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EPRl's Evolving Communications Role 



This is the first issue of the EPRI JOURNAL. It has four major objectives: (1) to report 
on the results of EPRI research; (2) to present, through feature articles,, useful state­
of-the-art information and technical material for utility engineer consumption; (3) to 
present a coordinated, monthly update on technical division research activities; and 
(4) to provide a current and accurate report of developments within the Institute, such 
as program planning, budgeting, and relationships with government agencies. 

In the short span of a few years, EPRI staff focus has shifted from organizing and 
planning to the management of a major research and development program tuned to 
the pressing technological requirements of the electric utility industry. 

As our technical program gathered momentum, communications needs developed 
accordingly: 

o Program planning, budget decisions, project starts, and, most important, project 
results became of immediate interest to EPRl's supporting utilities. 

o EPRI was asked to play a public education role in matters of electric energy 
technology, using the communications channels of the utilities. 

o The media found EPRI to be a comprehensive and credible source of basic energy 
technology information. 

o EPRI was asked to respond to technical information needs of the policymakers in 
government. 

In the past we have met these diverse communications needs in several ways. Technical 
reports are the foundation of the program. This year, we expect to be publishing an 
average of one report every working day. 

To keep the industry abreast of EPRl's program planning, budget, and personnel 
activities, the EPRI News was inaugurated early in the life of the organization and was 
published bimonthly through late 1975. 

As the broad EPRI program developed, it became evident that there was a need to 
disseminate detailed information on the R&D programs of the individual technical 
divisions, A series of Research Progress Reports resulted, with the four divisions 
publishing these monthly on a rotating basis. 

Although this publication program was comprehensive and served the needs of a new 
and expanding organization, it became obvious that a more cohesive communications 
program was needed. The result is the EPRI JOURNAL, a monthly publication that 
replaces the EPRI News and the technical division progress reports. 

In coming months, we hope to expand JOURNAL readership, to increase its 
usefulness, and to broaden its influence. Toward this end, we welcome your 
comments and suggestions. 

Chauncey Starr, President 
Electric Power Research Institute 
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Authors and Articles 

Technical division contributions to the 
EPRI JOURNAL consist of program 
progress reports (beginning on page 30 
of this issue) and three types of fea­
ture articles: state-of-the-art reports, 
EPRI program descriptions, and tech­
nical articles. 
D The state-of-the-art feature provides 
a broad, relatively nontechnical update 
on the status of a high-interest energy 
technology. In addition to informing 
utility industry readers, the state-of­
the-art report will often have follow-on 
value as a public education tool. 

Solar energy was an obvious selec­
tion for the first of these reports. In 
"Solar Realities" (page 6 ), Piet Bos 
discusses the contributions solar en­
ergy can make in heating, cooling, and 
electricity generation and comments on 
the technical and economic impedi­
ments to significant solar applications 
in the near future. 

Bos is manager of the Solar Energy 
Program in the Advanced Systems 
Department of EPRI's Fossil Fuel 
and Advanced Systems Division. 
Before joining EPRI in early 1975, he 
served 14 years as associate director of 
solar projects for the Aerospace Cor­
poration in El Segundo, California. 
Previously he was a lead development 
engineer in advanced weapons at Ling­
Temco-Vought, Inc. 

Bos completed 2 years of aero­
nautical engineering at the Institute of 
Technology in Delft, The Netherlands, 
prior to coming to the United States. 
He earned an MBA at the University 
of California at Los Angeles after 
graduating from the Massachusetts 
Institute of Technology with a BS in 
aeronautical engineering. 
D The program description feature 
discusses a major EPRI program in 
terms of industry need, potential 
payoff, and specific approaches to key 
technical problems. 

The first in this series of articles 
comes from EPRI's Transmission and 
Distribution Division. "Fault Current 

Limiters: Problems and Prospects" 
(page 14) was written by Richard 
Kennon, project manager in the AC 
Overhead Transmission Program. 

Prior to joining EPRI in early 1975, 
Kennon was the manager of capacitor 
equipment engineering for Westing­
house Electric Corporation in Bloom­
ington, Indiana. Earlier positions held 
at Westinghouse were those of super­
vising engineer, senior engineer, and 
sales engineer. 

A graduate of the California Institute 
of Technology with a BS in electrical 
engineering, Kennon received an MBA 
from Indiana University. He holds 5 
U.S. patents and was a U.S. repre­
sentative to the 1972 International 
Electrotechnical Commission Meeting. 

D The technical article, "Nondestructive 
Pressure Vessel Testing by Acoustic 
Emission" (page 20), is written for 
JOURNAL readers whose work is in 
this field. The authors' approach 
assumes reader familiarity with the 
subject, emphasizes technical aspects, 
and discusses EPRI research. 

Dr. Karl Stahlkopf of EPRI and 
Allen Green, general manager of 
Acoustic Emission Technology Corpo­
ration, coauthored the article on 
acoustic emission. Stahlkopf joined 
EPRI in 1973. As program manager, 
his area of responsibility is pressure 
vessel technology and includes work in 
fracture mechanics, stress analysis, and 
nondestructive testing. 

Following 7 years in the U.S. Navy 
in a variety of assignments related to 
nuclear submarine propulsion, Stahl­
kopf studied at the University of Cali­
fornia at Berkeley, receiving a PhD in 
nuclear engineering in 1973. 

Coauthor Green, whose firm is per­
forming acoustic emission testing 
studies under contract to EPRI, has 
worked in that technology since 1961. 
He has served as chairman of the 
Acoustic Emission Working Group and 
of the Wes tern Regional Strain Gage 
Committee. 

Bos 

Kennon 

Stahlkopf 
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Sunlight is a free and abundant resource, and the technology for using it is available to us. However, the 

high cost of solar energy systems and the availability of /ow-cost fuels have discouraged widespread 

introduction of solar energy. Now, with increasing fossil fuel costs and the renewed interest in solar 

energy, certain solar heating and cooling applications may soon be economically and technically feasible. 

At some time in the future, solar electricity generation as a complement to conventional power plants 

should begin to make an impact on utility systems. 



Solar Realities 
Piet B. Bos 

Piet B. Bos is manager of the Solar Energy 
Program, Fossil Fuel and Advanced Systems 
Division, EPRI. 

L 
ate in the twenty-first century, 

our civilization may be pow­
ered directly and totally by the 

energy of the sun. Sprawling solar 

installations in the Southwest might 

convert sunlight into the clean fuel 
and electricity our nation needs. Solar 

collectors on rooftops could heat water 

and keep buildings comfortable win­
ter and summer. Fast-growing plants 

might be harvested on "solar planta­

tions" for conversion into valuable 

chemicals that now are made from 

coal, oil, and natural gas. And because 
nothing would be mined and no fuels 

burned, there would be relatively little 

impact on the environment. 

This vision of a solar-powered uto­
pia is often proposed as a logical pro­
jection of established technology. But 

because of the enormous economic 

and logistic problems that stem from 

the intermittent and diffuse nature of 

solar energy, it is unlikely that anyone 

reading this will live in such a totally 
solar society. 

Solar energy, of course, is nothing 

new. Civilization has run on sun power 
since the first apple was eaten and the 

first log was burned. It is said that 
in 212 s.c. Archimedes reflected the 

sun's rays from a thousand shields 
to burn the sails of enemy ships in­

vading his homeland. For centuries, 

windmills in Holland have pumped the 
sea back beyond dikes. Farmers in 

Arizona and California harnessed the 

sun to pump irrigation water with a 

solar-powered steam engine at the turn 
of the century. And in 1913, a steam 

engine in Egypt was powered by a 
solar-heated boiler. 

However, U.S. farmers soon aban­
doned their solar-driven pumps. They 

discovered that pumps run by gaso­
line engines were not only easier and 

cheaper to use but also were more 
reliable than the sun. (Of course, like 
other fossil fuels, gasoline is a form of 

stored solar energy.) By abandoning 

the direct use of the sun as a primary 

form of energy and using gasoline­
driven pumps, the farmers found they 

could grow more crops at lower prices. 

In the same way, the industrialized 
nations dramatically improved living 

standards only after they gave up 
relying on the solar energy transmitted 

by windmills, waterwheels, skylights, 

and firewood and turned instead to 

coal and oil. A persuasive argument 
can be made that the Industrial Revo­
lution and the resultant affluence we 
now enjoy were made possible by 

the availability of plentiful, low-cost 

energy. Without cheap energy, few 

could afford to travel extensively, to 

use household appliances, and to buy 

energy-intensive clothes and goods. 

Irrigation pumps were run by a solar-powered 
steam engine in Arizona in the early 1900s. 
The system consisted of an inverted cone that 
focused sun rays on a boiler. 

A part-time performer 

Modern industries, commercial centers, 

and homes depend on the availability 
of electricity twenty-four hours a day. 
The sun no longer plays a major role 

in providing power because solar en­
ergy is a part-time performer in a 

full-time world. The sun's energy is 
available only half the day, and it is 

so diffuse that (with present methods 

of collection, storage, and distribution) 

electricity produced by the sun is more 
expensive than electricity generated 
from fossil or nuclear fuels. Thus, until 

the very closely related problems of 
high cost and reliability are solved, 

any crash effort to return to the sun 
as our primary source of energy could 
be accomplished only through a sharp 

reduction in our standard of living. 
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Map shows the relative insolation (amount of solar energy striking the earth) 
in various regions of the United States. The section of the Southwest that has the 
highest insolation is designated as 100%; in the other regions, insolation is indi­
cated as a percentage of that figure. New England, for instance, receives 60% of 
the annual solar energy that the Southwest section receives. 

Yet, everyone has become a ware that 

oil and natural gas will be virtually 

exhausted in half a century and that 

coal and uranium are becoming more 

expensive. Fusion power is still an 

unproved scientific concept; lack of 

public acceptance may delay the appli­

cation of breeder reactors, and geo­

thermal sources appear to have limited 

potential. As for hydroelectricity, 

almost all the possible sites in the 

United States have been developed. So, 

over the long run, the sun will emerge 

as an increasingly attractive energy 

source. To make it usable, we must 

solve the tightly intertwined techno­

logical and economic problems that 

have dimmed the otherwise bright 

prospects for solar energy. 

Current research 

A worldwide effort to develop better 

methods of tapping the sun's energy is 

underway. In the United States, the 

Energy Research and Development 

Administration (ERDA) plans to spend 

8 EPRI JOURNAL February 1976 

about $90 million on solar research 

this year. EPRI has programmed a 

minimum of $20 million over the next 

five years on solar research and devel­

opment. And a number of utilities with 

independent solar programs will invest 

more millions in solar projects related 

to the specific needs and potential of 

the regions they serve. 

The ERDA projects are aimed pri­

marily at lowering costs so that solar 

power can replace the energy that now 

comes from scarce fossil fuels. The 

complementary programs supported by 

EPRI are aimed at finding ways to 

integrate the new solar technology 

into the electric utility systems. For 

example, EPRI is supporting research 

on the environmental impact of solar 

plants, the integration of solar power 

reliably and economically into the 

general· utility system, and the methods 

of raising the tremendous amounts of 

capital that will be required to build 

solar plants. For if solar energy is to 

contribute to the nation's economic 

and environmental health, we need to 

know what kinds of plants to build, 

how fast to build them, where to locate 

them, how to integrate them into the 

utility grid, and how to pay for their 

construction and operation. 

Like other similar research, solar 

development can be classified in three 

categories: near term-likely to yield 

commercial application within ten 

years; mid-term-wide use expected 

within ten to twenty-five years; and 

long term-no commercial application 

for at least twenty-five years. 

Solar heating and cooling 

The project most likely to enjoy near­

term success is the solar heating and 

cooling of buildings. Almost 25% of all 

energy in the United States goes into 

residential and commercial use, most 

of which is for heating and cooling, so 

even a small saving in the percentage 

of fuel used for that purpose would 

have a major impact. 



Schematic of a solar-assisted heat pump system. The heat pump draws energy 

from water in the storage tank when the outside temperature is low. Since a 

heat pump can function with relatively low-temperature water, an inexpensive 

collector system suffices and the collector area on roof is minimal. 

T hermal 

Energy 

Storage 

To Distribution 

0 

EPRI is funding six solar-assisted 
heating projects. One of them is a 
cooperative venture with building con­
tractors and local utilities to erect five 
homes in the Northeast and five in the 
Southwest that will demonstrate solar­
assisted heating and cooling under 
actual conditions. Similar programs 
involving commercial and light­
industrial buildings will be started 
this year. 

As we see it, effective use of solar 
energy in heating and cooling of build­
ings will be a three-step process, listed 
here in order of increasing costs. 

o First-energy conservation with im­
proved insulation, better design, and 
tighter construction, which can signifi­
cantly reduce heating and cooling 
requirements at relatively low invest­
ment costs. 

o Second-introduction, demonstration, 
and commercialization of highly effi­
cient heat pumps. To make the heat 
pump most efficient and reliable, as 

Heat 
Pump 

well as independent of outdoor tem­
perature extremes, it can be installed 
in conjunction with an insulated storage 
tank that holds heat or cold. Further­
more, heat or cold can be stored by 
either electricity during off-peak hours 
(which helps level system loads) or 
solar energy, when available. The eco­
nomic benefits of the latter have been 
largely overlooked in most solar­
application studies conducted to date. 

o Third-collection of the sun's energy 
(the most capital-intensive step). Be­
cause a heat pump can efficiently draw 
heat from water that is only lukewarm, 
a rooftop solar-heat-collecting array 
need not be as large or expensive as 
solar systems designed to run almost 
totally by the sun. Yet, most of the 
studies conducted to date concentrate 
on the latter systems in order to dis­
place as much conventional fuel as 
possible. With the solar-assisted heat 
pump system, when the sun is ob­
scured for more than a day or the 

weather becomes very cold, the water 
in the storage tank is heated by elec­
tricity during off-peak hours. This 
electricity would be turned on only 
when the electric load is smallest, 
during which time the utilities can 
afford to charge lower rates. 

As a consequence, the solar-assisted 
heat pump system, in contrast with 
direct solar heating and cooling sys­
tems, has the inherent attributes of 
high reliability of operation and 
minimum impact on the conventional 
backup systems. 

Furthermore, with a solar-assisted 
heat pump, one unit of nonscarce 
nuclear or coal energy burned at the 
electric generating plant can deliver 
one full unit of heat in the home. By 
companson, it takes approximately 
three units of resource energy at the 
generator to make one unit of heat 
with electric resistance heaters and two 
units with conventional heat pumps. 
Even burning gas or fuel oil directly 
in space heating systems or in furnaces 
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Central rece iver approach to solar-thermal conversion appears to 
be the preferred concept, though work continues on evaluating 
alternative systems (facing page). The rece ive r at the top of the 
tower receives concentrated radiation from the sun-tracking m ir­
rors that surround the towe r. Concentrations equal to 1000-2000 
suns could produce steam temperatures up to 2000 ° F. A steam 
tu rbine and generator are located near the base of the tower. Plans 
for a 10-Mw central receiver demonstration plant are underway. 

Alternative solar conve rsion concepts shown at right are designated "dis­
tributed" systems,  with solar energy converted to thermal energy at the 
collector.  Heat is then piped to a central power plant. The concept illus­
trated at top uses paraboloidal dishes that can concentrate sunl ight to 
temperatures almost as high as those atta ined w ith central rece ivers. A 
pa rabolic trough (center) provides much lower concentration ratios. In the 

concept illustrated at bottom , flat plate collectors do not track the sun 
and are repositioned seasonally. 

CENTRAL R ECEIVER CONCEPT 

Direct So�r Energy 

requires approximately two units of 

scarce energy resources to produce one 
unit of heat. 

Because of the present high cost of 

solar collectors, substantial work is 

needed before solar-assisted heating 

and cooling systems are ready for 
commercial application. However, the 

EPRI residential and commercial dem­

onstration programs may contribute 
significantly by assessing technical 

and economic feasibility. 
Less certain in terms of economic 

feasibility are some of the mid-term 
projects, such as large windmills cou­

pled to electric generators. Several 
windmills are in advanced stages of 
development, but the capricious nature 

of the wind and uncertain economics 

make these systems questionable in 
terms of how much power they could 

contribute reliably to the nation's 

energy pool. 
Coupled with suitable electric energy 

storage devices, such as batteries, wind 
power could begin to make an impact 

in remote locations where needs are 
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small and transmission and distribution 
costs are relatively high. Wind energy 
will have a more difficult time com­

peting in the urbanized regions of the 

country and will probably be less 

acceptable from an esthetic point of 

view. 

Solar-thermal generating stations 

A more promising mid- to long-term 

possibility is a solar-thermal electricity 

generating station, which uses the heat 
of the sun to drive conventional steam 

or gas turbines. 

Current estimates indicate that a 

central receiver system would cost less 
per kilowatt generated than other alter­
native solar-thermal generating plants. 
In the central receiver concept for a 

conceptual 100-Mw plant with six 

hours of storage, two identical reflector 
fields and towers would be employed. 

Each receiver would be perched atop 
an 80-story tower surrounded by a 

half-square-mile area covered with 

solar reflectors, which track the sun 
during the day, reflecting beams equiv-

Heli ostat 

alent to those from 1000 or 2000 suns 
to the receiver. Temperatures up to 

2000 ° F could thus be generated at the 
receiver, high enough to efficiently run 

a turbine generating plant. However, 
the significant materials problems 

encountered at these high temperatures 

must be resolved. The ERDA program 
is presently in the preliminary stages 

of building a 5-Mw thermal test facility 

and expects to be operating a 10-Mw 
central receiver demonstration plant 

that uses steam by 1980. 

Since these solar-thermal conversion 
power plants must be sited in the -arid 
regions of the southwestern United 

States, the EPRI program will be evalu­

ating the feasibility of two alternative 
central tower concepts that do not need 
large cooling water requirements. One 
concept involves heating helium gas 

to 1500° F in the receiver before run­

ning it through a turbine and a dry 
cooling tower. The other would use 
air as the working fluid. Air pumped 

into the collector and heated to 2000 ° F 
could efficiently run a gas turbine 
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generator. The hot air would be ex­
hausted to the atmosphere, requiring 
no cooling towers. 

If engineering studies continue to 
progress favorably, demonstration 
plants using either helium or air in a 
central receiver could be under con­
struction in the 1980s. It's expected 
that one of these alternative commer­
cial central receiver plants could be on 
line by 1985, with widespread con­
struction of commercial plants possible 
by the year 2000, depending on 
achievement of long lifetimes for the 
materials and economic viability of the 
concept. 

There are other possibilities for 
solar-thermal plants that do not depend 
on a central tower. In such designs, 
each reflector concentrates solar energy 
on a separate receiver, and the fluid 
heated in the receivers is pumped 
through insulated pipes to a central 
power plant. There it is converted into 
steam for driving conventional turbine 
generators. 

According to preliminary studies, 

the best potential for competitive solar­
electric generation is with the central 
receiver concept. Nevertheless, EPRI is 
sponsoring studies of other solar­
thermal systems to ensure that no 
potential source is overlooked in the 
drive to develop viable solar power 
generating systems as quickly as pos­
sible. In all cases, the capital-intensive 
nature of solar power plants, coupled 
with their inherently low reliability, 
will present a significant obstacle to 
widespread market penetration. 

Photovoltaic conversion 

Generating electric power directly by 
the light of the sun rather than by the 
hea I of the sun is attractive but seems 
much further away from large-scale 
commercial development than other 
solar possibilities. This concept in­
volves photovoltaic conversion whereby 
solar cells radiated by the sun deliver 
electric current. These devices have 
been used with great success to pro­
vide energy for spacecraft and for some 
terrestrial applications, such as remote 
beacons or floating buoys. But the cost 
is so high that large-scale commercial 
generating station applications are 
presently out of the question. Based 
on prices reflecting present technology, 
using solar cells to generate electricity 
is still approximately 100 to 200 1imes 
more expensive than using conven­
tional plants. 

Nevertheless, the idea of solar cells 
remains alluring because the power is 
generated without boilers, turbines, 
generators, piping, or cooling towers. 
And once installed, these devices may 
need little maintenance. Another ad­
vantage of solar cells is that they can 
use diffuse radiation, in contrast with 
concepts using solar concentration, 
and thereby have wider geographic 
applicability. For a central power plant, 
the cells would be installed in large 
arrays with cohnecting wires and 
equipment to condition and transform 
direct current into a form suitable for 
transmission and use. Currently, the 
major effort is to reduce costs by im-

proving manufacturing techniques. 
Alternatively, solar concentration can 
be utilized to reduce cell area require­
ments; however, in this case, geo­
graphic applicability would be limited 
to the southwestern United States. 

Manufacturers predict that over the 
next decades the cost of silicon cells 
will be substantially reduced as new 
ways to fabricate cells with less energy 
and less labor are perfected. 

Another approach is to develop thin­
film cells made of cadmium sulfide or 
other photosensitive materials. The 
idea is to mass-produce cells to reduce 
the cost of such devices. If that kind 
of cheap, easily produced photovoltaic 
system can be developed with greatly 
improved conversion efficiencies and 
satisfactory lifetimes, the prospects for 
using photovoltaic energy will be in­
creased tremendously. But it will take 
a technological breakthrough before 
cheap, efficient photovoltaic devices are 
perfected. And there's no way to fore­
cast a timetable for breakthroughs. 

The investment required to use 
photovoltaic solar cells should not be 
measured merely in dollars. There 
may also be a tremendous drain on re­
sources, a possibility that has often 
been overlooked. The amount of en­
ergy that goes into producing a single­
crystal silicon cell-melting the quartz, 
refining it, growing crystals, cutting 
and polishing-is so great that it takes 
more than two years of the cell's con­
tinuous output of electricity to pay 
back the energy input. 

Solar long shots 

Unfavorable economics, coupled with 
major technical problems, makes ocean­
thermal-gradient generation systems 
relatively unattractive and limited to 
only a few U.S. locations for electric 
power production. This concept in­
volves using the temperature differ­
ences between deep ocean waters and 
the relatively warm sun-heated surface 
of the sea. The main appeal of this 
process is that the temperature differ­
ence on which the system is based is 
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available twenty-four hours a day, 
every day. The idea is to boil a low­
temperature fluid, such as ammonia or 
propane, with the warm surface waters, 
drive a turbine with the gas produced, 
then condense the gas back into liquid 
in the cold, deep ocean currents. Be­
cause the difference in temperatures is 
so small, the system is physically very 
large and inherently very inefficient. 
Thus, a tremendously large system 
consisting of pumps, heat exchangers, 
and other expensive equipment would 
be required to generate a relatively 
small amount of power. Because of the 
hostile and corrosive environment, 
significant problems of materials, 
operation, and lifetimes are encoun­
tered, and the large quantities of 
ammonia used present a potentially 
adverse environmental hazard. Another 
problem is to economically transport 
the power generated to the land-based 
load centers. 

Another long-term possibility for 
generating electricity with solar energy 
is the so-called biomass, or photo­
synthesis, method. This is the age-old 
process of using the energy captured 
by plants from the sun-for example, 
by burning logs in a fireplace. One 
modern biomass concept envisions a 
facility for making electricity or clean 
fuel that would be located in the mid­
dle of a large plantation whose harvests 
would go directly into the plant. The 
harvested wood or grain could be 
burned directly or could be distilled 
into alcohol or methane to be used 
elsewhere as fuel. Presumably, the 
ash from the burning or the waste 
from the distillation could be returned 
to the ground and used as fertilizer. 
Studies are underway at EPRI to check 
the environmental and economic impact 
of growing trees or sorghum in such 
solar plantations. The major problems 
are availability of water, the energy 
input needed to make fertilizers, and 
most important, the fact that the cur­
rently projected costs of fuel produc­
tion are much higher than those for 
alternative methods. 
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Storage the key 

Estimating the cost of solar energy 
would be much easier if the sun were 
available twenty-four hours a day. 
Utility systems must be geared to pro­
vide electricity reliably at any time and 
in any season, according to the needs 
of the customers. So if these utilities 
are to include intermittent solar power 
among their sources of energy, some 
way has to be found to integrate that 
capricious solar source into a distribu­
tion grid that provides reliable service. 
One answer is to find ways of storing 
the sun's energy for use during the 
night and during cloudy days. Going 
back to the solar-thermal central­
receiver generating station, the energy 
could be stored in the form of heat 
before it is turned into steam. Or, if 
generated by photovoltaic cells, the 
energy could be stored in batteries. 
But those methods are relatively ex­
pensive. Another potential energy 
storage method under study is the 
pumping of compressed air into huge 
underground caverns for later con­
version to electricity. However, this 
method is limited to specific sites. Still 
other possibilities are chemical storage 
and the manufacture of clean fuels, 
such as hydrogen and methanol, by 
solar energy and the storage of those 
fuels until needed. 

In the central-receiver solar-thermal 
system, we estimate it would cost 
about two to three times the cost of 
conventional fossil fuel plants to build 
a plant that could run an average of 
twelve hours a day. However, the 
absence of solar plant fuel costs could 
lead to lower operating costs. To guar­
antee twelve-hour operation requires 
insulated storage tanks capable of 
holding hot fluids, liquid metals, or 
molten salts that can hold enough 
energy to keep the plant going for an 
additional six hours. To add enough 
heat storage for the plant to operate 
twenty-four hours a day would add 
approximately 50% to plant costs. And 
this estimate applies to solar-thermal 
plants that have potential economic 

feasibility. With photovoltaic solar 
cells, even when costs are reduced 
enough to make them competitive, 
there will still be a substantial storage 
problem. The energy will have to be 
stored in batteries or by some similar 
method. 

Some progress is now being made 
in developing efficient batteries that 
can store large amounts of energy at 
lower costs than the present lead-acid 
units. 

The high cost of storage has led 
EPRI to actively consider another op­
tion: to assist the solar-thermal gen­
erating station by tying together the 
advantages of cheap solar heat with 
the reliability of fossil fuels. EPRI 
is considering a hybrid system that 
uses sun power when possible; but 
when the sun sets or is obscured, oil 
or gas burners would fire a conven­
tional boiler or burner. Thus, the 
problem of reliability could be over­
come at a reasonable capital cost, with 
the additional operating expense of 
fossil fuels used during nonsunshine 
hours. 

Obstacle: capacity displacement 

Of course, the problem of reliability 
involves another fundamental issue that 
has not received sufficient considera­
tion: capacity displacement. Capacity 
displacement is the joker in the solar 
deck. The solar advocates argue that, 
once developed, energy from the sun 
could easily provide a major part of 
the energy the nation needs and even­
tually could do it at a price as low 
as any other fuel system. But what 
happens if the sun doesn't shine for 
a week? The answer is that we must 
then fall back on conventional energy 
sources until that cheap solar source 
is again available. 

People who are building wind­
powered home generators want to 
pump their surplus electricity back 
into the energy grid when the breezes 
are brisk so their meters will run back­
ward. They argue that they would be 
merely paying back in kind rather 



than paying in cash for what they buy. 
Of course, when the wind doesn't 
blow, they expect to buy electricity 
from the utility so the utility must 
keep enough capacity on standby for 
those times. And that again brings up 
the twin problems of cost and reli­
ability. Unless our society changes 
drastically, we will continue to need 
a highly reliable source of energy 
twenty-four hours of every day. With 
solar power of any kind, reliability 
requires expensive backup by conven­
tional plants. But while the solar plant 
is generating, the conventional backup 
plants would stand idle. Thus, all the 
expenses of the backup plants would 
have to be added to the price of energy 
from solar power. 

The currenl outlook 

Even if economic viability is achieved, 
it is the problem of capacity displace­
ment-the need for expensive conven­
tional plants standing by during the 
night and cloudy hours-that will pre­
vent solar energy from penetrating 
deep into the total electricity generat­
ing capacity. In the foreseeable future, 
no utility, not even one in the sunny 
southwestern United States, will be able 
to commit more than 15- 20% of total 
generating capacity to solar-powered 
units. Until inexpensive, long-term 
energy storage devices are available, 
committing additional solar capacity 
beyond the 15-20% of total electric 
capacity would require building an 
almost equal amount of conventional 
backup capacity to maintain the equiv­
alent system reliability achievable with 
conventional plants. 

Over the long run, as the problems 
identified are resolved, solar energy is 
expected to assume an increasingly 
important role. Keeping in mind that 
sun-driven generators require a heavier 
investment of capital and resources 
than most alternative systems, solar 
energy may nevertheless account for 
1-2% of the nation's electric power 
capacity by the year 2000 and about 
2% of total energy use. As we enter 

the twenty-first century, the new solar 
technology may have the potential to 
make a truly significant contribution. 
But even in the year 2000, solar energy's 
2% input can save the nation the equiv­
alent of two million barrels of oil per 
day. 

Solar energy represents one element 
in a complex mix of energy supply 
options that will be available to utilities 

in coming years. Economics, as v;ell 
as regulatory and environmental con­
siderations, will help determine the 
relative importance of the various tech­
nologies. Yet, as the technological and 
economic problems of solar power are 
resolved and as alternative fuel sources 
become more expensive, the dream of 
at least a partially sun-powered society 
may come closer to reality. 
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If the g rowth of fau l t  cu rrents 

goes unchecke d, re liable uti l i ty 

service wi ll falter .  Even  now a 

bu lk transformer fai lu re can be 

as serious as a generator fa i l u re .  

Th is  EPR I  prog ram a ims to  pro­

duce workable cu rrent lim iter 

des igns by 1 978. 

Fault Current 
Limiters : 
Problems and 
Prospects 
Richard Kennon 
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S 
everal utility systems have expe­
rienced major outages caused 
by through-fault failures of cir­

cuit breakers, transformers, buses, or 
lines. In the past, most systems have 
withstood extraordinary stresses because 
of the conservative design margins built 
into power equipment. At the rate that 
fault currents are growing, those margins 
may no longer be technically possible 
or economic to build. 

Many interconnected networks now 
operate with the tie breaker open to 
keep allowable fault currents within the 
ratings of protective equipment. This 
defeats the purpose of interconnections. 
Further, to allow for higher load currents 
under emergency conditions and to 
avoid instability problems, transmission 
lines are rarely loaded beyond one-half 
their thermal rating. The integrity of a 
growing number of systems thus de­
pends on the ingenuity of planners to 
avoid overloads on major power equip­
ment, such as transformers and circuit 
breakers. 

But the growth rate of loads and of 
generating capacity has steadily in­
fringed on the design margin of major 
power equipment until it is less than 
some utilities require. Because of the 
nearly geometric growth of fault current 

levels, the useful application life of 
modern circuit breakers has been re­
duced from 20 years to 8 years. And the 
"brute force" solution of using ever­
larger breakers no longer works: the 
largest breakers available will not meet 
anticipated interrupting requirements. 

Against this background, the salvation 
offered by current-limiting devices is 
just now beginning to be seriously con­
sidered. Soon there will be an over­
whelming interest in them, just as there 
was in lightning arresters years ago. 
EPRI is therefore sponsoring R&D that 
will produce one or more technically 
feasible designs for fault current limiters. 
Hopefully, development will be com­
plete before many more utilities are 
forced to resort to expensive and waste­
ful alternatives, such as split systems or 
wholesale replacement of major protec­
tive equipment and bus reinforcement. 

Some economic facts 

One utility, Philadelphia Electric Com­
pany, already has spent over $2.5 million 
replacing twenty-two 230-kv breakers 
at two substations because it was forced 
to uprate them. 

American Electric Power Company 
was faced with the prospect of replacing 
seventy 138-kv breakers in three of 
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its stations at a cost of $7 million, in­
cluding bus work and switches (1). Even 
then, the available breaker rating would 
be adequate only for the next seven 
years. By contrast, fault current limiters 
in the EHV autotransformer secondaries 
or in sectionalizing positions could cost 
$1 million each and still be far less costly 
than the seventy 138-kv replacement 
breakers. Still more encouraging is the 
likelihood that the two experimental 
138-kv fault current limiters AEP has 
contracted to purchase from Hughes 
Research Laboratories will cost still less. 

The cost of conservative design 

A fault current limiter (FCL) can be 
compared with a lightning arrester. A 
lightning arrester is parallel-connected 
and limits voltage; a fault current limiter 
is series-connected and limits current. 
Each accomplishes its purpose by a rapid 
and drastic change in impedance. In the 
earliest electrical systems, voltages were 
low and line exposure to lightning was 
limited. A simple spark gap was ade­
quate for overvoltage protection. But as 
voltages increased and system exposure 
to lightning became more prominent, 
a valve-type lightning arrester was devel­
oped. Similarly, systems have now pro­
gressed to the point where the FCL is 

SENSING CHALLENGE 

Perhaps the most difficult  problem associated 

with the deve lopment of fa ult  current l i miters 

is in sensing the fault rel i a bly and act ing soon 

enough to l i m ·1t the maxi m u m  c rest current 

to an acceptable leve l .  The a l lowab le  action  

t ime ,  t1 , depends on the  val ue establ ished as  

the  maxi m u m  crest current. The lower the 

crest current, the shorter the t ime .  

more than justified economically. Its 
technical development and application 
are now the industry's task. 

Each new generating source contri­
butes an equivalent short-circuit current, 
irrespective of where it is added on the 
system. The available fault current tends 
to accumulate on the backbone, or sub­
transmission system, of any utility (2 ). 
At the present rate of growth, this can 
mean a possible doubling of fault current 
levels approximately every 10-12 years. 

Recognition of this trend is reflected 
in the design and economics of practi­
cally every piece of equipment in a sys­
tem. A look at the design criteria for 
five basic circuit components emphasizes 
this point. 

o Conductor sizes and composition for 
transmission and distribution lines are 
sometimes chosen on the basis of fault 
current annealing rather than power­
carrying ability. 

o Transformer specifications require a 
certain fault withstand capability, lead­
ing to costly bracing and reduced self­
cooled ratings. It is estimated that use of 
FCLs would save 15% in transformer 
design costs and another 15% presently 
attributable to through-fault failures 
that occur anyway (3 ). 

o Disconnect switch contacts and oper­
ating mechanisms are designed specifi­
cally to meet fault current requirements. 
Relaxed fault current ratings would result 
in obvious savings. 

� Circuit breaker mechanisms and con­
tacts must be capable of interrupting as 
well as closing in on fault currents. 

0 Insulators, although not required to 
carry current, are designed with extra 
strength to withstand the magnetic forces 
associated with fault currents. This need 
could be reduced with lower fault current 
ratings. 

Functions of a 
fault current limiter 

Regardless of the form a fault current 
limiter may take, four functional ele­
ments characterize its operation. 

o A low-impedance 
through-load current 
loss and voltage drop. 

element carries 
with low power 

o A high-impedance element, when 
switched into the circuit, limits current. 

o A switching element commutates the 
current from low impedance to high 
impedance on command. 

o A sensing and reset element discrim­
inates between normal currents and fault 

Richard Kennon is a pro1ect manager in the 
AC Overhead Transmission Program.  Trans­
mission and Distribution Division .  EPR I .  
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currents, delivers an operating command 
to the switching element only when 
needed, and determines the reset logic. 

In any given FCL, two or more of these 
elements may be combined to form a 
more compact or useful package. But 
all four must be included in an opera­
tional device. 

Within this definition, two basic forms 
are suitable for FCL development as it is 
understood today: a tuned-circuit limiter 
and a switched-impedance device. 

Important trade-offs 

The ideal FCL would have zero losses 
at full load, anticipate faults, respond 
instantaneously, have resistive imped­
ance under fault, reset automatically 
after the fault clears, have no effect on 
system relaying, be 100% available and 
reliable, work in all ambient conditions, 
create no voltage surges, require no 
maintenance, and have nominal installed 
cost. 

Of course, there is no hope of meeting 
all these requirements. One must decide 
what trade-offs are acceptable. Of the 
many trade-offs available, how does one 
balance them for a particular application? 
The overriding conclusion we can draw 
at this state of the art is that no single 
fault limiter concept would be practi­
cal for all voltage classes or system 
applications. 

Certain trade-offs are readily apparent. 
For example, the simple tuned-circuit 
limiter is more appropriate for moderate 
reductions of fault current. On the other 
hand, the switched-impedance device 
may be smaller because it absorbs less 
energy if the limitation is more severe. 

And while the tuned-circuit limiter 
is inherently reliable and predictable, 
the switched-impedance device is less 
so because it contains moving parts. The 
tuned-circuit limiter is also faster acting, 
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while the switched-impedance device 
involves a time delay in order for the 
switch to operate. 

On the other hand, the tuned-circuit 
limiter may be inordinately large and 
costly because of the capacitor and reac­
tor sizes, and it may have appreciable 
load current losses compared with the 
closed contact of a mechanical switch. 

Because each device has its appropriate 
use, an assessment of the functional 
components is in order. 

EPRl's near-term program 

EPRI is sponsoring a number of projects 
to evaluate FCL concepts and their com­
ponents in depth. For example, I-T-E 
Imperial has investigated the two types 
described above (EPRI RP281). I-T-E 
had earlier performed an in-depth anal­
ysis of the simple series-tuned L-C 
concept, which has been used in some 
foreign applications (4). Parameters for 
the capacitors, reactors, and the means 
of bypassing the capacitor have been 
determined for various FCL applications. 
For economic reasons, the use of this 
type of limiter will probably be confined 
to a moderate limitation of current. In 
addition, the losses in the reactor and 
capacitor portion are critical in its evalu­
ation. If the capacitor bypass consists 
of a gap with a consistent sparkover 
characteristic, then the system would 
be self-sensing. 

I-T-E has also evaluated the switched­
impedance FCL. This type has a bypass 
switch, a current commutating means, 
and a limiting impedance, all in parallel. 
Conceptually, two or more of these 
functions can be confined in a single 
element, but a separate sensing and 
control element must also be used. 

Several commutating means were 
investigated, including an axial magnetic 
field SF 6 switch, a sodium fuse, a water-

arc device, and a silver-sand fuse. The 
most successful of these was the silver­
sand fuse. After completion of high­
power laboratory tests, a series of field 
tests was conducted at the Laguna Bell 
Substation on the Southern California 
Edison Company system. These were 
single-phase, line-to-ground tests at 
69 kv. 

Valuable data were obtained con­
cerning fuse arc voltages and fuse energy 
absorption capability. The tests con­
firmed laboratory data. Sufficient data 
are now on hand to design a prototype 
FCL employing the silver-sand com­
mutating device. 

Four other approaches 

I-T-E also investigated a cryogenic device 
that employs the characteristics of super­
conductors. However, the costs of refrig­
eration suggest practical application 
only at 500 kv and above. Further work 
on this concept will have to come at 
a later date when the need at this voltage 
level is more urgent. 

A novel commutating means is being 
investigated by Westinghouse Electric 
Corporation (EPRI RP564). This concept 
combines the bypass switch and com­
mutation in one vacuum switch. The 
voltage necessary to force commutation 
is generated within the vacuum chamber 
by the arc instability created by a mag­
netic field. Preliminary test results are 
encouraging, although the project is 
barely underway. 

A somewhat similar device has been 
proposed by the State University of 
New York at Buffalo (SUNY AB) (EPRI 
RP476). It also employs a vacuum device 
in which high arc voltage is generated 
by magnetic fields. The geometry and 
the operative physics are different from 
the Westinghouse device, however. The 
SUNYAB device can perform either the 



TWO BASIC SCHEMES FOR FAULT CURRENT LIMITING 

Operation 

Tuned Circuit 

With X
L 

= Xe at t he power 
frequency, the FCL has essentially 
zero impedance to load flow. When 
a fault of sufficient magnitude 
occurs , the capacitor is bypassed. 
X

L 
then adds to the source 

impedance , Xs ,  to l imit current. 

Switched Impedance 

Switch ,  S, is normally closed to 
provide a pat h for load current. 
When a fault is sensed, the switch 
is opened to transfer current into 
the commutating element, which 
may be a fuse ,  F. The commu­
tating element then transfers cur­
rent to the resistor, R, which 
limits current and absorbs energy. 

Single Line Advantages 

o Predictability, s implicity, and 
reliability of current sensing and 
switching 

o I mmediate restoration of low 
impedance without reset element 

o Transients cause only 
momentary insertion of limiter 

o Static components , long-lived 
with little maintenance 

o May aid transient recovery 
voltage at breaker 

o Adaptable to a wide variety of 
applications and packaging modules 

o Capable of severe current limiting 

o May improve system transient 
stability 

Disadvantages 

o Large in size 

o High instal led cost because 
of size 

o Only moderate curre nt limiting 
practicable because of s ize 

o Relatively high losses 

o Energy absorbed as heat may 
require forced cooling 

o Reliability reduced because of 
moving parts 

o Action slowed because of time 
necessary for sensing and switch 
operation 

Suspended among insulators , two silver-sand 
fuses are the com mutating elements in a 
s witched-im pedance fault curre nt limiter 
tested by I-T- E Im perial at Southern California 
Edison's Laguna Bell substation. Melting fuses 
force fault current t hrough  the stainless steel 
resistive im pedance array in background. 
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commutating function or, by proper 
adjustment of parameters, that of the 
limiting impedance. Although vacuum 
devices are generally thought to be useful 

at distribution voltages only, an attempt 
will be made to apply them at subtrans­

mission voltages (69-138 kv) as well. 

This project is just starting, and results 

will not be available until mid-1976. 
At transmission voltages an interesting 

candidate is a novel tuned circuit pro­

posed by Westinghouse (EPRI RP654), 
which under normal load conditions 

is series-tuned to zero impedance. Under 
fault conditions it is switched to a lossy 
parallel-tuned, high-impedance circuit, 

which is seen as resistance by the system. 

The potential exists for this to be a self­

sensing device with the switching per­

formed across a gap. It is too early, 

however, to predict this performance 
characteristic. The device holds promise 

of providing severe current limitation 

since the circuit parameters can be ar­
ranged so that a high resistance is in­
serted. It thus appears to be applicable 

in tie positions where severe limitation 

is needed, but where load currents are 
low except under emergency conditions. 

As in other tuned circuits, losses must 

be evaluated. 

Sensing faults 

The only sensor work so far under EPRI 

contract is with I-T-E (EPRI RP281). 

Studies have been undertaken of differ­
ent sensing criteria, such as magnitude of 

current, rate of change of current, the 

time integral of current squared, and 

combinations of these. It is likely that a 

combination of current magnitude and its 

rate of change will enable accurate fault 

sensing in approximately 1-2 milli­

seconds with low probability of false 
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operation. Further analysis and the con­

struction of a prototype are planned. 

Finally, a contract is nearing com­
pletion with Phoenix Electric Corpora­

tion for evaluation of an FCL concept 

involving a U-shaped iron yoke sur­
rounding the conductor, with a spring­

loaded armature above the open end of 

the yoke. Excessive current pulls the 

armature across the gap (EPRI RP324). 
Essentially, this amounts to a one-turn, 
variable-inductance, iron-core reactor. 

Two operating problems became 
apparent during this study. Under certain 

conditions of timing and saturation of 

the iron, the resultant fault current could 

be so offset that the first current zero 

might be delayed, thus delaying breaker 

interruption. Adding resistance in the 

limiting circuit was the obvious solution. 

The second problem was size. Design 
projections show that, as originally 

conceived, the device would be inordi­
nately long and heavy. Again, the solu­

tion was to add resistance. The improved 
devices now under test are a combination 

of inductance and resistance, and they 
are self-sensing. In one device this resis­

tance effect is achieved by using the 
eddy current losses in thick iron lamina­

tions. This concept could well be appli­
cable to distribution voltage levels. 

Other research efforts 

Two significant efforts outside EPRI 

should be mentioned. For some time 

Hughes Research Laboratories has been 

developing an FCL for American Electric 

Power Company (5). The heart of this 

device is a crossed-field switch tube, 
which can rapidly commutate current 

into a limiting resistor. This tube is a low­
pressure device that will conduct in a 

glow mode in the presence of a magnetic 

field but will not conduct when the field 

is removed. Its sensing scheme is unique 
in that it generates an internal "fault" 

with which it compares the external fault. 
After 300-500 microseconds, enough 
information is gained to make a decision. 

Hughes Research Laboratories is also 
developing a high-speed bypass switch to 

complete the package. 

The Calor-Emag Division of Brown 

Boveri Corporation offers a type of cur­
rent limiter comprising a sensor, an 

explosive one-shot bypass "switch," and 
a current-limiting fuse. Used in parallel 
with a limiting impedance, it functions as 
a switched-impedance FCL. Used alone, 

it functions as a current-limiting fuse 

with the advantage of a high continuous 

current rating. 

EPRI expects that both self-sensing 

tuned limiters and switched-impedance 
devices will be developed to a com­
mercially acceptable stage. In addition, 

sensing devices will be developed and 

proved for switched-impedance devices. 

Conclusion 

Brute force is no longer feasible for 

interrupting fault currents. And the 

extra cost of series-connected electrical 

equipment is prohibitive if designed 

for the higher fault levels anticipated. 

A reliable FCL must be developed before 
utilities can be expected to specify trans­

formers, switchgear, switches, cable, and 

supporting hardware that are not fully 
rated to withstand high fault current 

stresses. 
Reliability, of course, must be the 

major factor considered in the wide­

spread use of limiters. Even so, the 

industry will need to look toward redun­

dancy in applications and fail-safe equip­

ment designs. 



ONE UTILITY'S VIEW 

Philadelphia Electric Company first used current limiting in the form of lumped 
inductance on 4-kv and 13-kv distribution systems more than SO years ago. 

In the near future, expansion of its 34-kv distribution system will necessitate 
the use of a specific device to limit fault currents. Hopefully, this will be an 

essentially zero-impedance, loss-free device under normal conditions, in con­
trast to the high-loss, lumped inductance used today. 

Beginning in 1970, Philadelphia Electric discussed the need for a 230-kv 

current-limiting device with one manufacturer. If R&D could have been ini­
tiated at that time, the recent replacement of twenty-two 230-kv circuit breakers 
at two major transmission substations-at a net cost of approximately $2.5 
million-could have been avoided. 

By January 1974 the company foresaw the need to uprate circuit breakers at 
several other transmission substations. For example, at one major 500-kv sub­

station, the 1974 duty was 24 Gva. By 1981, it will increase to 40 Gva, and by 
1986 it will be 46 Gva. Yet, the circuit breakers now installed are rated only 

for 32 Gva. Elsewhere on the system, at 230 kv a new substation with a 1978 

service date already has projected duties of 32 Gva by 1986. It is therefore 

important that a full-scale R&D program be pursued. 
Development of FCLs should also include an in-depth study of their effects 

on the protective relay schemes used by utilities. A cursory look at the Phila­

delphia Electric system indicates that only minimal problems would be en­
countered at the transmission level. But the use of FCLs in 13-kv distribution 
substations might necessitate drastic changes in relaying practices. 

P. Luther Kolarik, Philadelphia Electric Company 
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Acoustic em iss ion m ay augment 
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Emission 
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A 
caustic emissions are analogous 

to pressure waves released dur­
ing an earthquake in that they 

are waves created by deformation, or dy­
namic movement, within a structure. 
These waves travel through the structure 

and are detected by sensors attached to 

its surface. Just as in geophysical studies, 
the amplitude and time of arrival of 
acoustic emission signals are used to es­

timate the magnitude and location of the 

several authors (8). These methods have 

resulted in a proposed ASME Boiler and 
Pressure Vessel Code guideline for the 
practice of acoustic emission monitoring 
of pressure vessels (9). This approach, 

which is also empirical, has achieved 
some success. However, no direct corre­

lation has yet been established between 
the size of a defect and its AE signal re-

corded in actual vessel tests. 

deformation. In this respect acoustic Description of program 

emission techniques have been aptly 
termed "structural seismology." 

Acoustic emission (AE) promises to 

become a valuable nondestructive testing 
technique for evaluating the structural 

integrity of pressure vessels as well as of 

other pressure retaining components (1 ,  

2,  3). Successful development of AE 

methods would provide a powerful tool 

for the location and monitoring of de­
fects in engineering structures. However, 

there are still many limitations to the use 
of the current technology (4). Its accep­

tance as an engineering tool will depend 
on the confidence that can be placed in 

its results, This article describes a re­

search program to evaluate the use of 

acoustic emission by correlating AE 

sources with potential defect sites found 

by ultrasonic inspection. The critical 
objective is to attain the capability of 
distinguishing between significant and 
nonsignificant signals. 

AE criteria 

Successful use of AE involves three dis­

tinct components: detection, location, 
and quantification. While the informa­

tion gained from any one of these may 

be useful in itself, the success of AE as a 

positive contribution to assurance of 
pressure vessel integrity depends on 

integration of all three. The first two, 

detection and location, have been dem­

onstrated with some success (5, 6, 7). 

However, much work remains to be done 

to establish confidence in a method of 

signal quantification (4). 

Methods for ranking the seriousness 

of sources by empirically grading their 

acoustic activity have been suggested by 

To assess the applicability of any new 

technique it is necessary to compare the 

proposed technique with an accepted 

standard. In this case, the results of AE 

examination were compared with those 

of ultrasonic examination conducted ac­
cording to existing standards established 
by Section XI of the ASME Boiler and 

Pressure Vessel Code. The reactor pres­

sure vessel for the LaSalle II boiling wa­

ter reactor was monitored by acoustic 

emission during its first hydrostatic test 
to 1563 psig. (Normal operating pressure 

for the vessel is 1250 psig.) The first hy­

drostatic test was chosen because the 

"Kaiser effect" tends to suppress AE 

activity on subsequent stress cycles ( 10) .  

False signal sources 

Based on previous experience with reac­

tor pressure vessel steels, the structure 

was instrumented with 18 AE sensors 

placed approximately 17 feet apart. Un­

fortunately, because of fabrication shop 
error, most of the sensors were posi­

tioned incorrectly, causing a skew of all 

real-time source location with respect to 

actual position. However, this skew was 
found and corrected in post-test analysis. 

Figure 1 shows the actual sensor lo­

cations. 

Three straps used to secure scaffolding 
were tightened around the circumference 
of the reactor pressure vessel and left in 
place during the pressure test. Relative 

motion between the straps and the vessel 

wall created a number of artificial sig­
nals. As shown in Figure 1, one strap was 

almost directly over a girth weld and, as 

a consequence, data originating from this 

weld seam region were questionable. 



F igure 1 Developed surface of LaSalle II BWR vessel (cylindrical portion) shows positions 
of 18 sensors used to receive AE signals and triangulate their origins . Sensors on the pressure 
vessel domes and near the fold line of this projection are repeated for clarity. Triangular a reas 
within which AE phenomena were recorded a re outlined in red. Note concentrations of AE 
sites along weld seams (solid lines) and under scaffolding straps (shaded bands). Red cross­
hatched areas are loci of multiple AE signals rather than discrete sites. Shaded and cross­
hatched a reas denote heavy concentrations of such multiple AE signals. 
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Table 1 
ACOUSTIC EMISSION SITES AND RANKING* 

is,o
<::-

(:''If 'b<::-0 § 
:;\, o' 'Q""', t? 'Q""', 1/ 

-:+'Q 'b' � '1:-
.:s 

� o
" 

'/f<::-f' 0'/f (:-(i 0'/f il 
AE Site ��.::; '?' ,0 

2 3 4 
2 
3 
4 
5 
6 
7 
8 
9 

10 8 8 5 
11  
12  
13  3 4 3 
14 12  1 0  1 0  
1 5  19 
1 6  19 16 14 
1 7  1 5  14 12  
18  17  15 20 
19 1 8  1 8  15 
20 1 8  
2 1  22 20 16 
22 23 21 1 7  
23 20 23 
24  16  19 24 
25 
26 
27 
28 
29 24 23 
30 5 2 2 
3 1  1 1 1 
32 6 7 8 
33 1 0  2 2  2 2  
3 4  1 4  1 3  1 3  
3 5  7 9 9 
36 4 5 7 
37 1 3  1 2  1 1  
3 8  9 1 7  2 1  
39 21 1 1  6 
40 1 1  6 
4 1  24 

*Blanks indicate sites for which analysis is not complete 
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Table 2 
ULTRASONIC EXAMINATION RANKING 

AE Site 

4 
6 

1 0  

1 1  
12 
1 8  
2 1  
23 
24 
25 
28 
30 
32 
38 
40 

All others 

(45 ° Beam Angle) 

Amplitude 
(% DAC) 

1 8  
5 
5 

1 0  
1 2 .5 

8 
2.5 
5 
5 

1 1  
7.5 
5 

10 
7 

1 0  
1 0  
2 or less 

Table 3 

Rank 

1 1  
1 1  

2 
3 
8 

16 
1 1  
1 1  

4 
9 

1 1  
5 

1 0  
5 
5 

ULTRASONIC .EXAMINATION RANKING 
(60° Beam Angle) 

Amplitude 
AE Site (% DAC) Rank 

1 1 1  3 
3 6 8 
6 6 8 

1 1  12.5 2 
13 1 5  1 
14 6 8 
23 8 6 
24 10 4 
28 7.5 7 

32 9 5 
All others 2 or less 



Another problem that arose was the 
artifact noise generated by the sliding 
seals used to close off the nozzles during 
the hydrostatic test. These seals moved 
as pressure was increased and were the 
most active source of acoustic noise en­
countered during the test. Even so, post­
processor techniques enabled AE sites to 
be located between and immediately 
adjacent to the nozzles. Postprocessor 
techniques involve the use of spatial dis­
crimination (in conjunction with ampli­
tude levels, test time, and parametric 
levels) to limit the influence of nearby 
noise sources. Postprocessing cannot, of 
course, extract significant data from an 
excessive volume of false signals. The 
welds beneath the scaffolding strap and 
the safe end welds in the nozzle region, 
therefore, could not be evaluated .  

Data analysis 

The AE data identified 41 sites, 3 of 
which were along lengths of weld seams 
rather than at discrete locations. Table 1 
lists the sites (which are also shown in 
Figure 1) and provides three methods of 
comparative ranking. The importance of 
each site was ranked by the number of 
events, the summation of the amplitudes 
of all events, and the largest individual 
event amplitude. 

Tables 2 and 3 list the ultrasonic ex­
amination results with the sites ranked 
in terms of percent of distance-amplitude 

correction (DAC) for 45° and 60° beam 
angles, respectively. The gain for this ex­
amination was increased 10 times (20dB) 
over that required by Section XI of the 
ASME Boiler and Pressure Vessel Code. 

Comparison of Tables 1, 2, and 3 pro­
vides some assessment of the sensitivity 
of acoustic emission monitoring. Of the 
41 sites identified by AE, 20 gave no dis­
crete indication greater than 2% DAC at 
either ultrasonic testing angle. Ultrasonic 
examination ranked sites 1, 10, 11, 13, 
24, 30, 38, and 40 as the largest ultrasonic 
reflectors with 10% or greater DAC. 
These sites also ranked high in acoustic 
emission activity. A brief comparison is 
shown in Table 4 .  

Conclusions 

Although there was not a one-to-one 
correlation between ultrasonic and AE 
ranking of sites, those that were ranked 
high by ultrasonics tended to be sites of 
high AE activity. 

Acoustic emission appeared to be 
more sensitive than ultrasonic testing in 
locating very small discontinuities, i.e., 
the 20 sites located by AE that showed 
less than 2% DAC when examined ultra­
sonically. However, the presence of these . 
small signals cannot be uniquely inter­
preted from AE data alone and should be 
confirmed by other methods to ensure 
reliability of the AE siting. 

AE site detection and location are pos-

Table 4 

COMPARATIVE RANKING OF AE SITES 

Ultrasonic Examination AE Examination 
AE Site 45° Angle 60° Angle Event Summation Amplitude 

1 3 2 3 4 
10 2 8 8 5 
1 1  3 2 Not Completed 
13 3 4 3 
24 4 4 16  19 24 
30 5 5 2 2 
38 5 9 17 21  
40 5 1 1  6 

sible in generally high-external-noise 
environments, such as those encountered 
in a fabrication shop, but detection is 
limited where interference signals are 
generated by nozzle plugs and vessel 
straps. 

Further work is needed to establish a 
sound foundation for ranking the impor­
tance of AE sites. The present empirical 
approaches, while providing valuable in­
formation, are clearly limited but can 
serve as a guide to more exhaustive 
examination by other methods. 
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N ear­
Term 

G oals 

Mid­
Term 

G oals 

Long­
Term 

G oals 

Three rese arc h pre mises, fou r  

tec hnic al di visio ns ,  a fi ve- ye ar 

plan, six major rese arc h are as, 

and t we nt y-four  progr ams-t hese 

are t he org aniz at io nal par am­

eters wit hi n  whic h EPR l's  plan­

ni ng is co nducte d. E ac h  is a way 

to c ategorize t he lnstitute 's  R&D 

efforts fo r 1 976 and be yo nd. E ac h  

pro vi des a disti nct pers pecti ve for 

assess me nt of R&D effecti ve ness. 

P rimary Energy 
Resource P.lanning 

D Ensure the ability to burn high-sulfur, high­
ash coal in an environmentally acceptable 
manner by means of advanced pre- and 
postcombustion processes 

1111 Ensure the efficient use of abundant do­
mestic coal resources 

e Improve the use of available fissile 
and fertile materials 

Ill Develop the technology needed to apply 
essentially unlimited energy resources, 
such as fusion systems and solar energy 

Applicable D Iii  Gasification 
Prog rams 01111 Liquefaction 

01111 Direct utilization 

01111 Environmental control and combustion 

CID Fuels, waste, and environment (nuclear) 

CID Developing applications and technology 
(nuclear) 

Ill Fusion 

Ill Solar energy 
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FUNDI N G  EM PHASIS BY TI M E  FRAM E 

45% Near Term 

E PRI  76 :  45% Mid-Term 

Research 
Emphasis 1 0% Long Term 

Conversion 
Systems 

D Strengthen the nuclear power option and 
resolve its safety issues so as to reduce 
the time necessary to obtain site approval 
and construct power plants 

0 Improve the reliability and availab ility of 
electric utility equipment and systems so 
as to reduce capital requirements 

1:,. Help solve generic technical problems in 
the engineering,  construction, and opera­
tion of electric utility systems 

1111 Develop reliable, high-efficiency, low-cost 
conversion systems for baseload, inter­
mediate, and peaking applications 

e Help develop liquid metal fast breeder 
reactors 

A Ensure the availability of information and 
technology to meet regulatory requirements 

1111 Develop advanced high-efficiency gen­
eration and conversion equipment arid 
techriology for use with both renewable 
and nonrenewable resources 

D A  Water reactor system technology 

D O  Reliability, availab1l1ty. and economics (nuclear) 

D Fuels, waste, and environment (nuclear) 

0 111 1111  Thermal-mechanical energy conversion 
and storage 

L;. All hardware-oriented programs 

Ill Electrochemical energy conversion and 
storage 

Ill Geothermal energy 

T ransmission 
and Distribution 

D Improve the reliability and availability of 
electric utility equipment and systems so 
as to reduce capital requirements 

1111 Provide transmission and distribution equip­
ment technology for efficient and highly 
reliable electricity transport from source to 
consumer 

Ill Develop cost-effective transmission systems 
for greater flexibility in siting power pta nts 

DIii AC overhead transmission 

01111 DC transmission 

DIii Underground transmission 

DIii Distribution 

01111 System planning, security, and control 

DIii Rotating electrical machinery 

Ill U nderground transmission (cryoresistive 
and superconducting) 

e Developing applications and technology (nuclear) 

A Environmental assessment 

A Environmental control and combustion 



T 
he Institute's 1976 guideline is 
the first to be developed entirely 

within the planning procedure 

established just one year ago. Prepared 
by the technical and planning staffs, it 
reflects inputs to them from division ad­

visory committees and task forces, the 
Advisory Council, the Research Advi­

sory Committee, and several cooperating 
federal agencies. The figures for each 
division and program are shown in the 

table on page 26. 

Although the most familiar and con­
venient way to present planning data is 

S torage 
Systems 

Ill Provide systems and equipment that w ill 
permit economic storage of e nergy 

Ill Electrochemical energy conversion and 
storage 

Ill Thermal-mechanical energy conversion 
and storage 

by division organization, three funda­
mental premises establish the scope and 
emphasis of Institute research: 

o Electric utilities must continue to ex­

pand production capacity for many de­

cades to match the nation's requirements. 

o Electricity generation, at least for the 

balance of this century, must rely heavily 

on both coal and nuclear fuels. 

o Efficiencies must be improved through­
out the sequence of electricity genera­

tion, transmission, distribution, and use 

Environment 
and Conservation 

O Develop technologies to conserve energy 
through more eff icient use of electricity 

0 Reassess the environmental and public 
health effects of electric utility system 
operations so as to encourage the des ign 
of effective environmental standards and 
controls 

Ill Continue to develop information on the 
environmental effects and safety of various 
fuel resource options 

e Achieve more desira ble environmental and 
esthetic conditions in electric power 
systems 

1111 A�sesa the ·erwirtinmentaJ . and public healt.h 
. :as jSlects of advanced tec:hnol.ogles 

O Thermal-mechanical energy conversion 
and storage (heat pump) 

o Solar energy (heating and cooling) 

0 Energy demand and conservation 

0111 AC overhead trans mission 

0111 Underground trans m iss ion 

0111 Environmental control and combustion 

0 111 111  Environmental assessment 
e Esse ntially all programs (40% of the Insti­

tute' s effort) 

so as to conserve the industry's and the 
nation's natural and capital resources. 

EPRI program planning follows the re­

search premises cited above. The most 

crucial aspect thus becomes the thorough 

evaluation of many-and sometimes con­

flicting-technological needs and, from 

them, the selection of R&D programs 
that offer not only a high probability of 

technical success but also a high proba­

bility of payoff for the utility industry. 

Evaluation is a continuing task in the 

Institute's planning. At the beginning of 

Energy R&D 
Planning 

0 Supply data, information, and professional 
analyses to aid in the design and manage­
ment of hardware R&D programs 

II Analyze the relationships between technical 
performance objectives and the economics 
of electricity s upply for guidance of hard­
ware R&D programs;  and provide informa­
tion to ensure a balance among national 
economic factors , environmental effects, 
and technologic?I options 

Ill Continue to anaJyze the reiatimiships 
between technical performance objectives 
and the economics of electricity supply !or 
guidance of hardware R&D programs: and 
provide fn.forrnation to ensure a bala.nce 
among nation.al economic factors, �rwir?n· 
mental effects, and technological options 

01111111 Energy demand and conservation 

0 111 111  Energy supply 

0 111 111  Energy systems modeling 

0111111 Environmental assessment 
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each year it is focused on an update of 
EPRI's five-year plan by the technical 
staff. The elements of this new draft 

are then reviewed by more than 300 
experienced utility people who fill spe­
cialized roles in EPRI's advisory com­

mittee structure. These advisers help to 
define specific research objectives, thus 

ensuring that all 24 programs continue 
to address acknowledged industry needs. 

Broad review 

The entire five-year plan, including 

newly expanded detail for the forthcom­

ing year, undergoes two important re­
views before Board approval is sought. 
The Advisory Council, one of the key 

links in the program planning chain, is 

made up of leaders from public-interest 
groups, government, labor, education, 

science, and business. The Council 

provides liaison between the public and 

EPRI. Its review and subsequent recom­
mendations for program emphasis par­
ticularly address those research concerns 

lying near the interface of power tech­
nology and society. 

Finally, the Research Advisory Com­
mittee considers the program plan. As 

the senior group in EPRI's technical 

advisory structure, this committee of 
utility research and engineering execu­

tives judges all elements of the program 

plan for technological priority and bal­
ance. 

Still another calibration is of interest: 

the scale of near-, mid-, and long-term 

time frames in which research results 

can be put to work on electric utility 

systems. For the five years of research 
now planned, the Institute's allocation of 

relative program emphasis is as follows: 

Near Term (to 1985) 

Mid-Term (1985- 2000) 
Long Term (beyond 2000) 

Final approval 

45% 

45% 

10% 

As considered for approval by the Board 

of Directors, EPRI's latest five-year plan 
-and the 1976 effort toward its achieve­
ment-thus acknowledges the three time 
frames, the six research areas, and the 
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1 976 Program Guidelines 

Fossil Fuel and Advanced Systems Division 

Fossil Fuel Department 

Gasification 

Liquefaction 

Direct Util ization 

Environmental Control and Combustion 

Supporting Research 

Subtotal 

Advanced Systems Department 

Electrochemical Energy Conversion and Storage 

Thermal-Mechanical Energy Conversion and Storage 

Fusion 

Solar Energy 

Geothermal Energy 

Subtotal 

Total 

Nuclear Power Division 

Water Reactor System Technology 

Reliabil ity, Availabi l i ty, and Economics 

Fuels, Waste, and Environment 

Developing Applications and Technology 

Total 

T ransmission and Distri bution D ivision 

AC Overhead Transmission 

Underground Transmission 

DC Transmission 

System P lann ing ,  Security, and Control 

Distribution 

Rotating Electrical Machinery 

Total 

Energy Systems, Environment, and Conservation Division 

Environmental Assessment 

Energy Demand and Conservation 

Energy Su pply 

Energy Systems Model ing 

Total 

I nstitute Total 

S1 0 .200,000 

9 ,200,000 

3 ,500,000 

1 0 .400,000 

1 ,500,000 

S34,800.000 

S 7 ,900.000 

7 , 700,000 

3,500 ,000 

2 , 900,000 

1 , 800,000 

S23 ,800,000 

$58,600,000 

S1 1  ,295,000 

8 ,680,000 

8 ,0 1 0 ,000 

6 ,3 1 5 ,000 

S34 ,300, 000 

$ 7 .000,000 

6 ,400,000 

6 , 800,000 

900,000 

3 ,000,000 

800,000 

$24 ,900.000 

$ 6 ,328,000 

1 ,587,000 

2 , 1 72 ,000 

1 , 1 1 3, 000 

$1 1 , 200.000 

$ 1 29 ,000,000 



twenty-four programs charted on pages 
24-25 . (Some programs are entered 
more than once because work within 
them addresses more than one research 
area.) 

As of early December 1975, EPRI had 
478 projects under contract and 125 
contracts in negotiation. The total value 
of this work exceeds $400 million, in­
cluding $120 million in cosponsoring 
funds from federal agencies, the con­
tractors themselves, and other sources. 
In terms of EPRI division and depart­
ment responsibilities, the range of this 
research effort is summarized in the 
following sections. 

Fossil Fuel Department 

Both natural gas and oil will decline 
as power-generation fuels because of 
limited domestic availability and na­
tional policies designed to reduce our de­
pendence on imported energy supplies. 
Coal, the dominant boiler fuel in the 
past, remains abundant in the U.S. but it 
exists largely in forms not suitable for 
traditional use because of existing and 
anticipated air quality standards. 

Among the methods proposed to meet 
environmental regulations, the most 
nearly available are precombustion 
cleaning of coal, intermittent controls 
with tall stacks, and postcombustion 
cleanup. Stack gas scrubbers and pre­
cipitators are already being used to re­
duce SOx and particulate pollutant levels 
below regulatory standards. However, 
potential future standards on sulfates, 
NOx, and trace organic and inorganic 
substances may be difficult to meet with 
these techniques. 

Precombustion cleaning and fluidized­
bed combustion with sulfur capture by 
the limestone bed are less fully devel­
oped approaches. Other alternatives in­
clude conversion of coal to clean gaseous 
or liquid fuels suitable for use in boilers, 
gas turbines, or fuel cells. 

All these techniques are being inves­
tigated, along with basic research and 
related studies on fuel preparation, so 
that utilities can increase their reliance 
on coal. 

Advanced Systems Department 

Three major concerns define the depart­
ment's work. One is to improve the 
efficiency and advance the art of energy 
conversion technologies. Interests thus 
range from steam plant reliability to 
topping and bottoming cycles. Fuel cells 
are also under active investigation. Many 
programs are closely related to those in 
the Fossil Fuel Department through a 
shared need for the clean fuels that are 
the products of coal gasification and 
liquefaction processes. 

The second concern is the develop­
ment of energy storage systems. In prin­
ciple, storage is an alternative to fossil­
fueled peak- and intermediate-load 
generation, enabling baseload plants to 
generate a greater proportion of power. 
Storage systems of commercial interest 
may result from current development of 
electrochemical, mechanical, and ther­
mal concepts. 

Third, the long-term sources of fusion, 
geothermal, and solar energy are being 
examined, in coordination with the na­
tional effort, to assess their likely roles 
in future energy supply. Each could be 
virtually inexhaustible, but each still 
has technical, economic, or environ­
mental uncertainties that must be re­
solved before it can impact energy supply 
patterns. A controlled thermonuclear 
fusion reaction has yet to be scientifically 
demonstrated. If expectations are real­
ized, fusion may contribute to electricity 
supply sometime during the first half of 
the next century. By contrast, the princi­
ples of wind, solar-thermal, or photovol­
taic energy conversion to electricity are 
known, but cost reductions will have to 
be made before solar can compete as a 
power source, even in optimal regions of 
the country. Solar electric systems re­
quire the development of electric energy 
storage systems to ensure continued 
supply when there is no sun or wind. 

Of more immediate applicability are 
solar-assisted methods for providing 
domestic hot water, space heating, and 
eventually air conditioning. Here the 
timing depends largely on the progress 
of engineering to reduce manufacturing 

costs and improve system reliability. 
EPRI is developing solar heating and 
cooling systems that optimize the util­
ity's backup capacity requirements and 
its fuel savings. 

Geothermal power utilization depends 
on resource type and location. Dry steam 
is being commercially exploited today, 
but the resource base is limited. Liquid­
dominated geothermal reservoirs are 
more common and, as engineering prob­
lems are resolved, are expected to make 
significant contributions to electricity 
generation on a selected regional basis. 
Widespread use of geothermal energy 
requires the economic extraction of ther­
mal energy from geopressurized sources 
or hot rock. Development of technology 
that will compete with other energy 
alternatives is a formidable task. 

Nuclear Power Division 

The major emphasis of the division's 
1976 program is to improve the viability 
of the light water reactor as a competitive 
source of electric power. In support of 
this objective, near- and mid-term pro­
grams are directed toward increased 
assurance of safety, increased reliability 
and availability, development of new fuel 
systems, and technical issues of fuel per­
formance, waste, and environmental 
impact. Currently there is only one major 
long-term program: the liquid metal 
fast breeder reactor. 

The largest program concerns water 
reactor system technology. One essential 
effort is to strengthen both analytic and 
experimental understanding of system 
performance and safety, which is ex­
pected to validate current design margins 
and reduce uncertainties in expected 
performance. Such reduction of uncer­
tainty is important if plants are to attain 
their true potential outputs. Hypothetical 
loss-of-coolant accidents (LOCA) and 
operational transients are a focus of this 
program. Separate studies are being per­
formed in the blowdown, refill, and 
refiood phases of LOCA/ECCS (emer­
gency core cooling system) behavior, 
with particular attention given to pump 
performance and heat transfer with two-
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phase flow. The results of these studies 

will be combined into methods for ob­
taining more realistic LOCA descriptions. 

In addition to core and systems proj­

ects, there are significant efforts treating 
tornado missile effects and studying the 

behavior of structural materials used for 
pressure vessels and piping. Important 
objectives of the latter work are an im­
proved understanding of material pro­

perties and an improved ability to 

perform and interpret nondestructive 

examinations so as to distinguish be­

tween critical and benign defects. 

The second major program addresses 
issues of reliability and availability, 

principally problems of steam generators, 

turbines, and water chemistry. Program 

direction and priorities are being estab­
lished by analysis of plant operating data 

on the frequency and severity of outages. 

For example, an effort to establish and 
test the viability of a computerized life­

time prediction system may improve the 

availability and reliability of steam tur­
bine rotors. Finite-element stress analysis 

coupled with , fracture mechanics will 
be used for the computations, with plant 

operating data and field spindle-bore 

nondestructive examination results as 

input. 

Considerable research is also being 
devoted to understanding and controlling 

system coolant chemistry-and to the 
related testing, selection, and control of 

materials-so as to reduce corrosion­

induced failures, such as those occurring 

in steam generator tubes and piping. 
In boiling water reactors, one of the 

current problems is the control of leaks 

in the primary coolant loop. These leaks 
occur at cracks induced by a combina­
tion of conditions which, although rare, 

contribute significantly to plant outage. 
Individual projects are directed toward 

quantifying these causative conditions 

in operating plants and toward devel­

oping procedures to reduce the severity 

of each. In pressurized water reactors, 
the problems are on the turbine loop 

side of the steam generator. In some 
respects these problems are similar to 

those of the older fossil-fueled plants 
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because the contaminants enter the loop 

through condenser leaks. Different kinds 

of cooling water alter the corrosive condi­

tions that arise as impurities are concen­
trated in the boiling process. Current 
research is therefore comparing chemical 

conditions in plants cooled by brackish 

water, fresh river water, and recycled 
cooling-tower water. 

The third major program deals with 

fuels, waste, and environment. In 1976 

its emphasis is on improved fuel and 
core performance. The immediate objec­

tive is to begin developing a technical 

and statistical basis for improved fuel 
operations with a reduction in restrictive 

operating limits. A fuel rod reliability 

model to guide operations and safety will 

be developed by integrating a mecha­

nistic fuel performance model with 

prototypical performance statistics. This 

approach requires a detailed understand­

ing of fuel and cladding material proper­

ties, as well as comprehensive perfor­
mance data. 

Research in the field of plutonium 

recycle is stimulated by recognition that 
current views were developed primarily 

during the mid-1960s. A resolution of 

licensing, safeguards, and fuel perfor­

mance questions must reflect present 

conditions. Calculational tools are being 
developed to aid in resolving these ques­

tions. Work leading to the eventual 

proof-testing of plutonium recycle fuel is 

also underway. 
In the fourth major program, joint 

design studies have been initiated with 
ERDA on a large breeder reactor proto­

type. It is anticipated that this work will 

identify the R&D needs of commercial 

units and will be the basis of at least one 

reactor vendor proposal in 1978. Three 
teams of vendors and architect-engineers 

are now involved in the first phase of this 
project, and during 1976 the basis for 

proceeding with detailed designs will 

be established. 

Transmission and Distribution Division 

The fundamental purpose in transmis­

sion and distribution is to develop new 
and improved methods for transporting 

electric energy from source to customer 

at reasonable cost, with minimum impact 
on the environment and with sustained 
emphasis on reliability. The division is 

pursuing programs aimed at developing 
design data for ac and de overhead trans­
mission circuits at all voltages; promot­
ing research in low-voltage (35 kv and 

below) distribution technology; and de­
signing and implementing a large-scale 

demonstration of an automated distribu­

tion system incorporating automatic 
meter reading, load management, fault 

detection, and remote circuit switching. 

In collaboration with the Energy Sys­
tems, Environment, and Conservation 

Division, research is underway to de­

velop comprehensive information on the 
environmental effects, if any, of electric 

fields, corona, and audible noise in the 

vicinity of high-voltage transmission 

circuits. 
Still other programs are concerned 

with optimizing ac and de terminal facil­

ities; improving system security by de­
veloping techniques for limiting and 

interrupting large fault currents; iden­

tifying promising underground cable 

technologies for bulk power transmis­

sion over distances ranging from 5 to 
500 miles; devising quantitative mea­

sures for describing the security state 

and control objectives in large intercon­

nected networks; and planning major 

laboratory facilities to support program 

objectives. 

Energy Systems, Environment, 
and Conservation Division 

This division's programs consist primar­

ily of research, analytic, and modeling 
studies in areas representing the external 

constraints within which utilities must 

operate; for example, environmental 
considerations, the availability of pri­

mary energy fuels and their costs, the 

factors that determine the growth rate of 
electricity demand, and the role of con­

servation in altering patterns of electric­

ity use. The results of these efforts are 
intended to aid in the internal planning 

of the Institute's R&D programs, as well 

as to provide valuable information to the 



utility industry, government agencies, 
and the public. 

Environmental and public health is­
sues are major considerations in many 
Institute programs, such as in developing 
clean forms of fossil fuels, managing 
waste heat rejection, assuring the safety 
of nuclear systems, and improving the 
environmental compatibility of trans­
mission and distribution networks. The 
Environmental Assessment Department 
is specifically concerned with defining 
the environmental and health impacts 
resulting from energy production and 
utilization processes so as to guide the 
hardware-oriented programs in other 
divisions of the Institute. Research in­
cludes identification and characterization 
of potentially harmful constituents of 
emissions, effluents, or radiation asso­
ciated with electricity production and 
use; determination of the manner in 
which pollutants are transported through 
air and water; definition of their dose­
response relationships with respect to 
populations, ecological systems, or phys­
ical materials; and exploration of pos­
sible beneficial uses of wastes or 
potentially harmful by-products. 

Cooperative efforts 

Many EPRI programs are related to those 
of federal government agencies. Espe­
cially in resource development and long­
range research, where federal funding is 
significantly higher, Institute programs 
are planned to complement those carried 
out by the government. Joint funding is 
another cooperative means to speed the 
development and use �of new and im­
proved electricity generation, transmis­
sion, and distribution systems. To 
facilitate such efforts, formal agreements 
have been executed between EPRI and 
the Energy Research and Development 
Administration, the National Aeronau­
tics and Space Administration, the Envi­
ronmental Protection Agency, and the 
National Bureau of Standards. 

For example, a project for the near­
commercial design of a liquid metal fast 
breeder reactor is being jointly managed 
by EPRI and ERDA. This $30 million, 

30-month, three-phase effort combines 
the financial and technical resources of 
the utility industry with those of the 
government and will build on accumu­
lated U.S. and foreign engineering and 
operating experience, including informa­
tion obtained from the Clinch River 
demonstration plant. 

A second example of cooperation 
between EPRI and ERDA is a battery 
energy storage test (BEST) facility. This 
program will provide the means to mea­
sure, characterize, and report on prepro­
totype battery system performance 
before heavy financial commitment is 
made for technology demonstration at 
full prototype scale. The BEST facility 
will be built at a utility substation so that 
testing may be done in a user environ­
ment. The feasibility phase of this $10 
million program has been completed, 
and the preliminary engineering phase is 
now underway. 

A third cooperative program, entirely 
within the utility industry, involves EPRI 
and the Edison Electric Institute in an 
electric utility rate design study. Re­
quested by the National Association of 
Regulatory Utility Commissioners and 
planned as a one-year effort, it comprises 
ten tasks concerned with peak-load pric­
ing, including assessments of electricity 
demand elasticity, costing, ratemaking, 
metering, potential cost advantages, and 
customer acceptance. Consulting agree­
ments have been negotiated, and initial 
reports are planned for release in the fall 
of this year. 

Program details available 

While underscoring the premises of 
EPRI's research programs and describing 
the planning cycle that produced its 1976 
guideline, this review has only high­
lighted Institute tasks for the new year. 
A more detailed analysis, A Summary of 

Program Emphasis for 1 9 76, is being pre­
pared and will be available in February. 
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Fossil Fuel and Advanced Systems Division 
Richard E. Balzhiser, Director 

Fossil Fuel Department 

NOx CONTROL TECHNOLOGY 

Among the major respons ib i l ities of the Envi ronmental Control 
and Combustion Program are the deve lo pment of techno lo­
gies to control emissions from fossi l -fueled power plants and 
the evaluation of costs for such technologies. 

The NOx program is intended to assure that ut i l it ies can 
meet control standards on oxides of n itrogen with a m in imum 
impact on the  operation ,  construction ,  o r  economics of  fossi l­
fueled power plants. Specif ic projects are d i rected at the 
operational and re l iabi l ity impacts of NOx control on foss i l ­
f i red steam generators and the economics of water i njection 
i n  gas tu rbines arid combined cycles. 

Work is also d i rected at contro l l i ng  N Ox emissions orig i ­
nati ng from n itrogen organ ical ly bound i n  the fue l .  This is  
particu larly relevant to coal, shale o i l ,  and synthetic fuels 
derived from coal .  

Because stricter NOx regu lat ions are l i kely i n  the future,  
p rojects to achieve h igher levels of control and to evaluate the 
associate costs have been undertaken .  

Need for an NOx Program 

The question is frequently asked: Why an NOx program? After 
a l l ,  cu rrent NOx regu lations for steam generators can be met 
with existi ng technology, and considerable controversy exists 
with in the scientif ic commun ity as to the need for NOx control 
except i n  a few metropolitan areas, such as Ch icago and 
Los Angeles. Several recent deve lopments, however, i nd icate 
that a su bstantial effort in NOx control technology develop­
ment is appropriate. 

The most important development is the strong poss ib i l ity 
that the federal government wi l l  soon impose much stricter 
NOx controls on stationary sou rces in general and on ut i l ity 
boi lers in part icu lar .  This action stems from the fact that the 
automobile industry has fai led to meet the NOx standards 
specified by the Clean Air Act without unacceptable fuel econ­
omy penalties. 

While specific regu lations have not been issued , a recent 
publ ication by the EPA ind icat ing goals for stationary sou rces 
is p robably i ndicative of the levels of control under considera­
tion (Table 1 ). Because of renewed emphasis on coal as a 
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uti l i ty fue l ,  the goals for coal-fired ut i l ity boi lers are particu larly 
relevant. An examination of Table 1 shows that NOx emissions 
of 200 ppm and 1 00 ppm are being considered for 1 980 and 
1 985 ,  respectively. It should also be noted that this is well 
beyond state-of-the-art technology, which can meet approxi­
mately 300-350 ppm. 

Accu rate and thorough techn ical and economic assess­
ment of advanced NOx control technologies can be important 
in determin ing the true costs of any benefits derived from 
such futu re regu lations. 

The low NOx emission requ i rement for gas tu rbines and 
combined cycles is the second major deve lopment. As shown 
in  Table 2 ,  the EPA has proposed standards of 55 ppm and 
75 ppm NOx emissions for gaseous and l iqu id  fuels ,  respec­
tively .  To achieve these emission levels fo r conventional fuels 
wi l l  requ i re s ign ificant departu res from past combustor 
des igns if expensive water i njection techn iques are to be 
avo ided . 

Fu rther, if s imi lar levels of control are req u i red for h igh­
nitrogen fuels (for example, res idual  o i l ,  s hale oi l , and some 
synthetic fuels from coal) even more advanced techn iq ues 
wi l l  be requ i red s ince water injection techn iques cannot meet 
the proposed NOx levels .  Again ,  the need for low-cost, re l iable 
N Ox control technologies is apparent. 

Considerable publ ic attention has been focused on photo­
chemical smog and other compounds (nitrates, amines, PAN) 
formed from nitrogen oxides in the atmosphere. The potential 
health effects of these chemicals are cu rrently being i nvesti­
gated in various c l i n ical and epidemiological studies, i ncl ud­
ing those by EPRl 's  Envi ron mental Assessment Department. 
NOx has been identified as a partici pant i n  the complex atmo­
spheric reactions that p roduce smog and other vis ib i l ity­
l im it ing aerosols . The effect of these chemicals on plants, 
an imals, and even man-made objects is less certain ,  but the 
need for economic NOx emission control technolog ies is 
i nd icated .  

NOx Control Research 

To satisfactor i ly resolve the problems of NOx contro l ,  EPRI 
has mounted a complete spectrum of research programs that 



Table 1 

EPA'S R&D GOALS FOR NO, CONTROL 

(ppm, 3% excess 0
2
, dry) 

Existing New 
Source 
Performance 1 980 

Source Standards Goal 

Utility boilers 
Gas 168 100 
Residual oil 230 150 
Coal 500 200 

Industrial boilers 
Gas 80 
Residual oil 1 25 
Coal 1 50 

Commercial boilers 
Gas 50 
Distillate oil 70 
Residual oil 150 

Spark ignition engines 
Gas 1200 

Compression ignition engines 
Diesel oil 1200 

Table 2 

PROPOSED EPA STANDARDS FOR GAS TURBINES 

(15% o, ,  dry) 

Species Fuel Limit (ppm) 

NO
X 

Gaseous 55 

Liquid 75 

co Gas and liquid 90 

so, 0.3% S or 55'' 

Smoke 10% opacity 

,;,By weight in fuel 

1 985 
Goal 

50 
90 

100 

50 
90 

100 

30 
50 
90 

400 

800 

DIVIS ION REPORT 

ranges from fundamental stud ies on the fate of fuel n itrogen 
compounds to tests for evaluating the operational and 
rel iabi l i ty impact of NOx control on a 750-Mw plant . 

Since techn iques for contro l l ing NOx depend largely on the 
type of power system, the fuel to be used , the duty of the 
system, and its appl ication ,  al l  of these factors are covered 
by the EPRI p rog ram. 

NOx Control in Steam Boilers NOx emissions from boi lers 
bu rn ing natu ral gas and res idual oil have been substantial ly 
control led by m in imiz ing the avai labi l i ty of oxygen with staged 
combustion and by lowering the flame temperatu re by recir­
cu lati ng f lue gas i nto the combustion a i r .  However, staged 
combustion in coal-fired plants raises s ign ificant questions 
about the operational and rel iabi l i ty impacts of corros ion ,  
slagg ing ,  and fou l i ng ,  as wel l  as the impacts on both precip i­
tator and overa l l  bo i ler  performance. 

One project, jointly fu nded by EPRI and EPA, is evaluat ing 
the levels of control possib le i n  coal-fired boi lers with existi ng 
technology, pr incipal ly that of staged combustion . This proj­
ect also calls for assessing corrosion problems that might be 
encountered d u ring  staged combust ion operat ion on h igh­
su l fur ,  h igh- iron eastern coals . The research shou ld be 
completed by June  1 976 and for  the fi rst t ime wi l l  provide 
operat ing data for uti l ities that must control emissions by the 
staged-combustion method.  

Another p roject is defi n ing the operational p roblems of 
staged combustion with low-su lfur ,  western coals. Arizona 
Pub l ic  Service has mod ified those fu rnace areas that might 
be subject to local reducing conditions so that detai led i nfor­
mation on acce lerated corrosion can be obta ined .  In addition ,  
for  the f i rst t ime tests are being performed to eva luate precip i­
tator behavior resu lti ng  from staged combustion . 

Windbox gas recircu lat ion is also an effective NOx control 
for clean fuels. Unti l recently, however, the effectiveness of 
this techn iq ue on coal-fi red un its was the subject of consider­
able controversy based on theoretical studies or bench-scale 
laboratory experiments of l imited value .  

S ince most NOx control systems to be pu rchased by ut i l it ies 
in the near term involve gas recirculation ,  EPRI has funded 
Al legheny Power Service Corporation to examine the effect 
of windbox recirculat ion on a 550-Mw super-c ritical eastern 
coal un it .  To date, prel iminary results ind icate no sign ificant 
benefit from rec i rcu lation when used in conju nction with 
staged combustion in  coal-fi red u n its. 

EPRI is presently evaluati ng the possi bi l ities of developing 
a bu rner-boi ler combination with the lowest NOx emissions 
compati ble with other design and operat ional requ i rements. 
Such a prog ram would be very important because modif ica­
tion of the combustion process wi l l  p robably remain the 
lowest-cost approach to NOx contro l .  

I n  another project, several compounds have been identified 
that can selectively and noncatalytical ly red uce NOx at tern-
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peratu res and residence t imes characterist ic of the convective 

heat transfer sect ions of a boi ler .  This has s ign if icant near­

term importance i n  coal-f i red boi lers where the h i gh  fuel­

bound n itrogen and the i n herent d iffi cu lt ies i n  burn ing  sol i d  

fue ls  may l imit  the  level o f  control that is poss ib le by  combus­

tion  modif icat ions .  Add it ional research w i l l  assess the v iabi l ity 

of these chemical add it ives when SOx and part icu lates are 

present. This approach probably represents the lowest-cost, 

postcombustion  NOx control techno logy. 

Other cu rrent projects w i l l  provide basic i nformat ion on the 

fate of organ ic n itrogen compounds .  These stud ies are being  

performed on laboratory f lames where the molecu lar n i trogen 

normal ly present in the combust ion air is eas i ly replaced by 

another i nert gas, such as argon .  This permi ts a mass balance 

of a l l  n itrogen compounds and al lows an accu rate determina­

t ion of the fate of fue l-bound n itrogen .  

NOx Controls in Gas Turbines and Combined Cycles Whi le  

there are no present nat iona l  standards that l im i t  NOx e mis­

s ions from gas tu rbines and combi ned cycles, EPA has pro­

posed regu lations .  To meet cu rrent local NOx emiss ion 

standards operat ing with conventiona l  t u rb ine  fue ls ,  water 

or steam is in jected i nto the combust ion chamber to lower the 

f lame temperature .  This techn ique is effective, but expensive: 

capital costs are $2-1 0 per kw and heat rate penalt ies are 

about 2% .  

Less capita l - intensive techno logies us i ng  catalytic red uc­

t
i
on  or  premixed , lean , pri mary-zone combust ion are i nterest­

i ng  alternatives. A cu rrent research project w i l l  he lp determine  

to  what extent low-cost, non catalytic control is poss ib le .  

To date , research resu lts suggest that a premixed system 

with a relatively s imple variab le geometry combustor can 

meet proposed EPA reg u lat ions .  At least several years' devel­

opment t ime, however, is requ i red to conf i rm fu l l -scale feasi­

b i l i ty . S i nce variable geometry adds complexity, addit ional  

work on other ,  s impler NOx contro l  techno logies is u nderway . 

I n it ia l  resu lts are encourag i ng  and may be part icu lar ly impor­

tant for fuels contai n i ng  bound n i t rogen .  S ince many synthetic 

fue ls ,  such as coal-derived l i qu ids and shale o i l ,  w i l l  be used 

in combined cycles to improve overal l  economics, and s ince 

these fuels are l i ke ly to be h i gh  in o rgan ic n itrogen ,  the resu lts 

of th is  program are of considerable importance. 
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Although im portant steps are being  taken i n  combust ion 

control of  NOx i n  gas tu rbines and combined cycles ,  the work 

has not reached the point where postcombust ion treatment 

methods can be d iscounted . 

Unfortunately ,  the selective noncatalytic techn ique being  

deve loped for  steam generators is not appl icable to gas tu r­

b ines or combined cycles because the requ i red temperatu res 

and residence t imes are not read i ly  ach ieved .  Conseq uent ly ,  

EPRI  i s  consider i ng  a project to assess the techn ical and 

economic aspects of scru bbing or  catalytic p rocesses for 

removal of NOx i n  the stack .  

On  a near-term basis ,  another project has  demonstrated the  

emissions benefits obta ined by in corporati n g  staged combus­

t ion into a su pplemental ly f i red combined cyc le .  Reductions 

of a lmost 60% in NOx emissions from the gas tu rbine  were 

recorded and poss ib le reduct ions in CO, hydrocarbons,  and 

carbonaceous particu late emissions were i nd icated .  To con­

f i rm the resu lts of th is  smal l  p i lot research ,  a f u l l-scale demon­

strat ion  is p lanned.  

I n  other studies it was found that a conventiona l  steam boi ler 

us ing a gas tu rb ine  to supply vit iated a i r  i n  p lace of the normal  

forced-d raft system may yie ld up  to a 1 0% improvement i n  

heat rate .  Th is  cou ld  resu l t  i n  a reduct ion i n  the use  of  c lean 

fue ls ,  depend ing on how the gas tu rb ine-boi ler combinat ion 

is operated and on the needs of the generati on  system .  

Summary 

A major  sh ift i n  NOx control strategy at the federal level ,  p ro­

posed regu lations s ign if icantly affect i ng  the operat io n ,  cost , 

and re l iab i l ity of gas tu rbi nes and combined cycles, and 

potent ia l  futu re standards on  n i trogen-contained species 

derived from atmospheric react ion of NOx with other com­

pounds prompted EPR I  to embark on a substantia l  program 

to deve lop NOx control techno logies and evaluate the associ­

ate costs. 

Projects are designed to meet the req u i rements u n ique  to 

each type of power-generat ion  device and appl icat ion ,  with 

emphasis on coal-fi red boi lers and on gas tu rbi nes and com­

b ined cycles .  Controls for combi ned cycles are particu lar ly 

important because overal l  economics strong ly i nd icate that 

synthetic fue ls ,  many of wh ich are i n he rent ly h igh  in fuel  

n i t rogen ,  wi l l  be used i n  combined cycles .  



Advanced Systems Department 

BATTERY STORAGE 

A basic p roblem of a typical uti l ity is that the demand for 
electr ic power shows marked daily and weekly variat ions.  To 
satisfy all its customers , the system must have a generating 
capacity equa l  to the h ig hest da i ly  demand ,  p lus a reserve 
capacity to ensu re rel iabi l i ty of service. As a resu lt , much of a 
uti l i ty 's generating  capacity is used only part of the t ime. 

If energy storage were avai lable, eff icient and economical 
baseload power generation could be increased,  and the 
excess over demand du ring  off-peak periods could charge 
the energy storage system.  D ischarge of the stored energy 
du ri ng  periods of peak power demand could then be used to 
reduce or replace gas tu rb ine generating capacity 

Outlook and Requi rements for Battery Energy Storage 

The uti l ity i ndustry has been i nterested in the prospects for 
battery energy storage si nce 1 970 .  A recent EE i  / EPRI su rvey 
by the EEi System Plann ing  Committee revealed that battery 
energy storage deserves a h igh R&D priority (Table 1 ). The 
tabu lat ion is based on 34 responses from ut i l it ies havi ng 
over 40% of the nation 's  total generating capacity. The major 
reason for th is p rio rity is probably because d ispersed energ.y 
storage in  batteries appears to offer a combinat ion of opera­
tiona l ,  economic, and environmental benefits that cannot be 
matched by most other storage technologies. These benefits 
inc lude the following .  

o Flexible appl ication with m in imum envi ron mental impact 

o Short lead time for construction 

o Distri buted power "generation , "  a l lowing  for  transmission 
credits 

o System stabi l ization with the abi l ity to absorb cu rrent and 
voltage surges 

o System regu lat ion with the abi l ity to meet min ute-to-min ute 
demand fl uctuations 

o Modular construction ,  al lowing i n it ial sizi ng and add it ions 
on an as-needed basis 

o Potential for i ncreasing overall system rel iabi l ity 

o Partial reserve "generation"  capacity 

Although the potential benefits from stor ing energy on 
electric uti l i ty systems are h igh ly s ign if icant, battery energy 
storage wil l not become a reality un less its economics are 
competitive with other methods of generating  peak and i nter­
mediate power. Based on economic comparisons with gas 
tu rb ines,  battery systems must achieve certain technoeco­
nomic characteristics to be cost competitive. Assuming an 
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off-peak energy cost of 1 2  mi l ls/ kwh and cred its (e . g . ,  trans­
mission ,  d istri bution ,  spinn ing  reserve) of $60 / kw, 

Cost $80 / kw plus $20/ kwh 
Life 1 0 - 20 years (250 cycles/ yr) 

Effi c iency 70-75% 
Operat ion I Maintenance 1 .0 m i l ls /kwh 

Using these assumptions and objectives, battery energy 
storage promises to become more economical than gas 
tu rbi nes and combined cycle machines for the generation of 
peak and i ntermed iate power up to approximately 2500 hours 
of annual  operat ion .  Assuming a capital cost of $20 / kwh,  a 
g rowth rate of uti l ity generation of 7% /yr, and a 1 0% satu ra­
t ion of battery energy storage in the generat ing m ix ,  the ut i l ­
i t ies could spend about one bi l l ion dol lars a year on energy 
storage technology. U lt imate penetration of this market 
depends, of course, on the technoeconomic competitiveness 
of batteries with other storage and peaking techno logies. 

Table 1 

SURVEY OF ENERGY STORAGE PRIORITIES 

Number of Utilities Responding 

Technology Favorable Marginal Poor Total"' 
Batteries 19 9 3 16  
Compressed Air 12 1 3  4 8.5 
Thermal (after meter) 1 5  5 9 6 .4  
Underground Pumped Hydro 1 0  1 0  9 1 . 1  
Flywheels 6 1 0  1 3  - 7.5 
Thermal (before meter) 4 1 0  1 3  - 10 
S M ES 1 5 1 5  - 21 

•·Total is computed by allowing one point for favorable rating, zero for marginal, and 

minus one for poor, and then adding. The answer is normalized to the base number of 

responses (34). 

Battery Program-Organization and Projects 

The objective of the prog ram is to deve lop economical ly ,  
techn ical ly ,  and environmentally su itable battery systems for 
ut i l ity appl ication .  To accompl ish this objective, EPRI  has in i­
tiated a coord inated series of R&D projects to eva luate poten­
t ia l  battery systems for  uti l i ty appl ication and then develop the 
most p romising of  the cand idates . EPRI 's  activities related 
to these systems are shown in Table 2 .  

The scope o f  the program wi l l  narrow as the projects enter 
the engineering  development stage and the deve lopment 
costs increase. As more information becomes avai lable ,  deci­
sions wi l l  be made to d isconti n ue EPRI i nvolvement i n  many 
of the less promis ing battery systems. By 1 979 ,  it is l ikely 

EPRI JOURNAL February 1976 33 



FOSS I L FUEL AND ADVANCED SYSTEMS DIVISION REPORT 

that the Battery Program wi l l  encompass only about three of 
the systems identified in Table 2 ,  despite the fact that the 
funding for development is expected to tri ple by that year 

The s ix major areas of p rog ram activity are descri bed below. 
The relationsh ips of these activities are shown in  Fig u re 1 .  

o Technology Development Assisti ng private industry to 
develop battery systems for uti l i ty appl ication is the focus of 
the program. This area now involves five projects, which are 
cost-shared with private industry. The average support for 
each of these projects is $740 ,000 with about $330,000 
from EPR I .  The systems being developed are sod iu m-su l fur  
(General Electric Company and TRW Systems G roup) ;  
sod i u m-anti mony-ch loride (ESB ,  Inc . ) ;  l i th i um metal su lf ide 
(Atomics I nternational) ,  cost-shared with ERDA; and zinc­
ch lorine (Energy Development Associates), a joint ventu re of 
Gu lf & Western and Occidental Petro leum. 

o Supporting Activities Limit ing problems in  the develop­
ment of advanced battery systems are being add ressed by 
private i ndustry and u n iversities in th ree EPRl-funded 
projects. 

o New Concepts Exploration and evaluation of potential ly 
viable technologies for ut i l ity appl i cations, such as z inc­
bromine and redox batteries, are inc luded in  two projects. 

o Power Conditioning and Control Assessment, evaluat ion ,  
and development of ac / de conversion equ ipment for bat­
teries and other advanced systems are being examined in 
two projects. 

o Technoeconomic Studies Cost and design stud ies of 
lead-acid batteries, alte rnative chlor ine storage concepts for 
the z inc-chlor ine battery, and various energy storage tech­
nologies are presently being addressed in  th ree projects. Two 
of the projects are cost-shared with ERDA. 

Figure 1 
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S upporting R &D 
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Other 

Table 2 

POTENTIAL SYSTEMS FOR BATTERY ENERGY STORAGE 

Possible 
BEST Facility Commercial 

System Installation Goal Availability Current Status 

Pb/Pb02 1979 1979-80 Cost and design 
(Present technology) studies ; 

discussions wit h 
utility planners 

Zn/Cl2 1 979 1 982-86 Development 

Zn/ Br, and Redox 1983-88 Exploration 

Na/S and Na/SbCl3 
1981-82 1 985- 90 Development 

L i / Mes 1981 1985-90 Development 

o Testing Smal l-scale cel l test ing at independent labora­
tories, as well as large-scale battery test ing in  a national test­
i ng  faci l i ty , constitutes a conti nu ing  evaluat ion of alternative 
battery technologies. Two small-scale test ing contracts and 
the Battery Energy Storage Test (BEST) Faci l i ty are involved 
in th is area of activity. ERDA is cofu nd ing the BEST Fac i l ity. 

Summary 

The development and introduction of new technology for 
uti l i ty appl i cation requ i re evaluat ion and selection of alterna­
tives , research on key l imit ing problems, eng ineering deve lop­
ment of p romising technologies, and development and 
demonstration of complete subsystems in  coord inated pro­
g rams that have long-range d i rect ion and goals. The 1 8  
projects within the Battery Prog ram constitute a coord inated 
and focused effort to advance the development of battery 
systems for uti l ity applicat ion .  

B EST 
facility 
(1979-1982) 

- -- Utility 
demonstration 
(1981-1985) 



EPRI-USSR FUSION POWER EXCHANGE 

The u lt imate goal of fusion research and the princ ipal em­
phasis i n  both the EPRI and ERDA prog rams is economic 
electric power generation based on pure fusion reactions .  
Nevertheless, the neutrons produced by the deuteri um­
triti u m  (D-T) fusion reaction may have important alternative 
uses, many of which do not requ i re plasma condit ions as 
str ingent as those in pure fusion and hence may be appl ied 
earl ier .  Three of these-the transmutation of radioactive 
wastes, especia l ly the act in ides; the breeding of f iss i le mate­
ria ls ;  and the hybrid fusion-fission power reactor-have been 
the subjects of stud ies sponsored by EPRI . These studies,  
l i ke others carried out elsewhere , have indicated that such 
appl ications have promise as wel l  as problems. A recent 
development for prospective inte rnational cooperation i n  
fusion has h igh l ighted the  EPR I  efforts i n  alternative fusion 
appl ications .  

Proposed Joint Program 

In May 1 975 a Soviet delegation visited EPRI  for d iscussions 
on the l nstitute 's fusion power program.  At that t ime the 
Soviets stated that thei r program 's h ighest near-term prio rity 
was the development of a hybrid fusion-fission reactor based 
on a Tokamak. In addition ,  thei r efforts on pure fusion reactors 
wi l l  conti n ue, with emphasis on pu lsed systems. 

A joint EPRI-USSR prog ram involving the testi ng of blanket 
mod u le elements on the Soviet T-20 Tokamak was su bse­
q uently p roposed .  The faci l ity, which wi l l  be in fu l l  operation  
in 1 983,  w i l l  be un iquely su ited fo r  such  experiments. No 
other  mach ine with comparable s ize and neutron f luences is 
presently schedu led for operation i n  the U .S .  or elsewhere in 
the same time period. Last September an EPRI de legat ion 
met in Moscow with off icials from the Ku rchatov I nstitute, 
the Efremov Institute, and the USSR State Committee for 
Atomic Energy. As an outgrowth of this meet ing ,  a step-by­
step approach to such a joint p roject was formulated and a 
pre l i minary protocol was s igned by the partici pants . Last 
December, the president of EPRI and the chai rman of the 
USSR State Committee for the Uti l izat ion of Atomic Energy 
met at EPRI and further detai led this p roposed ag reement, 
reach ing a general accord . 

Module Testing on T-20 Tokamak 

Although no specific joint program has been decided , one 
poss ib i l ity is the test ing of modu les for fission fuel product ion 
and acti n ide burning i n  T -20. The modules would be designed 
and bu i lt i n  the U S , instal led and tested by a joint team at 
the Ku rchatov I nstitute in Moscow, and retu rned to the U .S .  
for destructive testi ng .  To  give an  idea of t he  sca l ing o f  the 
T-20 ,  Fig u re 2 shows the size of its vacuum envelope ,  which 
su rrounds the fusion fuel ,  compared with that of the T -1 0 , a 
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smal ler o perati ng Tokamak. Exterio r  to th is ,  e ight moderat­
i ng  modu les would be placed to slow down the 1 4-Mev fusion 
neutrons.  Some of these modules wi l l  be used by the Soviets 
for studying the breeding of triti u m  and fiss i le material and for 
obtain ing the engineering know-how for prototype appl ica­
t ions.  The tentative proposal for a joint ventu re wi l l  g ive the 
U.S. access to two of these eight modu les. 

The overall size and operat ing characteristics of the T-20 
plasma wi l l  be comparable to that of a fusion-f ission proto­
type power reactor. The T-20 wi l l  not be expected to provide 
al l  the necessary i nformation for a demonstrat ion fusion­
f ission fuel and electric power production reactor. However, 
if it reaches its fusion design goals, the Soviets would then 
feel confident to bui ld a prototype experimental power reac­
tor. The anticipated des ign goals for T-20 are nTE = 1 0 1 4  

sec cm-3 ; Ti > 7 kev; confi nement t ime, 2 sec ; major torus 
rad ius ,  5 m ;  minor plasma rad ius ,  2 m; central toroidal f ie ld ,  
3 .5  Tesla;  and axial cu rrent ,  6 x 1 06 amperes sustai ned for 
5-20 sec . 

Assessment of Proposed Project 

The imp l ications of the Soviet plans for a hybrid fusion-fiss ion 
reactor have not yet been fu l ly  evaluated i n  the U .S .  If suc­
cessfu l ,  the nuclear energy field wi l l  be impacted by an option 
for a second breed ing system in  the early 1 990s, wel l  before 
pu re fusion reactors are expected to enter the energy-produc­
ing arena. EPRI bel ieves it is  important that the U .S .  uti l i ty 
ind ustry understand the potentials and l imitat ions of the 
fusion-fission option .  Therefore, EPRI is seriously examin i ng  
th i s  offer from the  Soviets for a jo int project. 
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Nuclear Power Division 
Milton Levenson, Director 

WATER REACTOR SYSTEM TECHNOLOGY P ROGRAM 

The N uclear Power Division has four  major p rogram areas: 
(1 ) Water Reactor System Technology, (2) Rel iabi l ity, Avai l ­
abi l i ty, and Economics, (3) Fuels ,  Wastes, and Envi ron ment, 
and (4) Developing Appl ications and Technology. Each 
program consists of several subprog rams.  I n  this issue, major 
emphasis is on the LOCA-ECCS subprogram of Water Reac­
tor System Technology. Other subprog rams and the other 
major  prog rams wi l l  be covered i n  futu re issues. 

Zircaloy-Steam Oxidation Kinetics 

U nder RP249, Worcester Po lytechn ic  I nstitute (WPI)  wi l l  
p rovide isothermal and transient Zi rcaloy-steam oxidation 
data in the 1 600-2700 ° F range under various steam f low 
condit ions from tubing sections of reactor g rade Z i rcaloy-4 
cladd ing .  Careful attention wi l l  be paid to monitoring and 
measu ring the specimen temperature .  The isothermal oxida­
t ion data obtained to date at WPI and those from other stud ies, 
inc lud ing pre l im inary data from a program sponsored by the 
N uclear Regulatory Commission (NRC) at Hol if ield National 
Laboratory, conf i rm the conservative natu re of the analytic 
procedu res imposed by cu rrent NRC l icensing criteria to 
describe Zi rcaloy oxidation .  

A complementary project funded jo intly by  EPR I  and  the 
Metal Properties Counci l  at Batte l le ,  Pacific Northwest Labo­
ratories (RP251 ) will p rovide addit ional information about the 
mec hanical and oxidation behavior  of Zi rcaloy. These data 
and subsequent analyses wi l l  be used to provide a realistic 
assessment of cladd ing  oxidation under postu lated loss-of­
coolant accident (LOCA) condit ions. 

On this p roject (RP249), oxidation stud ies u nder isothermal 
conditions and u n l imited steam flow conditions ,  and the asso­
ciate meta l l u rg ical analyses, have been completed. Tem­
perature was monitored by a thermocouple welded to the 
specimen and was control led by a h igh-speed t ime-tempera­
tu re control ler. Use of a thermocouple i n  a dynamic envi ron­
ment requ i res that careful attention be g iven to measu rement 
errors result ing from heat transfer losses. The ind icated sam­
ple temperature was correlated with the actual sample tern-
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perature by obtain ing a cal ib ration curve against materials 
with known melti ng points . The measu red d iscrepancy in  this 
cal ib ration procedu re corresponded closely to results p re­
d icted by an analytic heat balance model that was used to 
esti mate the thermocouple error. 

Knowledge of the speci men temperature is requ i red since 
the rate of oxidation is an exponential function of tempera­
ture .  It is  also necessary to know the d ifference between the 
specified value of the temperature and the temperature 
measu red by the thermocouple because this temperature 
d ifference controls the energy in put used to heat the sample. 
The temperature measu red by the thermoco u ple d i ffers from 
the temperatu re of the spec imen , thereby making an analysis 
of the thermocouple error mandatory . 

Fol lowing oxidation of samples u nder isothermal condi­
tions ,  the thickness of the oxide layer, the stabi l ized a lpha 
layer ,  and the transformed beta layer were measu red on 
mounted and polished metal lographic sections.  The total 
amount of oxygen absorbed was calcu lated from the mea­
su red th ickness data and phase equ i l i b ria  in formation .  
Results were obtained under  un l imited steam condit ions . 
Data have been obtained where steam f low of 40 l b / h r  was 
spl it equal ly between ins ide and outside f low and where 
steam f low of 20 l b /h r  was restricted to the i nside of the 
Zi rcaloy tubing and then d ischarged to oxid ize the outside 
under essentia l ly stagnant conditions .  It was found that as 
long as un l imited steam is present, there is no d ifference in  
oxidation rate for these different f low conditions .  

The isothermal data indicate that oxide th ickness varies 
l inearly with the square root of time and exponential ly with 
temperatu re .  Best-estimate fits were obtained for all the oxi­
dation  data between 1 800 ° F and 2700 ° F for the inside and 
outside oxide th ickness and for the ins ide and outside f th ick­
ness (oxide thickness and stabi l ized a lpha th ickness). Data 
obtained at 1 600 ° F and at 1 700 ° F (below the beta tranus 
temperatu re) followed the same form of the oxidation k inetics 
expression  but with d i fferent constants. 



The calculat ion of the oxygen absorption served as the 
basis for comparing this data to existi ng  models of Zi rcaloy 
oxidation .  The parabol ic rate constant Kv ( in un its of 
[mg / cm2 ]2 /sec) for the total reacted z i rcon ium was calcu­
lated from the oxygen absorption and these values were com­
pared to those reported by Klepfer and Baker and J ust: 

K lepfer KP = 2 .96 X 1 05 exp ( - 33 ,200 /RT) 

WPI KP 
= 3 .58 X 1 05 exp ( - 33 ,500 / RT) 

Baker and J ust KP = 3 .36  x 1 05 exp ( - 45 ,500 / RT) 

Here, R is  the Boltzmann constant and T is the absolute tem­
perature (K). The above expressions indicate that the Klepfer 
and Baker and J ust results are more conservative than the 
WPI resu lts. The Klepfer analysis is  about 5% more con­
servative over the enti re temperature range. The Baker 
and J ust analysis ,  which is  cu rrently requ i red i n  l icens ing 
calcu lations ,  is  increasingly conservative wi th  increasing  
temperatu re ,  t he  percentage d i fference vary ing l i nearly from 
� 1 0% at 2000 ° F to � 72% at 2600 ° F. Pre l im inary data from 
the Z i rcaloy oxidat ion study sponsored by NRC at Hol i f ie ld 
National Laboratory appear to be i n  excel lent ag reement 
with data obtained by WPI .  

Specimen weight-gain measu rements of oxidat ion ap­
peared to be a less rel iable ind icator of oxidation behavior  
than the  metal lographic measu rements due to  acceptable 
variat ions in c lad th ickness in the as-received tubi ng .  The 
hydrogen content was measu red on a large number of sam­
ples to determine the extent of hydrogen contamination 
du ri ng  oxidation .  Most values appear to be i n  the 20-30 ppm 
range,  compared with the orig inal  concentration of � 1 5  ppm. 
There appears to be no correlat ion of hydrogen absorpt ion 
with experimental variables , such as t ime at temperatu re .  

L inear heating and cool ing ramp transient oxidat ion experi­
ments i n  an un l imited steam envi ron ment have been i n it iated . 
Ramp rates that bound those calcu lated for hypothesized 
LOCA situations are being s imu lated .  Computat ional p roce­
du res for pred ict ing oxidation under transient condit '1 ons 
based on the isothermal oxidation data are being deve loped , 
as is a procedu re for calcu lat ing oxygen d i ffusivity in Zi rcaloy. 

Gamma Energy Deposition 

In power reactor safety analysis, the energy associated with 
the decay of radioactive fiss ion products is a persisting sou rce 
of sensible heat in the core and a sou rce of potential rad io lytic 
effects. The maximum temperature i n  the fuel cladd ing 
resu l t ing from gamma heat ing d u ri ng  a postu lated loss-of­
coolant accident (LOCA) is  i mportant in l i cens ing and i n  
sett ing the operating rated power o f  n uclear plants. The 
absorption of radiation energy by the aqueous solut ions used 
in  the emergency core coo l ing system may result in some 
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radio lytic decomposit ion of water .  Measu rement of the decay 
heat emission rate after shutdown is being made under con­
tracts RP230 and RP392 . 

Mathematical Appl ications Group ,  I nc . , (MAGI) is the prime 
contractor for RP492 and with S. M .  Stol ler  Company wi l l  
perform calculations of  gamma-ray energy deposition i n  
typical l i ght water reactors (LWR) d u ri ng  postu lated LOCA 
condit ions. The project wil l provide data i n  such a form that 
absolute gamma heating and hydrogen rad io lysis correlat ions 
can be made. The calcu lational scheme involves the use of 
transport kernels computed by Monte Carlo methods to 
obtain the position-dependent gamma-ray heat deposition i n  
the coolant and in var ious components of typical LWR cores. 
Gamma-ray absorptions i n  the control rods, fue l ,  c ladd ing ,  
and assembly wal ls wi l l  be determined,  a long with red ist ri bu­
tion factors for gamma rays from a hot p in  or  assembly into 
the su rround ing  latti ce .  The calcu lat ions w'i l l  be done for a 
series of t ime i ntervals from several seconds to several months 
after shutdown. 

The Un iversity of Virg in ia  wi l l  perform a series of experi­
mental measu rements on su itable models of reactor cores to 
provide an experimental benchmark of the gamma heat ing in 
a core lattice and to val idate the calcu lat ions of gamma heat­
i ng  done at MAGI .  The experiments wi l l  employ a series of 
small monoenergetic gamma sources embedded in  a clad 
fuel-pin-l ike rod .  The rod wi l l  be placed i n  various regu lar 
arrays of s imi lar rods ,  s imu lat ing core reg ions .  Adjacent rods 
and coolant wi l l  be appropriately instrumented with thermo­
lum inescent dosimeters to record the energy deposition .  
Experimental i nformation thus obtained wi l l  be used to verify 
the accu racy of the results obtained through the Monte Carlo 
computat ions.  

Pump Model Testing 

The appl icabi l ity of steady state pump performance cu rves 
under  two-phase f low condit ions to pred ict transient two­
phase pump performance wi l l  be assessed by Babcock & 
Wi lcox Company under RP598. Development of a two-phase 
homologous cu rve performance model based on ai r-water 
test results on a t-scale reactor coolant rec i rcu lat ing pump 
wi l l  be performed. This model w i l l  su bsequently be incl uded 
in an appropriate loss-of-coolant accident (LOCA) analysis 
code to determine real istic peak clad temperatu res and pump 
overspeed under LOCA condit ions. 

Performance ai r-water tests with the t-scale reactor coolant 
recircu lat ing model pump wi l l  be fu l ly  documented , i nc lud ing 
a detai led analysis of  the test data. These ai r-water data, 
together with data taken in steam-water pump tests (RP301 
and RP347) , wi l l  he lp in assessing  the inf luence of a non­
condensable versus a condensable gas i n  the pump f lu id .  

EPR I  JOURNAC February 1 976 37 



N UCLEAR POWER D IV IS ION R EPORT 

Two-Phase Pump Performance Modeling 

Analytic model ing of nuclear reactor coolant c irculati ng 
pumps under two-phase f low cond it ions wi l l  be performed by 
Massachusetts I nstitute of  Technology (M IT) under RP493. 
This analytic development work wi l l  in te rphase with experi­
mental pump tests performed at Combustion Engineeri ng ,  
I nc . , (RP301 ) and at Creare, I nc . ,  (RP347). The  test results 
from the latter programs wi l l  be used in the mode l ing work 
performed by MIT. 

I n it ia l ly ,  MIT wi l l  perform a state-of-the-art study and eval­
uation of cu rrent two-phase pump performance mode l i ng .  
Based on existi ng data, MIT wi l l  attempt to  further develop 
models for different assumed f low reg imes. As test results 
become avai lable from other projects, these results will be 
used to verify and /or  improve the mode ls, thus incorporat ing 
g reater sophisticat ion and detai l .  The pump models thus 
developed wi l l  cover pump performance i n  a l l  fou r  quad rants . 

Analytic Evaluation of LWR Integral Tests 

The performance of l ight water reactor (LWR) systems under 
hypothetical loss-of-coolant accident (LOCA) condit ions is 
cu rrently p redicted through conservative LOCA analysis tools 
based on separate effects and system-effects tests of various 
k inds .  The largest-scale i ntegral tests for LWR performance 
under the loss-of-f lu id test (LOFT) program and the per­
formance of LOFT and its i nterpretat ion could have a defi n ite 
impact on the uti l i ty and nuc lear i ndustry. 

l ntermountain Technologies, I nc . ,  is the contractor for a 
project whose pu rpose is to provide expedit ious and proper 
inte rpretation of experimental results from integral LWR safety 
and performance tests (RP496). Part icu lar emphasis wi l l  be 
focused on closely fol lowing the LOFT program and deter­
m in ing  its impl ications on LWR behavior  under hypothetical 
accident and off-normal cond itions .  D u ring the i n it ial phase 
of the project, a computational  model of the LOFT system wi l l  
be developed, us ing pub l ic ly  avai lable system analysis codes. 
Selected sensitivity analyses wil l be performed with this model 
to assess the s ign ificant d i fferences between the characteris­
t ics of LOFT and fu l l -scale LWR systems. Pre-test pred ictions 
for selected LOFT experiments wi l l  be performed with th is 
analytic model. When completed , post-test evaluations wi l l  
be made and the model updated , i f  necessary. S imi lar  com­
prehensive fol low-up of other system-effects tests wi l l  also 
be undertaken .  

Analysis of NRC Standard Problem # 5 

Standard Problem # 5 i n  the Comparative Analysis of Stan­
dard Problems (CASP) program sponsored by the Nuclear 
Regu latory Commission (NRC) wi l l  be an analysis by Energy 
I ncorporated (RP445) of a large-break blowdown experiment 
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to be performed with the new semiscale MOD-1 system.  
Th is  problem represents a new and s ign if icant analysis effort 
to provide ins ight into the capabi l it ies of computer p rograms 
to predict the un ique thermal-hydrau l ic  phenomena. To date 
very l i tt le effort to analyt ical ly or experimental ly examine 
accident behavior  has been expended in  the publ ic sector. 

The pu rpose of the standard problem activity is  to provide 
a testi ng ground for the adequacy of reactor l icensing codes. 
Participation by EPRI i n  the CASP program is of importance 
in order to fol low and support the deve lopment, appl ication ,  
and evaluat ion of  LOCA/ ECCS computer codes. Standard 
Problem # 5 is a large break in the semiscale MOD-1 test 
rig .  The analysis of this test wi l l  complement the efforts under 
the loss-of-f lu id test (LOFT) program.  It is bel ieved that th is 
part ic ipation wi l l  enable the uti l ity i ndustry and EPRI to better 
i nterface with the semiscale and LOFT programs. The na­
tional p rogram also envisions futu re tests at the semiscale 
faci l ity to investigate alte rnative ECCS concepts for LWRs . 
EPRI model ing of the semiscale faci l ity, i n it iated u nder th is 
p roject, may then be used to closely fol low these develop­
ment efforts at the faci l ity . 

Separated Flow Model ol Two-Phase Flow 

Improvi ng the basic understand ing of two-phase f lu id f low is 
the objective of experimental and analytic  investigations by 
Dartmouth Col lege (RP443). This two-year p roject is expected 
to provide  a verified model that could be used to predict cer­
tain types of separated two-phase flows that are relevant to 
l i ght water reactor performance and safety . 

The experimental port ion of the project wi l l  focus on a wel l­
defi ned f low reg ime (e.g . ,  bubbly ,  s lug, ann ular ,  or mist) 
and such perti nent parameters as f low rates , bubble size, void 
fract ion ,  and f low orientation with respect to the gravitational 
f ie ld .  There may be a l im ited amount of measu rement tech­
n iq ue development to accu rately determine the parameters 
needed to support the analys is .  The analytic efforts wi l l  be 
based on the detai led mu lti phase constitutive equations 
to provide a val idated " i nf luence coeff ic ient" model for the 
specific two-phase f low reg ime selected for study. 

This work wi l l  fu rther the development of techn iques for 
pred icti ng the performance of various engineer ing systems, 
such as water-cooled reactors. In particu lar, better estimates 
of loss-of-coolant accident (LOCA) consequences may even­
tual ly be possible by us ing codes that al low nonequ i l i b ri um  
or  s l i p  between the phases. 

Previous attempts to develop such improved methods have 
been thwarted by a lack of understand ing of the underlyi ng 
phenomena and by insufficient experimental data i n put to the 
computational methods. Because the need to understand 
complex reactor system performance u nder hypothetical 



accident cond it ions is wel l  recogn ized nat ional ly and i nter­
nat ional ly ,  th is type of p roject is necessary for the advance­
ment of two-phase f low studies.  

Multifluid Flow Analyses Related to Reactor Safety 

Jaycor, I n c . ,  is the contractor on a project to further the 
deve lopment, appl ication ,  and verificat ion against data of a 
general two-d imensional transient m uitifl u i d  f low code that 
p roperly accounts for i nterphase mass , momentum ,  and 
energy transfer effects in transient two-phase flows (RP599). 
The contractor wi l l  reexamine,  document, and improve, as 
necessary, the physical formu lation and numerical solution of 
the transient two-phase equations conta i1,ed i n  the M U FF 
(Mu lt i f lu id  Flow) code. The code wi l l  then be appl ied to 
selected transient two-phase f low problems with special 
emphasis on  applying it to test configu rations on which data 
have been gathered. 

A transient two-phase f low code that accounts for nonequ i ­
l i b ri u m  phenomena (neglected i n  c u rrent codes such  as 
COBRA and RELAP) is needed by the industry for the real istic 
evaluation of certain phenomena related to reactor safety. 
These phenomena inc lude various aspects of reactor primary 
system and reactor containment performance d u ring  postu­
lated accident cond it ions, such as steam-water interaction 
processes . 

This project is expected to provide an assessment of 
general ized two-phase f low formu lat ion and numerical solu ­
t ion  techn iques, an improved vers ion of  the  MUFF  code with 
selective verification , and identification of areas that wi l l  
requ i re further research .  

Methodology for Plastic Fracture 

The last decade has witnessed g iant strides in the capabi l it ies 
of applied mechanics to predict the behavior  of flawed struc­
tu res. The widespread use of l i near elastic fracture mechanics 
-more recently of methods permitti ng  a certain degree of 
plasticity, such as J-i ntegral o r  c rack open ing d isplacement­
has served well to describe the i n it iation behavio r  of flawed 
structu res for near-elastic boundary condit ions. 

At o perat ing temperatu res, the steels used to fabricate 
nuclear p ressure vessels wi l l  deform s ign ifi cantly p rior  to the 
u nstable extension of defects. This fact has been demon­
strated many times for both large and smal l test vessels i n  the 
N RG-sponsored Heavy Sect ion Steel Technology prog ram. 
Consequently, fracture mechanics predictive methods d i ­
rectly app l icable to operating nuclear p ressu re vessels must 
be capable of accounti ng for plastic behavior .  Because the 
app l ication of cu rrent fractu re methodology to ful ly plastic 
structu res is q uestionable, a new methodology is requ i red-a 
methodology that not only predicts accu rately the behavior of 
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flawed plastic structu res but also leads to a more realistic 
perspective on design assumptions. 

The General Electric Company and Battel le-Co lumbus 
Laboratories have been contracted to joint ly cond uct a cre­
ative th ree-year program focused on provid ing  the g reatly 
needed plastic fracture methodology (RP60 1 ). This p rogram 
wi l l  embrace a comprehensive deve lopment of appropriate 
methodology needed to make sound engineering  pred ictions 
of structu ral  behavior, i nc lud ing ful ly plastic condit ions .  Under 
th is project, the contractors wi l l  

o develop the theoretical methodology necessary to describe 
the fu l ly plastic behavior of flawed structu res; 

o develop the capabi l i ty of applying the methodology to the 
analysis of engineeri ng structu res; 

o generate appropriate material properties to support and 
successfu l ly apply the above analysis; 

o design and conduct defin i tive engineeri n g  tests to bench­
mark the developed procedu res and to ensu re the appl icabi l ­
i ty of such procedures; 

o apply the developed methodology to two hypothetical 
accident condit ions for nuclear reactor vessels .  

The successfu l  complef1
on of th is p rogram wi l l  thus provide 

the needed fractu re technology and the means with which 
to apply th·1s technology to operating  nuc lear components. 

Tornado Missile Risk Analysis 

A contract with North Carol ina Power & Light Company 
(RP61 6-1 ) concerns the development of r isk methodology 
for the evaluation of the effects of tornado-propel led miss i les 
on n uclear power plants. The scope of the work inc ludes the 
development of a tornado missi le risk analysis model and the 
evaluation of r isks for typical nuclear power plants. C urrently 
acceptable objective and subjective data bases w i l l  be incor­
porated i n  both the formu lation and the appl ication of the r isk 
model development. The results of the work wil l  i nc lude iden­
tification of various missi le types, statistical d istri butions for 
such parameters as tornado intensity and missi le  velocity, 
and risk assessments for a typical plant layout. 
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Transm ission and D istribut ion Division 
John J. Dougherty, Director 

The T&D Divis ion 's research program is focused on prudent 

appl i catio n  of capita l ,  conservation  of land, fuel sav ings 

(through reduced losses), and i nc reased rel iab i l ity. I n  b rief ,  it 

offers tech n ical opt ions t hat are cost-effective and re l iable .  

I n  order to be cost-effective, a l l  e lements of the T& D 

research program are add ressed as an i ntegra l ,  cont iguous 

system. The vast network of T&D l i nes,  transformers, switches, 

and protective equ i pment now extend ing from generat ing  

source to  customer load are l i n ks i n  a chain valued at nearly 

$60 b i l l i on .  Power supply to a customer, no  matter how 

effi cient the sou rce, is affected by the weakest l i n k  i n  th is  

chai n .  The T&D research program now u nderway is a bal­

anced program, add ress ing the most c rit ical needs throughout 

th is  complex cha in .  At the same t ime, a l l  new and improved 

methods of transport ing e lectric energy from source to 

consumer  must be implemented at a reasonable cost to the 

consumer  and with a min imal i mpact on  the envi ron ment. 

The T& D Divis ion 's  p rogram has been and wi l l  conti n ue to 

be closely coord i nated with programs of the Energy Research 

and Development Admin istration .  This l i aison is suff i c ient ly 

establ ished to accommodate conti n uous evaluat ion of fund­

ing schedules on  a project basis .  

Al l  t he  objectives mentioned above are inc luded i n  the  

div is ion 's five program areas: AC Overhead Transmissio n ,  

DC Transmission ,  U nderg round Transm ission ,  D istri bution ,  

and System Plann i ng ,  Secu rity, and Contro l .  I n  add it ion ,  a 

smal l  effort has been i n it iated i n  Rotat ing  Electrical Mach i nery. 

The rationale for each major p rogram is i nc luded i n  the over­

views that fol low. Futu re issues of the JOURNAL wi l l  d iscuss 

one or two program areas in g reater detai l .  

A C  OVERHEAD TRANSMISSION PROGRAM 

This program is d iv ided i nto overhead l i ne  research and 

substation  research ,  to help classify emerg ing  technologies 

accord ing  to need. 

Overhead Line Research 

Because a transmission l i ne  is essent ia l ly a "p roduct" 

designed by a ut i l i ty engineer ,  research programs must not 

only provide new and i mproved components ( insu lators, 
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conductors , and towers) but must also provide specific design 

data. These data he lp determine  conductor selection ,  i nsu la­

t ion coord ination ,  rig ht-of-way requ i rements, and safety and 

mechanical parameters. Research on  envi ron mental effects 

is an i ntegral part of the programs. Research on construct ion 

methods and technology completes the scope of work. 

In the months to come, the JOURNAL wil l p resent deta i ls  

of Project UHV, i nsu lator research ,  electric and magnet ic  

f ie lds ,  and mechan ica l  des ign research .  These programs are 

expand ing  to provide for ut i l ity needs.  

One l i ne  research project underway is RP260,  a study 

being  conducted to improve rig ht-of-way ut i l izat ion by Power 

Technologies, I nc . ,  of Schenectady,  New York. The major 

objective is to demonstrate the pract ical i ty of reduced spac ing 

for  1 38-kv transmission l i nes .  Test ing  has been conducted at 

t he S aratoga test s ite on  a l i ne  operat ing  at 1 38 kv with 3-foot 

phase spac ing .  

Conductor motions caused by ice ,  fault cu rrents, and w ind 

act ion are being  invest igated ,  a long w i th  such factors as  

rad io and TV i nf luence. It is hoped that the results of  these 

studies wi l l  demonstrate the practical ity of these reduced 

spacings for t ransmission l i nes.  

The experimental phase of the project h as been essent ia l ly 

completed. Remain i ng  work i ncludes the correlat ion of 

empirical data with analytic results. PTI reports that cond uctor 

mot ion from ice d ropping  causes on ly vert ical movement and 

thus does not i ncrease the probabi l ity of l i ne  f lashover. W ind 

mot ion studies verify that transmission  l i ne  conductors be­

have in a manner s imi lar to d istr ibut ion l i ne  cond uctors, 

where no d ifferent ia l  mot ion occu rs and where no wake­

i nduced osci l lat ions are excited . No rad io noise problems 

occur ,  but careful attent ion must be g iven to hardware prob­

lems . 

The f ina l  results of th is project wi l l  be presented in a design 

manual contain i ng the engi neeri ng i nformation  necessary to 

design and construct 1 38-kv l i nes with reduced spac ing .  

Substation Research 

Research in th is area is concentrated on equ i pment develop­

ment to provide the i nc reased rat i ngs requ i red ,  improve 



rel iab i l ity, reduce sizes and costs, and increase eff iciencies. 
Early research has been concentrated on switchgear, espe­
cia l ly fault cu rrent l imiters, as the need in th is area appears 
imminent. As the program develops ,  p rojects are being added 
to make possible g reater uti l izat ion and increased efficiency 
of power transformers. New and improved surge arresters 
shou ld provide added protection for, and thus reduce the cost 
of all large power equi pment. Other areas to be add ressed 
inc l ude VAR supply,  su bstation insu lation ,  and gas-insu lated 
substations .  Subsequent JOURNAL articles wi l l  review these 
programs in deta i l .  

One of  the earl iest su bstation projects to be funded was 
RP1 34, which is now neari ng completion .  The goal of this 
project is to develop a low-cost portable cal i bration system for 
on-site verificat ion of the voltage ratio and phase angle i n  
CCVTs used for metering on EHV and  UHV systems. After 
research ing uti l i ty needs and avai lable test methods, the 
contractor developed a system that uses a modular CCVT 
d ivider, a resonant power supply, and a cu rrent comparator 
bridge,  all mounted on a truck bed (Figu re 1 ) .  Its performance 
has been verified in tests of a ful l-wound 500-kv potential 
transformer at a manufacturer 's faci l ity. The completed 
prototype is being field-tested at a 500-kv su bstation of the 
Balti more Gas and Electric Company. 

This project was carried out under the gu idance of a 
steering  committee appointed by the EEi Meter and Service 
Committee. Mr. R. M. Reesey of Pennsylvania Electric Com­
pany has been the chairman of the steer ing committee for 
th ree years. The project wil l be completed d u ring the fi rst 
half of 1 976 .  

DC TRANSMISSION PROGRAM 

A mu ltifaceted R&D program is conducted in the de trans­
mission f ie ld for maxi mum exploitation of the technology 
lead ing  to cost-effective, compact, rel iable de transmission 
systems. The largest ongoing project is the 1 00-Mw compact 
HVDC terminals bui l t  by General Electric for Consol idated 
Edison of New York. A tremendous red uction of the real 
estate needed for de terminals is made possib le through the 
use of gas- insu lated buses and valves. Other projects wi l l  
deve lop l ight-triggered thyristors for s impler converter valves, 
determine de c i rcu it breaker duties th rough comprehensive 
system stud ies, develop a metal l i c  return transfer b reaker 
for bi polar de systems, determ ine de l ine design parameters, 
and deve lop electron ic cu rrent transducers for measu rement 
of d i rect cu rrent at h igh potentia l .  Two projects nearing 
completion are described briefly below. 

HVDC Transmission ( ± 600 kv) 

RP1 04,  managed by N .  G .  H ingoran i of EPRI ,  was started in  
1 97 4 .  Jointly funded by EPRI and Bonnevi l le  Power Admin­
istration (BPA) , work has now been completed on the design 
stud ies of ± 600-kv de transmission l i nes . The investigation 

DIVISION REPORT 

Figu re 1 Prototype m obile unit for field calibration of EHV 
metering coupling capacitor potential transformers . 

I Scale 
1 ---- 5 ft ----

was carried out at The Dal les Test Faci l i ty, with Harold H i l l  of 
BPA as the project manager. The fi nal report, in the form of a 
design reference book, is expected to be completed by Apri l  
1 976 .  The study covers all aspects of electrical design ,  
inc lud ing corona, R I ,  audib le noise, i nsu lat ion requ i rements, 
i nsu lator f lashover studies, cu rrent f low, and charge voltage 
on bodies near the g round .  

The project has demonstrated de barehand maintenance. 
Where state and local safety reg ulations permit, this method 
is widely used on ac transmission l ines. The feasib i l ity of the 
barehand method for de had been previously demonstrated 
by the LADW&P and A B. Chance Company on the ±400-kv 
Pacif ic Northwest- Southwest l ntert ie .  The latest exercise at 
BPA takes this demonstration to ± 600 kv. 

Figure 2 Workmen performing barehand m aintenance on a 
± 600-kv transmission line. The man on the tower is monitoring 

the leakage current on the access ladder . 
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Access to l i ne  by the workmen is  accompl ished via i nsu lated 
ladders.  Sh ie ld ing of the workmen from electric field effects 
is p rovided by conductive cloth ing-g loves and socks that 
contain a f ine mesh of cond uctive th reads. 

DC Circuit Breaker Specification 

R P326, managed by S. L. N i lsson of EPR I ,  wi l l  def ine the duty 
of de c i rcu it breakers for HVDC appl ications .  Tr1 e avai lab i l ity 
of c i rcuit  b reakers wi l l  make mu ltiterminal de system operat ion 
feasib le .  System studies conducted by the Hyd ro-Quebec 
I nstitute of Research wi l l  p rovide specifications of breaker 
duties for different system conf igurations .  The project wil l g ive 
the system requ i rements for appl ication of de breakers of 
cu rrent design as well as " ideal " breakers . The appl icat ions 
under study incl ude breakers with diode rect if iers i n  paral le l  
l i ne operation ,  in  tapped systems , and i n  other multitermi nal 
radia l  or c i rcu lar de networks . A less demand ing app l ication 
would be the use of a breaker for load transfer, which would 
change a bipolar system operat ing with g round retu rn to one 
operat ing with metal l i c  return ,  or vice versa. 

The study uses the I REO s imu lators for the de systems with 
associated ac generators and networks. Models of conceptual 
de breakers wi l l  be i ntegrated i nto the s imu lator for verif icat ion 
of postulated duties. The fi rst phase of the study has centered 
around the use of de breakers in conjunction with d iode 
rectifiers d i rectly connected to large generator fac i l it ies. The 
d uty of a meta l l ic  retu rn transfer breaker is also g iven h igh 
priority i n  the study because it has the potential for  immediate 
use . 

The pre l im inary system stud ies for these appl ications are 
completed. The s imu lator is now equ i pped with a specific 
b reaker model fo r conti n uation of the studies .  Other breaker 
models are being bu i lt for use later in the program. Complet ion 
of the study is scheduled for 1 976 .  

U N DERGROUND TRANSMISSION PROGRAM 

The Underground Transmission Program has been deve loped 
to investigate the economic payoffs that may be obtained by 
the development of new systems. The program's p rimary 
objective is to reduce the per-u nit cost of transmitt i ng e lectri c 
energy underg round .  The program has been formu lated with 
the theme of achieving a balance between improvement of 
the state of the art for near-term appl ication and the develop­
ment of new, and what many consider exot ic ,  systems for the 
long term . 

The program wi l l  have a chang ing emphasis with t ime. 
P resently ,  considerable effort is d i rected to improvement of 
exist ing paper-oil cable systems and development of ad­
vanced concepts, such as gas- insu lated and cryogenic ca­
bles. Extruded solid d ie lectric cables under development are 
expected to f ind economic appl i cat ion at lower transmission 
voltages and modest power levels .  But un iversal acceptance 
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of such advanced concepts as sol id d ie lectric cables wi l l  not 
occ u r  unti l  we have a better understand ing of electrical 
breakdown in  the insu lation ,  o r  "treeing . "  

Treeing 

The electrical breakdown of the polymeric insu lants com­
monly used i n  power cable has been a subject of study for 
many years. Although the govern ing  mechanisms are not 
fu l ly understood , there is evidence that the f inal  d isruption of 
some insu lants is preceded by an i nduction period ,  du ri ng  
wh ich  mic roscopic g lobu les or tubular fissu res are formed 
in the i nsu lat ion .  These tubu les form tree l i ke patterns of 
b ranches emanating from a trunk .  

I n  the view of many researchers, trees can be broadly 
c lassified as electrical or electrochemical . Electrical trees are 
general ly characterized by ion ization that occurs in the gas­
f i l led tubu les; thei r propagation t imes are measurable i n  
m in utes or hours.  Electrochemical trees , i n  general , occu r  
on ly  i n  the  presence o f  moistu re , either with or without dis­
solved salts. They consist of water-f i l led microscopic fissu res 
or stri ng l ike agglomerates of g lobules.  These trees do not 
normally involve ionization and are characterized by very 
long propagat ion times, typical ly months or years at power 
frequencies. 

Although the i nception and growth mechanisms of trees 
are not fu l ly  known ,  there is strong experi mental evidence to 
i ndicate that they are more l i kely to occu r  in reg ions of h igh  
electrical stress. I n  power cable insu lation  such reg ions might 
occu r  at certain voids, contaminants, or p rotrusions from the 
shie lds.  

EPRI  has contracted with General Electri c to develop ex­
perimental techniq ues for the i n it iation and observation of 
electrical tree growth and add itives that would i nh ibit tree 
inception .  The add itives are to be so lub le in polyethylene or 
other h igh-voltage cable i nsu lants and shou ld exhi bit increas­
ing  degrees of d issociation with i nc reas ing voltage grad ients. 
The h igh-voltage stress that would normal ly exist i n  the 
vicin ity of a stress enhancer wou ld  then promote suff icient 
ionic cond uction to maintain the stress i n  th is reg ion at a 
lower leve l ,  and thus decrease the probabi l ity of tree i ncep­
t ion .  

The experimental setup for tree in it iat ion and growth 
observation uses a point-to-plane e lectrode arrangement. 
The point is a needle with a control l ed-t ip  rad i us  molded i nto 
the polymer and faces an electrode appl ied to a plane surface 
on the sample. The sample is made suff ic iently th in  in the 
d i rection of observation to render it essential ly transparent, 
thus permitt ing mic roscopic observation of trees in it iated at 
the needle t ip .  

Several additives have been developed that suppress tree 
growth to a h igh  degree at very low frequencies ( < 0 . 1  Hz) 
and to a more l imited degree at power frequencies. At 60 Hz 



some polyethylene samples conta in ing  these add itives 
demonstrate i nh ibited tree ince ption .  In other cases the rate of 
the g rowth decreased . However, there was l ittle or no increase 
in b reakdown voltage. 

Toward the end of this p rogram , some l imited test ing was 
performed on a new additive , ferrocene, with very encourag­
ing  resu lts. This material completely suppressed t ree i ncept ion 
and doubled the breakdown voltage. The act ion of th is mate­
rial is not yet understood ; it appears that the material does not 
d issociate i nto ions in accordance with the model developed . 

The experimental portion of th is project has been com­
pleted ,  and a f i nal report wi l l  be issued early in 1 976.  A 
contract is presently being negotiated to investigate ferrocene 
addit ives and to establ ish ,  through model cable tests, the i r  
suitab i l ity for use in h ig h-voltage extruded d ie lectric cables. 

Gas-Insulated Transmission Systems 

Another p roject has been undertaken to translate the known 
data on gas-i nsu lated transmission systems into a composite 
un ified design for various appl ications.  A completed design 
guide (EPRI 7825) is now avai lable,  as well as a f inal  report 
u nder the same number.  The design  gu ide provides a basis 
for selecti ng and specify ing gas-insu lated systems, inc lud ing 
approximate costs of standard des igns.  

The most economical gas-cable system wi l l  not always have 
the lowest in i t ial cost. The cost of power losses must be 
considered .  Even if the cost of power losses is low, a system 
with h igh losses may requ i re wider phase spac ing ( larger 
trenches) and special backf i l ls  fo r heat d issi pat ion .  These 
i nstal lation costs may offset any lower material costs. To 
fac i l i tate a proper systems approach ,  consideri ng  all these 
variables and the ir  i nterdependencies ,  a computer p rogram 
to optimize the choice has been formulated . 

When consider ing the economics of one transmission  
system versus another, the  three basic parameters i nvolved 
are capacity (Mva), voltage (kv), and length (mi les). At volt­
ages rang ing from 1 38-500 kv, rated 500 Mva and above, 
but no longer than 500 ft (u rban or subu rban sites), com­
pressed-gas cables appear the most economical . Other 
combinations of the above parameters may work out to be 
equal ly cost-effective , of cou rse, but selective trade-offs 
wou ld  have to be made. The design  gu ide is o rgan ized to 
g ive the uti l ity systems designer an opportun ity to make th is 
k ind of evaluation ,  consider ing the parameters cited and other 
factors. 

Superconducting Transmission 

A central c ryogenic research faci l ity m ight be valuable to the 
deve lopment of a l l  k inds of c ryogen ic  power systems, espe­
cia l ly superconducting transmission l i nes . It would avoid 
d u pl i cation of resources. With the present national approach 
to su perconducting transmission l ine research ,  there are a 
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handfu l of programs, the cost of which is escalat ing rapid ly .  
Refrigerator capital costs of $1 .0 to $1 .5  mi l l ion per project 
are prohibitively h igh .  

A central faci l i ty would permit add it ional laboratories to 
compete and could thereby accelerate develo pment of the 
technology. Some of the associated benefits would be the 
establ ishment of a common testi ng standard and an oppor­
tun ity to test Soviet and other foreign exchange cables. 

Two smal l research projects on the economic feasi b i l ity of 
such a fac i l ity have been completed by the National Bu reau of 
Standards and the Linde D ivis ion of Un ion Carbide. These 
laboratories i ndependently reached the same conclusion :  
such a refrigeration un it would be techn ical ly and economi­
cal ly feasible, saving considerable investment capital and 
operating costs. The NBS study concluded , for example, that 
a s ing le versat i le ,  h igh-capacity refrigerator capable of 
handl i ng  seven superconducti ng  cables would cost $704 ,000 
in  1 973 dol lars. Seven separate refrigerators would requ i re 
roughly seven ti mes the land area, foundations ,  and operati ng  
equ ipment. 

The i n put power requ i rements are equal ly d ivergent. 
Separate faci l i t ies would requ i re at least 1 3 1 5  kw of i n put 
power to operate , whi le a s ingle fac i l ity would requ i re on ly 
904 kw to s imu ltaneously cool a l l  seven cables. The results of 
the Linde study are s imi lar .  

Impressive as these f ind ings are , no act ion is  antici pated 
unt i l  the results of cryogenic research and i nterest in develop­
ment potential p rovide suff ic ient i ncentive to construct such a 
fac i l ity. Detai led results of these two studies are avai lable i n  
two f i na l  reports, EPR I  282 and EPR I  7839. 

DISTRIBUTION PROGRAM 

Because of never-end ing expansion of d istri but ion systems 
i n  size and complexity and the steady i nc rease in d istribut ion 
feeder voltages, it is extremely important that these systems 
be as dependable and economical as possib le .  

The major objectives of EPR l ' s  Distri but ion Program are to 

o develop new system concepts that wi l l  eff ic iently match 
futu re capacity requ i rements to loads; 

develop systems and equi pment that wil l reflect a red uced 
cost per un it of load served; 

c J  design new system components that are envi ron mental ly 
and esthetical ly acceptable ;  

::J develop systems with improved rel iabi l ity at no increase i n  
cost; and 

c: bui ld improved safety i nto distribution systems of the futu re .  

To achieve these objectives i n  the  most eff icient and t imely 
manner, the Distri bution Program w·1 1 1  approach problems and 
thei r solutions from an overall system requ i rements concept ,  
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rather than through piecemeal hardware development. The 
fol lowing examples wi l l  i l l ustrate our efforts to reduce overall 
industry R&D costs and to avoid redu ndancies. The means 
are sophist icated plann ing  techn iques ,  automation of func­
t ions ,  and development of improved hardware. 

o An analysis of distri bution plann ing has documented 
existing practices and techniques in system plann ing ,  data 
file uti l ization ,  and system survei l lance and control. The f i nal 
report (EPRI 329) i ncludes a series of research statements that 
outl ine a coordi nated program of research in these areas. 
o Automation offers great potential for solving many ex­
panded d istribution problems, particularly reduced system 
reliabil ity, time-of-dqy meter ing, and increased operat ing 
complexity. In itial investigation wi l l  demonstrate communica­
tion system design parameters, such as speed of transmission 
versus accuracy, communication methods, and hybrid 
systems. 
o Research on catastrophic distribution transformer fai l u res 
is focused on fuse characteristics and pressure relief as 
functions of tank parameters and fault du ration .  The results 
may be used by the industry to prepare gu ides for re-fusing 
practice and for specify ing pressure relief requ i rements on 
new and existing transformers. 
o It appears that naphthenic-based crude insulati ng oils wi l l  
become acutely short in about five years. Oi ls refi ned from 
paraff in ic crudes have various d isadvantages, inc lud ing poor 
viscosity at low temperatures, low resistance to oxidat ion, 
and a tendency to form wax deposits on electrical contacts. 
Extensive research is underway for the development or 
modification of oils to ensu re a conti nu ing supply of su itable 
insu lating media. 
o Expensive tree tr imming along distribution l i nes and trans­
mission rights-of-way have plagued util it ies for many years. 
Environmental factors today also call for research in chemicals 
and methods to control tree growth.  Several EPRI projects 
address these problems. 
o Progress has been made toward development of econom­
ical power poles manufactu red from foamed g lass, with fly 
ash as a fil ler; tests show that at h igh density , foamed-glass 
poles would meet wood standards for power poles. 

Present d istribut ion research also i nc ludes other p rojects 
in fau lt and transient management, cable load ing  and i n ­
su lation ,  corrosion problems, l ightn ing instrumentation and 
demonstration test ing of various new concepts and systems. 
I n  add it ion, over fifty projects have been identif ied for research 
in various d istri but ion subprogram areas. These w i l l  be 
investigated over the next four-year period .  

SYSTEM PLANNING, SECURITY, 
AND CONTROL PROGRAM 

Transient Stability Studies 

In transient stabi l ity studies,  a detai led mathematical model of 
the power system is often requ i red in order to achieve the 
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acceptable s imu lation acc u racy. Because of size and com­
plexity, these stabi l ity s imu lat ions often requ i re large amounts 
of computer storage and runn ing t ime. S ince a large number 
of transient stabi l ity cases are run rout inely i n  system plan­
ning,  there is natural ly g reat i nterest i n  f i nd ing methods to 
improve the eff iciency of such studies.  A proced u re fami l iar  
to many power system engineers is  to classify generators 
remote from the study area i nto coherent g roups ,  each repre­
sented by an equ ivalent generator .  The manual procedu re 
used for th is c lassificat ion is time-consum ing ,  and the end 
results are not enti rely satisfactory. 

A study being conducted by Systems Control , I nc . ,  (RP904), 
has resulted i n  a computerized procedu re to perform the 
classification and reduction .  It req u i res as in put the computed 
swing cu rves of transient stabi l ity cases. Based on the swing  
curves and a set of  specifications (usual ly coherency selection 
criteria provided by the user) the program wil l automatical ly 
(1 ) recogn ize the g roups of coherent generators; (2) replace 
the coherent generators by their  dynamic eq u ivalent; (3) 
reduce the network by a Ward-Hale Reduction techn ique ;  
(4)  print out the parameters of  the red uced equ ivalent power 
system in a format compatib le with the in put format of transient 
stabi l ity programs for d i rect implementation .  

The  prototype computer program has been tested on two 
sample systems: 732 buses and 295 generators , and 39 
buses and 1 0  generators, respectively .  The 732-bus system 
has a s imple generator representatio n ,  whereas the 39-bus 
system has detai led generator and excitation  system repre­
sentat ion .  In each case, a tenfold reduct ion of the external 
system was accommodated without sacrif ic ing the requ i red 
s imu lation accu racy. 

The RP904 project has been hig hly successfu l ,  and an 
extension has been granted to ref ine the techn iques devel­
oped. One major d rawback of the existi ng method is that it 
requ i res a fu l l  transient stabi l ity run as i n put to the Coherency­
Based Reduction Program,  which is expensive and impractical 
for many appl ications .  The primary goal for the fol low-on 
effort is to develop an analyt ic procedu re us ing a frequency 
spectrum analysis to c lassify coherent generators. The need 
for runn ing a ful l transient stabi l ity case is thus e l im inated . The 
resu lts so far are encourag ing ,  and the f i nal reports are 
expected to be issued in February 1 977 .  

long-Term Power System Dynamics 

Fol lowing a major d istu rbance, a power system may experi­
ence large excursions in frequency and voltage. Heavy 
overloads may be imposed on transmission l i nes as wel l .  
These stresses o n  the system may last for several seconds or 
min utes , and i n  some cases, may result i n  a cascad ing  fai l u re 
of the system. D u ring  th is period of h igh  stress the system 
may separate i nto islands ,  and some loss of customer load 
may be experienced . 



Conventional transient stabi l ity p rog rams are designed to 
provide accurate system s imulation up to on ly several seconds 
after a d istu rbance. Fu rthermore, program structu re and 
component models are not su itable for analyzing the longer­
term response of the power system.  The goal of RP907 ,  being 
conducted by General E lectric Company, is  to provide the 
necessary analytic tools to permit the study of long-term 
power system dynamics for periods of up to 20 min utes 
fol lowing a major d istu rbance. 

The project's fi rst task was to define the problem by con­
ducting a su rvey of major distu rbances related to long-term 
dynamics . Eighteen major distu rbances, most of which 
occu rred i n  the Un ited States over the past n ine years, were 
selected for the study. Princi pal f ind ings of the su rvey are: 

o The widespread practice of underfrequency load shedd ing 
is beneficial in l imit ing the u lt imate consequences of  a major 
d istu rbance. 

o Distu rbances that are in itiated by the malfu nction of 
protective equi pment or human error are often more devas­
tat ing than those of natu ral orig in .  

o Complex control schemes could b e  prone t o  i n itiati ng 
widespread fai l u res because protection against the fai l u res of 
these schemes is d iff icu lt .  

o It is nearly impossible to predict in advance a l l  the events 
that could trigger a distu rbance. 

Figure 3 Diagram of R P907 LOTDYS 
program structures and capabilities 
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TRANSMISSION AND DISTRIBUTION DIVISION REPORT 

The project's second major task was to deve lop a dig ital 
computer program suitable for s imu lati ng long-term dynam­
ics. A prototype computer p rogram for long-term dynamic 
s imu lation (LOTDYS) was written .  I n  the program, i nter­
mach ine osci l lat ions are ignored in the s imu lat ion because 
that aspect can be stud ied with conventional transient 
stabi l ity programs. The LOTDYS program represents a 
detailed model of the prime movers, i nc lud ing the steam 
generation process, boi ler controls, and the characteristics 
of power plant auxi l iary systems at off-nominal voltages and 
frequencies.  It also includes a model of the automatic genera­
tion control .  

The LOTDYS program was tested on a 68-bus ,  1 6-generator 
sample system.  The results indicated that the program is 
valuable in  p rovid ing information about the interaction  of 
power system components d u ring critical periods that may 
lead to long-term instabi l ity. A prel im inary study was con­
ducted to evaluate the merits of several control strategies for 
mitigating the effects of d istu rbances. The LOTDYS program 
is a potentially valuable tool for analyz ing the impact of these 
control strategies . 

A one - year extension of RP907 has been u ndertaken 
to expand the size of the LOTDYS program to 500 l i nes, 300 
buses, and 1 00 generators, and to i m plement other important 
p rime mover models ,  particu larly the boi l i ng  water reactor. 
The next step will be to test the program in  an actual ut i l ity 
envi ron ment to obtain feedback and g uidance to redefine the 
objectives of long-term dynamics research .  
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Energy Systems, Environment, 
and Conservation Division 
Rene H .  Males, Director 

ENVIRONM E NTAL ASSESSME NT DEPARTM ENT 

During  the short period s ince publ ication of the d ivis ion 's  
Research Progress Report ES-2, work on th ree projects has 
progressed to a point where su mmary review may be helpfu l .  
I n  months to  come, cu rrent activities o f  the department w i l l  be 
discussed accord ing to subprogram organ ization .  Such an 
approach wil l enable ind ivid ual projects to be related in terms 
of their shared pu rposes and goals. 

S02 Reactions on Fly Ash 

The kinetics of reactions occurri ng  on sol id su rfaces are 
d iffi cu lt to study, yet they may have a strong i nf luence on the 
overall chemistry of power plant emissions .  Research now 
nearing completion at the State Un iversity of New York 
(Albany) and at Rensselaer Polytechn ic I nstitute has been 
designed to shed l ight on th is phenomenon .  A molecular 
beam reaction system is being  used to study what happens 
when SQ2 and oxygen impinge on such su rfaces as fly ash 
part ic les. 

Fly ash itself is a complex mixtu re whose exact properties 
depend on fuel characteristics and combustion condit ions. 
Particles from oi l -f i red boi lers ,  for example, are often porous 
or  i rregular in shape, provid ing a large surface area for reac­
t ion (F igure 1 ) .  Coal fly ash can be d ist inctly d i fferent (Figu re 
2). X-ray d ispersive chemical analys is i ndicates the presence 
of elements, such as copper, i ron , vanad i um ,  and manga­
nese, which are capable of act ing as catalysts for S02 

reactions. 
Using the molecular beam system, the probabi l ity of s ingle­

col l is ion reactions of S02 molecules on a partic le su rface can 
be determined .  Understand ing th is basic reaction parameter 
wi l l  lead to a better assessment of the importance of such 
reactions and may inf luence the des ign of systems for emis­
sion control .  

Design o f  a Sulfate Regional Experiment 

The impact of gas and particu late emissions from power 
plants on regional air qua l ity must be assessed because of 
the apparent correlation of these pol lutants with observed 
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health and ecological effects . Also at issue are "second­
generation" poll utants, such as su lfates, n itrates, and acid 
p reci pitation .  To bette r understand the transport and conver­
sion of such agents u nder various meteorolog ical condit ions , 
EPRI  is plann ing a major reg ional a ir  q ual ity monitori ng pro­
g ram in the eastern states. 

To provide supporti ng i nformation for th is effort, the experi­
mental design contractor, Envi ronmental Research & Tech­
nology, Inc . ,  has prepared and examined a new annual  set 
of s imu ltaneous S02 and water-solu ble su lfate a i r  qual i ty data 
col lected in the Oh io Val ley d u ri ng  1 97 4 and 1 975 .  To m in i ­
m ize the inf luence of  local S02 sou rces, samples were se­
lected from uti l ity monitoring  stations u pwind of power plants 
in ru ral areas. Comparison of u pwind and downwind data at 
two sites confi rmed that local i nterferences were not s ignif i ­
cantly biasing the resu lts. These data have been analyzed 
in terms of other aerometric variables, i nc lud ing weather, 
humid ity , and temperatu re .  Resu lts have been compared with 
recent data from U .S .  government arch ives. Several tentative 
conclusions emerge. 

o S ign if icant d ifferences i n  su lfate behavior seem to occur  i n  
d ifferent geographic reg ions .  

o The widespread summer max imum in  su l fate concentra­
t ions observed in the northeast does not occu r  elsewhere. 

o The h ighest annual  su l fate levels are observed in  the region 
of West Virg in ia and western Pennsylvania .  

o A systematic correlat ion is observed between high su lfate 
levels and the temperatu re ,  the atmospheric water vapor 
content, and the tropical a irf low .  

o The hig hest i ntensity of  su lfate appears to be confi ned to 
regions less than a few hundred k i lometers downwind from 
isolated sources of S02 . 

These conclusions suggest that the h igh  su lfate levels 
experienced in the northeast result from many large S02 

sources being in the path of warm a i r  masses , as well as from 
slow atmospheric oxidation processes . 

We are preparing a request for proposals to implement the 
regional mon itoring network. Fund ing authorization wi l l  be 
sought i n  the spring  of 1 976 .  
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Figure 1 Spongelike fly ash particles from an oil-fired 
power plant are revealed by scanning electron micrograph. 
Fuel trace elements on the particles are characterized by 
X-ray analyzer spectrum. Major elements : Si, S, Cu, V, 
and Fe. Minor elements: Mg, Al, P, Ti, Cr, Mn, and Ni. 

Figure 2 Smoother fly ash particles from a coal-fired 
plant exhibit a different profile in the X-ray analyzer spec­
trum. Major elements: Si, S, K, Ca, Ti , and Fe. Minor 
elements : Al, P, Cl, Mn, and Cu. 
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ENERGY SYS fEMS, f:NVIRONMEN L /\ND CONSEHVI\TION D IV IS ION R EPORT 

Ecology of Transmission Corridors 

By compari ng transmission rig hts-of-way of vary ing ages 
with in  comparable l i fe zones of the semiarid southwest, new 
research wil l reveal how siti ng ,  construction ,  and mainte­
nance of transmission fac i l ities affect plant communities. Four 
l ife zones wi l l  be studied:  Lower Sonoran , characterized by 
mesqu ite and creosote bush ;  Upper Sonoran , characterized 
by pi non-jun iper woodland and b lue grama g rassland ;  a 
transit ion zone of ponderosa p ine ;  and Canad ian , character­
ized by spruce-f i r  forest. Resu lts of th is study shou ld be appl i­
cable to areas of New Mexico, Texas, Colorado, Utah ,  
Nevada, and Arizona. 

Semiarid plant commun ities are frag i le  systems,  h ighly sus­
ceptible to d istu rbances and generally bel ieved slow to re­
cover. Documenting recovery t imes wi l l  make it possible for 
uti l it ies to develop transmission corridor sit ing and manage­
ment practices that are cost-effective and have m in imum 
adverse envi ronmental impact. 

This project is part of a program developed by the Envi­
ronmental Assessment Department to study ecological effects 
along transmission corridors throughout the U .S .  Corr idors 
i n  forest ecosystems are being studied in Cal iforn ia, Georg ia ,  
Louisiana, M in nesota, New Hampsh i re ,  New Jersey , O regon ,  
V i rg i n ia ,  and West Virg in ia (Fi gu re 3) .  

ENERGY DEMAND AND CONSERVATION PROGRAM 

EPRI Board actions last fall strengthened this program in two 
particu lar respects: new projects were authorized that extend 
the scope of forecast ing capabi l ity , and proposal requests 
were approved for two analytic efforts related to transporta­
tion .  These and other program activities-inc lud ing publ ica­
t ion of several important research reports-are summarized 
by energy demand sector in the fol lowing brief reviews . 

Residential Sector 

Several key phase reports are now avai lable from a study of 
fuel ut i l ization i n  residential heat ing (RP1 37) conducted by 
Oh io State Un iversity. Report 1 ,  A Study of A ttic Tempera­
tures and Heat Loss in Residential Homes, presents the re­
su lts of model ing energy and mass flows i n  the att ic spaces 
of residential structures. Report 2, Thermal Response and 
Model of Heating and Cooling Equipment for Residential 
Homes, p resents a mathematical model that can s imu late the 
thermal load and energy consumption component of a two­
story house. A th i rd report, Heat Transfer Models and Energy 
Needs for Residential Homes, describes results of the devel­
opment and field val idat ion of algorithms to s imu late heat ing 
and cool ing loads and energy requ i rements for a spl it-level 
and a ranch-style test house. 

Figure 3 This transmission corridor in New Jersey has been selectively sprayed with herbicides to prevent reestablishment of 
large trees . Shrub communities dominate the corridor, m any of them flowering colorfully during the spring or summer. 
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ENERGY SYSTEMS, ENVIRONMENT. AND CONSERVATIO N  DIVIS ION REPORT 

I nstrumentation is now i n  place for measu ring heat ing and 

other energy use, indoor temperatu res , and weather variables 

for both the Ohio State project and a related project by Wes­

t inghouse Electric Corporat ion .  The latter (RP432) is a study 

of load and use characteristics of electric heat pumps in 

s ing le-fami ly dwel l ings .  Data are now being transmitted and 

processed from about 48 houses in  six ut i l ity service areas for 

the Ohio State study and from 1 20 houses in ten service 

areas for the Westinghouse work. 

Commercial Sector 

Data Resources, Inc , has begun work on forecast ing energy 

usage in the commercial sector (RP662). The objective is to 

deve lop a conceptual framework and data base for forecast­

i ng  commercial energy demand on both an industria l  sub­

sector and a regional or state basis .  If the necessary data can 

be developed, dynamic demand models of both a "state 

adjustment" and a " capital uti l ization" type wi l l  be estimated . 

The former requ i res information on usage, energy prices, 

and the level of economic activity. The latter requ i res these 

data plus data on the floor space and the stock of energy­

us ing equ ipment in each commercial activity. 

Transportation Sector 

Although there have been several efforts to develop fore­

cast ing models of gasol i ne  use, there has been very l ittle 

research on the demands for other energy forms derived from 

transportation modes . This must be remedied if we are to 

develop a comprehensive view of fuel supplies to be needed 

by e lectric uti l it ies. 

Proposals have therefore been requested for a study enti­

tled "Analysis and Forecasts of Energy Used for Transporta­

t ion Services, "  which wi l l  lead to a forecasting model 

covering a l l  sou rces and uses. A second request is entitled 

"The Impl ications of E lectric Automobi les for Uti l ity System 

Loads . "  This project wi l l  develop forecasts of the size of the 

electric automobile f leet under alternative assumptions con­

cern ing economic growth ,  the characteristics of e lectric and 

of competing cars , energy prices, and other factors. 

Manufacturing Sector 

Waverman Economic Associates is beg inn ing a two-phase 

project (RP683) for development of a conceptual model that 

wi l l  take account of adjustment time lags and endogenous 

technological change in  the manufactu ring sector. (Tech­

nological change is used here to mean the ach ievement of 

a g iven level of output with a reduced i nput of one or more 

factors of production .)  The second phase of the project wi l l  

focus on the estimation of demand fu nctions for capita l ,  

labor, materials, and each sou rce of  energy in  physical un its . 

The last task wi l l  be the performance of tests to i nd icate 

whether th is approach wi l l  y ield improved forecast ing results 

when compared to other techn iq ues. 

Agricultural Sector 

As part of the objective to obtain coverage of fuel usage in  

a l l  sectors, a project has been i n itiated to  develop models for 

forecast ing agricu ltural energy consumption .  Dr. Lau rits 

Christensen and Data Resources, Inc .  (RP682) wi l l  develop 

models and forecasts of i nterrelationsh ips among the fol low­

ing factors of production :  electricity, petro leum products, 

fert i l izer, machinery, structures, other purchased in puts, and 

labor. An important i n it ial step wi l l  be to compi le and rework 

publ ished and unpubl ished data relevant to the construction 

of agricu ltural energy demand models. 

Cross-Sectoral Studies 

Applied Nucleonics Company, I nc . ,  has completed a project 

(RP2 1 1 )  to produce a reference handbook summariz ing 

exist ing technology for more efficient energy use. The text 

is organ ized by end-user ( industrial , residential , commercia l ,  

and agricu ltural) , by equi pment and process (heat ing ,  l i ght­

i ng ,  mechanical processes, electrolytic and electronic pro­

cesses), and from a systems point of view. Whi le all energy 

forms are considered, the primary focus is on electrical 

energy .  The handbook, publ ished by Pergamon Press i n  

February and being distr ibuted i nternational ly ,  is  entitled 

Efficient Electricity Use. 
The State of the Art of Electricity Consumption Models, 

Part I of an assessment of energy mode l ing by Charles River 

Associates (RP333), is now in  draft form. This project reviews 

the conceptual bases of a number of econometric models 

intended for state or natiO"nal electricity forecasting  i n  various 

sectors. It a lso performs tests to determine the stabi l ity of 

estimated parameters over t ime and to assess the models' 

forecast ing performance. 

A th ird cross-sectoral report, also in draft form, is Electric 
Energy Usage and Regional Economic Development: A Pilot 
Study, by the School of Management of the State un ·1versity of 

New York at Buffalo (RP334). This project investigated pre­

viously u ntried approaches for i ntegrat ing electricity con­

sumption forecast ing i nto a macroeconomic model of 

regional growth.  Its objective is to show whether these are 

feasib le for large-scale regional energy forecast ing .  

Future Research 

With i n itiation of the transportation sector projects, active 

work in this division wi l l  cover all sectors and all energy forms. 

Futu re research wil l a im at i ntegrat ing these results into a 

un if ied pictu re of energy-usage behavior, particu larly­

through in-house work-in forecasts of energy consumption. 

The staff a lso seeks to increase the depth and extend the 

resu lts of i n it ial efforts. A new concern is the forecasting of 

seasonal and time-of-day load curves . A workshop on rele­

vant methodologies was held in December, and its proceed­

ings wi l l  be publ ished short ly. 
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At the I nstitute 

EPRI BOARD APPROVES $2 1 MILLION I N  NEW ENERGY RESEARCH 

Approval of $21 million in new electric 

energy research for 73 new projects and 

expansion of 17 existing projects high­
lighted the November 5 EPRI Board 

of Directors meeting in Palo Alto. 
Significant expenditures were autho­

rized to improve processes for producing 

clean coal and for converting coal into 

clean-burning fuels. 

Other actions included the election of 

Thomas G. Ayers, chairman and presi­

dent of Commonwealth Edison Com­

pany, Chicago, to the EPRI Board of 

Directors and approval of EPRI's 1976 

program plan, which calls for research 
expenditures of $129 million. 

A test program on nuclear fuel behav­

ior in power reactors is included in the 

Ayers Bel l  

approved projects. The ultimate goal 

of this and related nuclear programs is to 
establish a more comprehensive data 

base on the behavior of nuclear fuels 

under various duty cycles. 

Additional funds were authorized for 

more extensive measurement of factors 

that contribute to corrosion damage in 
steam generators. Remedies for corrosion 

damage will decrease outage time in 

power plants and result in more reliable 

electric service. 

Another key study will compile a 

data base on the resources, availability, 
and quality of our country's water sup­

plies. This information is necessary in 

planning the technology for synthetic 

fuel production and power plant cooling. 

Johnson Mitchel l  

EPRI Continues Participation in Norway's Halden Project 

EPRI recently signed an agreement 
calling for a three-year continuation of 
its support of the Halden Reactor Project 

in Norway. 

Under the administration of the Nor­

wegian Institute of Atomic Energy, the 
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Halden Project has operated for fifteen 

years as an international cooperative 

experimental facility to conduct studies 

on the improvement of performance and 

reliability of water-cooled nuclear 

reactors. 

Additional studies will forecast fuel 
and energy prices for 1985 to 2000, the 

implications of electric automobiles for 

the electric power industry, and trans­

portation energy use in relation to elec­

tricity supply and demand. 

Also authorized were funds to develop 

advanced equipment and computer 
techniques to increase the reliability, 

capacity, and efficiency of the nation's 
500,000 miles of high-voltage electric 

lines. Major transmission and distribu­

tion projects will involve the design 

and testing of instruments to detect hot 
spots and thus predict the breakdown of 

insulating materials in transformers. 

The Board also appointed three new 

members to the EPRI Research Advisory 

Committee: Robert A. Bell, director of 

research and development, Consolidated 

Edison Company of New York, Inc.; 

William R. Johnson, chief electric gener­

ation and transmission engineer, Pacific 

Gas and Electric Company; and Clay­

bourne Mitchell, Jr., director of engineer­

ing research, Detroit Edison Company. 

The total value of the 620 research 

projects now under management or in 

contract negotiation, including joint 
funding, is $415 million. EPRI's share of 

this amounts to $305 million. 

For the next three years, the total 

budget of the project is approximately 

$13 million. EPRI's contribution during 
this time will be about $900,000. 

Project participants include national 

research organizations from Denmark, 



Finland, the Federal Republic of Ger- German R&D Delegation Visits EPRI 
many, Italy, Japan, the Netherlands, 
Norway, and Sweden, as well as other 
U.S. organizations. 

EPRI was first accepted for full partici­
pation in the project on January 1, 1974. 
The Institute's membership in the project 
(1) provides the U.S. electric utility 
industry with an up-to-date fuel per­
formance data base independent of fuel 
suppliers; (2) gives EPRI an opportunity 
to help formulate, to receive, and to 
review the results of a technical program 
to improve water-cooled reactor per­
formance; (3) provides an opportunity 
and a facility for in-service training of 
EPRI staff and utility fuel engineers; and EPRI President Chauncey Starr (right) greets Minister Hans Matthofer, Federal Min istry for Re­
(4) gives the U.S. utility industry a voice search and Technology, Federal Republic of Germany, at EPRl 's Palo Alto headquarters October 
in an extremely important project. 1 1 .  FRG Consul General Lothar Schuenke (far left) and George H i l l ,  di rector of EPRl 's Fossil 

Fuel Department, look on. The German delegation, which included the Min istry's energy technology 

Jan Erik  Lunde (left), of the Norwegian Institute research and development program manager, received a briefing from Starr and other senior 

of Atomic Energy and manager of the Halden EPRI officials on the objectives and programs of the Institute. 

Project, and James A. Lande, manager of 
EPRl 's Contract Department, review some 
details of the new three-year agreement. 

Advisory Council Establishes 

New Committees 

At its November 24-25 meeting at EPRI 
headquarters, the EPRI Advisory Council 
organized four standing committees to 
examine topical areas that could influ­
ence the Institute's research plans: na­
tional issues, environment and ecology, 
power sources and utilization, and 
comm uni cations. 

The national issues committee, chaired 
by Congressman Joseph L. Fisher, will 
be concerned with those affairs outside 
the energy matrix that could affect EPRI 
program plans. 

Merril Eisenbud, director of the Lab­
oratory for Environmental Studies of the 
New York University Medical Center, 
and Elvis J. Stahr, Jr., president of the 
National Audubon Society, are cochair­
men of the committee on environment 
and ecology. 

Bruce Netschert, vice president, Na­
tional Economic Research Associates, 
Inc., was named chairman of the com­
mittee on power sources and utilization. 

The fourth committee will direct its 
attention to EPRI's role and responsi­
bility in communicating with the public, 
government, and industry. This group 

is being chaired by Ralph Lapp of Quadri 
Sciences, Inc. 

The Council, composed of prominent 
leaders from government, labor, edu­
cation, science, and business, helps to 
provide an effective liaison between the 
public served by the electric utilities and 
the EPRI Board of Directors and staff. 

The Council meets quarterly to discuss 
public attitudes and needs as well as to 
make recommendations on EPRI's pro­
gram direction. The next meeting of the 
Council is scheduled for February 6 in 
Washington, D.C. 

Scrubber Wastes 

Subject of EPRI Meeting 

How to minimize the environmental 
impact of scrubber wastes was discussed 
by Institute technical staff and electric 
utility managers during an October 28 
meeting at EPRI. 

Because different types of coal produce 
different types of waste problems, there 
are numerous disposal methods. Scrub­
ber waste (sludge) is a mixture of calcium 
sulfate/ sulfite, fly ash, and water left 
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over from flue gas cleaning processes. 

U.S. power plants will produce a tre­
mendous amount of sludge. According 

to Lawrence Nannen, S02 project man­

ager in EPRI's Environmental Control 

and Combustion Program, "Burning 

coal containing 3% sulfur and 12% ash 
in a boiler would produce about 1 million 
tons of sludge each year from a 1000-
Mw plant-assuming that the sludge is 

SO% water." 

Nannen explains that this sludge, 

presently being disposed of in ponds, 

" All  Availa ble U.S. 

Energy Sources Needed" 

"Meeting this country's electric power 

needs through the rest of the century 
will require full utilization of all available 

domestic energy sources," EPRI's Dwain 

Spencer told an October 29 Atomic 
Industrial Forum meeting in Boston. 

"If we are to avoid major disruption 

of our social and economic structures, 

it is not a matter of selecting between 

nuclear and alternative energy sources," 

Spencer said. "Rapid expansion of nu­
clear power is necessary to meet our 

projected capacity needs in the fore­

seeable future. Even with this expansion, 
much greater use of coal and oil will be 

necessary to meet projected loads." 
Spencer, technical manager for plan­

ning, Fossil Fuel and Advanced Systems 

Division, warned the AIF Public Affairs 

Workshop that "under the best of cir­

cumstances, the average cost of generat­

ing baseload electric power will double 

by 1985. 
"Conservative estimates call for a total 

installed national capacity of 2 million 

Mwe by the year 2000, compared to ap­

proximately 500,000 Mwe today. We 
estimate that nuclear sources and coal 

will each account for 35% of our electric 

power production at the turn of the cen­
tury; oil, hydroelectric, and synthetic 

fuels will account for most of the rest. 

This will call for three to four times the 

level of coal utilization and a tremendous 
increase in nuclear capacity, from 40,000 

Mwe today to 700,000 Mwe by 2000. 

"Although we are blessed with large, 
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could possibly pollute nearby water 
systems. "In trying to meet government 
regulations on burning coal," states 
Nannen, "we're finding that air pollution 

problems are often being converted into 

potential water pollution problems." 

The utility managers and EPRI staff 

discussed recent government recom­
mendations that power companies have 
their sludge "fixed." This process in­
volves converting the gel-like sludge 

into a concrete-like material. It's an 
expensive process and some participants 

known, recoverable coal resources in this 

country (about 250 billion tons), approx­
imately SO% of it will require sulfur 
control," Spencer said. "It is necessary 

to classify our various coal deposits 

according to the degree of cleaning re­

quired. Then we must determine in each 
instance whether it is best to clean the 

coal before burning, clean the combus­

tion gases after burning, or some of each. 

At this time there is not a clear-cut answer 

to that problem." 

Spencer explained, "Coal liquefaction, 

coal gasification, and coal beneficiation 

[ chemical cleaning] show real promise 

as future clean energy sources but appear 
to be 10 to 15 years away from com­

mercialization-and then only at costs 
above those of current fuels. 

"Over the past few years, utilities have 

been forced to rely on stack gas cleanup 

for sulfur removal since it has been the 

only technology available," Spencer 

said. "But scrubbers today are not reli­

able enough for continuous compliance 
with recommended sulfur emission 

controls. The day these are enforced, 

utilities will have to build in costly re­

serve capacity to accommodate scrubber­
forced outages. A critical challenge for 

industry is to develop systems that will 
get rid of sulfur with higher reliability 

as early as possible. 

"Ever-changing standards for control 

of sulfur, oxides of nitrogen, and fly 
ash will present a constantly moving 

and very expensive target for utilities 

for the balance of the century," Spencer 

said. "There is a major need for closer 

reported that water from even fixed 
sludge can leach into the ground. 

"We also discussed ways to process 

sludge into a useful industrial material," 
comments Nannen. "For example, in 

Japan they use sludge for construction 
material." 

According to Nannen, the utility par­

ticipants provided strong direction in 

preparing an EPRI sludge disposal re­

search program which will be underway 

shortly. 

coordination between the Federal Energy 
Administration, the Environmental Pro­

tection Agency, and industry to provide 

for regulations that will protect the envi­

ronment while still allowing for produc­

tion of adequate electric power at an 
acceptable cost. We also have to factor 

in state emission-control programs." 

Spencer said, "Combined cycle power 

plant operations that use advanced gas 

turbines, fuel cells, or magnetohydro­

dynamic generators in combination with 
conventional steam turbines show prom­
ise of higher thermal efficiencies than 

present fossil fuel plants. We expect 

them to provide overall efficiencies rang­

ing from 45% to SO% compared to 40% 

to 42% for present coal-fired plants. 

"These systems, which will probably 
become commercial between 1985 and 

1990, will reduce cooling water require­

ments while getting as much as 15% to 

20% more electric power out of the same 

amount of coal. Combined-cycle system 

development is a major focus of the 

EPRI advanced systems R&D program." 

Spencer also touched briefly on geo­

thermal resources. "Today, total world 

electrical capacity from geothermal 

energy is approximately 1200 Mwe. Of 

this amount, 502 Mwe is in the United 
States, at the Geysers in northern Cali­

fornia. Projected U.S. capacity by 1985 

is from 2400 to 3800 Mwe. Estimates 

of total capacity by the end of the century 

range from 10,000 to 50,000 Mwe. The 
specific reserves in the U.S. are very 

speculative and are primarily restricted 

to the western states." 



Balzhiser Predicts 
Upsurge in Coal Consumption 

"Public concern with nuclear power 

and utility concerns over fuel and capital 
availability are certain to delay nuclear 
commitments in the next few years," 

EPRI's Richard Balzhiser told delegates 

to the recent Atomic Industrial Forum 

winter meeting in San Francisco. 
According to Balzhiser, who heads 

EPRI's Fossil Fuel and Advanced Systems 

Division, the consequences of nuclear 

delays "will mean an increase in the 

number of coal-fired plants that will 
have to be ordered in the late 1970s 

and early 1980s to satisfy projected 
power demands . 

"Coal must play an increasingly im­
portant role as the basic utility fuel, 

even though to date its supply and utili­

zation have been constrained," he con­
tinued. "On the one hand, we have 

government action imposing tough air 

quality standards and strip-mined land 
reclamation requirements, and on the 

other hand, we have a lack of govern­

ment action in recognizing multiple 
approaches to pollution control and in 

the leasing of new coalfields." 
In surveying fossil fuels, Balzhiser 

pointed out that natural gas will become 
less available, even with deregulation. 

"I have seen no evidence that we can 

ever again expect domestic crude oil 

to equal the production levels of recent 
years," he added. 

He further noted that neither resource 
constraint will decrease the projected 

growth of electric power consumption 

in the U.S. "An EPRI study has con­

cluded that electricity demand would 

double every 10 to 15 years over the 

balance of this century if essential energy 

and economic demands were met." 
According to the same EPRI study, 

by the year 2000 an electric generation 

mix equally divided between coal and 

nuclear would mean utility coal con­

sumption six times today's level and an 
eightfold expansion of proven uranium 

reserves. 

"Most near-term projections," Bal­

zhiser said, "have assumed coal use 
would double by 1985. These projections 

have assumed a nuclear development 

rate which today seems unlikely. Thus, 
still faster expansion of coal-fired gen­

erating capacity, using today's tech­

nology, will be a necessity. 

"We can expect little help from new 
technologies in coal utilization over the 

next 10 years, with the possible excep­
tion of the emissions control area. Scrub­
bers will be the primary sulfur control 

system," Balzhiser explained, "with 
coal cleaning and tall stacks with inter­

mittent controls hopefully available for 

maintaining air quality standards over 

large regions of the country. 

"From 1985 to 2000," Balzhiser stated, 

"unless the uranium reserve picture 

deteriorates and the breeder reactor 

gets derailed, nuclear should begin to 

assume a more substantial role in the 
generating mix. 

"Advanced systems have promise," 

he said, "but their contribution to future 
energy supply is likely to be small before 

the year 2000. Today's real need in 
energy R&D planning," he urged, "is 

a game plan, not just rhetoric." 

Because the stakes are so high in terms 

of national economic security, Balzhiser 
called for "creative federalism" in which 

government and industry collaborate 

to ensure that physical, organizational, 
intellectual, and capital resources are 

optimally deployed. 
He concluded by telling AIF members, 

"We are approaching a point of dimin­
ishing returns in trying to convince the 

opponents of nuclear power and coal 

that these can be safe, economical, and 
environmentally compatible. Rather, 

I believe we must demonstrate that we 

have no better options for most of the 

United States and, indeed, most of the 
world." 

"Superconducting Transmission 
May Cut Capital Costs in Half" 

"Superconducting technology could 

offer more power at lower costs for 

future generation and transmission of 

high-density electric power, stated 
EPRI's Mario Rabinowitz at the Inter­

national Energy Engineering Congress 

held in Chicago recently. 
Rabinowitz, manager of supercon­

ducting and cryogenic projects at EPRI, 

remarked that based on the past rate of 
electric power growth a possible sixfold 

increase may be expected in the next 

30 years. "To meet an estimated demand 

of more than 1000 Gva before the year 

2000, the electric utilities will have to 

acquire an additional 700 Gva of genera­

tion, transmission, and distribution 
capacity. 

"Capital costs may be greater than 
$400 billion if conventional means are 

used to deliver this increased demand. 

Superconducting transmission, if suc­

cessfully developed, would allow higher 
electric power blocks to be efficiently 

delivered, with resulting ca pita! costs 
possibly cut in half." 

He emphasized, however, that super­

conducting transmission does not appear 
to be economically competitive with 

conventional transmission at power 

levels below 3000 Mva. And although 

the major need in the next two decades 

appears to be at power levels below 

3000 Mva, Rabinowitz said that this 
"should not deter us from conducting 

a vigorous and meaningful program 

so that the technology is ready when 
the need is critical." 

Rabinowitz explained that cryo­

resistive and superconducting trans­
mission are two different cryogenic 

(low-temperature) phenomena. There 
is only a small increase in conductivity 
in present-day ac cryoresistive trans­

mission. For de superconductivity, the 

conductivity is infinite; and for ac, it is 

extremely large. 
EPRI currently funds and manages 15 

projects in cryogenic research technology. 
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"IEPRI Distribution R&D 
looks for Immediate Payoffs" 

"The first priority for distribution R&D 

at EPRI," says E. Robert Perry, director 

of EPRI's Transmission Department, 
"is to complete the development of prod­
ucts and concepts that are already well 

along and hold promise of an immediate 
payoff." 

In remarks to the Power Distribution 

Conference at the University of Texas 

in Austin on October 20, Perry stated 
that electric power transmission and 

distribution products account for a capi­
tal outlay by the utilities of approxi­

mately $7 billion per year, and power 
losses on T&D systems exceed 100 

billion kwh per year-or over $2 billion 

in lost revenue. "The incentive for econ­

omies in system operation is consider­

able," he said. "The reduction of losses 

alone could easily recover the R&D 
dollars spent on T&D research." 

Perry noted that the functional reli­

ability of the thousands of critical com­

ponents in a distribution network has 

motivated EPRI to conduct research 
into means of automatic control, fault 

current limiting, switchgear improve­
ments, and improved maintenance 

methods. 

Communications has first priority 
in distribution automation, he noted. 

"All potential communication system 

carriers will be evaluated-such as power 

distribution lines, radio, dedicated 

utility-owned wires, leased telephone 
facilities, coaxial cables, and electro­
optical systems. The potential benefits 

from automation are almost unlimited: 

reliability improvement, manpower 

Computer Code Development 

Approximately 100 technical representa­
tives from utilities, government labora­

tories, universities, private industry, and 

U.S. and foreign nuclear regulatory 

agencies met with EPRI Nuclear Power 
Division staff on November 21 to hear 
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reduction, more efficient use of resources, 
economic system operation, and public 

relations. enhancement." 

Closely associated with distribution 

automation is automatic meter reading, 

including turnoff, turnon, and statistical 

control, Perry pointed out. "This tech­

nology will be developed as a follow-on 

to distribution automation, along with 

substation and distribution system moni­

toring and control, load management, 
peak-load control, and load deferral." 

He also noted that the growth of fault 

currents has increased the duty on cir­
cuit breakers or interrupters to the extent 
that fault current limiters have become 

desirable for both transmission and 

distribution systems. (See feature article, 

page 14 .) In transmission, Perry said 

that either a turned circuit or switched 

impedance device seems called for; in 

distribution, a switched impedance or a 

type of solid state device is also being 

evaluated. 

"Other EPRI distribution R&D proj­
ects that will produce near-term results," 

he continued, "include separable con­
nector tests, evaluation or transformer 

tank failures, concentric neutral corro­

sion tests, and efforts to manufacture 

distribution poles from foamed glass, 
utilizing fly ash as an additive. Other 

near-term projects are designed to inhibit 

the growth of trees and shrubs along 

rights-of-way or to control the biological 

deterioration of wood after it becomes 
part of the distribution system." 

Perry also discussed programs at EPRI 

involving ways of implementing more 

about EPRI's program in light water 

reactor (LWR) technology. 
The meeting, timed to coincide with 

the American Nuclear Society Winter 

Meeting in San Francisco, emphasized 
the Institute' s analysis and computer 

efficient trenching and line-stringing 

equipment, installation procedures, and 

even crew deployment. 
According to Perry, long-term distri­

bution programs at EPRI are concerned 

with those projects that hold "the prom­
ise of truly impressive gains." In par­

ticular, he spoke of one program under 

consideration that will substantially 

improve the magnetic properties of core 

steel, while enhancing the retention of 
these properties. "The higher ratings 

that will then be possible could save 
the utility industry close to $200 million 

per year in both power and distribution 
transformers with a substantial reduction 
in no-load losses." 

Other major research efforts discussed 

by Perry were for developing suitable 

new transformer liquids within the next 
few years. "Beginning in 1976," he said, 
"oils selected by General Electric will 

be tested at elevated temperatures by 

General Electric, Westinghouse, and 
McGraw-Edison in standard 25-kva 

distribution transformers of their design 

and manufacture. From this three-year 
research program, serviceable new in­
sulating liquids will be developed." 

He concluded that it was essential that 

the utility industry recognize that prop­
erly conducted and coordinated R&D, 

including product improvement, could 

be an asset and not a liability by reducing 
capital outlays for system construction 

and increased reliability. In the T&D 

area, this return could occur in less than 

five years. 

code development efforts in the L WR 

program area, along with the intended 
use of experimental data to validate 

them. 

Lance Agee, project engineer in the 

Safety and Analysis Department, orga-



nized the meeting. At the meeting, Agee 
described EPRI' s proposed Best Estimate 
Safety /Transient Computational System 
being developed to obtain realistic evalu­
ations of reactor system performance 
under normal and off-normal conditions. 
This system is currently capable of per­
forming reactor plant analysis in 
the areas of core performance, system 
thermal-hydraulics, and structured me­
chanics. 

Reporting on another major discussion 
topic, Agee said, "The use of a modular 
system with a data base manipulator 
could perhaps serve as a generalized 
approach for simplifying the handling 
of large amounts of data and for expedit­
ing the linkage of the many related com­
puter programs. 

"This type of system has been success­
fully used at a number of national lab­
oratories and provides greater flexibility 
for calculating reactor system design and 
performance parameters under a variety 
of conditions." 
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Project H ighl ights 

EPRI Negotiates 64 Contracts 

EPRI signed 64 new research contracts d uri ng the months of 
October and November. A representative sampl i ng  of these 
new contracts, as wel l  as information on other cu rrent proj­
ects, fo l lows. A l ist of new contracts is on page 60 . 

Home Heating with Electric:: Heat Pumps Examined 

" Electric heat pumps appear to be good alternatives to com­
monly used heating and coo l ing systems, l ike gas, o i l ,  or 
electric resistance, " accord ing  to the program manager for 
Energy Demand and Conservation ,  Robert Crow. "And 
because of the l i ke l ihood of gas curtai lments and the sky­
rocketi ng price of oi l ,  heat pumps are looking better every­
day . "  

EPRI i s  sponsoring a load research study with the Associa­
tion of Edison I l l uminating Companies to determine how wel l 
heat pumps perform u nder actual condit ions i n  homes. As 
part of the study, monitori ng equ i pment is col lecti ng  impor­
tant data on the rel iabi l ity, o perat ing costs, and energy use 
and demand characteristics of hundreds of heat pumps in ­
stal led i n  homes throughout the  country. 

Crow attributes the renewed interest in heat pumps to 
recent engineeri ng advances and the satisfactory perfor­
mance of heat pumps in warm c l imates . 

"The heat pump's performance varies accord ing to c l i ­
mate , "  C row explains .  " It works by f i rst d rawing i n  and then 
contract ing or expand ing heat from the outside air ,  depend­
ing on whether heat ing or cool ing is  desi red . But when the 
air outside tu rns very cold ,  it becomes d ifficu lt  for the heat 
pump to provide a comfortable environment. In most sections 
of the country ,  therefore, the heat pump requ i res a backup 
electric resistance heating system. " 

Data wi l l  cover one year's operation and should help to 
determine the impact that heat pumps wi l l  have on e lectricity 
generating  requ i rements and to evaluate system performance 
under various c l imatic condit ions. 

The 1 2  partic ipating  uti l it ies in var ious c l i matic areas are 
Southern California Edison Company, Publ ic  Service Com­
pany of New Mexico, Houston Lighti ng & Power Company, 

56 EPRI JOURNAL Fe bruary 1976 

Florida Power & L ight Company , Ph i lade lph ia Electric Com­
pany, Publ ic Service Electric & Gas Company of New Jersey , 
Consol idated Edison Company, Rochester Gas & Electric 
Company, Consumers Power Company of Mich igan , North­
ern States Power Company, Middle South Services , Inc . ,  and 
Pacific Gas & Electric Company . 

The contractor for the study is West inghouse Electric 
Corporation .  Walter B lumst , market ing research manager at 
Pacific Gas & Electric Company, is the chai rman of an 
electric uti l ity task force set up to provide techn ical expertise 
for the overall p roject. 

Improved Surge Arresters Being Developed 

A $1 .3 mi l l ion contract has been awarded for developing  
su rge arresters us ing  metal oxide non l i near resistors instead 
of the usual s i l icon carbide resistors. Westinghouse Electric 
Corporation wi l l  perform the research .  

Arresters are used to  prevent transient overvoltages on 
e lectric power transmission l i nes. The arresters i n  th is fou r­
year study wi l l  be evaluated for transmission systems up  to 
1 200 kv. The protective voltage level objective is 1 .5 per un it 
of maximum l i ne-to-g round voltage without us ing gaps. 

Recent research i n  the U .S .  and abroad has shown that 
certain metal oxides possess non l i near characteristics that 
may be superior to si l icon carbide for arrester appl ication .  

If the research is successfu l ,  insu lat ion requ i rements for 
substation equ i pment wi l l  be reduced and ,  consequently, 
the uti l it ies' costs. I n  addition , it wi l l  be possib le to ship h igher 
kva transmission voltage power transformers. 

Environmental Impacts 
of Solar Power Plants Being Assessed 

Assess ing the envi ronmental impacts of solar energy power 
plants is the goal of two recently commissioned EPRI p roj­
ects. The contractors are Black & Veatch of Kansas City and 
Woodward-Clyde Consu ltants of San Francisco. 

Black & Veatch ,  a consult ing engineering  firm, wi l l  explore 
five processes for solar radiation conversion i n  a 20-month , 
$323 ,000 project (1 ) solar-thermal convers ion ,  the use of 



On the left is the heat pump and on its right is a locked box that 
encloses meters and a three- track recorder for measuring the 
compressor load for heating and cooling, which co nnects with a 
smaller box that holds a similar recorder for measuring the tem­
perature a nd the total load for the house, including the indoor fan .  
O n  the far right i s  the usual house m eter that m easures the kwh 
tra nsmitted from the electric power company . 

Robert Crow from EPRI  (left), Richard Batey from Westinghouse 
Electric Corporation (upper right), and Walter Blumst  from Pacific 
Gas & Electric Company (lower right) exam ine the metering 
i ns tallation at one of 1 O homes in the Oakdale, California, area . 
This m etering installation m easures and records the heat pump 
compressor load for heating, cooling, a nd auxiliary heating. The 
heat pumps installed in  the hom es are part of a national EPR I  
study to  examine the performance of  hom e heat pumps .  

the sun 's  rad iat ion to make steam for d rivi ng  a conventional 
tu rbine generator; (2) photovoltaic conversion ,  the use of 
solar cel ls to convert solar radiation d i rectly i nto electricity; 
(3) ocean-thermal-gradients, the use of d ifferent depth tem­
peratu res of the ocean to produce electri city ; ( 4) wind energy; 
and (5) photosynthesis (biomass), the g rowing  of crops for 
use as power fue l .  

The 1 9-month , $293,000 Woodward-Clyde study cal ls  for 
an environ mental assessment of solar-thermal and wind 
convers ion .  

The two contractors wi l l  use different methods for assess­
ing  impacts: Woodward-Clyde wi l l  develop a new and ad­
vanced methodology whi le B lack & Veatch wi l l  use a more 
conventional approach .  The primary objectives of both proj­
ects are to establ ish a basis ( inc lud ing envi ronmental im pact 
assessment, cost comparisons, and site evaluat ion stu dies) 
that wi l l  al low electric uti l it ies to objectively analyze solar 
energy plants as alternatives to other plant types. 

Both beneficial and adverse environmental impacts wi l l  
be  assessed fo r  each alternative system.  These envi ronmental 
assessments wi l l  then be general ized by the two contractors 
accord ing to the regions of the nat ion i n  which there are 
potential locations.  The range of environmental effects for 
appl icable geographic regions can then be deve loped .  

Secondary impacts wi l l  a lso be assessed , i nc lud ing the 
resource and manufactu ring requ i rements for each solar 
energy system and the probable degree of market penetration 
for various regions of the nat ion.  

Al l  f ind ings from the studies u lt imately wi l l  be integrated 
and summarized so that the data requ i rements for p reparation 
of solar plant envi ronmental impact statements and other 
plant l icensing  documentation can be defined . 

The Woodward-Clyde study is the f i rst EPRI  interd ivisional 
project, being cosponsored and comanaged by EPRl 's Fossi l  
Fue l and Advanced Systems Division and the  Energy Sys­
tems, Environment, and Conservation Divis ion . Staff from 
EPR l ' s  Solar Power Program are examin ing the techn ical 
aspects of the study whi le ESEC staff look at the economics 
of the study and examine the envi ron mental imp l icat ions. 

" Even though some solar concepts show promise , "  says 
Piet Bos, manager of EPRl 's Solar Power Program ,  "they 
are not yet cost-competitive with other energy sou rces for 
large-scale electric power generation .  Basical ly, this is 
because of the problems involved i n  using the sun 's d i ffused 
rays, its unavailabi l ity on a 24-hou r  bas is ,  and its low rel iabi l­
i ty on a dai ly basis d ue to possible c loud cover . " 

Study Examines New Type of U.S. Power Plant 

Whether it is  possib le to use underg round geothermal hot 
water as an energy source to d rive new U .S .  power plants is 
being  explored in a new $595 ,000 study commissioned to the 
Ben Holt Company and Procon ,  !nc .  

EPRI JOURNAL February 1976 5 7  



There are several forms of geothermal energy ,  i nc lud ing 
hydrothermal convection systems, geopressu re ,  d ry hot rock ,  
magma, and  normal g radient. The most abundant form that 
may yield to present d ri l l i ng  and power conversion technol­
ogy is  found i n  hydrothermal convection systems. Th is is  
where the heat of  the earth ,  i n  combination wi th runn ing 
water, has formed both natu ral underg round d ry steam and 
hot water reservoi rs at high pressure . 

Although d ry steam reservoi rs are now being  used to pro­
d uce electric power at the Geysers in northern Cal iforn ia ,  as 
well as in Italy and Japan , such reservoi rs are relatively rare. 
On the other hand , hyd rothermal or hot water reservoi rs are 
much more abundant, and although  they generally have a 
lower heat content, power plants i n  Mexico, New Zealand , 
and Japan are using this type of resource. In these plants , 
a port ion of the underground hot water is converted (f lashed) 
to steam and used for e lectric power generation .  

"Those countries wh ich have demonstrated the flashed­
steam technology do not have the same environmental con­
straints imposed on them as would be the case i n  the U .S . , "  
accord ing  to Vasel Roberts, EPRl 's  p rogram manager for 
geothermal projects. 

"The focal point of the EPRI  study, " says Roberts, "is to 
determine whether the exist ing power conversion techn iques 
wi l l  work effectively with the types of geothermal hot water 
resou rces found in the U .S .  in terms of being cost-competitive 
with other energy sources and in terms of meet ing envi ron­
mental constraints . "  

The u ltimate goal o f  EPR l ' s  " low-sa l i n ity" hyd rothermal 
p rogram, which encompasses the Ben Holt-Procon project, 
is  to select a site for a demonstrat ion plant after f i rst identify­
i ng  geothermal site characteristics. "This wi l l  be fol lowed by 
the development of deta i led plant requ irements and a pre l im­
inary design , "  says Roberts. "After th is is done, EPRI  wou ld  
expect the part ic ipating  ut i l ity or uti l it ies to he lp f i nance the 
demonstrat ion plant, wh ich is  expected to be i n  operation  
by 1 980 . "  

The greatest techn ical problem i n  us ing underground hot 
water for power pu rposes l ies in the water 's chemical charac­
teristics .  General ly ,  the more d issolved salts there are in the 
water, the more d ifficu lt it becomes to extract energy and 
min imize the effects of sca l ing ,  corros ion ,  and eros ion .  

Roberts p red icts that the ut i l izat ion of  our  country 's  geo­
thermal resources could triple every five years, reach ing  
20,000-1 00 ,000 Mwe of electric power by  the  year 2000 . 
"The Geysers f ield in northern Cal ifornia now su ppl ies about 
500 Mwe of electricity, which is  rough ly equ ivalent to meeting  
t he  power needs o f  a city of half a m i l l ion , "  says Roberts. 
"The western th i rd of the U .S . ,  i nc lud ing Louis iana and 
Texas, has signifi cant amounts of geothermal energy re­
sources , "  concludes Roberts. 
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EPRI to Study Steam Plant Surface Condenser Leakage 

I ncreasing the rel iab i l ity of both nuclear and fossi l  fuel power 
plants is the u lt imate goal of a 1 2-month , $237 ,000 EPRl­
funded research project (RP624) started by Bechtel Cor­
poration i n  November 1 975 to study steam plant su rface 
condenser leakage. 

Tube fai l u res i n  su rface condensers cont inue to cause 
leakage that c reates major rel iabi l ity problems for the uti l i ty 
industry. Accelerated corrosion of system materials and 
fou l i ng  of heat transfer su rfaces resu l t  in su bstantial down­
t ime to repair condensers,  steam generators , and other com­
ponents that deteriorate as a result of condenser leakage. 

To determine what data presently exist on the su bject, th is 
b road study wi l l  encompass all the factors that contri bute to 
deteriorat ion and leakage of condenser tu bes. The resu lts wi l l  
be summarized i n  a state-of-the-art description  of  the best 
methods avai lable to cu rtail condenser leakage. The study 
wi l l  p rovide gu ide l i nes for selection and operation of con­
densers and wi l l  h igh l ig ht areas requ i ri ng  i nc reased R&D 
effort. 

The study is main ly concerned with n uclear un its 1 00 Mwe 
and larger and fossil fuel u n its 600 Mwe and larger. There are 
about 50 nuc lear un its and some 70 fossi l  fuel un its in these 

The Geysers Power Plant of Pacific Gas & Electric Company, 
Sonoma County, California. The turbine-generator units are 
installed singly or in pairs with evaporative cooling towers in the 
center of groups of steam wells. This helps to minimize the heat 
loss in piping the steam from geothermal wells to the plant. 



categories. Although most of these are relatively new plants 
( in  commercial operation less than 1 0  years), the f ield su rvey 
wi l l  also inc lude some older fossi l  fuel u n its from uti l i t ies that 
have shown strong techn ical i nterest in the f ie ld .  

To select the su rvey sample, Bechtel w i l l  prepare a matrix 
of all the un its under considerat ion ,  i nc lud ing several un its 
with a s ign ificant number of titan ium condenser tu bes. It w i l l  
contain pert inent data on plant age ,  s ize ,  and type; on con­
denser configu ration ,  design , and materials; on c i rcu lat ing 
water system characteristics and approximate water composi­
t ion ;  and on tu rb ine cycle treatment p rocedu res and controls . 
Th is f low of i nformation wi l l  be expedited by us ing telephone 
and mai l  questionnaires. 

The exact number of stat ions to be i nc luded in  the su rvey is 
not defi n i te at th is t ime but wi l l  be no less than 30.  The survey 
l ist w i l l  be submitted to EPRI for review and comment. 

When the l i st of stat ions to be surveyed has been com­
pleted, the selected stat ions wi l l  be contacted to schedu le  
plant visits. Wel l  i n  advance of  scheduled plant visits, a su rvey 
form wi l l  be sent to the station so person nel can assemble 
records, d rawings, and other perti nent information .  Fol lowing 
the visits , supplementary i nformation wi l l  be gathered by mail 
and telephone. The success of the study wil l  depend greatly 
on the cooperation and i nterest demonstrated by the var ious 
stat ions du ri ng the f ield su rvey. 

The s urvey wi l l  also inc lude information obtained from 
other sources i n  the power industry ,  such as vendors ,  con­
su lt ing engineers, and manufacturers. Concu rrent with the 
plant su rvey, a l i teratu re su rvey wi l l  be conducted to augment 
the information  obtained from the f ie ld .  

The EPRI p roject manager is Wi l l iam L .  Laval lee. Reports, 
commun icat ions, and questions of a techn ical natu re shou ld 
be d i rected to h im at EPRI headquarters i n  Palo Alto, 
Cal ifornia.  

New Method Developed for Evaluating Structural Flaws 

A new, more efficient method for stress analysis of flawed 
structu res that can resu lt in a savings in cost and time of 
nearly 50% has been developed as part of an EPRI nuc lear 
research project performed by Fai l u re Analysis Associates. 

The project completed the development and appl ication of 
an improved I nf luence Fu nction ( IF) method for calcu lat ing 
stress intensity factors for complex th ree-d imensional cases. 
The IF method has been previously appl ied to two-d imen­
sional p roblems. Comparisons between th is new method 
and other  more standard methods, inc lud ing f in ite-element 
and " near-exact" classical methods, show very s imi lar  resu lts 
(with in  1 . 3%) .  

The improved I F  method was appl ied to an important c u r­
rent problem documented in EPRI RP21 7-1 (Techn ical 
Report 6) An Engineering Fracture Mechanics Analysis of 
Pilgrim- 1 Nozzle-to-Pressure Vessel Weld Discontinuities. 

The reviews by Boston Edison Company and Teledyne ,  I nc .  
(the stress analysis consult ing f i rm that conducted the or ig inal 
f i n ite element analysis) were favorable. 

As part of sti l l  another EPRI p roject, the IF techn ique was 
evaluated against present-day methods. These evaluations 
showed that by using the IF method in  complet ing the project, 
resu lts were not only more accu rate but the cost of the analy­
sis was reduced by nearly 50%.  

The I F  method is fu l ly documented and being  su bmitted to 
code committees for use under Section X I ,  Appendix A, of the 
Boi ler and Pressu re Vessel Code. The appl ication of proce­
du res detai led in th is code can evaluate what kinds of flaw 
ind ications (detected by i nspection) are s ign if icant for s imple 
cases. For those cases i nvolv ing more complex geometries 
and stress d istri but ions, the Append ix A method is  i nadequate 
and more sophisticated techn iques are requ i red and per­
mitted by the code, provided they are fu l ly documented .  The 
IF method is documented i n  EPRI RP21 7-1 (Techn ical 
Report 2) Fracture Mechanics and Residual Fatigue Lite 
Analysis tor Complex Stress Fields. 

Accord i ng  to the author of the P i lg rim-1  study ,  Ph i l  Besuner 
of Fai l u re Analysis Associates, " Elastic fracture mechan ics 
analysis forms the basis of p red ict ing the res idual strength 
of remain ing fatig ue l ife of a structu re contain i ng  a flaw under 
either nomina l ly  e lastic condit ions or  after e lastic 'shake­
down ' with s ubsequent steady or cyc l ic  load ing .  

"As a general p rocedu re fo r  e lastic fracture mechan ics 
analysis of structu res with f laws in  reg ions of complex stress, 
the I F  method computes the stress intensity factor (K), a 
parameter which i ncl udes the effects of the stress fie ld ,  the 
f law size and shape, and the local structu ral geometry . "  

Besuner also said ,  "Considerable effort i n  analytical 
fracture mechanics has been devoted to the computation of 
K for complex stress and geometry combinat ions of actual 
f lawed structu res. Tradit ional approaches have been to use 
literature solut ions or to obtain  n u merical solut ions of K with 
a f i n ite element or boundary-integral equation  model of the 
actual flawed structu re. There are i nadequac ies i n  both of 
these approaches for a large class of p roblems. 

" Lite ratu re solut ions lack general ity, wh i le repeated two­
d imensional or th ree-d imensional n umerical stress analyses 
of c racked ideal izat ions are costly, t ime-consuming ,  and sub­
ject to a variety of sou rces of errors .  

"The key to  the  I F  method is the  determinat ion of  the 
i nf luence coeff ic ients , h, which are independent of load ing .  
Once h has been determined for a given f lawed geometry, 
K can be calculated for any flaw size and shape from the 
' uncracked' stress f ie ld . Through use of e lastic superposition ,  
t he  I F  method properly accounts for stress red istr ibution as 
the c rack d imensions i ncrease due to propagat ion th rough  
the structu re. "  

EPRI JOURNAL February 1976 59 



New Contracts 

Funding 
No. Title Duration ($000) Contractor 

Fossil Fuel and Advanced Systems Division 

RP522-1 Load-Leveled Coal 6 months 49.0 Fluor Engineers 
Gasification for & Constructors, 
Power Generation Inc.  

R P526-1 Continuous High- 1 4  months 1 1 8. 8  Gard, Inc.  
Pressure Lump Coal 
Feeder Design Study 

RP527-1 Boiler Firing Test 1 5  months 1 00.0 General Motors 
with Coal /Oil Corp. 
Emulsion 

RP532-1 Electrostatic Pre- 28 months 1 73 .7  Princeton 
cipitator Plate U niversity 
Rapping and Reli-
ability 

RP536-1 Evaluation of Three 1 0  months 250.0 Southern 
Prototype Flue Gas Services, Inc.  
Desulfurization 
Processes 

R P537-1 Development of 1 8  months 450.0 Tennessee Valley 
Improved Lime/ Authority 
Limestone Scrub-
bing Technology 

RP543-1 Design of Materials 2 years 1 98 .7  United 
for Use Under Ero- Technologies 
sion/Corrosion Con- Corp. 
ditions at High 
Temperatures in Coal 
Gasification and Coal 
Combustion Systems; 
Task II-Design of 
Alloys and Coatings for 
Use in Gas Turbines 

RP544-1 An Investigation of 1 year 479.7 Westinghouse 
Methods to Improve Electric Corp. 
Heat Pump Performance 
and Reliability in a 
Northern Climate 

RP545-1 Coal-Fired Prototype 1 year 960.0 Ai research 
High-Temperature Manufacturing 
Continuous Flow Co. of Arizona 
Hear Exchanger 

RP546-2 Fusion Power Reactor 2 years 299.9 Charles Stark 
Control Analysis Draper Lab., Inc.  

RP547-2 Evaluation of Utility 2 years 1 84.3 Bechtel 
System Interface with Corporation 
Fusion Reactors 

RP551 -2 Environmental Impact 1 9  months 293.4 Woodward-Clyde 
Assessment of Solar Consultants 
Energy Conversion 
Systems 

RP580-1 Feasibility Study 5 months 594.8 Ben Holt Co. 
for a Low-Salinity 
Hydrothermal Demon-
stration Plant 

RP625-1 Design of Refrac- 2 years 283.5 Westinghouse 
tories for Resis- Electric Corp. 
tance to High-
Temperature Erosion/ 
Corrosion 

RP626-1 Physical Property 1 year 200.0 Atlantic Richfield 
Improvement of Coal Co. 
Liquefaction Products 

RP631 -1 Characterization of 5 months 30.0 Stanford 
Fly Ash by Auger Un iversity 
Electron Spectroscopy 

60 EPRI JOURNAL February 1 976 

No. Title 

R P634-1 Transition Metal 
Oxygen Electro-
catalysts for 
Fuel Cells 

RP636-1 High-Strength, High-
Toughness Austenitic 
Alloys for Generator 
Retaining Rings 

RP645-1 Exploratory Studies 
of High-Efficiency 
Advanced-Fuel Fusion 
Reactors 

RP647-1 The Measurement of 
Dens.ity Profiles in 
Plasmas by Particle 
Transmission 

RP648-1 Requirements Defini-
tion and Impact Analysis 
of Solar Thermal Power 
Plants 

RP650-1 Commercial Solar-
Assisted Heat Pump 
Instrumentation 
Project 

RP725-2 Advanced Electro-
static Precipitator 
Pilot Plant 

Nuclear Power Division 

RP21 6-2 Halden Reactor 
Project 

RP394-1 Effects of Re-
straints on 
Nuclear Piping 
Systems 

RP492-2 Experimental 
Fission Product 
Gamma-Ray De-
position 

RP493-1 Basic l nvestiga-
tion of Two-Phase 
Pump Performance 

RP503-1 Sensor Time Re-
sponse Verifica-
tion 

RP51 3-2 Study of Remote 
Multiplexing for 
Nuclear Power 
Plant Application 

RP598-1 Model Pump Tests 
and Analysis for 
LOCA Appiication 

RP599-1 Multifluid Flow 
Analyses Related 
to Reactor Safety 

RP602-1 Numerical Analyses 
of Welds 

RP602-2 Numerical Analyses 
of. Welds 

Duration 

2 years 

1 year 

27 months 

1 8  months 

2 months 

30 months 

4 months 

2 years 

1 year 

13 months 

1 year 

8 months 

15 months 

1 year 

8 months 

5 months 

5 months 

Funding 
($000) 

1 50.0 

47 . 1  

2 1 1 . 1 

244.6 

32.4 

30.0 

75.0 

900.0 

1 36 .7  

60.5 

67.0 

69.5 

2 1 7 .4  

1 33.6 

90.0 

30.0 

26.2 

Contractor 

Case Western 
Reserve 
University 

University of 
California, 
Berkeley 

University of 
I l l inois at Urbana-
Champaign 

Lockheed 
Missiles & Space 
Co., Inc.  

Westinghouse 
Electric Corp. 

Boston Edison 
Co. 

Kaiser Engineers 
Division of Kaiser 
Industries Corp. 

Norwegian 
Institute for 
Atomic Energy 

Control Data 
Corp. 

University of 
Virginia 

Massachusetts 
Institute of 
Technology 

Nuclear Services 
Corp. 

TRW, Inc.  

Babcock & 
Wilcox Co. 

JAYCOR 

Marc Analysis 
Research Corp. 

Science 
Applications, Inc.  



No. Title Duration 

RP603-2 Fundamental Study 1 year 
of Crack Initiation 
and Propagation 

RP604-1 Field Demonstration 4 months 
of Section XI Weld 
Repair 

RP607-1 Assessment of Thick 1 0  months 
Section Radiography 

RP608-1 EPRI-NBS Cooperative 3 years 
Program on Acoustic 
Emission 

RP61 3-1 Concentration of 2 years 
Transuranics in 

Commercial Nuclear 
Plant Wastes 

RP61 5-1 Study of Nonlinear 1 year 
Effects of Earthquake 
Response Using Ex-
plicit Numerical 
Techniques 

RP61 5-2 Study of Nonlinear 1 year 
Effects of Earthquake 
Response Using Ex-
plicit Numerical 
Techniques 

RP61 6-1 Tornado Missile 1 8  months 
Risk Analysis 

RP693-1 Dynamic Modeling of 4 months 
Pressure Suppression 
Pools 

Transmission and Distribution Division 

RP281 -2 Development and Test-
ing of Fault Current 
Limiter 

RP477-1 Gas-Insulated Trans-
former Study Utilizing 
a Fluidized Particulate 
Bed 

RP579-1 Transformer Noise 
Abatement 

RP654-1 Analysis, Develop-
ment, and Construction 
of a Controlled 
Impedance Short-
Circuit Limiter 

RP657-1 Development of 
1 200-kv Ceramic 
Oxide Voltage 
Limiter for 
Power System 
Application 

RP668-1 Electronic Current 
Transformer for 
High-Voltage DC 
Lines 

RP669-1 Light-Triggered 
Thyristors for 
Electric Power 
Systems 

RP670-1 Power System 
Dynamic Analysis 

23 months 

26 months 

1 6  months 

2 years 

4 years 

3 years 

1 6  months 

1 year 

Funding 
($000) Contractor 

1 28 .0  Science 
Applications, Inc.  

79.3 Combustion 
Engineering, Inc.  

99.0 Science 
Applications, Inc.  

1 ,040.0 National Bureau 
of Standards 

1 06 .7  Science 
Applications, Inc. 

29.6 Dames & Moore 

1 9 .9  Science 
Applications, Inc. 

1 43.0 Carolina Power & 
Light Co. 

65.0 Stanford 
Research 
Institute 

685.7 I-T-E Imperial 
Corp. 

350.0 Allied Chemical 
Corp. 

354.6 Allis-Chalmers 
Corp. 

299.0 Westinghouse 
Electric Corp. 

1 , 295.2 Westinghouse 
Electric Corp. 

244.8 General Electric 
Co. 

245.0 General Electric 
Co. 

1 77 .0 Boeing Computer 
Services, Inc. 

Funding 
No. Title Duration ($000) Contractor 

RP671 -1 Research and Testing 1 1  months 343.0 General Cable 
of URD Cable of Corp. 
Various Neutral 
Designs with In-
sulating and Con-
ducting Jackets 

RP907-2 Research in Long- 1 year 1 1 5.0 General Electric 
Term Power System Co. 
Dynamics 

Energy Systems, Environment, and Conservation Division 

RP98-3 Biological Effects 6 months 90.0 Johns Hopkins 
of Exposure to High- University 
Intensity Electrical 
Fields 

RP1 03-3 Ecology of Trans- 2 years 1 08 . 1  West Virginia 
mission Line University 
Corridors 

RP662-1 Analysis of Demand 1 6  months 204.0 Data Resources, 
for Energy in the I nc .  
Commercial Sector 

RP664-1 Critical Assessment 1 1  months 47.7 Stanford 
and Modification of University 
the " Energy Supply 
Planning Model" of 
Bechtel Corporation 

RP665-1 Review of Oil Supply 6 months 33.7 Mathematica, 
Studies Inc. 

RP666-1 Cost Evolution and 1 6  months 235.3 Charles River 
Price Formation in Associates, Inc. 
Coal and Uranium 
Industries 

RP673-1 Long-Term Effects 3 years 79.0 University of 
from Exposure to Chicago 
Tritiated Water 
at the Maximum 
Permissible Level 

RP675-1 Evaluation of a 1 0  months 72.5 Midwest 
Segmented Plate Research 
Flame Ionization Institute 
Detector for 
Aerosol Monitoring 

RP676-1 Laser-Induced Fluor- 1 year 96.7 University of 
escence to Study Maryland 
Power Plant Plume 
Chemistry 

RP677-1 Air Quality Models: 6 months 36.5 Xonics, Inc. 
Required Data 
Characteristics 

RP678-1 Development of a 1 O months 1 84.8 Environmental 
Continuous Partic- Research & 
ulate Sulfate Technology, Inc.  
Analyzer 

RP682-1 Development of 1 1  months 54.6 Data Resources, 
Models for Fore- Inc.  
casting Agricultural 
Energy Consumption 
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Each month the JOURNAL publ ishes summaries of EPR l ' s  most 
recent reports. Support ing member uti l it ies receive copies of reports 

in program areas of their designated choice. Support ing member 
ut i l it ies may order additional copies from EPRI Records and Reports 

Center, P .O .  Box 1 041 2 ,  Palo Alto , CA 94303. Reports are publ ic ly 

ava i lable from the National Techn ical In format ion Service , P .O .  

Box 1 553 ,  Springfie ld ,  VA 221 5 1 . 

New Publications 

Fossil Fuel and Advanced Systems 

EPRI  31 8 ASSESSMENT OF FUELS FOR POWER 
GEN ERATION BY ELECTRIC UTI L ITY FUEL CELLS 
Final  Report 
This report presents the results of a comprehensive assessment of 
fue l supply options and costs for electric ut i l ity fuel ce l ls .  Petro leum,  

natu ral gas, coa l ,  munic ipa l  so l id  waste, o i l  sha le ,  and nuc lear 
power are considered as raw energy sou rces for product ion of five 

secondary fuels (hydrogen , synthesis gas, SNG,  methanol , and 

naphtha), which represent su itable i nput fuels tor fuel cell power 

plants. The major concl usions stated are that (1 ) naphtha should be 

ava i lable tor f i rst-generation d ispersed fuel cel ls in the 1 980s, but 

i nc reasing competit ion tor this resource could requ i re that futu re 

dispersed fuel cel l  generators be sufficiently flexible to use low­
sulfu r d isti l late fuels; (2) coal-based electric ut i l it ies should consider 
coal gasification to SNG or methanol as central fuel convers ion 

options to produce fuel tor d ispersed fuel cel ls ;  (3) coa l -de rived 

fuels , although attractive in terms of fuel ava i labi l ity and of com­
pat ib i l i ty with d ispersed fuel cel ls , wi l l  be h igher i n  price than refined 

petroleum products through 1 990 un less oil prices rise faster than 

i nflation rates; and (4) there also appears to be a s ignificant oppor­
tun ity tor central fuel cel l  power plants wh ich ,  i ntegrated with coal 

gasifiers, could reach coal-based eff iciencies of 45% at total power 

system costs in the range of conventional fossi l  steam generat ing 
p lants. Contractor: Arthur D. Little, Inc. 

EPRI  320-1 UTILIZATION OF OFF-PEAK POWER TO 
PRODUCE INDUSTRIAL HYDROGEN Final Report 

This study was conducted to determine the economic and technical 

feasib i l ity of us ing off-peak power to generate electrolytic hydrogen 
for sale as an industr ial fuel or commodity. Hydrogen markets 

through 1 975-1 990, and the economics of hydrogen production ,  
storage, and transportation are analyzed , and a methodology devel­

oped that can be used by i ndiv idual ut i l i ties to calcu late hyd rogen 

costs and to match costs with the range of l i kely market prices. 

The overal l  conclusion is that, in the near term , electrolytic hyd rogen 
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wi l l  be h igh-priced due to the cost levels antici pated tor off-peak 
power and electrolysis equipment. An expanded market potential 
beyond specialty uses might develop in  the longer term , provided 

that low-cost, nontoss i l  baseload power becomes avai lable. Con­

tractor: Institute of Gas Technology 

EPRI  376 TEST AND EVALUATION OF A GEOTHERMAL 
HEAT EXCHANGER Final Report 
A tube-in-shel l counter flow heat exchanger was tested with low­

sal i n ity geothermal brine at Heber in  the Imperial Valley of Cal ifornia. 
The pu rpose of the test was to investigate any change in  thermo­

dynamic performance, as wel l as tube mater ia l  degradat ion caused 

by scale deposit ion and corros ion .  Under condit ions of s imulated 

binary-cycle operat ion ,  test runs were made, two of 560 hours' 

duration ,  and one of 300 hours' du ration ,  us ing different tube mate­

rial types in each run .  The tube material types inc l uded mi ld carbon 
steel ,  t itani um ,  and an alloy of 90% copper-1 0% n icke l .  The brine 
i n let temperature was about 355 ° F and the exit temperature c lose 

to 1 50 ° F at a flow rate of 5 fps. Addit ional test runs were made to 

invest igate the effect of br ine flow rate on performance and the 

practical ity of using chemical c leaning techn iques to remove scale .  
01 the three tube materials , t itan i um developed the least amount 

of scale and no corrosion .  The results i nd icated that the mi ld carbon 
steel would be acceptable with regard to sca l i ng ,  but may have a 

reduced l ite due to pitt ing .  The copper-n ickel performance was 

unacceptable. The heat transfer coefficient was expected to be in  

the range of  500 to 600 Btu /h r / ft' ' F  with the br ine at  startup ,  and 

somewhere between 4000 and 6000 hours of  operat ion cou ld  be 

achieved before having to remove the scale. The scale was amen­

able to chemical removal at reasonable cost. Contractor: San Diego 

Gas and Electric Company 

EPRI 390-1 AC/ DC POWER CONDITION ING AND 
CONTROL FOR ADVANCED CONVERSION AND STORAGE 
TECHNOLOGY Key Phase Report 1 
This report reviews the technology options ava i lable for convert ing 
de power produced by fue l  ce l l s ,  batteries, magnetohydrodynamics 

(MHD) ,  and superconduct ing magnetic energy storage (SMES) to 

ac. West inghouse concludes that any of the several technologies 

analyzed ,  rang ing from convent ional h igh-voltage d i rect-cu rrent 

(HVDC) technology to conventional force commutated technology, 

can be configu red to accompl ish the power conversion tasks. 
Based on the technical performance parameters considered and 

the cost projections made by West inghouse, no. one candidate 
emerges as the c lear-cut, best option for interfaci ng with al l the 

sources. Common technology should be appl icable to both bat­

teries and fuel cel ls ,  and the same technology approach would 
also be appl icable, in most cases, to MHD and SMES-although 

equipment configuration and rat ings would be d i fferent. 

Dc/ac converter equipment is projected to cost around $70/ kw 

tor batteries, $65/ kw for fuel ce l ls ,  $55 / kw tor SMES ,  and $50/ kw 

for MHD. Work contin ues to determine which opt ion wi l l  result i n  
t he  lowest specific cost and  best performance when  designed to 

be appl icable to all the sources of interest. Contrac tor.· Westing­

house Electric Corporation 



EPR I  SR-24 EXPLORATORY DISCUSS IONS CONCER N I N G  A 
POSSIBLE EPR I/ KURCHATOV INSTITUTE JOINT PROGRAM 
ON FUSION POWER 

This Special Report summarizes the f ind ings of an  American dele­

gation  that was commissioned to examine the poss ib i l ity of a joint 

U .S . -USSR program in fusion . Specifical ly ,  the de legation explored 

the feas ibi l ity of a joint program to b lanket module elements of the 

T-20 Tokamak. The report inc l udes a general introduction ,  the 

chronology of the delegat ion's tr ip ,  a summary of the meeti ngs in 

the USSR ,  a l ist of American quest ions and Soviet answers on 

deta i ls  of the T-20 modules ,  a l i st of relevant EPR I  projects, a tech­

nical descript ion of the T-20 Tokamak, a technical  report on a series 

of visits to Soviet laboratories by the American delegat ion ,  and a 

b ib l iography of fusion-fission reactor l i teratu re .  

Nuclear Power 

EPR I  248-1 HEAT TRANSFER DUR ING THE REFLOOD ING 
PHASE OF THE LOCA State-of-the-Art Topical Report 

The loss-of-coolant accident (LOCA) has been establ ished as the 

definit ive, or design-basis ,  accident for l i ght water reactors. The 

method for analyz ing this acc ident has been regu lated in consider­

able detai l .  The evaluation  model requ i rements specify a number  

o f  conservative assumptions that must be  made in t he  analysis of 

the LOCA; these assumptions can often be penal iz ing .  

This report reviews the analyt ic methods and exper imental data 

avai lab le to support an analys is of the " reflood ing" phase of the 

LOCA in pressu rized water reactors, and identifies areas of experi­

mental measu rement and methods development that could lead to 

less conservative design c riteria. Contractor: University of Califor­

nia at Berkeley, Department of Nuclear Engineering 

EPRI  348 EXPERIMENTAL POWER N ORMALIZATION 
FACTORS FOR BATTELLE PLUTON IUM R ECYCLE 
M EASUREMENTS Key Phase Report 

Measu rements carried out by Batte l le ,  Pacific Northwest Labora­

tories at the i r  P lutonium Recycle Crit ical Faci l ity (PRCF) have 

provided a s ignif icant amount of neutronics data relat ing to the 

recycle of pluton i um in l i ght water reactors. I n  these exper iments 

the relative power d istr ibutions are deduced from measurements of 

the f ission product activities in fuel rods fol lowing low-power i rrad i ­

ations.  I n  cases where on ly  a s ing le type o f  fuel is used , t he  relative 

power generation is d i rectly proport ional to the f iss ion product 

gamma activit ies. Measurements involvi ng more than one type of 

fuel requ i re the use of normal ization factors to account for d iffer­

ences in f ission product yields from the d ifferent f iss i le  nuc le i .  

The pu rpose of  the f i rst phase of  project R P348 was to measure 

factors re lat ing power to f iss ion product activity for the five d i ffe rent 

types of u ran ium d ioxide (2.35% 2 3 5 U) and mixed-oxide fuel used 

in this project and earl ier  expe riments . The factors, measu red by 

two d ifferent methods (calorimetr ic and 1 4 0La activity) up to an 

accu racy of ± . 5% ,  ind icate that values in use pr ior to th is  experi­

ment were i n  error by as much as 8% i n  re lati ng  the UO, rods to the 

mixed-oxide rods .  Contractor: Batte/le, Pacific Northwest Labora­

tories 

EPRI  SR-20 L IQUID M ETAL FAST BREEDER R EACTOR 
DECIS ION PROCESS AND ISSUES 

This report presents a suggested structure for national decis ion 

making on the t iming of the LMFBR program, taking i nto considera­

tion the pr inc ipal uncertainties and variab les .  The process examines 

the key issues that affect cu rrent decis ions.  

An analysis of the issues ind icates that the key parameters in the 

decis ion process are electr ic ity demand, the avai lab i l ity of u ran i um ,  

and  the  avai lab i l i ty o f  a clean coal technology. The  predictive unce r­

tainties in these three parameters result in e ight poss i ble future 

energy situat ions . Six of these outcomes support the acceleration 

of the LMFBR,  and two favor slowing the program. 

EPRI  SR-22 F IN ITE ELEMENT TECHN IQUES FOR 
POSTULATED FLAWS IN SHELL STRUCTUR ES 

This study reviews the basis and l im itations of cu rrent l i near fracture 

mechanics methods . The fundamentals of l inear e lastic fracture 

mechanics are summarized and their  l im itat ions and restrictions 

identif ied. The role of fi nite elements is examined ,  with a comparison 

of the various methods used in the analysis of shel l -type compo­

nents. The avai lab i l ity of fi nite e lement software is also summarized .  

Contractor: Marc Analysis Research Corporation 

EPR l-309 REV IEW OF THE METHODOLOGY FOR 
STATISTICAL EVALUATION OF R EACTOR SAFETY ANALYSIS 
Key Phase Report 

The objective of the statist ical assessment project is to eval uate the 

conservatism in the models .  This overal l  effort may be d iv ided into 

three b road areas: (1 ) obta in ing and characte rizi ng  the requ i red 

basic data ; (2) development of best-estimate analyt ic techniques; 

and (3) development of methodology for the statist ical propagat ion 

of i n put uncerta i nties through the analytic model .  

The th i rd area is the concern of this report, wh ich provides a 

state-of-the-art review of the methodology for estimat ing the prob­

abi l ity of a specified outcome, given the uncertainties associated 

with the i n itiati ng events and the re lationsh ip between the outcome 

and the i n itiati ng variables. Contractor. Westinghouse E!ectnc 

Corporation 

Transmission and Distribution 

EPR I  7825 OPTIMIZED DESIGN FOR GAS CABLE SYSTEMS 
Final  Report 

The project defi nes many of the parameters associated with gas­

insu lated transmission systems and demonstrates that, even with 

relatively modest power leve ls ,  a very competitive system is ava i l ­

able . At the power levels envisioned for  the futu re,  gas- insulated 

systems wil l be very economic and their relative s impl ic ity ind icates 

they w i l l  satisfy ut i l ity industry needs for many years to come. 

A series of computer programs was developed to al low optimized 

gas-insu lated systems to be designed on a consistent basis .  Both 

s ing le-conductor and three-conductor designs were evaluated and 

aboveground and underground instal lation modes were considered . 

Des igns were compared on the basis of ene rgy transportat ion costs 

and it was found that, as expected , s ign if icant economies were 

rea l ized at the h igher voltages. Whi le the optimum power level was 
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sharply def ined at 1 38kv, the h igher voltage systems tended to 

preserve their cost min ima over a relatively broad range. Above­

ground systems offer a 30% advantage in energy transportat ion 
costs with both single-conductor and three-conductor systems. In 

genera l  there was l ittle cost difference between si ngle-conductor 

and three-conductor systems, particu larly when higher power 
levels were i nvolved .  Cross bond ing can reduce the energy trans­

portat ion costs by approximately 40%,  while forced cool ing can 

also generate some savings . Whi le cross bond ing is only appl icable 

to s ing le-conductor systems , forced cool ing can also be appl ied to 
three-conductor systems . 

The present state of the art for gas- insu lated transmission sys­

tems is descri bed in the companion design gu ide.  Contractor: I-T-E 

Imperial Corporation 

EPRI  7825 GUIDE TO THE USE OF GAS CABLE SYSTEMS 
Technical  Report 
This gu ide provides the ut i l ity systems designer with the basis for 
selecti ng and specify ing gas- insu lated transmission systems. Quick 
reference is given for economic appl ication i n  terms of voltage ,  

power leve l ,  and transmission distance. I n  add it ion ,  ampacit ies are 
tabulated with correction factors for a wide range of i nsta l lat ion 
parameters. Prices of standard des igns are given for estimati ng 

purposes. 
The design criteria related to thermal ,  d ie lectric ,  and economic 

factors are summarized. A computer program for optim ized design 

of gas- insu lated transmission l i nes has been developed i nto a prac­
tical tool , and the procedures for i nstallation ,  testi ng ,  ope ration ,  

and repai r  are descri bed i n  deta i l .  
The r.esults of  advanced research and development are descri bed 

in the Final Report, Optimization of and Guide to the Design and 

Use of  Gas Cable Systems. Contractor: I-T-E Imperial Corporation 

EPRI  908-1 LONG-TERM SYSTEM DYNAMICS HYBRID 
S IMULATION Final Report 
This project successfu l ly demonstrated the feas ib i l ity of a faster­

than-real-t ime hybrid s imulator to perform long-term system dy­
namics. The approach is feasi ble  and practical for a wide range of 

addit ional stud ies. The sample system cons isted of 1 6  machi nes 

and 68 buses . A 1 6-bit d ig ital m in icomputer was used for i nput, 
output, and control of the analog s imu lation .  The final report pre­
sents a desc r ipt ion of the hybrid s imu lator, operat ing instructions ,  

and results of  the studies. Although the project provided the pre­

l im inary steps in the development of an on-l i ne security monitor, 
more work wi l l  be necessary to ful ly deve lop this potent ia l .  Con­

tractor: University of Missouri-Columbia 

EPRI  92-2 SUPERCONDUCTORS IN LARGE SYNCHRONOUS 
MACH INES Final Report 
This report assesses the appl ication of supe rconductors in large 
synchronous mach ines as compared with convent ional construc­

tion. It concl udes that superconducting generators have many 
advantages for central stat ion power generat ion .  Specifica l ly ,  the 

superconducti ng machine concept can be pract ical ly real ized; 
acceptable designs are now ava i lable for the crit ical areas of the 
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mach ine ;  and exist ing engineer ing analyses predict the basic ma­
chine behavior. Contractor: Massachusetts Institute of Technology 

Energy Systems, Environment, and Conservation 

EPRI  381 -1 B IOLOGICAL EFFECTS OF H IGH-VOLTAGE 
ELECTRIC F IELDS Final Report 
This report presents a review and evaluation of completed and 

cu rrent research i nto the biological effects of power- l i ne-generated 

e lectric f ie lds. Approximately 800 U .S .  and fore ign papers were 

reviewed by the investigators and are summarized in the report. 
No convi nc ing evidence has been found that ind icates adverse 
effects from 60-Hz f ields as normal ly encountered .  However, the 

report concl udes that more precise research is needed before we 

can confidently dismiss consideration of e lectric f ie lds as a poten­
tial environmenta l hazard . Accordingly ,  a research plan has been 

developed that identifies 23 specific projects and arranges them 

by priority. Management gu ide l ines for the conduct of the research 
are also presented. Contractor: !IT Research Institute 

EPRI  381 -1 B IBL IOGRAPHY ON B IOLOGICAL EFFECTS OF 
ELECTRIC FI ELDS Final Report 
This publ ication is an annotated b ib l iography of the 800 research 
reports cited above. Approximately 80 ongoing research efforts are 

also identif ied .  The fol lowing areas are emphasized: biological 

effects from ac fields between 45 and 75 Hz ,  biological effects of 

de electrostatic f ields, and effects of ac power- l ine f ields and radio­

frequency waves on patients with implanted card iac pacemakers. 
Contractor: /IT Research Institute 

EPRI  SR-1 7 S IGN IFICANCE OF ZERO POWER GROWTH 
I N  1 974 
This study examines the s ign if icance of the fact that for the f i rst 
t ime s ince 1 946, the total e lectricity supply i n  1 97 4 d id  not increase 

appreciably over that of the preceding year .  The impl ications of this 

for the future growth of e lectric power are unclear ,  but it has un­

doubtedly played a ro le in recent reductions i n  forecasts of power 

growth.  Two s imple historical growth models are used to evaluate 

the sign if icance of this occurrence: one relates total e lectricity 

made avai lable to aggregate economic activity (real GNP) ;  the other 

relates it to the passage of t ime. I n  both models ,  electr ic ity supply is 

h igh ly correlated with the independent variable. 

Accord ing to the economic model ,  e lectric ity output i n  1 97 4 was 

h igher than expected, even though it was no greater than in 1 973. 
This leads to the conclusion that the substitution (broadly defined) 
of e lectricity for other fuels more than offsets the depress ing effects 

of both h igher e lectricity prices and conservat ion .  On the basis of 

th is model ,  t here is no reason to believe that the rate of long-term 

growth of e lectric ity relative to real GNP has dec l ined ;  i n  fact, the 
contrary is  ind icated. Use of the other model ,  i n  wh ich t ime is the 

independent variable, leads to exactly the opposite conclusions. 
Detai led analysis by uti l ity experts of the various factors affecti ng 

demand in their areas wi l l  be necessary to fu l ly explain the 1 97 4 

behavior of demand. General models ,  such as those used here, can 

help identify aggregate trends but cannot identify the more funda­

mental factors. 
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