code-approved practices. This
evaluation also helped to determine flaw
detection probabilities and to establish a
baseline on which to build future work on
improved techniques.

To achieve a true representation of indus-
try practice, participants in the study were
selected according to the following criteria.

o They must have had current experience
in doing in-service inspection for the utility
industry (as a major activity of each organi-
zation).

o They must have been currently involved
in the inspection of stainless steel piping in
BWRs, including the special in-service in-
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spection required by NRC in late 1974 and
early 1975 (5, 6).

Of eight inspection groups that satisfied
these criteria, five were selected.

Since this study was aimed at evaluating
representative industry inspection teams,
certain gualifications were established for
individual members of the three-member
teams. Two members were to be Level ||
inspectors in ultrasonic examination, as
defined by the latest edition of the American
Society of Nondestructive Testing (ASNT)
document SNT-TC-1A, Personnei Qualifica-
tion. These inspectors must have partici-
pated in actual in-service inspection of BWR
piping during the calendar years 1374 and
1975.

The third member was tc be a Level Il
inspector in ultrasonic examination, who
had participated in actual analysis of data
obtained from the in-service inspection of
BWR piping.

To evaluate the variables associated with
in-service inspection, each group was re-
quested to conduct a typical inspection
using its normal procedures, techniques,
standards, and eaquipment. These inspec-
tion procedures represented the existing
ASME Section X! code requirements as of
May 1, 1975; they were not to include any
changes suggested by the 1975 Appendix
(I addition to the code (7).

All inspections were conducted in a radio-
activity control area at the Vallecitos Nuclear
Center of General Electric Co., Pleasanton,
California. To simulate field conditions, the
following procedures were adopted.

o BWR pipe samples containing actual
stress corrosion defects were selected for
inspection. Access was permitted only fo
the outside surface. The samples were either
closed at both ends or mounted on wooden
pallets. A number of unflawed samples were
also inspected. The identity of flawed and



unflawed sampleswasconcealed by a *‘dou-
ble blind’ procedure.

o Because the pipe samples, although de-
contaminated, retained some degree of
residual radioactivity, inspectors were re-
quired to wear full anticontamination cloth-
ing (cloth overalls, cap. shoe covers, and
gloves).

o To further simulate field conditions, a time
limit was placed on the evaluation of each
set of samples.

The test samples used in this program
were sections of pipe containing circum-
ferential weids. Most samples were 10-in,
schedule 80, Type 304 stainless steel seam-
less piping (0.594-in nominal wall thick-
ness). The majority of 10-in samples were
cut from the core spray line of the primary
system of an operational BWR (figures 3, 4,
and 5). The other samples were 4-in, sched-
ule 80, Type 304 stainless steel seamless
piping (0.337in nominal wall thickness).
The majority of 4-in samples were cut from
the bypass lines of the primary system of an
operational BWR (Figure 6).

Before the study began. each sample was
examined by pulse-echo ultrasonics, using
longitudinal wave and shear wave (various
angles) inspection techniques. The inside
surface of each sample was also inspected
using dye penetrant. The approximate
depths of flaws were determined with an
electric resistance gage. Wherever pos-
sible, supplemental volumetric NDE was
performed with radiography (Ir,5, and X
ray). Limited metallurgical examinations
were also carried out on material cut from
a number of samples to confirm the pres
ence of stress corrosion flaws. Toaidin eval-
uating the accuracy of locations of flaws by
each group. a reference mark was stamped
on the centerline of each weld. The groups
were instructed to make all measurements
from this reference mark when plotting data
on specially prepared forms.

After the groups completed the study, the
samples were descaled, decontaminated,
and reexamined by dye penetrant, ultrason-
ics. and radiography. Some samples were
then sectioned and examined using metallo-
graphic techniques. The metallographic
examination included determination of de-
gree of cold working, sensitization of struc-
ture, intergranular cracking, grain size,
hardness, and location in or out of the heat-
affected zone. Photomicrographs, photo-
macrographs, and scanning electron micro-
scope photographs were also taken of the
crack surface. These examinations, per-
formed at Battelle, Columbus Laboratories,
are summarized in Table 1.

Figure 3 A typical 360° section test sample
cut from a 10-in core spray line.

Figure 4 A typical 180° section test sample
of 10-in core spray line.

Steps in the study

To evaluate the many aspects of in-service
inspection, the study was divided into three
phases. In Phase A each inspection group
was asked to supply its own procedures,
standards, and inspection equipment. The
main objective of this phase was to deter-
mine present inspection practice and per-
formance by representative industrial in-
spection groups. [n Phase B all pipe samples
were reinspected, but the groups used iden-
tical procedures, techniques, standards,
and equipment as determined and supplied
by EPRI. The objective of this phase was to
determine inspection team performance on
a common ground. with the variables of dif-
ferent procedures, equipment, and stan-
dards eliminated. Phase C examined the
variability in response from various field

Figure 5 Typical 36° section test samples of
10-in core spray piping.

Figure 6 Test samples cut from 4-in recircu-
lation bypass lines.

calibration standards.

Each test group took two weeks to com-
plete all phases of the study. Throughout the
simulated inspections, a test monitor re-
mained at the site to coordinate the inspec-
tions, collect data and field reports. and
observe the performance of the various
groups.

Each test group was given a specified
number of samples and aliowed a definite
time period in which to evaluate them. The
samples were then removed and replaced
by a new set. Between phases A and B. the
samples were disguised and given new iden-
tifications and the composition of each set
was changed. The groups were not told that
they were, in fact, conducting two evaiua-
tions of the same set of test samples. Al-
though some recognition of the samples
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Tahle 1

TEST SAMPLE LISTING AND TESTS PERFORMED

Pipe
Cross-Section Battelle-Columbus
Sample Pipe Fipe Prefiminary Quadrants Examinations
identi-  Diameter Segment Flaw
fication (in) (degrees)  Description I 2 3 4 Vi DPT RT ERG UT Met Final Evaluation
19AL 10 180 SCC, radial, ' ! X X X X = e Cracked (through wali)
through wall
1028A 10 36 SCC, circular, ' XS X X - - Cracked (0.5 in)
across sample
1021 10 360 SCC, circular, L Y X X X - - X Pipe material defect
81n long (lap ~0.025 in)
10K17L 10 360 SCC, circular, T T Xee=DXE "Xg MOXE X X Single porosity
smail spots
10288 10 36 SCC, at angle; N - - - - - - Cracked?
edge crack
1024A 10 180 SCC, circular, ' . X X X X X X Cracked (0.5 in max)
radial and angular,
spotty
10K18 10 360 tack of fusion; M. AT, X X X X X X Lack of fusion
possible SCC
10K17 10 360 None R XY X S - - Acceptable weld
1020A 10 360 None T s, S X X = - X Overlap of weid roct
1024B 10 180 None t 1 - - - - - - Acceplable weld#
1028C 10 36 None ' X X X = Acceptabie weld
1028D 10 36 ¥ : = Acceptable weld?
1018A 10 360 None it Sl ) | X X - = = Acceptable weld
19BL 10 180 None P 1 X - X X Acceptable weld
B2A 4 360 SCC, small spots ¥ = X Y - - - - - = Cracked?
AZA 4 360 None - UL - - - - Acceptable weld?

Quadrant gentified as flawed @y General Elecinc

Quadrant identilied as good weld by General Elecinic

Vi Visual inspectien.

DPT Dye penelrant testing

AT Radiographic tesing

ERG Elecinc resslance gauging

undoubtedly occurred during the second
phase of the study, the subtie differences in
data and results obtained by the groups
indicate that each sample was actually eval-
uated by different procedures, The observa-
tions of the fest monitor contirmed this
opinion.

At the end of each inspection day, alt data
were collected by the test monitor; at the
end of each phase, all data were transterred
to a summary data sheet. Between phases, a
brief discussion of the results was conducted
with @ach group. Besides providing a prelim-
inary evaluation of each group’s perfor-
mance, these debriefings gave valuable
insights into the inspection philosophy pres-
ently used in the nuclear industry.

Summary of the round-robin tests

The labaratory and destructive examinations
(Table 1) provided a basis for evaiuating the
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UT  Ulirasonic tesling
Metaliography

X Tests parformed
—  Test not performed

3

1 Evzlualion by General Elecinic only; nol examined by Battelle-Columbus

flaw detection and analysis capability of the
fest groups.

In the five pipes containing stress corro-
sion cracks (19AL, 1028A, 1028B, 1024A,
and B2A), the majority of inspection groups
found indications of stress corrosion cracks,
identitied the pipes as cracked, and located
the cracks accurately. The five test groups
performed two inspections for each of the
five cracked test specimens, for a total of 50
separate inspections. In 43 of these inspec-
tions, the groups successfully detected
flaws. Successful detection is defined as an
indication plotted in the proper location en
the pipe with accompanying ultrasonic am-
plitude data, Of the 43 detections, 28 were
successfully analyzed as service-induced
cracks. Successful analysis is defined as
calling a plotted indication a crack. Terms
such as finear indication or defect indication
were not acceptable in this analysis. In field

practice, such indications would call tor
additional confirmatory inspections, but they
are obviously less useful to the ufility than a
clear call.

For the two specimens containing lack-of-
fusion or lap flaws, 18 separate inspections
were performed by the five groups (one
group did notinspect one of the specimens).
In all 18 inspections, the flaws appeared
to have beendetected successfully, although
In most cases the differentiation between
stress corrosion crack and iack of fusion
was not made. In some cases, a group's
original data were reviewed to determine
whether the flaw had been detected but not
reported on the EPRI data form. In fact, some
groups did apparently detect marginal in-
dications in these two specimens but inter-
preted them as not significant enough te
report. Of the 18 inspections, 10 were
successfully analyzed as lack of fusion or



a crack (either definition was accepted)

For the nine nondefective pipe samples,
two inspections of each were performed by
the five groups for a total of 90 inspections.
Twenty-three of these inspections resulted
in cailing a sample cracked. One pipe sample
containing an internai fabrication reflector
contributed to seven of the inspection over-
calls. Ancther sample containing sharp
changes in section on the inside surface
contributed to four of the miscalls. The re-
mainder of the miscalls were randomly dis-
tributed; they may be attributed 1o weld tab-
rication anomalies. As the inspection groups
pointed out, many of these miscalls might
have been eliminated by fabrication inspec-
tion data or by supplemental inspection
techniques, such as radiography. Although
there were several miscalls of unflawed pipe
as flawed, the correct analysis of cracked
pipe tends to outweigh signiticantly the call-
ing of uncracked pipe as defective. The ten-
dency to overcall indicates a conservative
inspection philosophy that could result in
excessive time fer added inspections or
unnecessary repair of unflawed pipe during
a reactor outage. However, this conserva-
tive approach would aliow fewer flaws with a
potential for growing to a leak condition to
remain in the piping system. The repair of
aleaking flaw that causes a forced outage is
an order of magnitude more costly in ptant
avaitability than the same repair during a
normal period of reacior shutdown.

Since some of the specimens contained
several flaws with varicus depths and orien-
tations, the individual flaws were analyzed to
determine what effect flaw size, shape, and
orientation had en defect deteciion and
analysis. The most significant finding was
that the orientation of a flaw appears to be
a more significant controlling factor than
depin. Flaw shape (high depth-to-surface-
length ratio) alsc contributes to lack of de-
tection. Skewed cracks (thase not paraile!
or perpendicular to the weld) were extremely
difficult to detect in the simulated inspec-
tions using the normal field inspection pro-
cedures ot scanning paraliel and perpendic-
viar to the weld. These cracks were detecled
in the laboratory by rotating the transgucer.
Earlier observaticns of field-cracked pipe
indicate that only rarely do skewed cracks
occur in which no portion of the crack sur-
face has an orientation paralle! or perpen-
dicular to the weld centerline.

The overall results and relative perfor-
mance of the groups suggest that a conven-
tional transducer diameter greater than
0.375 in (with conventional wedge) may
reduce reliability in detecting stress corro-
sion cracks in some 10-in pipe because of
physical interference between the front

EVALUATING THE PERFORMANCE OF {M-SERVICE INSPECTORS

edge of the search unit and the raised weld
crown. This observation was later veritied
by a laboratory study,

Variables influencing
reliable inspections

The principal difference between these in-
spections and inspections for other types of
flaws was the way in which the data were
analyzed. The procedure that was most suc-
cessful both in correctly identifying flaws
and in aveiding miscalls or overcalls invoived
caretul plotting of UT data on cross-section
drawings of the weld configuration. The
location of the source of a suspect signal
was used to help decide its idenlity (e.g..
geomelry, stress corrosion crack, fack of
fusion). An effective criterion was that stress
corrosion cracks usually occur in the heat-
affected zone between the fusion zone of
the weld and the inside diameter counter-
bore.

The overall resuits of this program indicate
that pulse-echo shear wave ultrasenics is
a viable in-service volumetric inspection
method for the detection of intergranular
stress corrosion defects in welded 300 series
stainless steel core spray lines of BWR reac-
tors. (There were not enough samples of
bypass {ines in the program to draw conclu-
sions.) f the mechanism of intergranular
siress corrosion cracking has started in the
primary system of a BWR, and if the historical
pattern of crack growth is present (cracks
at various depths ang orientations ang in
more than onelocation), there is 2 high prob-
ability that the presence of this mechanism
will be detected by a well-trained inspection
crew using present in-service inspection
methods. (Under actual field conditions,
limitations of physical access may some-
times be important.) The detection and anal-
ysis of smafl intergranular stress corrosion
flaws at one or more locations in the lotal
piping system could be missed or incorrecily
analyzed. This possibility is higher than de-
sirgble, and early detection while cracks are
still sparse could pay off in avoiding more
cutages. The technique is nol sensitivity-
limited, since very small flaws can be de-
tected; however, the fundamental problem
in using the technique is to correctly recog-
nize the detected signais as signals from a
flaw rather than from other sources.

The final results of the inspection process
still appear to depend to a considerable
degree on the decision-making process of
the individual inspector, and any improve-
ment in this area would have the greatest
near-term effect on the tota! inspection
process. Ta make flaw detection more com-
pleiely objective and independent of opera-
tor skill and experience is a highly desirable

goal for any equipment or technigue.

Eguipment, techniques, codes, and pro-
cedures influence the inspection process to
a lesser degree, but considerable short-term
improvement in one or all of these areas
appears possible, as past devetopment effort
for inspecting intergranutar stress corrosion
cracks appears minimal, Access, working
conditions, and limited inspection time also
influence the inspection process, but their
coniribution is difficult to assess and to cor-
rect on a short-term basis.

The most important drawback in using the
ultrasonic technigue is the time-consuming
analysis required to distinguish flaws from
other signals and the consequent tendency
to miscall fabrication anomalies as service-
induced cracks. Other limiting factors in-
clude the rather low signal-to-noise ratio
where geometric irregularities occur and
the considerable difficulty in detecting smal)
cracks that are skewed relative to the prin-
cipal axis of the pipe. Data from previous
inspections and supplemental inspection
techniqgues such as radiography can assist
in the analysis and decision-making pro-
cess, and these aids are commonly useg.
Their exacl contribution to improvement of
the inspection process was not studied in
this phase of the program.

As the results of this study (8) suggest
several practical directions for seeking im-
proved inspection analysis capability, fur-
ther effort is under way to develop and apply
such refinements (RP892).

Relerences

1. "EXTRA, The BWR Pige-Crack Situation."
Nucleonics Week, Special Issue, January 33,
1975.

2. H. H. Kiepter et al, fnvestigation of Cause of
Cracking in Austenitic Stainiess Steel Piping, Vol.
2. Report NEDO-21000-1, 75NED35, Class 1,
July 1975. General Electric Co,

3. H. H Kiepfer et al. fnvestigation of Cause of
Cracking in Austenitic Stainless Steel Piping. Vol
1. Repert NEDO-21000-1, 75NED35, Class 1.
July 1975, General Electric Co.

4. "Rules for Inservice Inspection of Nuclear
Power Plant Components."” ASME Boiler and
Pressure Vessel Code, Section Xi. 1974 edition.

5 "Through-Wall Cracks in Core Spray Piping of
Dresden 2."" AEC Office of Inspeclion and Entorce-
ment Bulletin, 1E-75-01, January 30, 1975.

6. “Additional Clarification of IE Bulletin 75-01.”
AEC Office of Inspection and Enforcement (issue
date of January 1975 assumed)

7. “Appendix Hl, Ultrasonic Examination Method
for Class 1 and Class 2 Piping Systems Made From
Ferritic Steels,"” Proposed addition to ASME Boiter
and Pressture Vesse! Code, Section Xi. Draft date:
March 28, 1975

8. A Study of In-Service Ultrasonic Inspection
Practice for BWR Piping Welds. Summary Reporl
tor TPS 75-609, prepared by E. R. Reinhart, June
1977. EPRI NP-436.
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New
Technical
Reports

Each month the JOURNAL publishes summaries
of EPRI's most recent reports. Supporting member
utilities receive copies of reports in program areas
of their designated choice. Supporting member
utilities may order additional copies from EPRI,
Printing and Graphics, P.O. Bex 10412, Palo Alto,
California 94303. Reports’ are publicly available
from the Natienal Technical Information Service,
P.C. Box 1553, Springfield, Virginia 22151; and
from Research Reporls Center, P.O. Box 10090,
Palo Alto, California 94383.

ELECTRICAL SYSTEMS

Symposium proceedings:

new concepts in tault current

limilers and power circuit breakers

EL-276-SR Special Repon

Serous industry attention is being directed toward
developing fault current limiters and improving
power circuit breaker interrupters through R&D
programs at EPRi, ERDA, and ether research
organizations. A symposium, held on September
28, 29, and 30, 1976, at the State University of
New York at Buffalo reviewed findings provided by
these programs,

The symposium was equally divided between
presentation of papers and open discussions
among the participating researchers, designers,
application engineers, and utility operations per-
sonnel. The subject of power circuit breakers wa<
covered from the fundamental aspects o! arc
physics to design and development of gas, vac-
uum, and combination interrupters. Both switched-
resistor and tunegd fauit current limiters were pre-
sented, Considerable general discussion centered
areund potential application and need for fault
current limiters. Two electric utility papers were
presented on the subject of appilication.

Gas-insulated, tluidized-bed transtormer
EL-302 Final Repor (RP477-1)
A study of corona and breakdown voltages for
giass beads er for TFE particulates fluidized by SF
evaluated effects of gap distance, pressure, field
uniformity, fluidizing gas veiocity, and electrode
orientation. The data were compared with those
tor pure SFg without particulates under the same
conditions. A correlation of Reynolds number ver-
sus Nusselt number for fluidized beds facilitated an
estimate of the heat transfer coefficient of glass
beads and et TFE particulates. The study included
a computalion of the fluidizing of the experimentat
system.

1t was concluded that, due te decreased electri-
cal properties, use of fluidizing glass beads would
be unsatisfactory in fransformers. TFE particulates
showed promise and are worthy of furiher evalua-
tion. Alfied Chemical Corp.
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A program to evaluate, develop,

and test Poroplastic materials

as improved electrical insulation

for high-power underground cables

EL-312 Final Report (RP7842-1)

This report presents the results of a project to
develop Poreplastic film, an ultramicroporous
material invented by Moleculon Research Corp.
as a low-loss substitute tor the cellulose paper
tapes presently used in the manufacture of high-
pressure oil-filled cable. Structurally, Poreplastic
is a stable fim consisting of a cellulose triacetate
matnx, which incorporates a large volume of lig-
vid. Pore diameters in the matrix measure several
tens of angstroms and the relative liquid volume
can be controlled to range from as little as 50% to
as much as 95%. The film’s dimensional stability
depends on the presence of the liquid within the
malrix; loss of liguid through evaporation or high-
pressure expulsion leads 10 irreversible matrix
collapse. Molecuton Research Corg.

A study of underground

power cable installation methods

EL-374 Final Report (RP7824)

The cost of instaling underground high-voltage
transmission cable can be 50% of the total circuit
in-service cosl. This study was directed toward
underground cable systems in service and those
types that can be commercially available in the
near future. The report presents a detailed exam-
ination and range of casts of various installation
steps. Research and development are recem-
mended in three general areas of installation pro-
cedure: route planning and design, pavement ana
soil removal, and pipe installation methods. Rec-
ommenations in route planning and design area
include improved computer routing, subsurtace
preliminary surveying, and thermal analysis ot
in situ soils, backfill material, and geometric ar-
rangement of cable circuits in the french. In pave-
mer and soil removal, improved methods are
recommended for microwave, plasma torch, and
water jet concrete culting; guided boring systems;
shoring techniques; and soil removal systems.
Installation of pipes yielded recommendations
for automatic welding techniques, integrated
fransmission systems, and standardization of
accessories and equipment among utlilities.
Arthur D. Little. Inc

Superconducting cable system

EL-402 Final Reporl (RP7807-2)

This report outlines the technical and economic
problems pursued in a 4e-month EPRI-ERDA
pregram to develop an ac superconducting power
transmission line. Unforeseen difficulties were
enceuntered with power losses in the supercon-
ductor, eddy current losses, and heat leak. Fault
current testing was never aftempted. Major dielec-
tric problems prevented operation of the system at
138 kv.

Ac loss data on small sampies of electroplated
niobium and a preliminary cost estimate indicate
that this type of cable sysiem might be attractive
for moving large blocks of power it ii could be
developed to meet utility needs, The repert pre-
sents a conceplual design for the rigic conductor,
rigid cryogenic enclosure, helium-spacer insulated
superconducting cable system based on R&D te
date. Union Carbide Corp

Development of extruded

dielectric underground transmission
cables rated 138 kV, 230 kV, and 345 kV
El-428 Final Report (RP7828-1)

The objective ot this project was 1he development
of 138-, 230-, and 345-kV cross-linked polyethyl-
ene (XLPE) insulated cables with insuiation thick-
nesses corresponding to those of high-pressure
oitfiled pipe-type cables and with reliability ac-
ceptable for high-voltage transmission systems.
General Cable Corp.

ENERGY ANALYSIS
AND ENVIRONMENT

Fuel and energy price forecasts

EA-411 Final Report (RP753-2)

EPRI and the efeclric utility industry require fuel
price forecasts for use in planning. The Energy
Anaiysis and Environment (EAE) Division has a
contract research program under way 10 develop
information on which to base such forecasts.

This is a long-range program involving much
fundamental energy economic and analytic work.
Full results will not be avaifable for some time. In
the meartime, energy price forecasts required for
R&D planning and other purposes have been
undertaken by Stanford Research Institute (SRI)
(RP795-1) and Foster Associates, Inc. (RP759-2)
to prepare independent price forecasts to the year
2000. The SRI data have been published as Fue/
and Energy Price Forecasts, Volume #I (EPRI
EA-433). Volume |, the actual forecasts, wili ap-
pear soon.

While the Foster Associates study was designed
primarily to aid the EAE staff, it is being published.
in accordance with EPRI policy, so that it may be
used by electric ulility staffs and ethers. It should
be emphasized that the forecasts contained in this
report are the contractor’s, and the publishing of
therm does not imply their endorsemeni by EPRI.
The contractor and Project Manager did notagree
on all the logic, data, and assumplions, and the
reader is caufioned to fully examine the basis of
the forecasts before using them. The report should
be usetul to those atlempting a better understand-
ing of future energy prices and the complexities
surrounding them. Because of the contractor’s
background and funding limitations, more atten-
tien is given te the natural gas deregulation case
than 1o the crude oi dereguiation case. This in no
way reflects a belief on the part of the Supply Pro-
gram that crude cil deregulation is not at least an
equally important subject or that there would not
be a significant supply response from such dereg-
ulation. It does not imply any judgment as to the
desirability of deregulation from the national view-
point in either case but is rather a judgment as to
supply response.  Foster Associates, Inc.

Stanford—EPRI workshop for
considering a forum for the analysis of
energy options through the use of models
EA-414-SR Special Report (RP875-1)
Models have somelhing valuable to offer decision
makers in helping to define problems and clarify
the complex environmeni of interconnecied rela-
tionships. The greatest benefit of models is in
forming, refining, and testing mental conceptions
of the problem terrain.

This benefit has been illustrated in the public
sector more by the value of models to modelers



than to decision makers. Any honest modeler
will admit that it is more tun building a model than
interpreting or documenting it. Decision makers
lack a firm basis for selecting models and under-
standing their potential contributions. A modeling
activity underdeveloped at the present time, third
party model analysis, needs to be established,
promoted, and supported, The Energy Modeling
Forum is one attempt to meet this need and pro-
vide the analysis and communication of energy
modeling capabilities. This report summarizes
the July 1976 workshop discussion on the design
and operation of future Forum activities, Stanferd
University

Time-~variable air pollutant emission
strategies for individual power plants

EA-418 Final Report (RP487-1)

This study evaluates the feasibility, operational
characteristics, and potential cost savings of time-
variable emissions controf systems for a site in the
northern Great Plains region. Two years of data
are applied to models for defining and evaluating
time histories of pollutant emissions, which satisfy
all relevant air guality standards and minimize the
operational costs of emissions control. These
strategies were examined under several scenarios,
which varied the number of emissions modes,
stack height, emissions control cost assumptions,
maximum pollutant generation rate, and {ocal
dispersion rate.

On completon of this study, EPRI sponscored a
workshop on supplementary environmental con-
trol systems (SECS, or time-variable air pollution
emission strategies) to determine directions of
future EPRI research on the subject, Conclusions
and recommendations of the workshop are avail-
able in EPRI EA-279-SR (WS76-70), The Re-
search Corporation of New England

Guidelines for estimating present and
forecasting future population distributions
surrounding power reactor sites
EA-427-SR Special Report

As a part of the licensing procedure for building
a nuclear power plant, the Nuclear Regulatory
Commission requires applicants to provide esti-
mates of the total population and the population
distribution within a 50-mile radius of the proposed
site at the time of application and throughout the
lifetime of the power plant. This information must
be included in the environment repoit and in the
safety analysis repoit. The methods for estimating
and projecting the required information fall within
the discipline of demography, but there are no
guidelines that define methods suitable for gener
ating the needed data

This report presents the output of a workshop
convened to draft guidelines for estimating and
forecasting population distributions around power
plants. The workshop was motivated by the efforts
of the American Nuclear Society to draft a pro-
posed American national standard for estimating
present and forecasting future population distri-
butions surrounding proposed power reactor
sites. The draft standard presented in the report
is only the first draft. Many additional persons wil!
be given the opportunity to review it before an
American national standard is approved, Sigma
Research. Inc

Fuel and energy price forecasts
EA 433 Final Report (RP759-1)

EPRI and the electric utility industry require fuel
and energy supply (price-quantity relationship)
forecasts for use in planning. The Supply Program
has a contract research program under way to
design and develop improved fuel and energy
supply forecasts This is a longrange program
involving much fundamental energy economic and
analytic work, and full results will not be available
for some time. In the meantime, forecasts have
®een undertaken by Stanford Research Institute
(SRI) and Foster Associates, Inc. (RP759-2). The
results of the Foster Associates work have been
published as Fuel and Energy Price Ferecasls,
Velumes | and Il (EPRI EA-411).

SRI's forecasting eftort is based primarily on its
national energy model, orginally developed for
Gull Oil Corp. This complex model requires a large
amount of input. This second volume of SRI's fuel
and energy price torecas! describes the inputs to
the model and prov:des a summary description of
the model as of August 1976. Volume |l is being
published a couple of months before publication
of Volume |, which will contain the actual forecasts.
Much of the data used in earlier applications of
SRI's national energy model have been updated
and improved. It must be emphasized that all the
data and information contained in this report were
developed by SRI; EPRI's publication of this infor
mation does not imply endorsement of it by EPRI.
Stanford Research Inslitute

Evaluation of CHESS: New

York asthma data 1370-71, Vol.
I. Findings and supporting tables
EA-450 Final Report (RP681-1)

This report is one of a series evaluating state of
knowledge and research needs regarding health
effects of air polution. A report on sulfur oxides
(EPRI EA-316) has already been published:; forth-
coming documents will cover nitrogen oxides,
particulates, and oxidants. This publication is the
first of a group consisting of detailed reanalysis
and interpretation of epidemiological data and
dealing specifically with the studies for the Com-
munity Health and Environmental Surveillance
System (CHESS).

Between 1967 and 1975, the Environmental
Protection Agency carried out a comprehensive
research program on possible relationships be-
tween air pollution and concurrent morbidity. Air
pollution data included measurements of SO,
particulates, total sultates, CO, ozone, hydrocar-
bons, NO,, and nitrates. Concurrent epidemiolog-
ical studies included observations on acute and
chronic cardiac and respiratory illness, ventilatory
function of children, and aggravation of asthma
symptoms. The CHESS report has been the sub-
ject of considerable controversy, leading to an
intensive evaluation by a congressional subcom-
mittee,

This report presents a careful statistical re-
analysis of one data set from CHESS epidemiolog-
ical studies in greater New York in 1970-71. The
original analysis of this data set linked increased
asthma attack rates with suspended particulate
and suspended sulfate air pollution. The reevalu-
ation ot the data reported here does not suppoit
the hypothesis of a positive association between
asthma at.acks and levels of suspended particu-
late or ambient sulfate levels, as suggested by
CHESS researchers, Greenfield, Attaway &
Tyler. Inc.

FOSSIL FUEL
AND ADVANCED SYSTEMS

UWMAK-IIIl, a noncircular

tokamak power reactor design, Vot. |

ER-368 Final Report (RFP237-2)

UWMAK-il is a conceptual power reactor design
study aimed at understanding the problems asso-
ciated with advanced technologies and several
new or different design approaches in tokamak
systems. Advanced technologies studied include
the use of the molybdenum-based alloy TZM as
the primary structural material, the use of alumi-
num as the stabilizer and aluminum alloy structure
for the NbTi superconducting magnets, and the
use of a closed-cycle helium gas turbine power
conversion system.

New or different design approachesinclude RF
(fast magnetosonic waves) plasma heating, a
bianket design where tritium breeding is accom-
plished only in the outer blanket region, a perma-
nent inner blanket that is basically a hot shieid,
tritium extraction and recycling processes, and
the general design approach to blanket module
removal. The maximum moduleweightis only 42 t.
An MHD analysis has determined the noncircular
plasma shaped as a characteristic ‘D' with neu-
tral points on the plasma boundary tor a poloidal
divertor. The reactor is small (major radius = 8.1
m) with a relatively high # (about 9%). and an
average neutron wall loading of 2.5 MW/m?. Itis
designed to generate 5000 MW(th) during the
burn and 1985 MW(e) continuously. The net plant
efficiency is about 42%.

Aspects of the design study include the reactor
plasma physics of a noncircular reactor plasma,
theory of divertor operation, vacuum system de-
sign. toroidal and poloidal field superconducting
magnet analysis, blanket design and neutronics,
thermal hydraulics and mechanical design, tri-
tium handling, extraction. and recycle, neutron-
induced radioactivity, materials properties and
radiation damage, helium gas turbine power cycle
design, balance ot plant considerations, resource
implications of the design. and an economic anal-
ysis. University of Wisconsin

Utilization of U.S. geothermal resources
ER-382 Final Report (TPS76-638)

Geothermal resources expected to be economic
for near-term U.S. electrical use are almost all in
moderate- to high-termperature hydrothermal
systems located in the western states. Known
hydrothermal systems lie in geographically nar
row, continuous tectonic belts marked by faults,
volcanism, and earthquakes. Most undiscovered
hydrothermal resources can be expected to lie in
the same belts, which pass through the service
areas of a number of major and many smaller
western utillties.

This study is concerned with U.S. geothermal
resources, their potential for commercial utiliza-
tion by electric utilities between now and the year
2000, and their impact on the utifity industry. U.S.
Geological Survey estimates of the resources in
identified hydrothermal systems are extrapolated
to the undiscovered resources marked by hot
springs, and turther to the blind resources between
hot spring areas within the tectonic belts. Water
ratesand directcapital costs for geothermal power
plants are evaluated as functions of resource tem-
perature, together with costs and expected flow
rates for geothermal wells. A supply curve for geo-
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thermal energy combines these results with the
temperature distnbution of identified hydrothermal
systems. TAW Inc.

Assessment of titanium for

use in the first-wall/blanket
structure of fusion power reactors
ER-386 Topical Repor: (RP472-1)

This report describes a portion of the work that
was performed as part of a first-wall/blanket sys-
tems analysis study. The objective of this part of
the study was to assess the suitability of using
titanium alloys in the first-wall / blanket structure
of commercial controiled thermonuclear reactors
(CTRs). Two near-alpha titanium alloys were
selected for in-depth examination, Ti-6%Al-4%V
(called Ti-6Al-4V) and Ti-6%AI2% Sn4%Zr-2%Mo
(called Ti-6242). Both materials are commercially
available in standard mill forms with weldable
forgings, and they have a large data base. The
T1BA!-4V alloy was developed in 1954 and is fairly
representative of an all-purpose alloy. The Ti-6242
alloy was specificaily designed 10 meet the high-
temperature requirements of the aerospace indus-
try. it is noted for its creep resistance and metal-
lurgical stability up to temperatures of 550°C.
Using properties important to the CTR firstwall/
blanket structures application, these alloys were
compared with five other candidate structural
materials (2219 aluminum, 316 stainiess steel,
V:20 Ti, Nb-t1Zr, and M0o-0.5 Ti-0.08 Zr [TZM]).
The study revealed that titanium oflers potential
for use in a CTR from the standpoints of strength,
minimum radioactivity, and resources. McDon-
nell Douglas Astronautics Co.

Comparative evaluation of
high- and low-temperature gas
cleaning for coat gasification-
combined cycle power systems
AF-416 Final Report (RP243-2)

The purpose of this screening study was to evalu-
ate incentives for developing hot gas purification
technology for coal gasification--combined cycle
power generating systems. The iron oxide process
currently being developed by the Morgantown
Energy Research Center for removal of hydrogen
sulfide at high temperature (1000 °F) was selected
for investigation as it was judged to be in a more
advanced stage of development than other eurrent
high-temperature absorption processes.

This report presents process and ecenomic
evaluations for five ditierent coal gasification
schemes: air and oxygen blown dry ash; moving
bed Lurgi gasifiers; oxygen blown stagging; mov-
ing bed gasification (currently being developed by
the British Gas Corporation); and oxygen and air
blown two-stage entrained gastliers (proposed by
Foster Wheeler Energy Corp.). Results include,
for each scheme, four complete system flowsheets
for converting Mlinois No. 6 coal to electricity via
combined cycle power generation. Two of these
schemes were based on high-temperature iron
oxide technology with gas turbine inlet tempera-
tures of 1950"F and 2400°F. The other two flow
sheets incorporated the low-temperature Benfield
process with gas turbine inlet temperatures of
1950°F and2400°F. Stone & Webster Engineer-
ing Corp.

Coal liquefaction by alkylation
AF-423 Final Report (RP258)

A study of the Friedel-Crafts alkylation of coal was
undertaken to determine whether the introduction
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of alky! groups would result in the production of a
pumpable liquid fuel from coal, as predicted by
one popular coal structure model. Successful
alkylation could offer a lowsseverity, nonhydrogen-
ation route to coal liquefacton. Several coats alky-
lated wilh isobutylene in sutfuric acid were studied
for solubility, melting behavior., and NMR spectra.
Production of a readily pumpable iiquid was not
achieved. Several techniques were developed for
studying the interaclions of coal surfaces with a
variety of materials. Unwversity of Tennessee

Preliminary investigation of the
autoadhesion of pulverized SRC
AF-431 Final Report (RP779-8)

This report presents the results of a preliminary
investigation of the surface properties of solvent-
refined coal (SRC) and how they contribute to
autoadhesion. Reactive surtace sites on SRC were
characterized by volumetric adsorption and by
temperatur e:programmed desorption of H;, O,,
CO,, HCI, NH,, H,0, and diethylamine. The ad-
sorbing surface sites of SRC are reactive mainly
because they are acidic or basic, These were
made to determine whether some of the adsorbed
molecules altered compaction during pulveriza-
tion of SRC or altered autoadhesion of pulverized
SRC. Angle of repose measurements were used
toindicate autoadhesion of pulverized SRC. Water,
but not the other gases, affected the results. Other
experiments showed that the surtace oil and static
charge on SRC do not contribute to autoadhesion,
Stanford Research Institute

Comparison of phased cooling
systems with conventional cooling
systems: performance and economics
FP-432 Final Report (RP321)

This report introduces and analyzes two new
concepts in heat dissipation: phased cooling, the
operation of a cooling system in various modes
(phases) during a 24-hour period in order to take
maximum advantage of environmental conditions:
and the rejection of heat by an "interstellar radi-
ator" instead of a cooling tower or pond. The two
concepts are combined in a phased-radiator heat
rejection system whose performance and eco-
nomics are compared with natural draft wettowers
and cooling ponds in Birmingham, Philadelphia,
Portland, and Phoenix. The phasing concept is
also applied to a dry tower (a phased-dry tower),
and its performance is compared to a conventional
dry tower. Auburn Universily

Workshop on synthetic fuels from fusion
ER-439-SR Special Report
A two-day workshop, held on February 9 and 10,
1976, brought together plasma physicists, fusion
reactor designers, radiation chemists, and fuel
scientists to discuss potential uses of thermo-
nuclear fusion reactors in the production of syn-
thetic fuels. Three working groups explored
specific mechanisms by which the various outputs
of fusion reactors, including thermal, electrical,
neutrons, gamma radiation, charged particles,
and electromagnetic radiation, might be effectively
utilized

The general conclusion of the groups was to
vigorously pursue a program to define and explore
the nonelectrical outputs of fusion reactors in
order to help meet fuel shortages and to aid in
the early availability of tusion reactors by simpli-
fying some technical restraints. it could also aid
in the longer term by greatly increasing the over-

all efficiency (into both electrical and nonelectrical
outputs) of fusion power plants as compared with
compelitive energy sources. Ben Eastlund
Fusion Systems Co,

NUCLEAR POWER

Analysis of N-16

radiation measurements

at the Cooper Nuclear Station
NP-243 Final Report (TSA75-27)

This report describes the evaluaton of radiation
measurements (N-16 gamma-ray dose rates) at
various locations on the surface turbine equip-
ment components on the roof and in the vicinity
of the Cooper Nuclear Station. Calculations of
source strengths were based on an assumed
N-16 activity of 113 xCi/gm of steam at the reactor
nozzle. This evaluation aids in assessing the use-
fulness of available analylic techniques to predict
radiation levels around BWRs due to N-16 gamma
rays originating in the turbine room of these plants.
It also helps demonstrate BWR ability to meet site
boundary dose rate limitations reQuired by govern-
ment regulatory agencies.

Included in the report are descriptions of the
OADMOD point kernel radiation transport code
and the SKYSHINE procedure. These computer
codes were used to compute the N-16 source
strengths in the turbine equipment and the N-16
dose rates at the various detector locations. Also
described are the computer models used to rep-
resent the turbine equipment sources and the
structure of the turbine building in the computer
calculations. Radiation HAesearch Associates,
tnc

Oconee Nuclear Station, unit

one, cycle two, refuelingshutdown:

primary system radiation levels

NP-340 Final Report (TPS76-634)

This report features the results of an extensive
survey of the radiation fields at three stations using
Babcock & Wilcox nuclear steam supply systems:
Oconee 1 and Oconee 2 operated by Duke Power
Co. and Three Mile Island 1 operated by Metro-
politan Edison Co. Radiation fields at Oconee 1
measured at the second refueling shutdown were
comparable to other PWRs of similar age. But
fields at Oconee 2 and Three Mile Island 1 at first
refueling shutdown were lower than at piants of
comparable ages. The report also lists significant
radioisotopes present in aqueous samples taken
from the fuel transfer canals and the reactor
coolant systems as well as corrosion products
identified as the principal source of radiation
fields for the primary coolant system.

The development of RELAP/SLIP for
the semiscale blowdown heat transfer
test $-02.6 (NRC Standard Problem 6)
NP-343 Interim Repor: (RP695-1)

This report and a companion report, NP-300,
document work performed to provide a realistic
prediction of NRC Standard Problem 6 (Test
S-02-6). The RELAP/SLIP code is a modified
version of RELAP495 and includes a firsHevel
effort, state-of-the-art, dynamic slip calculation
in all vertical and horizontal junctions to account
for unequal phase velocity and phase separation.
The dynamic slip model accounts for transient
inertial ef'ects of each phase. This report contains



the derivation of the dynamic slip field equations,
a description of the modifications to the RELAP4
numerical scheme and recommendations for
improved code performance. Several analytic
problems and some experiment simulations,
including NRC Standard Problems 1 and 5, were
analyzed in an effort to check outthe RELAP /SLIP
code. Calculations compared favorably with
homogeneous equilibrium experimental data and
previous RELAP4-95 predictions. To the best
of the authors' knowledge, the consistent, com-
plete, and realistic computation of unequal phase
velocities has been achieved for the first time in
any general systems code with the successful sim-
ulation of the simple problems and Standard Prob-
lem S using RELAP/SLIP. Energy incorporated

Experimental and

statistical requirements

for developing a well-defined K, Curve
NP-372 Final Report (RP696-1)

This report documents program development of
a statistically well-defined reference fracture
toughness curve as a potential replacement for
the K curve presently specified in Appendix G,
Section I, of the ASME Boiler and Pressure
Vessel Code. An alternative temperatureindexing
procedure for reduction of data scatter is also
presented.

Existing EPR! test and data analysis procedures
and acceptance criteria were revised to include
the current requirements for elastic-plastic frac-
ture toughness measurements.  f£racture Controf
Corp.

Power reactor pressure

vessel benchmarks: an overview

NP-380-SR Special Report

The continued assurance of the safety and integ-
rity of nuclear reactor components requires an
understanding of the changes in material proper-
ties that such components sustain as a function
of irradiation and the radiation flux and spectrum
to which they are exposed over the lifetime of the
system. This report reviews the current status of
experiment and calculationbenchmarks for under
standing radiation embrittlementeffectsin pressure
vessels of operating LWRs. Included are require-
ments of such benchmarks for application to
pressure vessel dosimetry, recent developments
in active and passive neutron detectors sensitive
in the ranges of importance to embrittlement
sludies, and recommendations for benchmark
improvements.

Computation of crack

propagation and arrest by

simulating microfracturing at the crack tip
NP-412 Final Report (RP499)

Prevention of crack initiation is the first design
defense against nuclear reactor pressure vessel
structural failure. The ASME Boier and Pressure
Vessel Code delineates conservative design pro-
cedures to prevent crack initiation. However,
to further assure the continued safety and integrity
of nuclear reactor pressure vessels, we must
develop the analylic ability to assure that in the
unlikely event of actual crack initiation, the crack
will arrest rather than propagate. The traditional
method of assessing propagation-arrest has been
through the use of the fracture mechanics par-
ameter, K,, crack arrest toughness,

This report presents the resuits of a study to

evaluate an alternative method of describing
crack progagation and arrest. This new method-
ology models the nucleation, growth, and coales-
cence of microfractures ahead of a running crack
and how these parameters affectarrest. It provides
a link between micromechanical material behavior
and the traditiona fracture mechanics approach
to propagation and arrest. Stanfoid Research
institute

Probabilistic safety analysis

NP-424 Final Report (RP217-2-7)

This annual repor. summarizes work carried out
during the second year of an LWR probabilistic
safety analysis. (Progress in the first year was
summarized earlier in an EPRI Interim Report,
217-2-4, Probabilistic Safety Analysis.) Each
section of this repo:t summarizes work in a par-
ticular area

Section 2 describes the summary and critique of
the complete Reactor Safety Study Report. Section
3 presents a summary of a detailed sensitivity
perturbation analysis on two reactors. The second
part of Section 3 contains the results of a detailed
analysis of the most influential PWR sequence
(relative to consequences), including a compari-
son of various design options suggested by NRC
in the Standard Review Plan.

Part of the methodology examination included
investigation of the WASH-1400 computer codes.
Section 4 presents a family of codes developed
to evaluate plant risk both quantitatively and
qualitatively. For purposes of comparing different
plants, a set of event trees, described in Section
5, was developed for a large PWR different from
any examined previously. Three documents
evaluating risks due to anticipated transients with-
out scram and a summary of the areas of this
problem yet to be studied are reported in Section
6. Section 7 summarizes an ongoing effort to
gather actual plant failure data. Andlinaily, Section
9 presents work to date on safety analysis verifia-
bility, including a lilerature search and suggested
studies. Science Applications, Inc.

An analysis of post-LOCA
gamma-ray effects in representative LWRS
NP-425 Volume I Final Repoit (RP492-1)

Nuclear Regulatory Commission regulations state
that in the case of such an unlikely evenl as a
loss-of-coolant accident (LOCA), certain im-
portant safety margins must be demonstrated,
including the peak cladding temperature of the
fuel and the amount of H, produced due to radi-
olysis in the coolant. The peak cladding problem
is of concern in the short time frame (10? seconds)
following reactor shutdown in a LOCA analysis,
while for H, radiolysis, the time frame of interest
is days and weeks.

This report describes the Monte Carlo technique
and analysis used to determine gamma-ray
deposition in two operating reactors of recent
design. The first is a General Electric BWR at
Nine Mile Point; the other is a Babcock & Wicox
unit at Oconee. The report attempts to derive
redistribution factors for garmma energy around
hot assemblies and to calculate the amount of
gamma energy deposited in the coolant at various
times after the start of a hypothetical LOCA.
Volume | gives the details of the analysis and
presents the results. Volume Il (avaifable only on
request) provides the details of the ORIGEN
calculations to produce the source strength at
a time after shutdown and gives the actual power

distribution at various times in the operating cycle,

A final report will soon be available on the experi-
mental measurements used to benchmark the
caculations being produced by the University of
Virginia under RP492-2. Mathematical Apph-
catrons Group, inc.

Characteristics of pipe
system failures in LWRs
NP-438 Topical Report (RP705-1)

This report is one of a series on nuclear power
plant availability and reliabiiity. It presents a
statistical description of pipe system failures as
derived from reports submitted by the utilities to
the Nuclear Regulatory Commission.

The study emphasizes trends in the incidence
of pipe failures and a statistical characterization
of the failure events, including impact on plant
availability and capacity. Pipe system faiures are
compared from the standpoint of frequency of
occurrence within plant types (PWR versus BWR,
frequency of occurrence within plant subsystems,
faiure modes, pipe size categories. and time-to-
failure from initial criticality). Hypothesesregarding
differences between frequency distributions with
PWRs versus BWRs are tested via standard non-
parametric statistical methods. Science Appfi
cations, inc.

Dynamic modeling of a

Mark Il pressure suppression system

NP-441 Key Phase Report (RP693-1)

This repoit reviews a study via scale-model
experiments of the dynamic response of a Mark
I pressure-suppression system during the early
air-discharging phase of a postulated loss-of
coolant accident. Tests using a 13.3-scale model
produced quantitative information on the vent-
clearing process, pool swell, wet-well pressuri-
zation, and many olher dynamic responses of
interest.

Corresponding information for the reference
plant from which the model is scaled can be
obtained from the test results and the scaling loss
derivedin thereport. Stanford Research institute
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