
Modeling System Interactions 

EL ECT R IC POW E R  R ES EA RCH INSTITUT E 

EPRI OURNAL 
NUMBER 

TEN 

DECEMBER 

1976 



EPRI JOURNAL is published by the 
Electric Power Research Institute. 

The Electric Power Research Institute 
was founded in 1972 by the nation's 
utilities to develop and carry out 
a broad, coordinated technology program 
for improving electric power production, 
transmission, distribution, and utilization 
in an environmentally acceptable manner. 

© 1976 by the Electric Power Research Institute, Inc. 
Permission to reprint is granted by EPRI. 
Information on bulk reprints available on request. 

Address correspondence to: 
Editor, EPRI JOURNAL 
Electric Power Research Institute 
P.O. Box 10412 
3412 Hillview Avenue 
Palo Alto, California 94303 
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They interact. Cause and effect. Cost and 
benefit. What are the factors we can control, 
and how? System models aid our 
understanding, especially when we link them 
to match the real world. 
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An evolutionary, nontechnical look at energy and eco
nomic systems models shows that they must converge to 
reflect the real world. 

Both fossil-fired and nuclear power plants are under 
scrutiny in EPRl's interdivision research to improve plant 
reliability. 

Gas-insulated bus connections and thyristor valves are 
the R&D features of a prototype de link between two Con 
Edison substations in New York. 

The dean of electric utility regulators, a member of EPRl's 
Advisory Council, prods utilities and fellow regulators 
toward innovation. 

The electric utility industries of 14 nations are sharing 
research information in a cooperative effort to meet future 
electricity requirements. 

Political, social, and economic influences on energy policy 
and problems were explored by EPRI advisers and their 
guests at an Aspen seminar. 



A Trend to Examine 

Consider the following half-dozen reports. Besides bearing on the nation's energy 

problems and the future of the electric power industry, the studies have something 

very significant in common. See if you can discern that shared element. 

Electricity Forecasting and Planning, California Energy Resources Conservation and 

Development Commission (1976) 

Economic Growth in the Future, Edison Electric Institute (1975) 

A National Plan for Energy, Research, Development, and Demonstration: Creating 

Energy Choices for the Future, ERDA (1975) 

Project Independence, FEA (1974) 

A Time to Choose: America's Energy Future, a Ford Foundation study (1974) 

The Limits to Growth, an MIT study sponsored by the Club of Rome (1972) 

If your answer is that all these reports have evoked controversy, you are right and 

rate a B +, but not an A, because controversy has been the response to innumerable 

other studies touching (as do these) on sensitive political matters. 

If you guess that the similarity is in the viewpoints of the reports, you are in error, for 

the outlooks run the gamut from bullish optimism to cautious concern to gloomy 

pessimism. Some studies are for growth, some against; one pushes for energy 

conservation, a second emphasizes new supply options, and a third does both. And 

we could add to the list a seventh study that is still under way. It is a study on 

nuclear and alternative energy systems by the National Resources Council. 

The important element all these studies share is their use of elaborate analytic 

frameworks and policy evaluation tools known as systems models, the subject of the 

feature article which begins on page 6. These models allow for systematic exploration 

of the interplay between energy activities, economic forces, technological factors, 

and environmental constraints. Systems models carry cryptic adjectives like 

econometric, input-output, programming, optimization, and simulation. There are as 

many different methodologies used in assembling systems models as there are ways 

of generating electricity. 
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In some studies, the systems model plays a key role in the analysis. Former FEA 

Administrator James C. Sawhill, when issuing Project Independence, made clear that 

the models developed during the FEA study were important tools for evaluating 

changing world and domestic conditions and the impacts of alternative policy actions. 

In other studies, the model plays a different role. Sometimes it allegedly is used to 

support a predetermined policy position. Indeed, the systems model can be an effective 

political instrument, a use about which (like industrialized society) people complain 

while they exploit the advantages. 

When employed as a serious tool of analysis, the systems model does not answer 

questions so much as it helps ask the right ones. "A model is to be used," according 

to a well-known economist, "but not to be believed." Although it is applied to analysis, 

the systems model is itself a product of synthesis. As such, it can serve a valuable 

function: bringing together expertise and data from many fields. 

EPRI has undertaken several projects to improve the understanding and usefulness of 

systems models in energy analysis, such as the Energy M odeling Forum noted on 

page 52. Whether viewed as a passing fashion, a political football, or a permanent 

fixture, the move to systems modeling is a modern trend that warrants careful study 

and critical examination. 

M artin Greenberger, M anager 

Systems Program 

Energy Analysis and Environment Division 
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Authors and Articles 

Hardly a generation ago a model was 
a miniature ship and an analyst was a 
psychotherapist. Today, for many of us, 
a model is more likely to be a mathe
matical abstraction of relationships 
which simulates phenomena of the 
natural world or of human institutions 
-often a combination of the two. Such 
a model doesn't look like the real 
thing, but it acts like it. 

Today's analyst is still concerned 
with behavior but in an expanded 
sphere of operation. In the world of 
modeling he may be an economist, a 
biologist, a political scientist, a geolo
gist, a physicist, or a mathematician. 

o Jerry Karaganis is a mathematician 
with expertise in energy resources 
and systems. He may wish that he 
were also an economist and a biologist 
because his work with energy systems 
has revealed their links to the economy 
and to the environment. Karaganis 
explains how this is so and suggests 
some of its significance in "Linking 
the Models to Match the Systems" 
(page 6). 

In Project Independence, Karaganis 
helped to pioneer an essentially new 
field by working to adapt a National 
Petroleum Council oil and gas model 
to the needs of FEA's benchmark effort 
in energy-economic modeling. That 
project, in Karaganis's view, was of 
more long-term value for the under
standing it stimulated than for the 
findings it published. 

Project Independence (and Kara-
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ganis's association with it) grew out 
of work by the Office of Energy Data 
and Analysis, Department of the Inte
rior, where Karaganis was a mathema
tician performing analyses of problems 
involving all forms of energy. Still 
earlier, in 1972 and 1973, Karaganis 
worked in the U.S. Geological Survey. 
He provided technical assistance on 
several reports, including M. King 
Hubbert's U.S. Energy Resources: A Re

view As of 1972, which was prepared 
for energy policy studies by the Senate 
Committee on Interior and Insular 
Affairs. 

Jerry Karaganis is a 1966 mathe
matics graduate from the University of 
Buffalo. He earned an MS at Western 
Michigan University in 1968 and has 
completed all but the thesis for a 
PhD at American University in Wash
ington, D.C. 

o "How Can We Improve Power Plant 
Reliability?" asks Joseph Prestele (page 
12). His topic continues to be a para
mount issue facing electric utilities, 
and he is well qualified to judge the 
answers that will come from EPRI
sponsored research. With New York's 
Consolidated Edison since 1949, Pres
tele is executive assistant to the vice 
president, power supply. While on loan 
to EPRI, he is managing the Nuclear 
Power Division's Codes, Standards, 
and Reliability Program. 

Prestele has been close to nuclear 
power development since 1956, when 
he became a utility consultant to Gen-

eral Electric Co. on land-based proto
types of U.S. Navy reactors. He was 
assigned to Con Edison's first Indian 
Point plant in 1960 and was its general 
superintendent from 1964 to 1969. He 
later managed Con Edison's Production 
Department and its Nuclear Power 
Generation Department. 

Prestele is chairman of the Stan
dards Committee of the American 
Nuclear Society, a member of the 
Executive Standards Council of the 
American National Standards Institute, 
a technical adviser to the ANS Infor
mation Center on Nuclear Standards, 
and a member of Con Edison's Nuclear 
Facility Safety Committee. 

In writing of the reliability R&D 
programs of two EPRI divisions, Pres
tele was assisted by Ed Zebroski, 
director of the Nuclear Systems and 
Materials Department, and by Donald 
Anson, acting manager of the Fossil 
Plant Performance and Reliability 
Program. 

o Narain Hingorani and Stig Nilsson 
have been working for years to develop 
and enlarge the role of de in U.S. 
electric power transmission and dis
tribution. Both began their careers 
in other countries, and both came to 
the United States to work on the 
Pacific HVDC Intertie. Now they are 
colleagues in the AC and DC Sub
stations Program of EPRI's Electrical 
Systems Division and share the author
ship of "Compacting DC Terminals" 
(page 18). The article reviews an EPRI 



Karaganis 

project for R&D, installation, and link
ing of two prototype de terminals in 
New York City. 

Before joining EPRI as a program 
manager two years ago, Narain Hin
gorani was a consultant on the staff 
of the Bonneville Power Administra
tion, specializing for 6 years in system 
design and analysis for the de leg of 
the HVDC Intertie. During 11 previous 
years he held research and teaching 
positions at three universities in 
England. Hingorani is an EE graduate 
of Baroda University in India, and he 
was awarded MS and PhD degrees 
by the University of Manchester in 
England. 

Stig Nilsson was with Sweden's 
ASEA for 11 years, 7 of them devoted 
to control systems development and 
design for the HVDC Intertie. He came 
to the United States in 1967 as an 
engineer on the ASEA-General Electric 

Prestele 

joint-venture team for installing and 
testing the equipment. 

Nilsson joined Boeing Computer 
Services in 1972, where he helped to 
develop a substation integrated control 
system and designed a backup control 
system for the HVDC Intertie. He 
came to EPRI a year ago. 

o When Alfred Kahn, New York's 
PSC chairman, was in San Francisco 
last summer, his days were filled with 
meetings: the EPRI Advisory Council, 
a NARUC committee, the project com
mittee of the EPRI-EEI Rate Design 
Study, and-just as meticulously sched
uled-an interview with JOURNAL 
staff writer Stan Terra. A synopsis of 
this conversation is on page 42, "Alfred 
Kahn Breaks Tradition." 

o "International Electric Research 
Exchange." Those four words are the 

Hingorani Nilsson 

name and purpose of an organization, 
the reason EPRI is a member, the topic 
of its annual meeting recently held 
at EPRI, and the title of the article on 
page 46. Bob Taylor of our public 
affairs staff was at most of the sessions 
and wrote the story. 

o It's a long way from the SO
x 

po
tential of a ton of coal in Birming
ham to the famine potential in a devel
oping country halfway around the 
planet. But EPRI Advisory Council 
members went the distance in their 
confrontation of issues and guest 
speakers-and each other-at a week
long seminar on international energy 
problems. Ray Schuster, editor of the 
JOURNAL, joined the group at Aspen, 
Colorado, and he highlights discussions 
from several sessions in "Advisory 
Council Hosts Energy Issues Seminar" 
(page 49). 
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Linking the Models to Match the Systems by Jerry Karaganis 

U.S. energy and economic systems are becoming more interdependent with every passing year. An 

evolutionary, nontechnical look at the concepts of systems modeling shows how energy and economic 

� fNf�,i 

-------?,, 

E
arly in the 1970s fne=l:'Jni�ed 

I JI 
States began to experience-...._______ _ _  _ 
symptoms of underlying energy, 

economic, and environmental problems. 
Except for a few perceptive individuals, 
we didn't fully appreciate the relation-
ships between these problems. We 
didn't even view them consistently as 
problems but were inclined to pass 
them off simply as change or, at worst, 
growing pains of some sort. 

Interestingly, most of the symptoms 
were suppressed by a single remedy: 
imported petroleum. 

Thus, when the Arab oil embargo 
hit in the fall of 1973, quickly followed 
by quadrupled prices from the re
maining exporters and a falloff of U.S. 
oil production, the symptoms reap
peared with a new intensity. For most 
of us, the "energy crisis" was a total 
surprise, but this time we realized that 
there were problems. 

The oil embargo, its aftermath, and 
its role in our economic recession, are 
now history. Perceptions vary as to 
what the problems were, or still are. 
But if we have learned a lesson from 
this experience, the nation will not 
have to relive it. 

One lesson apparent to professional 
analysts is that our energy, economic, 
and environmental systems interact. 
Thus, an imbalance in one can play 
havoc with the others. 

Recognizing this, both government 
and industry have moved quickly to 

Jerry Karaganis is a research staff member of the 
Systems Program in EPRl's Energy Analysis and 
Environment Division. 
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An EPRI state-of-the-art feature 

� tcoNOMY 
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�ev7. op
_ 
methods for examining

. 
system 

�- mter�c 10ns and how they may m-

�/ fluence various aspects of the U.S. 
future, both near and long term. EPRI, 

fNV!f(ONMf.lff for example, is specifically concerned 
with how these interactions can affect 
the course of energy and environmental 
R&D. 

The basic method for abstracting 
and assessing a system is that of 
modeling. There are many kinds of 
models for many systems and for 
many applications. But the purpose 
here is not to treat modeling or sys
tems analysis in a deeply technical 
way. Instead, it is to develop a sense 
for the modeling process, particularly 
as applied to energy and economic 
systems, and to emphasize the need for 
an integrated model form, the energy
economic · system model. 

The modeling process 

A decision maker is confronted with 
a problem: What is the likely expan
sion of the energy system by the year 
2000 and what are the likely fuels? 
He may first draw on available infor
mation to answer the question. He may 
use his own knowledge and experience 
and combine them with a simple 
graphic model to extrapolate or project 
the future. But if his information is 
based on sketchy or poorly docu-
mented facts in which he lacks confi
dence, he can turn to a modeler who is 
knowledgeable in the problem area. 
The decision maker and the modeler 
agree on assumptions that will affect 
energy growth, such as population 



size and the amount of goods and 
services to be produced. The modeler 
uses his theoretical and technical back
ground to model the problem by 
mathematical relationships. 

If an appropriate model for the 
problem already exists, the modeler 
"runs" it with the agreed assumptions. 
He interprets the results and presents 
them to the decision maker, who can 
either base his decision on these results 
or repeat the modeling process with 
different assumptions and, perhaps, 
additional factors. 

If there is no appropriate model, 
the modeler "builds" one. With his 
background in the energy field and in 
modeling, he gathers data and specifies 
relationships. When he has concep
tualized his initial model, he programs 
it for a computer, documents it, and 
tests it with historical data. If the 
model fails to "track" or conform, 
he starts over. But if the model meets 
this real-world test, it is appropriate 
and can then be run with the particular 
assumptions of the problem. 

There are two important and per
haps paradoxical points about this 
process that should be emphasized. 

o The data, the assumptions, and 
the model itself are well documented 
and available for inspection. They are 
as complete, objective, and factual 
as possible. 

o The central role is that of the 
modeler, not the model. (And certainly 
not the computer. The computer is 
only a computational tool.) The 

WE ALL USE MODELS 

Man is distinguished from other animals by his ability to develop and use tools. 
Not just physical tools but, more important, mental tools. It is with mental 
tools that we adapt to the present and plan for the future. One principal mental 
tool is the model. It is with the model that we learn, solve problems, and com
municate. 

Models have been evolved to meet our needs. Primitive people developed 
the basic model-language-to survive. As society formed and life became 
more complicated, there was much more information to process. We developed 
more versatile models, starting with pictographs and evolving to the more 
abstract form of written symbols. 

A sense of time and of measurement stimulated numeric concepts, and 
rudimentary commerce brought about the development of accounting models 
to record transactions. As new lands were sought and explored, maps were 
drawn to communicate safe trade routes. Most important, we recognized the 
need to transmit our accumulated experience, so we began to record (or model) 
our history and experience for future generations. 

We devised coordinate systems by the middle of the seventeenth century. 
Using graphs, we could observe trends in different sets of data. Graphs led to 
the idea of numerically defined relationships, called mathematical functions, 
and functions provided much of the impetus for modern science. 

We all use models in our everyday life. What do models have in common? 
What makes them models? Each model represents something in the real world
a system, an event, a situation, an object, or a process. And that is all a model 
is, a representation of something in the real world by a symbol or abstraction. 

lnTT:ac,.•o(tl 
(ih PclnZJ .,. q 
<J> ll' lJnt�Z:L).,c 
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modeler must select the factors thought 

to be influential; he must assume many 

of the boundary values in a given 

problem; and he must interpret results. 

These exercises of judgment, many 

of them shared with the decision 

maker, mark modeling as an art, not 

a science. 

Modeling the energy system 

Energy system modeling has roots in 

process or industrial modeling. For 

years individual electric utilities, petro

leum refiners, iron and steel producers, 

and industrial firms of all kinds have 

modeled their processes to plan opera

tions, new additions to capacity, and 

financial requirements. Energy system 

modeling is similar in that the struc

ture and behavior of a system are 

modeled, but it differs in purpose, 

scope, time frames, size and complete

ness of system, and degree of resolu

tion (simplicity and detail). These 

similarities and differences become 

apparent in an example. 

The energy cycles of the utility 

service region sketched here are also 

the basic elements of an energy system 

model. They must be further defined 

by the separate steps in their evolu

tion from raw resource to energy end 

use (e.g., mining, beneficiation, trans

portation, conversion to electricity, 

transmission, and application) . At each 

step the utility, its customers, and 

society as a whole incur economic and 

environmental costs. Each step is 

therefore a decision point affecting 

and being affected by others. The 

cycles themselves are not totally ex

clusive, and they also interact in costs 

and in effects. Together, these cycles 

and their steps are the structure of the 

model. 

When the rules of behavior of the 

utility are also known, the system can 

fbvver P!a11t 



be modeled. For an electric utility, 

behavior is prescribed by regulation: 

to deliver dependable, environmentally 

acceptable service at least cost. As 

conditions change with time, the model 

always selects the energy cycles that 

are the most economical and environ

mentally acceptable. 

This example of a hypothetical 

utility and service area portrays ele

ments of an energy system model. 

But it remains an industrial model 

because its structure and behavior are 

interrelated entirely within the boun

daries of a single industrial organiza

tion. The single utility has human 

management that consciously and 

continuously exercises intention and 

control, thus setting the conditions 

of interdependency. 

Energy system modeling is a gen

eralization of the type discussed in 

the above example. The system is 

enlarged to include the U.S. energy 

network from resources (including 

potential resources and technology) 

to end use. The time intervals modeled 

Faf/in water 

are lengthened from 10-20 years to 

25-50 years. The U.S. energy system 

is regarded as an integrated whole 

(even though it lacks the explicit, well

defined management of a single utility). 

It thus has structure and behavior that 

can be modeled. Details are replaced 

by averages and specific cases by 

general representations . Thus, the 

specific coal cycle becomes an average 

coal cycle. It is an average utility in

dustry that buys average coal at an 

average price from an average coal 

industry. This averaging continues 

throughout the coal cycle until average 

electricity is consumed by average 

industries, homes, and stores. 

Once the average energy cycles are 

complete for each of the resources, 

an overall energy system structure 

can be assembled. It changes con

stantly, in incremental terms, but looks 

generally like the accompanying figure 

for years at a time. Conceptually, it 

still remains to prescribe and to model 

rules of behavior for the system that 

will allow it to select the preferred 

II droe/ectric. 
Uranillm 

energy cycles. Neither task is simple. 

The concepts are straightforward, but 

the execution is very difficult. Myriad 

details of structure and myriad intri

cacies of behavior must be traced and 

reduced to logical form and, ultimately, 

to mathematical functions. 

Furthermore, data must be gathered 

from a sufficient number of points 

in the system so that the model is a 

useful representation of the system. 

For example, in the industrial model 

of the utility, optimal energy cycles 

were selected with the sole criterion 

that the utility provide dependable, 

environmentally acceptable service at 

least cost. But in the U.S. energy sys

tem, utilities are not isolated. As a 

group, energy resource producers, 

transporters, processors, and users 

exhibit mixed behavior. Some indus

tries can hold supplies to reap a greater 

profit over time, while others are re

quired by regulation to meet demand 

and to have limited profits. All such 

behaviors must be captured in a real

istic energy system model. 
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Modeling the economic system 

Economic system modeling deals with 
the structure and behavior of the 
national economy, with industries as 
the basic producing and consuming 
units. It also evolves from the specific 
to the general. Companies are grouped 
(aggregated) to form industries. Goods 
and services are purchased, combined, 
and consumed in the production of 
other goods and services. Industries 
thus interplay, and their inputs and 
outputs are tallied and related, not 
in physical terms but in a single homo
geneous measure, dollars. 

/ro11 and steel 

Food 

l.cbor 11 
Capital 

/mport5 

The interindustry chart organizes the 
elements of the U.S. economy. Just 
as the energy system model incorpo
rates decision points where costs are 
incurred, so must the economic system 
model. For any industry, the decision 
elements are the dollar value of ingre
dients it must employ to make its 
product or to perform its service: 
inputs of steel plate, paper, paint, 
vinyl, wire, glass, process heat, capital, 
and labor. Each ingredient (and its 
possible substitutes) has cost implica
tions for the industry itself, its cus
tomers, and society as a whole. 

P"rcha;e, and 5ale, amo119 i11du5trie, deftne the ,lructuve of a11 economic input:-o{)tput teb/e, 
a virt:wal intev1nd1,1,f:irv chart oF the /IS econow,y . 45 with the e11e"J<( 51/SCe"1

1 
VBY!Ol/5 cowpoi'le"t behav/or5 

mu5t be defined for mode/,;,9 . Capital, labor, a"d i111port5 or& gcod, and ,erv,ces available 
for 2,/e1//I tJddit/011 io tndus{:rti;/ prod"ct output,. Similar/� , con5t1mev:,

1 
qovernme,,,t, 

and ey:om are erid u_ser5 outside the 117,,tri\. 
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Once the structure of the model is 
complete, the economic modeler pre
scribes its rules of behavior. A basic 
rule is that industry responds to change 
in price. Thus, if the price of coal 
becomes high compared with the price 
of electricity, the iron and steel in
dustry will begin to change its methods 
and its equipment so as to use more 
electricity and less coal as a resource 
for power or process heat. 

The energy-economic relationship 

It is obvious today that the energy 
and economic systems affect each 
other. Major energy shortages affect 
lifestyles and the ability of industries 
to produce desired outputs; conversely, 
economic downturns reduce the de
mand for energy, with consequent 
ripples of cost and price effects through 
all fuels and facilities. But it is not 
obvious exactly how these behaviors 
are interrelated. 

Until recently, modelers had little 
need to consider these cross-system 
or feedback effects. The apparent 
abundance of energy resources and 
their resultant low cost made the 
energy system seem essentially inde
pendent of economic system influences. 

o The energy system modeler used 
ad hoc methods independent of the 
model to determine major economic 
variables, such as energy consumption, 
discount rates, and energy, labor, and 
capital costs. He assumed the economic 
system would adjust to the mix and 
cost of energy fuels determined by 
his analysis. 

o The economic system modeler 
ignored technological change and, even 
more important, resource depletion 
and environmental considerations. For 
example, his analyses did not include 
the breeder reactor, shrinking natural 
gas resources, or pollution abatement. 

Both modelers stopped short of 
capturing the essential connections 
between energy and economic systems. 
The links weren't perceived to be 
significant; thus, there was little value 



set on integrated modeling until five 

years ago. 

Basic research today is only slowly 

piecing together the structure and 

behavior of these systems by ex

amining their past and present perfor

mance. Historically, energy growth has 

been highly correlated with economic 

growth. Historically, the nation has 

relied increasingly (up to 70% of our 

energy use today) on inexpensive, 

clean natural gas and crude oil. 

But the situation is changing. The 

nation appears to be running critically 

short of natural gas, and domestic 

crude oil production is continuing 

to decline from its high in 1970. There 

is evidence (though still highly uncer

tain) that the energy system is gradu

ally shifting from gas and oil to coal 

and nuclear power. Will a shift from 

inexpensive energy cycles to more 

expensive energy cycles affect the 

economic system? Will energy con

sumption and economic growth con

tinue along their highly correlated 

paths? 

Such questions challenge the energy

economic modeler to link the energy 

and economic systems. They are the 

kinds of questions that have been 

so urgently addressed-yet so differ

ently viewed-in recent studies to 

define bases for U.S. energy policy. 

For example, the Ford Foundation's 

Energy Policy Project, emphasizing 

energy conservation, used energy

economic modeling to identify and 

evaluate foreseeable effects of such a 

course. The FEA's Project Indepen

dence team employed energy-economic 

modeling to project volumes and costs 

of domestic fuels, and their implica

tions for the economy, if we were to 

become self-sufficient by 1985. 

Much of today's energy R&D is 

concentrated on techniques for chang

ing electric utility and other industrial 

production processes to reflect the 

effects of fuel substitution, new tech

nologies, environmental costs, and 

increased energy prices. As modelers 

are successful in linking the energy 

and economic systems, the resulting 

analyses will be of great benefit to 

the electric utility industry and to 

government policymakers. 

Problems and directions 

When large-scale energy-economic 

modeling began less than five years 

ago, funding was limited. The modeling 

was initiated not as a planned dis

cipline but more as a way to correlate 

data for an energy study. Yet it rapidly 

aroused curiosity among government 

and industry decision makers -partly 

from serious interest and partly as a 

defensive reaction to an unknown 

planning tool. Since that beginning, 

energy-economic modeling has received 

generous support from government 

and industry, and today it shows signs 

of becoming a true discipline. 

Energy-economic modelers need to 

uncover the strengths and weaknesses 

in their field, find its research frontiers, 

and consolidate its gains. For example, 

the field needs better data and infor

mation, better ways to communicate, 

and better standards to guide it. All 

in all, it needs to be developed by 

dedicated individuals capable of 

making it a profession, capable of 

protecting it from misuse, and capable 

of making it useful in systems analysis. 

EPRI has become one focal point 

of these needed efforts because an 

important part of its work is to 

provide the electric utility industry 

with a state-of-the-art energy-economic 

modeling capability. Within the Energy 

Analysis and Environment Division, 

specific responsibility lies with the 

Systems Program staff. 

Because energy-economic modeling 

is a new field, more effort has gone 

into model building itself than into 

serious application and analysis. As 

a result, many of the models to date 

are incompletely understood. Different 

models exhibit different behavioral 

patterns despite their similar structure. 

The causes and implications of these 

differences are often unclear. 

But the number and variety of 

models in existence warrant a sys

tematic effort to reveal their strengths 

and weaknesses and to gain under

standing of where and how they can 

be used most effectively. Such is the 

purpose of a new research project 

sponsored by EPRI: Energy Model 

Comparative Analysis, begun last 

August and known among its partici

pants as Forum. 

In Forum, decision makers and 

modelers are joining together to apply 

energy-economic models to important 

problem areas. These individuals have 

expertise in management, engineering, 

science, economics, and systems 

analysis. 

During its projected four-year life, 

Forum should provide continuous, 

constructive feedback between model 

users and model developers. 

Forum members will meet three or 

four times each year. On each occasion 

they will choose a set of questions 

to be studied and select the models 

that appear best suited to the desired 

analysis. Of course, the questions may 

have to be adapted to the models' 

structures and behaviors. 

After the models have been run, the 

results will be critiqued for plausibility, 

consistency, and completeness. Forum 

members will attempt to relate differ

ences in results to differences in the 

models' structures and specified be

haviors. Such explorations will expose 

misunderstandings and bring to light 

the most critical assumptions -both 

good and bad. Finally, Forum members 

will share their findings in a series of 

highly readable reports that will be 

widely circulated to decision makers 

and modelers. 

In the course of this work, Forum 

will examine the models EPRI has 

under development and will provide 

a valuable critique of EPRI's own 

modeling research. Thus, by the end 

of next year, EPRI will be supplying 

the electric utility industry with basic 

facts and understanding of the new 

and important field of energy-economic 

modeling. 
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How Can 
We Improve 
Power Plant 
Reliabi l ity? 

by Joseph A. Prestele 
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A broad-scale effort on reliability 

assurance is being carried out at 

EPRI for both fossil-fired and 

nuclear generating plants. The 

projects range over the entire 

field from materials and design to 

components, operation and data 

systems, reporting, and analysis. 

o An EPRI program article 



P
rograms for improving and assur
ing power plant reliability are fast 
becoming everyone's favorite 

game-and if not dealt with in perspec
tive, could become the only game in town. 
Like quality assurance, reliability assur
ance cuts across traditional disciplines. 
Consequently, when applied within any 
given management structure, it reaches 
broadly across organizational lines, with 
all the management problems and dan
gers that that involves. 

In considering their reliability pro
grams, utilities and designers would do 
well to heed the lessons hopefully 
learned in the development of their qual
ity assurance programs because the pit
falls are common: the temptation to 
superimpose an entirely new layer of 
management discipline over that already 
in existence, the seductive urgings to 
be given the opportunity to provide 
programs that will allegedly solve all 
the utilities' reliability problems, and 
so forth. This is, of course, not intended 
to suggest that valid elements of reliabil
ity engineering should not be incorpo
rated into management efforts aimed at 
reliability improvement, but rather that 
they should be incorporated as much as 
possible into existing organization struc
tures so as to avoid traps such as those 
mentioned. 

There is an implication in the current 
pursuit of reliability improvement that 
those principally involved in building 
power plants are somehow not respon
sible for-or even worrying about-how 
reliable they will be or what their quality 
will be. This is simply not true. A quality 

Joseph A. Prestele is Program Manager of Codes, 
Standards, and Reliability for the Engineering and 
Operations Department of the Nuclear Power Divi
sion. The author is grateful to Donald Anson and Ed 
Zebroski for their collaboration in preparing this article. 

product that will perform reliably at an 
acceptable cost is what sound engineering 
is all about. I do not doubt for a moment 
that the engineering professionals cur
rently in industry, possessing as they do 
sound engineering backgrounds and 
having the freedom to apply that knowl
edge, have the capability to solve a sub
stantial majority of the utility industry's 
reliability problems. 

Notwithstanding all this, there is 
clearly an opportunity-and, in fact, a 
need-for EPRI as a national organization 
to supplement industry efforts in reliabil
ity improvement by focusing programs 
on improved component performance, 
better material selection, and shorter 
outage times. Hopefully, then, with the 
assistance provided by EPRI's programs, 
those professionals whose job it is to 
design, build, and operate the nation's 
power plants will be provided that incre
ment of support needed to do their jobs 
more effectively. 

Major EPRI programs on power plant 
reliability improvement are being pre
pared and conducted both in the Fossil 
Fuel and Advanced Systems and the Nu
clear Power divisions. 

FOSSIL-FIRED PLANT PROJECTS 

Activities of the Fossil Fuel and Advanced 
Systems Division (FF AS) of EPRI have 
been structured to suit the historical na
ture of the nonnuclear utility business. 
There are significant differences between 
the backgrounds of the nuclear and the 
fossil-fired sectors of the electric utility 
industry. The fossil-fired sector is, of 
course, older and has developed in a tra
ditional, independent way, relatively free 
of the constraints and regulations that 
apply to nuclear plants. Plant deficiencies 
and problems have been dealt with by 
direct action of utility-vendors, assisted 
by voluntary exchanges of data and ex
periences at professional meetings. 

This rather informal situation has re
sulted in a public data base on faults and 
performance that is less comprehensive 
for fossil-fired than for nuclear plants. 
FF AS supplemented the published data 
by holding a series of meetings within the 

past year with representatives of some of 
the major utilities that are operating units 
of 600 MW or larger. The discussions 
were useful in identifying the major com
ponents that tend to fail most frequently 
and their failure modes. They have been 
referred to constantly in the formulation 
of the EPRI research program. 

The discussions were also informative 
about the historical backgrounds of some 
of the present reliability problems. Many 
of the large units now operating were 
specified and ordered on the assumption 
that there would be a continuing supply 
of low-price, good-quality, uniform fuel
coal, oil, or gas. Plans based on the use of 
a closely specified range of coal permitted 
the acceptance of designs with narrow 
margins in pulverizer, coal- and ash
handling, soot-blower, and fan capacities. 
And in all cases, furnace size, auxiliary 
power, and structural weight tended to be 
reduced to economic minima. The recent 
increases in fuel costs, requirements for 
use of alternative low-sulfur supplies, 
and a general deterioration in fuel quality 
have introduced changes in operating 
conditions and in system economics that 
in many cases have called for the further 
complication of cycling large units. Poorer 
fuels and cyclic operation were frequently 
cited as factors seriously affecting plant 
reliability. 

It is now clear that existing plants, 
plants under construction, and plants to 
be specified in the near future must all be 
able to perform reliably and economically 
under increasingly severe load-cycling 
conditions and with a range of fuels that 
may be dictated by future supply and 
environmental restrictions. 

The emphasis of the Fossil Plant Per
formance and Reliability Program is on 
short- and mid-term projects that will im
prove the performance of existing units 
and also contribute to the specification 
and performance of new plants. 

Program objectives 

The objectives of the program are to 
analyze the factors responsible for plant 
performance below design expectations 
and to initiate research to correct those 
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situations by improved operating proce
dures, design modifications, or materials. 
In time, the work will include projects on 
component testing and will lead to the 
drafting of specification guidelines and 
quality assurance provisions. 

The most important interface in this 
program is that with the utilities, as the 
program's immediate concern is with cur
rent practice and experience. The subpro
grams are therefore based on equipment 
subassemblies, which is generally in line 
with the subdivision of expertise within 
the industry. Any resulting overlap of 
scientific disciplines will be dealt with by 
internal controls and communications. 

The subprogram areas are steam
supply systems, turbine generator sys
tems, and ancillary plant systems. The 
materials group, which is not part of the 
reliability subprogram staff, will be 
heavily involved in all three areas. From a 
chemical standpoint, it is also logical to 
think in terms of the total water-steam 
circuit, which includes parts of all three 
systems. 

During the next year, providing a bet
ter insight into the root causes of failures 
and substandard performance will be the 
emphasis in all subprogram areas. There 
is no single source for data of this type, 
although the records compiled over the 
years by EEI provide a valuable statis
tical background. These records are being 
examined through a coordinated EPRI
EEI effort and by participation in meet
ings of the Prime Movers' Committee. 

As has been mentioned previously, 
EPRI has held six informal meetings 
with some of the largest utilities in differ
ent parts of the country to discuss their 
most pressing concerns about plant reli
ability. These meetings are to be followed 
next year by surveys of utility experience 
on specific plant components, subsys
tems, or failure mechanisms, which will 
provide a much more detailed data base 
by the end of 1977. From this improved 
data base, projects will be established 
to address operating and reliability prob
lems, to reduce and shorten planned 
outages, and to improve the design stan
dards for new plants. 
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Subprogram objectives 

In the steam-supply subprogram there 
are three major problem areas: fireside 
fouling and corrosion, steam-side oxide 
exfoliation ( oxide scaling off in thin 
sheets from steam-generator tubing), and 
pressure tube failures. The first two con
tribute to the third but do not account 
for it entirely. Projects under way in 
these areas have already made it apparent 
that oxide exfoliation is strongly related 
to heating and cooling cycles. Water 
treatment and chemical control are also 
important. There is a background of ex
cellent work that is related to nuclear 
plants on which the fossil plant program 
can draw, but fossil plants will have their 
own particular problems, which the pro
gram will address as necessary. 

Improved materials and proper selec
tion of materials are clearly important 
to reliability, and work is being carried 
on to assess and improve the resistance 
of boiler tube steels to both steam and 
coal-ash environments. There are also 
prospects of using acoustic techniques to 
detect and locate tube leaks at an earlier 
stage and work is in progress to assess 
this. 

Work on boiler fouling aims to de
velop a better understanding of the trans
formation undergone in the flame by 
inorganic constituents of coal. This is 
relevant to work in programs on coal 
cleaning and blending. Other aspects 
of fouling to be addressed include oper
ating conditions and combustion. By 
1980 it should be possible to provide 
the industry with operating guidelines 
that will alleviate both steam-side and 
gas-side problems and incorporate ex
perience gained in studies of plant per
formance under cycling conditions. 

An increasingly important character
istic of fossil plant operation during the 
next two decades will be greater load 
following and cycling, which will call for 
better capability for predicting dynamic 
behavior and better understanding of the 
impact of thermal stress on mechanical 
integrity. In a word, better plant models 
will be needed for specification, design, 
evaluation, and control. These will be de-

veloped by manufacturers with EPRI di
rection to assure that they meet utility 
needs. The models will form the basis of 
the more advanced control and operating 
guides after 1980. 

Design criteria 

As progress is made in problem solving, 
EPRI's emphasis will shift to the defi
nition of design criteria, which will lead 
to guidelines for plant specifications, 
backed by in-service testing of critical 
components and structures made of im
proved materials. These efforts will have 
an impact mainly on new plants sched
uled for operation in the 1980s. 

A major concern of turbine generator 
suppliers is cyclic damage to the turbine 
and its components. The most common 
causes of outage are low-pressure blade 
failure and high-pressure blade erosion. 
Low-pressure blade failure is usually 
caused by fatigue, and an appreciable 
amount of fatigue damage may occur at 
speeds below synchronous operation. 
High-pressure blade erosion is related to 
the exfoliation problem in the steam
supply system. 

Corrosion mechanisms aggravate fa
tigue failure. Control of the turbine atmo
sphere and knowledge of the behavior of 
blade materials under combined corro
sion and static-plus-cyclic stress will be 
studied. At the same time, tests are to be 
run under cycling conditions to obtain 
data for the validation of thermal stress 
models. 

The studies should provide important 
contributions to the development of op
erating guides and control systems that 
will appreciably reduce risk of plant 
damage while ensuring high performance 
capability. A first operating guide is ex
pected to be available by 1979; there will 
be further development through 1981. 

In-service monitoring and improved 
inspection techniques will be developed 
to reduce risk of major damage due to 
unforeseen failures. Improved materials 
for rotors and blades will be of major 
importance both in larger machines and 
in cycling machines. EPRI's role in this 
effort will be to catalyze materials devel-



opment and to appraise new materials in 
realistic test programs. New materials 
will be available beginning about 1979, 
but full-acceptance criteria will probably 
require testing for two years after that. 
An exception is titanium alloy for low
pressure blading, which is already under
going testing. Subject to satisfactory re
view, this alloy could become available 
quickly if it is found to be economically 
justified. 

Turbine bearing failures are most com
mon at low speed. So the special lubrica
tion needs at startup and rundown will be 
addressed early in the program, with the 
objective of providing both future and 
retrofit options by 1979. 

The use of a range of materials with 
widely different properties in addition to 
the very large mechanical and electro
magnetic forces in generators pose severe 
mechanical problems. On-line monitor
ing systems will be investigated and 
specific materials problems addressed. 
Already there is a prospect of improved 
end-ring materials, and better conductor 
materials and joints are to be studied. 

The ancillary systems subprogram 
will include fans, pumps, valves, feed 
heaters, pulverizers, fuel-handling equip
ment, and condensers. This is a diverse 
area in which attention is presently fo
cused on feed pumps and condensers. 
Feed pump failure studies have already 
exposed generic weaknesses in certain 
designs, which have been corrected ei
ther by the vendors or independently. 
Performance surveys will be initiated on 
other specific items in the first year of 
the program. At the same time, overall 
plant reliability studies will help in the 
development of component design cri
teria, against which current designs will 
be assessed and specification standards 
developed. EPRI will encourage product 
development by assisting with utility 
tests and by assuring the objective re
porting of results. 

NUCLEAR PLANT PROJECTS 

Within the Nuclear Power Division Sys
tems and Materials Department, there is 
a current set of projects and programs to 

improve the performance and reliability 
of selected power plant systems and com
ponents. The results of many of these 
projects are expected to be useful for im
proving selection of operating conditions 
and procedures for existing plants or for 
improving design and functional specifi
cations for new plants or replacement 
components. 

Major efforts are in progress in the 
following areas. 

o Tube thinning, cracking, and distor
tion (PWR steam generator) 

o Pressure boundary, materials proper
ties, stress analysis, and fracture mechan
ics-mainly on pressure vessel steels 

o Corrosion and cracking behavior of 
primary system piping (BWR) 

o Nondestructive testing and in-service 
inspection, including improved quanti
fication of code-approved methods and 
development of advanced methods for 
field use 

o Fuel rod and core materials, especially 
behavior with load change and during 
postulated LOCA 

o Failure analysis efforts and field diag
nostic methods to determine root causes 
of malfunctions 

Investigations of turbine rotor mate
rials are also under way. These relate pri
marily to embrittlement and fracture 
mechanics of turbine rotors in order to 
better quantify acceptance and rejection 
criteria rather than to improve design. 
Collectively, these projects aim to reduce 
the frequency of outage events or power 
reductions attributable to the affected 
components and to decrease the impact 
when an event does occur. 

Extensive coordination efforts are car
ried on with industry, government, and 
research organizations to advise on util
ity needs and priorities and to monitor 
these efforts. 

A pressure vessel program is directed 
toward assurance of the present and con
tinued high integrity of pressure vessels, 
a paramount consideration of reactor 
safety and productivity. No significant 

additions to or lengthening of forced out
ages have occurred as a direct result of 
pressure-vessel-related problems; how
ever, the long-term code inspection re
quirements, plus changes in inspection 
technology, provide a substantial incen
tive for R&D that can help reduce the 
duration of scheduled inspection outages. 

The plant chemistry and corrosion sub
program deals with a significant source 
of outage and repair efforts-namely, 
that of cracks or leaks in high-pressure 
piping and tubing. While leaks or cracks 
in boiler tubes have been an operational 
problem for almost 75 years, the height
ened impact of plant outages resulting 
from such leaks or cracks in nuclear units, 
together with the added effect of in-plant 
radiation levels on plant maintenance, 
has increased the incentives for reducing 
the frequency of such events. 

Testing and inspection 

Another program treats nondestructive 
examinations and in-service inspection. 
Nondestructive examination (NDE) is 
specified by code and licensing require
ments. Improvements in some aspects of 
code-approved methods are desirable to 
improve sensitivity and repeatability and 
to minimize dependence on subjective 
interpretations by the operators. NDE 
methods are also relevant to failure diag
nosis of operating components and to 
failure prevention. In these cases the in
centives are directly reflected in unit pro
ductivity improvement. 

A plant materials and processes sub
program has been developed to profit 
from the lesson of experience that im
proving component reliability in a spec
ific application, in many cases, depends 
mainly on a better specification and con
trol of basic materials and fabrication 
processes. In this subprogram process
ing technologies have been identified 
that potentially could improve material 
properties and thus service behavior. 
For example, the application of electro
slag melting, vacuum arc refining, or im
proved conventional casting technology 
may provide means by which to produce 
more uniform and reliable steels. 
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Fuel performance 

The overall goal of EPRI's LWR fuel rod 
performance studies is to develop the 
data base and the analytic tools that will 
increase plant availability and capacity 
factors by making fuel rods more reli
able and plant operations more flexible. 
Although currently focused on PWRs 
and BWRs, some of the methodology de
veloped in this program will be applica
ble to other fuel rod and reactor designs. 

The program consists of related re
search at the fuel rod, fuel bundle, and 
whole core levels. The program emphasis 
will shift with time toward actual power 
reactor experience at both the bundle and 
the core levels. The current program in
cludes heavier emphasis on rod and ma
terials behavior, separate effects tests in 
the Halden and Studsvik test reactors, 
out-of-reactor tests, and fuel behavior 
modeling. 

Finally, the failure analysis and plant 
component reliability effort has the fol
lowing purposes. 

o To help determine the relative impor
tance of potential improvements in dif
ferent components or systems 

o To provide (using "root-cause" analy
sis) the sharpest technical focus for R&D 
on design, operation, or materials, and 
for the testing of remedies 

o To evaluate (using "potential failure" 
analysis) preliminary indications that 
may foreshadow malfunctions or failures 
and to determine whether preventive 
maintenance is warranted 

This effort focuses on root-cause and 
statistical analyses involving austenitic 
piping, steam generators, turbine rotors, 
and vessel nozzles. Related work has 
centered on improving diagnostic and an
alytic techniques-both the instrument
based data and the stress analysis, frac
ture mechanics analysis, and duty cycle 
analysis that are required for root-cause 
determinations. 

High-reliability plant 

Given the present enormous incentives to 
improve reliability, availability, and ca-
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pacity factors, a program in the Engineer
ing and Operations Department of the 
Nuclear Power Division has been ap
proved and is being organized. This pro
gram will explore both the principal limi
tations that deter improved nuclear plant 
performance and those changes in design 
that are required to eliminate or to miti
gate those deterrents. 

Historically, we have built generat
ing stations that have not performed at 
desired availabilities. With the cost of 
money to the utility industry having 
about doubled in the last 8 to 10 years, we 
need to explore the building of stations 
that can be operated with availabilities of 
90%, or even 95%. It is worth a large effort 
to attain these operating factors in order 
to reduce reserve capacity requirements. 
A more difficult problem will be to deter
mine the real cost of the changes that will 
result in the probability of achieving this 
high availability. 

Assuming that about 200,000 mega
watts of nuclear generating capacity will 
be in operation by 1985, a 1% improve
ment in capacity factor can be equated to 
the reduction of an industry financing 
need for approximately three 1000-MWe 
nuclear units at a cost near $3 billion. 

Virtually all current nuclear units were 
specified and built in an era when the cost 
incentives for productivity gains were less 
than one-fifth of present values. The tra
ditional utility-equipment-supplier rela
tionships in problem solving and produc
tivity improvement have been severely 
affected by a quantum jump in cost 
factors. 

The change in the distribution of plant 
costs makes it unrealistic to expect equip
ment suppliers to solve problems unilat
erally. The nuclear steam supply system 
(NSSS) and power conversion equipment 
suppliers have seen their portion of the 
plant capital cost drop from 40% to less 
than 15%. Some 30-50% of plant cost is 
now in the form of interest and escalation. 

This program should lead to raising the 
national nuclear generating productivity. 
It should also ensure that EPRI has a wa
ter reactor program that is focused on 
long-range problems, whereas many of 

the present water reactor projects are fo
cused on solutions to the operating prob
lems being experienced currently in the 
field. Such a program is required in EPRI 
because the manufacturers, architect
engineering firms (AEs), and individual 
utilities do not have the resources to carry 
it out by themselves. 

The program methodology would first 
identify four plants that are performing 
well, one furnished by each of the 
principal NSSS vendors. Project teams 
representing the principal organizations 
involved would then set about the task 
of identifying those items that limit the 
availability of the plants and those 
changes that would be needed to increase 
that availability, assessing in the process 
which changes could be effected on 
existing plants and which could be ap
plied only to new plants. 

It would also consider the interrelation
ship of such factors as the small benefit in 
shortening refueling time unless the bal
ance of the plant could be returned to op
eration within the same time period. 
Typically, shutdown length is not deter
mined by refueling per se but by other 
functions, such as identification of failed 
fuel, turbine maintenance, pump seal 
maintenance, surveillance requirements, 
and other balance-of -plant maintenance. 

Data systems analysis and upgrading 

Finally-and also within the Engineering 
and Operations Department of the Nu
clear Division-efforts are under way to 
deal with the subject of power plant data 
systems as they relate to improving reli
ability. As an initial step in scrutinizing 
the data presently available to industry, 
EPRI has undertaken an in-depth study 
of each and every licensee event report for 
12 nuclear power plants to discern the na
ture of the circumstances causing the 
events reported and their trends, and ul
timately to provide better understanding 
and guidance following such events. 

EPRI is also about to begin an effort that 
will scrutinize the three major data banks: 
namely, EEI's data bank on equipment 
availability, the EEI-Southwest-Research 
Nuclear Plant Reliability Data System, 



and the NRC's so-called gray book data 
bank-this time with a twofold purpose. 

First, as with the licensee event report 
project, it is hoped that insights into the 
causes of power plant unavailability can 
be developed that will allow a sharper 
focus on where industry's efforts might 
best be applied, not only in areas involv
ing R&D but also possibly in improved 

operating techniques, maintenance pro
grams, and any other areas that might 
surface in the analysis. 

Second, and maybe equally important, 
is a goal that follows naturally from such 
an analytic effort. That goal is identifica
tion of ways in which these data systems 
might be upgraded, not necessarily (and 
indeed hopefully not) by the inclusion of 

more reported data but rather by the furn
ishing of better information. 

Much attention has been given the 
subject of power plant data banks in re
cent months. On June 2 about 50 persons 
representing a number of utilities, AEs, 
manufacturers, consultants, government 
agencies, professional societies, EPRI, 
and representatives of the EEI committee 
structure and staff met in the offices of the 
Federal Energy Office in Washington. 
Among the issues discussed during 
the course of the day were the need to 
open the EEI data banks to unrestricted 
public access and the need for industry to 
formulate and implement an early warn
ing alert system to provide prompt dis
semination of information having generic 
interest concerning events affecting plant 
availability. A most interesting thread 
that wove in and out of the discussion re
lated to the end use of present data banks 
and what was generally perceived by 
those present to be a low level of end-use 
value. To help solve this problem, EPRI 
has also undertaken a research project 
aimed specifically at establishing a direct 
dialogue with a large number of data 
bank users-utilities, manufacturers, and 
architect-engineers-to identify ways of 
upgrading the major data banks in op
eration to increase their end-use value. 

Another major perception that has 
been evolving within industry is the basi
cally fragmented and not fully organized 
way in which the existing power plant 
data systems have evolved. In addition to 
the data banks mentioned, there are 
others, less visible but no less burden
some in their reporting requirements, 
administered by other private and gov
ernment agencies (federal, state, and 
local) and all contributing to the work
load the power plants ultimately must 
shoulder. 

Recognizing all this, an effort is under 
way within the EEi committee structure 
and with EPRI cooperation to develop a 
scope document for an effort to identify 
just what the total data reporting burden 
is, and then, out of that assessment, to de
velop what will approach a truly national 
power plant data-reporting system. 
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S 
maller size, better appearance, and 
especially, reduced land and struc
ture costs have become increas

ingly important for urban substation 
design. With the advent of gas-insulated 
substation equipment, major advances 
have been made. Today, for ac system 
voltages of 500 kV and higher, fully in
sulated, metal-enclosed (" dead-tank") 
equipment may be less expensive than its 
air-insulated equivalent, and a 90% re
duction in size can be achieved. This kind 
of "compacting" has also been done at 
lower voltages so that substations can 
be fitted, for example, into the basements 
of downtown buildings. 

w hat should be compacted? 

·nee the start of the EPRI project, a good 51 
de 
te 
na 
co 
tr 
th 
gr 

al of debate has taken place on the ex-
nt of compactness needed in de termi-
ls. There seems to be a consensus that 
mpacting the bus connections from 
ansformers to valves and from valves to 
e de line (including disconnect switches, 
ounding switches, bushings, trans-

C ompacting DC 

A similar evolution is  also needed in  de 
technology, particularly because the 
space requirement for air-insulated de by 
converter stations is substantial. EPRI-

Narain G. Hingorani and Stig L. N i lsson 
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-� - -

ducers, and voltage-measuring devices) 
is basic, and this will be demonstrated by 
the prototype de link project (Figure 1). 

Those who have worked out layouts 
of connections between transformers, 
valves, and other de equipment are aware 
of the space consumed and the cost bur-
den of crisscrossing the busbars. Gas bus 
and switches would save considerable 
space and may well be the most economi-

Terminals 
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sponsored research in de terminals 
responds to that need. Specifically, it car
ries out work begun under auspices of an 
Electric Research Council (ERC) working 
group in 1971. Based on that group's rec
ommendation for a demonstration proj
ect, ERC's HVDC Task Force selected 
Consolidated Edison Co. of New York, 
Inc., as the host utility. Later, in August 
197 4, EPRI awarded a contract to General 
Electric Co. to develop, design, and install 
two interconnected converter terminals 
-a prototype de link. Con Edison is su
pervising the installation and will operate 
the completed facility. 

r] J 
,./ � 

L i, f I -

K jµ " 
The main purpose of the project is to 

demonstrate compact, dead-tank, out
door, low-profile converter technology. 
A secondary purpose is to demonstrate 
the effective use of de transmission for 
direct power infeed to ac networks in the 
heart of a large city. One eventuality, of 
course, is the location of HVDC converter 
stations in the basements of large build
ings. As the project continues, it should 
also serve as a testing medium for im
proved compact equipment yet to be 
developed. 

Narain Hingorani is manager of the AC and DC 
Substations Program in the Transmission Department 
of EPRl's Electrical Systems Division. Stig Nilsson is 
a project manager in the same program. 
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cal way to build converter stations for 
voltages of 400 kV and higher. To com
plete the line of compact de components, 
gas-insulated, neutral bus-load-break 
switches and metallic-return transfer
breakers will also be desirable sometime 
in the future. 

The question of compacting the valves 
has caused the most debate. A modern 
air-cooled, air-insulated thyristor valve 

is housed in a building with a clean, con
trolled air environment and flat internal 
walls to minimize clearance requirements. 
Such a building is therefore quite com
pact and raises the question of whether 
further compacting by gas-insulated 
valves is necessary. EPRI has chosen to 
develop liquid-cooled, gas-insulated, 
dead-tank valves for the following two 
reasons: 

Compact bus connections and thyristor valves are the focus of R&D 

for a prototype de link between two Con Edison su bstations in New 

York City. Construction and operation should prove the feasibility of 

compact de terminals. o An EPRI technical article 

Figure 1 Close grouping of potheads, transformers, and 
thyristor valves in plan view of Astoria East term inal 

reveals space saving made possible by gas-insulated bus. 
Elevation view emphasizes low prof i le  of gas-insulated 

valve tanks. 

o Liquid cooling improves valve perfor
mance because it allows direct dissipation 
of heat into the air, unlike the air-water
air cooling chain for conventional air
cooled valves. The first air-water heat 
transfer is eliminated by direct liquid 
cooling of the thyristors. This permits a 
smaller valve structure and a better utili
zation of thyristor current-carrying capa
bility. Hence, liquid cooling is desirable 
for converters. 

o The further step of replacing the air 
enclosure with an SF 6 enclosure for the 
valve containment, affording final reduc
tion in valve size and elimination of bush
ings, may be less significant, at least from 
the standpoint of space saving. Initially, 
it may even be more expensive. In time, 
however, gas insulation of valves could 
be a most satisfactory valve containment, 
especially in cities where the ground area 
and the height of buildings must be mini
mized. The use of oil for valve insulation 
and cooling is not very attractive because 
of the associate increased stray capaci
tances within the valve. This factor in
creases the size of the damping circuits, 
thereby increasing the heat dissipation in 
the valve and consequently reducing the 
overall efficiency of the converter. It also 
increases the fire hazard. 

Research, development, and demon
stration of compact ac and de harmonic 
filters were omitted from the prototype 
de link project because the extensive ac 
cable systems of the Con Edison sub
stations are effective in short-circuiting 
the harmonic currents generated by the 
converters. They also provide sufficient 
reactive power capacity for operation of 
the de terminals. But the need for com
pact filters is not disputed. The necessary 
compensation equipment alone, which 
includes the ac filters and the needed 
switchgear up to the converter trans
formers, typically occupies more than 
half the space needed today. Compacting 
the filters is therefore vital to the whole 
exercise, but it can be explored as a sepa
rate project. EPRI has sponsored such a 
project, targeted to demonstrate compact 
capacitors and filters by mid-1979. 
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Deciding the research scope 

From these considerations, EPRI estab
lished three major R&D areas that define 
the project: 

o Development of a gas-insulated, dead
tank de bus system for all bus sections 
from the converter transformers to the 
de cable potheads 

o Development of liquid-cooled, gas
insulated, dead-tank converter valves 

o Development of two types of de cables 
with cable potheads and splices 

The first two areas are under study by 
EPRI, while the third is an independent 
Con Edison project intended to provide 
design experience for 600-kV de cables. 
Another facet of Con Edison's involve
ment is the 138-kV ac supply cables se
lected for the link. The utility will use 
solid dielectric ac cables for the first time. 

As part of the project, a fault data ac
quisition system and a data logger for 
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Astoria 

7 8 1 0a 
9 1 0  

7 8 1 0a 
9 10  

1 38-kV solid dielectric underground cable 
1 a 1 38-kV ac cable potheads 

HVDC terminals are being developed 
and will be installed in the prototype de 
link to aid in data collection during test 
operation. The system will include equip
ment useful for future HVDC projects 
or large ac substations. 

Adapting to the site 

The 100-MW rating of the prototype de 
link created the problem of finding a proj
ect site that would allow for realistic 
operation at full power without costly 
facilities for the de circuits joining the 
ac/dc converters together. The converter 
terminals should also be located at two 
points electrically remote from each 
other, as seen from the ac sides, to allow 
for experiments with stabilization of ac 
systems via the de link. 

A suitable location was found in 
Queens, New York City, where two large
capacity Con Edison substations, Astoria 
East and Astoria West, are only about 
700 m (2000 ft) apart. No direct connec-

tions exist between the two substations, 
since that would create short-circuit 
duties on the substation equipment be
yond the design limits, even though Con 
Edison's ac network itself provides a tie 
between them. 

The Astoria substations are used prin
cipally as outlets for five steam-gener
ating units and several gas turbines. The 
de link is not essential to the operation of 
the power system, but it provides a useful 
method of transferring power between 
the two substations as an alternative to 
the reconnection of generating units from 
one bus to the other. The link is there
fore designed to transfer power in either 
direction (Figure 2). 

The 100-k V voltage rating of each con
verter is not sufficient for realistic stress 
of the de equipment. For research pur
poses, therefore, a bias set has been 
added, which will be used to elevate the 
de system to a 300-kV potential of either 
polarity. Thus, the maximum dielectric 

West 

� 

Figure 2 Functional scope of de l i nk  is portrayed 
by identical de term inals and 2000 ft of oi l-f i l led 
cable between them. Summary specifications 
prescribe the major design operat ing cond it ions. 

1 �.t 
f"llll1I"\ 

GIS equipment or busbars 
- Air-insu lated equipment or busbars 

Oil-insu lated or solid-dielectric-insulated equipment 

Specifications 
AC system (both terminals) 

System voltage 
Frequency 
Short-circuit capacity 

DC system 
Bus system voltage 
Converter system voltage 
Bias voltage 

1 38 kV 
60 Hz 

10 ,000 MVA 

400 kV 
1 00 kV 
300 kV 

Rated current 
Rated power 2 Converter transformers with primary load tap changers (LTC) 1000 A 

1 00 MW 
1 0 MW 

3 
Two-way, 3-phase (6-pulse) converter valve bridge comprising three twin valves 

3a Twin valve 

4 DC smooth ing reactor 
5 300-kV bias voltage supply (reversible) 
6 DC potential transducer 
7 DC disconnect and grounding switch 
8 DC cable pothead 
9 DC medium-pressure oil-filled underground cable 

1 0  DC high-pressure oil-filled underground cable 
1 0a DC cable splice 
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Min imum power 
Converter terminal 

Valve bridges per terminal 2 
Twin valve rating 50.0 kVdc 
No-load voltage 59.3 kVdc 
Cooling medium Freon 1 1 3  

Insulation medium SF. 
Transformer rating 62.8 MVA 
Transformer secondary voltage 44.4 kV/25.65 kV 
Transformer impedance 22 .4% (62.8-MVA base) 
Transformer LTC range 1 7 . 5% 
Smoothing reactor inductance 62.5 mH 



stress of the link is 400 kV. However, the 

bias supply constitutes a high-impedance 
path to ground, and consequently, the 

system is not directly grounded. This 

necessitated including a smoothing re

actor in both sides of the converters at 

each terminal. It also complicated the 

protective scheme. 

A relatively conventional control sys

tem is used. The master equipment is 

located in the control house of the East 

terminal. The West terminal is unmanned 

and therefore has facilities only for local 

emergency operation. Some features of 

the control equipment that eventually 

will benefit the utility industry are a new 

reactive power control function, equip

ment for simulated diode rectifier opera

tion, and an advanced de potential trans

ducer. The last is an adaptation of the old 

static voltmeter principle, which is com

patible with the compact bus system. 

Designing the bus system 

Compact gas-insulated bus is used from 

the bushings on the converter side of the 

transformers to the potheads for the de 

cables. The design is such that the whole 

converter terminal is on a concrete pad 

measuring only 18 m X 40 m (60 ft X 

130 ft) . However, the resultant power 

density (about 0.12 MW /m2) is not a rele
vant figure of merit for the project because 

the terminal design, due to its 400-kV in

sulation represents a power-carrying 

capacity far exceeding its 100-MW rating. 

The behavior of a gas-insulated bus 

system under ac stresses is well known. 

But even though the properties of the 

gas itself are known for de stresses, bus 

equipment has not previously been built 

and tested as a system for de applications. 

This had to be taken into account in the 

development program. 

There are fundamental differences 

between ac and de insulation stresses. 
One is that de voltage distribution is 

governed by the resistive properties of the 

materials, whereas ac or high-frequency 

stresses are determined by the capacitive 

properties of the materials. However, in

sulation media for HVDC must be able 

to withstand not only de stresses but also 

ac surge voltages superimposed on the 

de. Care also has to be taken to ensure 

that insulating materials are not electro

lytic conductors, which could cause 

materials damages under the influence of 
de stresses. 

Other problems the designer faces are 

associated with foreign particles in the gas 

environment. Free conducting particles 

can have a catastrophic effect on the in

tegrity of the gas system, causing short 

circuits between the bus and the enclo

sure. They also tend to adhere to the 

insulator surfaces. For reliable operation, 

the bus system must be protected, and the 

choice is between removing all particles 

from the bus enclosure or confining their 

movements. Three approaches have been 

developed for the de link: cleaning tech

niques, which have been successfully 

tested under laboratory conditions; par

ticle traps, which confine particles left 

in the bus structures after assembly; and 

conditioning procedures, which will be 

used before energizing the system. 

With all the variables involved, the 

design of gas bus support insulators is not 

a trivial problem. However, based on de

sign and test work already completed, 

insulators will be built in two versions 

one with small holes for equalizing gas 

pressure between compartments and one 

solid insulator for isolating separate 

gas compartments. The latter is to be 

used at the interfaces of valves and gas 

bus sections. 

Careful design has also marked de

velopment of the electrodes in elbows, 

T-connections, and X-connections in the 

gas bus system. Disconnect and ground

ing switches have been adapted to and 

tested for the de application as well. 

Furthermore, stab connectors (removable 

links) have been developed to facilitate 

bus conditioning in the field and main

tenance of the system (Figure 3). 
A new instrument has been developed 

for de voltage measurements on the gas 

Figure 3 Stab connectors permit easy makeup of el bow and 
tee connections in gas bus-and also ensure com plete 
disconnection for safety dur ing maintenance work. 

!.I 
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Figure 4 Valve panels are accessible for 
mai ntenance via bolted door on twin valve 
tank. Electrostatic shie ld ing around panels 
is to maintai n  an even voltage distribution 
across the valve. 

bus system. It uses the well-known static 

voltmeter principle to sense capacitive 

displacement currents from the bus and 

produce a voltage output proportional 

to the electrostatic field. Much smaller 

than the conventional resistive voltage 

dividers now used for air-insulated sys

tems, the device is compatible with other 

gas-insulated components. 

Compacting the valves 

Thyristor valves for the prototype de link 

are based on existing air-insulated valve 

designs, but with major modifications to 

accomplish the compacting goals for the 

project and to meet the requirements for 

a dead-tank design. Gas insulation and 

liquid-cooling of the valves are the pri

mary means of compacting. 

SF
6 

insulation is used at a lower pres

sure in the valves than in the bus sections 

in order to avoid the problems associated 

with pressure vessel design. Close spacing 

of components within the valve increases 

the capacitive coupling between them, 

but because SF
6 

has the same dielectric 

constant as air, the coupling phenomenon 

remains manageable. 

A compact valve requires a small, 
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efficient means of removing heat from the 

various valve components. A liquid 

coolant medium, circulating through 

small heat sinks, meets the requirement. 

Liquid Freon is ideal in many respects 

and was selected for the project. It has a 

low dielectric constant, minimizing the 

coupling between thyristor modules and 

their enclosure. It is also nonflammable, 

nontoxic, a good insulator, and an efficient 

thermal conductor. 

A number of materials have been used 

in new combinations in the valves, re

quiring effort to ensure their compatibility 

for reliable valve operation. Examples 

are optical fibers, Tefzel cooling tubes, 

and Freon used in the presence of SF
6

. 

Laboratory aging tests have been a part 

of the materials selection process and are 

being continued to determine possible 

adverse, long-term effects. 

Leak prevention and protection have 

been studied extensively. To detect major 

SF 6 and Freon leaks and prevent cata

strophic failures, monitoring systems 

have been developed and made a part of 

the valve assemblies. In addition, long

term migration of both SF 
6 

and Freon is 

a concern. For example, small amounts 

of SF 6 will gradually penetrate the Freon 

cooling system and need to be removed. 

This is done by modifying the expansion 

vessel for the cooling system. It will func

tion both as a separator to remove dis

solved SF6 from the Freon cooling liquid 

and as a pressurizer to prevent the Freon 

from boiling, since it has a low natural 

boiling point. A problem also exists in 

that some Freon will migrate into the 

valve tank. Such leaks are normally very 

small and will have no adverse effect on 

the system. 

A valve is built from modules called 

valve panels. Each valve panel contains 

thyristors, overvoltage protection cir

cuits, and gate control circuits for the 

thyristors. The gate control signals are 

brought up to the panels via fiber-optic 

links. Connections are also made to each 

panel for thyristor cooling circuits and 

between panels to form a single string of 

series-connected thyristors within a valve. 

Each valve tank houses two valve 

assemblies with arresters for overvoltage 

protection. The tank is a welded structure 

with bolted doors for maintenance access. 

A forced draft, dry-type heat exchanger 

for the valve cooling system is on the 

top of the tank (Figure 4). 

The effects of materials and structures 

that penetrate or bridge the gas space 

between energized parts of a valve and 

its tank have been extensively tested 

under laboratory conditions. Tests have 

been supplemented by computer studies, 

primarily through field plotting. As a 

result, it has been possible to optimize 

the electrostatic shields surrounding the 

valve panel structure to give an even 

voltage distribution across the valve for 

voltage surges. 

Attention has been given to ease of 

operation and maintenance of the valves. 

Viewing ports, monitoring circuits, and 

various gages will give the operator a clear 

awareness of the internal state of the 

valve. The access door and a special valve 

handling cart will facilitate efficient re

placement of panels, which should be 

helpful in maintaining a high availability 

of the de system. 

Expectations and plans 

Successful R&D leading to design and 

testing of the first prototype components 

indicates that compact de terminals will 

be available when needed, even if final 

testing and operation produce some 

problems. These would be normal and 

are one reason for building pilot or dem

onstration plants. Even unforeseen prob

lems may lead the way to needed im

provements. 

The de link will be available to EPRI 

for at least five years after the expected 

acceptance of the terminals in early 1978. 

During that period, the facility will be 

used for several purposes: demonstrating 

compact terminal technology to interested 

utilities; demonstrating the usefulness of 

de links for power infeeds to cities; op

timizing the de bus and other equipment; 

and demonstrating compact ac filters, 

power modulation concepts, reactive 

power control, and a new, integrated 

operation-monitoring system. 



R & D Status Report 
NUCLEAR POWER DIVISION 
M i l ton Levenson D i recto r  

PLUTONIUM RECYCLE assessing  the characteristics and economics of p lutoni um 
recycle. 

Experience to date indicates that the behavior and safety 
characteristics of mixed-oxide (M02) fuel are enti rely satisfac
tory and that there are no apparent performance l imitations 
created by the addit ion of small amounts of Pu02 to U02 . 
Consequently, the EPRI pluton ium recycle efforts have fo
cused on developing improved M02 performance statistics, 
bu i ld ing confidence and acceptabi l ity in the use of M02 

fuel ,  and provid ing the analytic methodology requ i red for 

Table 1 l ists the present projects and their contractors. 
The projects are inti mately related to the EPRI nuclear power 
programs and have been singled out here for emphasis .  

RP396 , which seeks to develop the data base requ i red to 
understand M02 densification characteristics, was in itiated in 
recogn ition of the need for extending the U02 densification 
results obtained in RP1 31 (completed in 1 975). It is being 
carried out at Battel le, Pacific Northwest Laboratories in 

Table 1 
EPRI PLUTONIUM RECYCLE PROGRAM 

Research 
Project Project Title 

72-2 Use of Plutonium in Water Reactors 

1 1 8  Advanced Recycle Methodology 

300 Strategies for Plutonium Utilization 

306 Multiple-Cycle Plutonium Utilization 

310  Study of a Denatured Plutonium Fuel 

348 Clean Critical Experiment Benchmarks 

396 Plutonia Fuel Densif'lcat'lon 

497 Quad-Cities Plutonium Recycle Measurements 

Contractor 

General Electric Co. 

Nuclear Associates 
I nternational Corp. 

Stanford University 

Exxon Nuclear Corp. 

General Electric Co. 

Battel le, Northwest 
Laboratories 

Battel le ,  Northwest 
Laboratories 

General Electric Co. 

Comments 

Postirradiation examination of plutonium 
assemblies 

Development of analytic capability for 
analyzing plutonium recycle 

Methodology for fuel-cycle decision making 
with plutonium recycle 

Prototypical irradiations in Big Rock Point 

Evaluation of the feasibility of a "denatured" 
fuel cycle 

Benchmark data for testing nuclear data 

Extension of UO, project to develop data 
base for MO, model ing and fuel performance 

Prototypical irradiations in Quad Cities-1 
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NUCLEAR POWER DiVIS ION 

cooperation with seven industrial cosponsors. 
The extent of thermal and i rrad iation envi ronments on 

changes in the microstructure and homogenization of M02 

fuels wi l l  also be investigated. Several fuel types wi l l  be fabri
cated ,  characterized , i rradiated, and then subjected to post
i rrad iation examination .  Effects aris ing from d ifferences in 
pore-size distribution, Pu02 particle size, Pu02 load ing and 
Pu02 distri bution will be evaluated. Two capsules have 
already been i rradiated to d ifferent exposure levels in the 
General Electric Co. test reactor. The low-burnup capsule was 
discharged in March and the high-burnup capsule in June.  

M0
2 

Fuel Used in Commercial Reactors 

J ust completed, RP72-2 characterized the behavior of 1 1  
M02 rods previously irradiated in the Big Rock Point reactor 
to bu rnups between 23,000 and 30 ,000 MWd /t .  N ine of the 
rods contained annular pellets. Detai led metal lographic exam
ination  of fuel rod sections and microprobe analysis of fission 
product transport have been carried out. 

No  un ique performance problems associated with Pu02 

additions to U02 have been identified , and fuel-column-length 
changes have been consistent with densification and swel l ing 
resu lts in U02 fuels . No evidence of annu lar  fue l  pellet redis
tribution has been observed. 

Microprobe analysis showed the expected inhomogene
ities and X-ray imaging showed no d iscernib le rad ial pluto
n ium migration .  On the other hand,  cesium was observed to 
be peaked at the outer edge of the pellets and near the top 
of the fuel column .  

Also under RP72-2 ,  five U02 -M02 prototypical " island 
design"  assemblies were designed and fabricated for inser
tion in the Quad Cities-1 reactor. RP497 is conti nuing this 
effort to provide both nuclear and performance data from 
these assemblies, which have now completed one cycle 
of i rradiation .  The M02 fuel contains half annu lar and half 
solid pellets. Both interim (nondestructive) and destructive ex
aminations will be carried out. The fi rst set of poolside 
examinations and gamma scans has been completed and 
1 5  selected rods have been removed for isotopic analysis 
and possible later postirrad iation examinat ion. The data de
veloped are intended to verify the safety, economics, and 
performance of this fuel in modern BWRs. 

A paral lel project is being carried out under RP306 . This is 
a cooperative project with Exxon N uclear Corp . ,  which (under 
a contract with Consumers Power Company) has designed 
and fabricated a number of M02 assembl ies presently being  
i rradiated in the Big Rock Point reactor. As of  the  begin ning of 
1 976 ,  22 M02 assembl ies of two d ifferent designs were pres
ent in the core. The project includes monitoring the i rrad iation 
of the M02 assemblies and operation of the reactor with 
sign ificant amounts of pluton ium .  Fuel performance wi l l  be 
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monitored at each cycle shutdown and destructive analyses 
emphasiz ing isotopic measu rements wi l l  be carried out. I n  
addit ion ,  the pluton ium from 4 of the assembl ies wi l l  be 
recovered at the end of their i rradiation and new assemblies 
wi l l  be designed for later reinsertion of this pluton ium into 
the core. 

U nder RP1 1 8 , Nuclear Associates International Corp. has 
developed an analysis capability that is suitable for fuel 
management and core operations support stud ies , inc luding 
cases of mixed-oxide fuel . This computer code package is 
now being distributed to the uti l ity industry, and add itional 
benchmarking continues. The goal is to demonstrate that this 
capability can be used with confidence in  both U02 and 
mixed-oxide cases. 

Although the effort is presently emphasizing particular 
research requ i rements, it is expected that the priorities wi l l  
shift as the needs of the industry change and are redef ined. 
Program Managers: B. A. Zo/otar and J. T. A .  Roberts 

EXPERIMENTAL STUDIES ON PELLET-CLAD INTERACTION 

The outstanding current example of l im itations on plant 
capacity attr ibuted to deficiencies in fuel-element design  is 
designated pellet-clad interaction (PCI). Whi le fai l u re rates 
have been kept to modest levels, th is has been achieved 
largely by the uti l ities' adhering to vendor recommendations 
on permissible rates of overall and local changes in power 
levels. These l imitations, while workable ,  are expensive in 
terms of plant output lost from partial capacity operation 
during the slower increase in power. 

Observations of PCl-induced fai l u res suggest that fission 
products generated in the fuel contribute to the resu ltant 
fai l u res, thus impl icating Zircaloy stress corrosion cracking 
(SCC) as a fai l u re mechanism. Most investigators accept the 
view that the release of embritt l ing fission product species 
(most l i kely iodine or cesium) and an appl ied stress are 
prerequisites for power-ramp-induced fai l u res, although the 
relative contributions of chemistry and stress remain to be 
resolved (1-5). 

EPRl-sponsored research proceeds from the assumption 
that PCl-induced fai l u res are a manifestation of a Zircaloy 
sec phenomenon and is d i rected toward developing an 
understanding of the underly ing mechanisms responsible for 
the observed cladding fai l u res so that remedial actions can 
be prescribed . S ign ificant progress has been made in charac
terizing PCl-induced cladding defects and fission product 
chemistry in PWR fuel rods and in s imu lating  Zirca loy sec 

in the laboratory. The key results obtained to date fol low. The 
projects reviewed are part of the research on LWR fuel rod 
performance discussed in the September JOURNAL (6). 



Power Reactor Fuel Examinations 

Observations of increased coolant iodine activity during 
cycle-1 operation of  the Maine Yankee reactor prompted a 
nondestructive poolside inspection and a destructive hot cell 
examination of a representative number of fuel rods, Combus
tion Engineering ,  Inc.  (RP586, Task C), with the objective of 
determin ing the primary cause of cladding fai l u re ( 7) .  

S ipp ing tests performed during the f i rst-cycle shutdown 
showed that nearly all assembl ies with perforated rods were 
from Batch B (batch designations define different in itial 
enrichments). Of 43 failed assembl ies, 41  were from Batch B 
and on ly 1 each from batches A and C. Visual i nspection of 
30 assemblies confi rmed the sipping results. 

A subsequent poolside inspection program was under
taken ,  involving the disassembly of four fuel bund les and the 
removal and examination of individual fuel rods. Fifteen perfo
rated rods were found in the 2 Batch B assemblies examined , 
along with 1 perforated rod from each of the batches A and C 
assembl ies. It was noted that the fai l u res were appearing 
during  the fi rst increases from 75% to 88% and 95% of core 
power and that the Batch B assembl ies were general ly the 
highest power assembl ies in the core. Thirty fuel rods were 
subsequently selected for the hot cel l examination ,  inc luding 
both failed and sound rods. 

The hot cell examination program included measurements 
of fission gas release, microstructural studies of the fuel , fis
sion product redistribution measu rements, and metallography 
and fractography of partial ( incipient) cladding through-wall 
cracks. The pertinent resu lts fo l low. 

Fission gas release measurements showed two d istinct 
populations: low-release rods exhi biti ng less than 1 % frac
tional release and high-release rods exhi bit ing 1 1 -1 5% 
fractional release. Seven of the 1 0  sound Batch B rods shipped 
to the hot cell were in the high-release g roup .  Metal lography 
showed extensive equiaxed U02 grain growth only among 
those rods. Significant densification of the i rradiated fuel 
pel lets was also observed. Fission  product redistribution ,  as 
reflected by cesium gamma-scan peaks at pellet interfaces, 
was also common to the h igh-release popu lation .  Additional 
evidence of fission product redistribution was obtained from 
visual and scanning electron microscope (SEM) examinations 
of the internal clad surface, which revealed local ized regions 
of fission product deposits and of fuel-to-clad bonding .  Three 
types of deposits could be disti ngu ished: sharply defined 
l inear deposits (stripes) opposite cracks in the fuel , relatively 
heavy deposits at the locations of pel let-to-pellet interfaces, 
and c i rcular mound deposits that occu rred randomly. The 
chemistry of the deposits wi l l  be discussed later. 

In three rods from the h igh gas-release popu lation ,  partial 
through-wall cladding cracks were found .  The cracks were al l  
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normal to the clad internal su rface and were located across 
from pellet interfaces and near pellet cracks. Optical micro
scopy and SEM fractography of these cracks showed featu res 
in  common with those observed in out-of-core studies of 
iodine-induced sec of Z i rcaloy (Figu re 1 ). The cracks were 
t ight and showed no visible plastic deformat ion .  The SEM 
examination showed no ducti le d impl ing on the crack surface; 
only flat cleavage planes and river patterns were observed. 

Based on the evidence obtained from the hot cell examina
tions and from the observed strong reactor power depen
dency of the fuel rod fai l u re pattern,  it was concl uded that the 
most l ikely cause of the fai l u res was pellet-cladding interac
tion assisted by fission product-induced sec. The unex
pected response of these rods was a d i rect consequence of 
the use of unstable U02 fuel that was prone to density and 
the fact that the fuel rods were not in itial ly pressu rized . The 
resu ltant high incidence of fuel element fai l u res should not 
recu r because PWR fuel rod designs now routinely incorpo
rate stable (densification resistant) fuels and are in it ial ly pre
pressu rized with hel ium.  A new project (RP829) will attempt 
to locate and characterize incipient cracks produced by PCI 
in more recent PWR and BWR fuel  element designs.  

Fuel Rod Chemistry 

Under RP455-1 , Stanford Research Institute (SRI) has treated 
the interaction between fission products and cladding on the 
basis of available thermodynamic data, with the goal of 
providing a model to account for the formation of the deposits 
observed on the Maine Yankee cladd ing and of relating fuel 
rod chemistry to the observed sec of Zi rcaloy (8). 

The chemistry of the Maine Yankee deposits consisted of: 

o Linear deposits opposite fuel cracks, contain ing nodules 
rich in zircon ium,  together with some u ran ium and ces ium.  A 
few cesium-iodide crystals were also identified . 

o Heavy deposits of a ceramicl ike compound across from 
pel let-to-pellet interfaces that contained cesium and u ran ium .  
These deposits showed a cesium concentration g radient, with 
the layer closer to the cladding being richer in ces ium.  

o Circu lar mound deposits appearing at random locations,  
which were simi lar to the pel let-to-pellet i nterface deposits in 
both appearance and composition .  

o Pieces of  fuel were bonded local ly to the cladding by a 
material with the same constituents as the interface deposits 
and the c ircular mound deposits. 

Tel l u ri u m  was also found local ly in conjunction w·1th i ron on 
the clad surface. 

The primary mechanism responsible for the formation of 
the observed fission product deposits is believed to involve 
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vapor transport of the volati le fission products, especially 
cesium. These species are released from the fuel at h igh 

a temperatu res (presumably by the same mechanism that leads 
to release of the gaseous fission products), travel along 
cracks in the fuel pellets, and deposit on the cooler cladding 
surfaces. The compounds deposited on the cladd ing are 
probably Cs20 ,  Cs2 U04 , Csl ,  and Cs2Te, based on the 
elements observed at the cladding su rface and the fuel rod 
chemistry. Detai led calculations were requ i red to rationalize 

b the formation of these compounds because the compounds 
cannot be d i rectly detected and it is not l i kely that the fuel 
releases these elements as the compounds noted above. 

C 

Relation to Fuel Rod Failures 

The detai ls of the observations and the proposed mechanisms 
for the formation of cladd ing deposits may not be strictly 
appl icable to normal LWR fuel operation because of the un
usual ly h igh temperatu res in the early Maine Yankee fuel rods. 
Nevertheless, the observations of cracking are generally 
consistent with reported data ( 1 ,  4, 5) and provide the back
ground information from which one can infer the existence of 
the stress and environmental conditions that are necessary to 
cause sec of Zi rcaloy cladd ing .  

Stresses on the cladding might result ,  for  instance, from the 
redistribution of cesium to the cooler regions of the fuel pellet, 
thereby aggravat ing pellet " hourg lassing . "  Hourg lass ing ,  

d in turn ,  contributes to cladd ing stra in ,  s ince the cladd ing 
responds to th is nonuniform interaction with the fue l  by 
developing c ircumferential ridges. Cesium-oxide deposits 
were observed to bond the fuel pel lets and cladd ing ;  such 
bond reg ions might increase the interfacial friction and there
by act to increase cladding stresses. 

e 

Fission products deposited on the cladd ing included chem
ical species known to embrittle Zircaloy in out-of-core tests . 
Elemental iodine embrittles Zi rcaloy. Based on thermody-
namic arguments, iodine in the fuel rod should be combined 
with the more abundant fission product cesiu m  to form non
aggressive Csl. It has recently been shown , however, that 
radio lysis can l i berate iodine from Csl (9). The local deposits 
of Csl on the Maine Yankee clad might therefore serve as the 

Figure 1 Comparison of cracks (- 270 X )  in Zircaloy cladding 
exposed to iodine environments: (a) unirradiated cladding cracked 
in iodine vapor at 300 ° C; (b) irradiated cladding (fluence = 

sou rce for embrittl ing Zircaloy. The abundant fission product 
ces ium was common to most of the cladd ing  deposits. SRI  
has establ ished in out-of-core tests that at  reactor operating 
temperatu res of � 300 ° C,  reactor g rade Zi rcaloy-4 tubing 
suffered embrittlement, provided that the ces ium had a low 
oxygen content and was contaminated with a trace of i ron 
( 1 0). Although it is un l i kely that l iqu id cesium exists in an 
operating fuel rod , it is possible that small amounts of non
equ i l i bri um species (in l ine with the rad io lytical ly produced 
iod ine noted above) might be l i berated by the h igh in-core 
neutron f luxes. It should also be noted that i ron is present 

7 x 1 024 n/m2
, E > 1 MeV) cracked in  iodine vapor at 300 ° C; 

(c) crack in a section of cladding from a fuel element that failed 
following an increase in power in a test reactor; (d) crack in a 
section of cladding from an intact element of a bundle that failed 
following an increase of power in a power reactor; (e) crack in a 
section of cladding of an intact element from the Maine Yankee 
reactor. Photos a-d courtesy of British Nuclear Energy Society, 
London, from Nuclear Fuels Performance, 1973. 
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in U02 fuel pellets as a manufacturing impu rity and was 
detected on the surface of Maine Yankee cladd ing .  

Preliminary Findings 

The fi rst examination of power reactor fuel under EPRI 
sponsorsh ip  and in  laboratory experiments yielded resu lts 
support ing the view that the domi nant mechanism result ing in  
PCl- induced fai l u res is the sec of Zi rcaloy. Iod ine ,  and 
poss ibly ces ium,  are the aggressive agents. Oxides of ces ium 
can act as bonding agents between fue l  and cladd ing ,  and 
cesium can migrate to cooler reg ions of the fuel pel lets, 
thereby result ing in local stress concentrat ions. Project 
Engineer: Howard Ocken 
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LWR SLOWDOWN HEAT TRANSFER 

In the design of power reactors, sufficient cool ing capabi l i ty 
must be provided to keep fuel element clad temperatu res 
below specified values- even in the event of a postulated 
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break in principal coolant loop components, such as the main 
recircu lation loop p ipe. To do this, it is necessary to be able to 
predict reactor system response to hypothetical LOCAs and 
to evaluate accident-preventing and / or mitigating steps. 

As part of the continu ing effort to improve and advance 
reactor safety technology, EPRI is funding research in the 
area of core heat transfer performance during LOCA blow
down cond itions for both BWRs and PWRs. The accident 
situation receiving the most attention is the gu i l lot ine break in 
the cold leg of the primary pi p ing,  with d ischarge from both 
ends of the broken pipe. There is a d ifference in  scope 
between the PWR and the BWR projects, but generally they 
are l imited to the ti me period extending from the instant the 
break occu rs through the transient critical heat f lux (CHF) 
and fu rther on into the transient post-CHF  period . 

SWR Slowdown Heat Transfer 

This investigation ,  recently completed, was joint ly funded by 
the Nuclear Regu latory Commission (NRC), General Electric 
Co. , and EPRI and was restricted to the time period between 
the break occurrence and the actuation of emergency core 
cool ing (ECC) systems. General Electric was the contractor 
on this project (RP288). The focal point of the investigation 
was the hypothetical design basis accident (OBA) for a BWR, 
defi ned as a fu l l -size gu i l lotine rupture of a recircu lation l ine at 
the drive-pump suction nozzle (adjacent to the pressu re 
vessel), with d ischarge from both ends of the pi pe break. A 
further condition of the OBA is that off-site ac power is 
unavai lable, so a power tr ip to the intact reci rcu lation loop 
and the reactor feedwater pumps is assumed concu rrent with 
the p ipe break. 

The pri nc ipal objective of the study was to obtai n informa
tion on transient heat transfer fol lowing an un l i kely, but 
postu lated, rupture of a steam l ine or  rec i rcu lat ion l ine in  a 
BWR. Specific areas of investigat ion were the t ime to CHF ,  
the  hyd rodynamics of  lower plenum flash ing and its inf l uence 
on the bundle thermal response, and post-CHF  and lower 
plenum f lashing heat transfer in  sufficient detail to evaluate 
bundle thermal behavior phenomena prior to the avai labi l ity 
of ECC. 

At the outset, it was agreed that a scaled BWR system test 
apparatus be designed and bu i lt , in which system perfor
mance response on a real-time basis would be matched as 
closely as possible, so that the i nvestigat ion could be done 
under LOCA cond itions representative of the envi ronment 
expected in  the postu lated BWR LOCA. It was fu rther agreed 
that a fu l l -size, fu l l -power, electrically heated, 49-rod bundle 
would be used in  th is investigat ion .  

During work on th is project, a number of in herent cool ing 
mechanisms were observed ( 1 )  for  which no safety credit 
is taken in  the BWR LOCA evaluat ion method cu rrently 
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approved by NRC. These cool ing mechanisms consisted of 
a fluid inventory, which resided in the bundle throug hout the 
blowdown and cooled the lower zone of the bundle ;  steam 
updraft cool i ng in the upper zone by steam generated from 
flashing due to depressurization and heat transfer to the f lu id 
inventory in the lower zone; and rod rewetting during the 
lower plenum f lashing su rge and fall back of the f lu id from the 
upper plenum (deposited in  the u pper plenum during the 
lower plenum flashing surge). 

These tests demonstrated the importance of various system 
design parameters on the system thermal-hydrau l ic  and 
bundle heat transfer responses. For instance , variations in  
the break cross-section area and in itial l iqu id mass in the 
annu lus had a di rect and sign ificant effect on the system 
response and bundle heat-up performance. Bundle power at 
i n itiation of LOCA affected the bundle heat-up response 
sign ificantly ,  as expected , but did not affect the overal l  system 
response. Large variations in other parameters, such as 
bypass f low area, lower plenum geometry, pump coastdown 
rate, and in let subcool ing ,  had l ittle effect on the system and 
bundle heat-up responses. 

The experimental resu lts were further used to provide a 
basis for evaluating blowdown heat transfer phenomena. 
When appl ied to the test apparatus, cu rrent BWR LOCA 
evaluation methods showed that there is a substantial margin  
on the  side of  safety in  the  pred iction of  peak cladding 
temperature. Observed thermal-hyd raul ic and heat transfer 
phenomena were evaluated and compared with these 
methods. 

Specific phenomenologically based model improvements 
for break-flow and void distribution are recommended in the 
fi nal report. The improved thermal-hyd raul ic models are 
expected to provide more accu rate and real istic predictions 
of the system thermal-hydrau l ic blowdown responses. 

PWR Slowdown Heat Transfer 

Combustion  Engineering ,  I nc . ,  and EPRI signed a jointly 
funded contract in 1 97 4 (RP289) to experimentally investi
gate PWR core blowdown heat transfer phenomena. The test 
program emphasizes hydrau l ic s imulation of large cold leg 
breaks, including the large gu i l loti ne break. Reactor core 
transient cond itions predicted to occu r during a hypothetical 
LOCA are simu lated in the study by imposing core entrance 
and exit cond itions at the test section in let and outlet. The 
test sections use electrically heated 25-rod bund les of typical 
PWR geometry and a single-tube geometry, which is used to 
study more fundamental CHF  phenomena. 

The overall objectives of this project are to improve the 
understanding of transient critical heat flux expected to occur  
i n  PWR cores during LOCA blowdown conditions and to 
determine experimentally the t ime, location ,  and d istribution 
of transient CHF. 
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Two experimental facilities are used in this project: 

o A single-tube test facility (STTF) has been bui l t  at Windsor, 
Connecticut, for performance of fundamental tests to gain a 
better understanding of local CHF LOCA conditions (2). 

o A rod bundle test facility at Columbia University, in which 
typical blowdown tests , starting from in itial condit ions rep
resentative of PWR core boundary condit ions, wi l l  be per
formed (3). 

Shakedown testing of the STTF has been accompl ished (4). 
An experimental series, consisting of 27 high-powered blow
down tests has been completed in the rod bundle facility with 
a un iform axial heat flux profile (5, 6) . 

The resu lts of these rod bundle blowdown tests indicate a 
t ime-to-CHF ranging from 0 .9  to 1 .9 seconds. The occur
rence of CHF is a result of the rapid increase in test section 
quality, and it can be seen that CHF propagates rapid ly 
throughout the enti re test section length as the f low is  
expelled from both ends. Evaluation and analysis of  the 
results are continu ing .  

PWR Single- and Multiparameter 
Slowdown Heat Transfer 

This jointly fu nded project to investigate s ing le- and mu lti
parameter effects on PWR core blowdown thermal-hydrau l ic 
performance (RP494) began at West inghouse Electric Corp. 
i n  March 1 976.  The objective of this endeavor is to provide 
experimental data and analysis on key heat transfer param
eters during simulated PWR LOCA condit ions, inc luding 
transient critical heat f lux and post-CHF heat transfer. 

Two phases of test ing will be involved: Phase I wi l l  focus on 
contro l led, single-parameter transients, which should provide 
a clear, fu ndamental understanding of the basic mechanisms 
and yield data specifically useful to develop phenomenolog
ical models. Phase I I  tests wi l l  s imu late the thermal-hydraul ic 
condit ions calculated to occur under both cold and hot leg 
breaks in  PWRs. These data under mu lti parameter variations 
wi l l  complement those obtained from single-parameter varia
t ions under Phase I. The project wi l l  also inc lude the analytic 
effort to calculate the local transient thermal-hydraul ic condi
tions with in  the test section .  

Al l tests wi l l  be conducted in electrical ly heated 25-rod 
bund les, instal led in the J-loop of the West inghouse heat 
transfer facility (7) .  This is a very versati le faci l ity, where one 
parameter can be varied at a time whi le al l other cond itions 
are kept constant. A fi nal test plan has been agreed on, and 
testing began in early June 1 976.  

Transient Critical Heat Flux 

Massachusetts I nstitute of Technology is nearing completion 
of an experimental and analytic investigation of CHF under 
f low-reversal and low- flow conditions (RP292). Experi ments 



were performed in a Freon loop with a s ingle heated-tube 

test section (8, 9) . Two computer models to predict CHF 

under these conditions have been developed and validated 

against the experiment results. 

To date, 40 tests have been completed over a wide range of 

conditions .  At low heat f luxes, the drift f lux model predicts 

the experimental data qu ite wel l ,  whereas at h igh heat f luxes , 

the homogeneous equi l ibri u m  model predicts the data more 

closely ( 1 0) .  The f inal report is now in preparatio n .  Project 

Managers: K. A.  Nilsson and R. T. Fernandez 
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R & D  Status Report 
ENERGY ANALYSIS AND ENVIRONMENT DIVISION 
R e n e  Males .  D i rector 

ENVIRONMENTAL ASSESSMENT 

Aquatic Impacts of Electric Power Plants 

EPRI has undertaken a comprehensive study of the envi ron
mental effects of thermal power plant cool ing on aquatic 
ecosystems . Effects can be produced through d ischarge 
of heated water or of chemicals , such as biocides and anti
scal ing compounds. Effects also can be produced by entrain
ment of the eggs and larvae of f ish and shellf ish in intake 
cool ing water or by the col lection of small and juveni le fish 
on the intake cool ing screens. 

These environmental impacts are being studied in three 
major project areas: popu lation and community impacts, 
chemical effects, and ecosystem management. There is also 
a g roup of support stud ies. The selection of the three pr incipal 
research areas was based on recommendations made by a 
plann ing workshop in September 1 975 ,  which identified 1 2  
problem areas. Workshop partic ipants included industry and 
government representatives, as wel l as prominent i ndepen
dent researchers concerned with the impact of cool ing sys
tems on aquatic environments. 

The fi rst project area is concerned with effects on popula
tions and communities. The fact that individuals of a given 
species may die or suffer physiological changes as a result of 
an environmental distu rbance does not necessarily imply 
that the popu lation wi l l  suffer a significant decrease in number. 
Nor does it imply that the commun ity (the composite of 
species) i nhabiti ng the distu rbed envi ronment wi l l  be signifi
cantly affected. Unl ike a human commun ity, the protection of 
individual members of an aquatic commun ity is not of prime 
importance. EPR l 's assessment of popu lation and commun ity 
effects involves field studies and is far more complex than 
assessment of individual effects, at least when the individual 
effects are large enough to be readi ly observed. 

One such study is the comparison of a cool ing-lake fishery 
in central I l l i nois with the fishery at a simi lar lake not used for 
cool ing .  Primary production ,  as wel l  as fish g rowth ,  reproduc
tion ,  food habits, and movement, wi l l  be compared . Primary 
objectives of the project are to make an ecological and 
economic evaluation of the cool ing-lake fishery and to develop 
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a mathematical model for management of the fishery .  It is 
hoped that the results can be appl ied to other cool ing lakes 
in the Midwest. 

In another study a general methodology wi l l  be developed 
to assess population and community effects associated with 
entrainment and impingement of fish and shel lfish popula
tions . The methodology wi l l  consist of an array of analytic 
techniques for popu lation and ecosystem assessment, and 
criteria for selection of techniques appl icable to specific 
situations. Limitations of each technique wi l l  be examined , 
and data, t ime, and cost requ i red for appl ication wi l l  be 
specified. Ecosystem assessment techniques to be con
sidered for inclusion in the methodology are analyses of 
spatial variation in commun ity structure ,  temporal variation 
in d iversity measures, differences between observed and 
theoretical species distributions, biolog ical indicator associa
t ions, niche pattern , community stabi l ity, ecological ener
getics, and ecosystem models. The methodology wi l l  be 
tested at lake, river, estuary, and ocean sites. 

A th ird study involves the detailed synthesis and analysis 
of previous cool i ng-impoundment stud ies. These stud ies 
have been g iven special emphasis because if there are eco
system and popu lation effects associated with the operation 
of cool ing systems, these effects would be most read i ly 
observable in smal l  quasi-closed bodies of water (e.g . ,  cool ing 
impoundments). 

The second project area involves the examination of cur
rent and anticipated chemical effects: the effects of dechlo
rinated eff luents; alternative strategies for control l ing g rowth 
of mussels at water intakes; development of opt imum ch lorine 
dosage procedu res to control algal g rowth on condensors 
and min im ize potential detrimental impact on the environment; 
and determination of the accuracy, sensitivity, and potential 
interferences of various chlorine-monitoring procedu res. 

The th ird project area, ecosystem management, is an 
approach to envi ron mental assessment that considers the 
capacity of the ecosystem to support a combi nation of indus
tria l ,  municipal , and recreational demands whi le preserving 
(and conceivably improving) environmental qual ity. The most 
commonly appl ied approach to envi ronmental assessment 



is to measure the isolated environmental effects of a single 
activity, such as the construction and operation of a coal-fired 
power plant. But rather than focus on assessment of the 
ecological effects of a single activity, ecosystem management 
concentrates on understanding the essential structure and 
dynamics of the enti re ecosystem (river, lake, estuary, or 
coast) in order to best integrate the ecosystem with industria l ,  
municipal , and recreational needs in an envi ronmental ly 
acceptable manner. Over a th ree-year period,  a general meth
odology wi l l  be developed to assess the integrated ecological 
impacts of mu ltiple power plants situated on a single body 
of water. The intention of the project is to determine how these 
plants interact with the aquatic ecosystem. 

The methodology wil l  use a model that s imulates the hydro
dynamics, water qual ity dynamics, and bio logical dynamics 
of an aquatic ecosystem.  This model wi l l  be used in conjunc
tion with another model that simu lates the operation of a 
thermal power plant cool ing system. By manipu lat ing the 
interfaced models ,  the ecological effects of d ifferent com
binations of siting configu rations and cool ing system designs 
can be compared. 

Support ing the th ree major study areas are projects to 
develop annotated bibl iographies of pertinent l iteratu re and 
data sets that are su itable for computer search and to char
acterize the cool ing systems and bodies of cool ing water 
of operating and planned electric power plants. This com
piled and indexed information ,  in itself, wi l l  be val uable to 
the industry in the gu idance of research and development 
projects, in development of more effective and efficient aquatic 
mon itoring programs, in draft ing envi ronmental reports for 
regu latory agencies, and in preparation of 31 6a and 31 6b 
appl ications to permit use of  once-through cool ing systems. 

Al l efforts in this study of aquatic envi ronmental impact 
of power plants are being coord inated with EPRl 's Water 
Quality Control and Heat Rejection Program in the Fossil 
Fuel and Advanced Systems D ivision .  Project Manager: 
Robert Goldstein 

SUPPLY 

Assessment of Supply From New Technologies 

In late 1 976 we wi l l  begin to study the response of the metal 
and battery industries to the potential rapid growth in battery 
demand .  There is a g rowing urgency to develop energy stor
age systems for use by electric uti l ities. Of the various tech
nologies cu rrently under investigation by EPRI ,  ERDA, and 
other organizations, storage batteries appear promising .  A 
recent su rvey of the EEi System Planning Committee showed 
that batteries rate the highest priority (EPRI JOURNAL, Feb
ruary 1 976). More federa l ,  EPRI ,  and uti l ity funds will be 
expended on battery R&D than on all other advanced storage 
technologies combined. 

If battery R&D is successfu l ,  demand for batteries could 
increase rapidly. It is uncertain that industry wil l be able to 
expand battery output to meet the demands of the uti l ity 
industry and other potential battery users on the schedule 
requ i red and at competitive prices. The greatest uncertainties 
l ie in the areas of battery materials avai labi l ity and cost. 
Batteries are particularly sensitive to materials costs because 
these can amount to 50%-80% of the total cost of a battery 
system. 

Efforts to project production costs are dominated by dif
ficu lties in projecting the quantities and prices at which raw 
materials wi l l  be available to battery manufacturers. S ign ificant 
uncertainties also exist concern ing mass production tech
niques for certain composite materials requ i red by some 
battery systems. Under certain battery implementation sce
narios, specific metals would be requi red in immense quan
tities compared with cu rrent production .  For example, the use 
of either lead or l i th ium batteries (with a 1 0-hou r  storage 
capabi l ity) to provide 1 0% of new generation capacity in 1 985 
and beyond would requ i re an increase of about 50% in pro
duction of these metals over current U.S .  production  levels . 

Compounding the problem is the possible demand for 
other uses. In the case of l i th ium ,  immense quantities of the 
metal could also be requ i red by the development of batteries 
for electric vehicles. The possible response of metal suppl iers 
to increased demand is even more uncertain because metal 
demand can be expected to peak and then fall off as in itial 
battery demand is fulf i l led and the market settles down to 
normal g rowth and a recycl ing of battery materials. There 
is a question ,  therefore, of whether metal producers wi l l  be 
wi l l ing and able to expand production capacity on short notice 
at prices that wi l l  make batteries attractive to the uti l i ty in
dustry. Additional uncertainties arise because of lead times 
and environmental constraints associated with construction 
of new mines and smelters. These lead ti mes are l ikely to 
be from six to ten years. 

The goal of the new battery study project is to identify po
tential materials and manufactu ring bottlenecks and critical 
lead times at an early stage of battery development. Although 
the uncertainties su rrounding the technologies involved wi l l  
not permit a def in itive analysis at  th is  ti me, it is important to 
define the problems that may arise. 

The information flowing from this study is designed to (1 ) en
sure that if R&D is successfu l ,  there wi l l  be no su rprises on the 
supply side; (2) assist battery developers in choosing among 
alternative technological approaches and designs;  (3) assist 
in predicting equ ipment costs and capabi l i ties for system 
expansion plann ing by member uti l i ties; and (4) aid invest
ment planning by the battery and metals industries as R&D 
progresses. 

The study wi l l  consider four battery systems that currently 
are the leading contenders for near-term use in uti l i ty systems: 
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(1 ) the advanced lead-acid system, (2) the zinc-chlorine sys
tem, (3) the l ithium-iron su lfide system,  and ( 4) the sodium
sulfur (and sodium-antimony trichloride) system. Among the 
more critical materials l ikely to be stud ied are lead , l i th ium ,  
antimony, ruthen ium,  zinc, g raphite, stain less steel , molyb
denum, and titan ium.  

The avai labil ity and p rice impl ications of  raw material and 
other potential supply bottlenecks wi l l  be identified and evalu
ated under four or  five assumed battery demand g rowth sce
narios. The time span studied wi l l  be the period 1 984-2000. 
Particu lar attention wi l l  be paid to identify ing problem areas in 
raw material and manufacturing expansion based on history 
and consideration of envi ronmental factors, risk, and capital 
availabi l ity. An analysis of battery pric ing wi l l  be accompl ished 
to the degree allowed by avai lable information. This wi l l  include 
a descript ion of the market environment in which the battery 
industry operates. For example, the interaction of the electric 
uti l i ty market for batteries will be considered with that of the 
vehicu lar battery market and with other competing users of 
advanced batteries, such as special pu rpose vehicles and 
emergency power suppl ies. 

This work wi l l  be coordinated with hardware development 
efforts in EPRl 's Fossil Fuel and Advanced Systems Division .  
Engineering  input for  the project wi l l  be provided by the Energy 
Management and Uti l ization Technology Department. The 
project is considered to be a prototype analytic framework 
that may eventually have appl ication to other technolog ies. 
Project Manager: R. J. Urbanek 

DEMAND AND CONSERVATION 

Materials Processing Sector 

Data Development A major barrier to the development of 
comprehensive and advanced forecast ing models of energy 
usage in the industrial sector has been the lack of an adequate 
data base. Research Triangle I nstitute (RTI) recently com
pleted Phase 1 (RP802-1 ) of an attempt to develop a dis
aggregated data base (data collected on plant level). The fi rst 
phase was basically exploratory, and had it been successfu l ,  
would have led to the second phase development of  a data 
base. 

Industrial energy demand models based on this type of 
disaggregated data base could incorporate for the fi rst t ime 
detailed information on stocks of energy-using capital equ ip
ment by type of industrial process. Because of the engineering 
and technological information in herent in such data, new fore
cast ing models could capture important structu ral changes in 
industrial energy usage patterns that result from changing 
relative fue l  and equipment prices. 

The Phase 1 work completed by RTI was aimed at removing 
the data barrier for ten standard industrial c lassification (SIC) 
industries at the four-digit level of detai l .  A critical i ngredient 
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for the success of th is test project was the existence of the 
National Emissions Data System (N EDS), assembled by the 
Envi ronmental Protection Agency (EPA) as a resu lt of the 
Clean Ai r Act. Data residing in N EDS include fuel and process 
fi les. The fuel f i le includes d i rect fuel consum ption data asso
ciated with the point sources l isted in the process f i le .  Hence, 
the fuel f i le gives information on total annual d i rect consump
tion by type of fuel at the plant level (but N EDS fi les do not 
contain information on electricity consumption). To complete 
the data base for analytic pu rposes it would be necessary to 
add electricity consumption information  and data on quantities 
and prices of factor in puts as well as for plant output. 

Unfortunately, problems were uncovered during Phase 1 of 
this project that indicated a very low probabil ity for successful 
completion of Phase 2. The primary diff icu lties were: 

o Lack of response to requests for electricity consumption 
data. The avai labi l ity of plant-specific electric ity consumption 
data was critical to the study. Despite repeated attempts to 
obtain these data through telephone and letter surveys, the 
responses for a sample industry (SIC 2631 ) were disappoint
ing .  It appears that a val id response rate of 25% would be 
opt imistic. 

o I nconsistency in the year of record for the N EDS data. For 
this disaggregated data base to be usefu l  in forecasting 
models, it is essential that the cross section of observations 
be made during the same year. Moreover, an ideal data base 
would include t ime series of cross-section observations. How
ever, the methods used for updating the N EDS fi le appear to 
have been collected over different years for specific industrial 
plants within an industry and sometimes even for processes 
with in  plants . 

o Confidentiality of the N EDS data. EPA wi l l  not release the 
confidential data deal ing with process operat ing rates to non
federal contractors, including EPRI .  S ince confidentiality is 
i mposed more stringently in some states than others, the 
severity of the problem varies by industry, depend ing on its 
locat ion.  For the above reasons, Phase 2 of this study wi l l  not 
be undertaken . 

Model Development Professor Laurits R. C hristensen of the 
U niversity of Wisconsin has been developing models that 
wi l l  be used to forecast agricultu ral energy consumption 
(RP682-1 ) .  The primary focus of h is effort is to provide a 
su itable model for forecasting the demands for electricity, 
petroleum products, fert i l izer, machinery, structures, other 
pu rchased inputs, and labor-conditional on prices and the 
level of aggregate farm output. An important feature of the 
model is that it wi l l  s imultaneously forecast al l factors of pro
duction in the farm sector. By inc luding land , capital, labor, 
and intermediate in puts, it wi l l  be possible to model the inter
actions between energy and other in puts and thus to forecast 



all factors in a consistent, and presumably more accurate, 
manner. A major portion of this project has been devoted to 
the development of data, as no suitable data al ready existed. 
The U.S .  Department of Agricultu re maintains many relevant 
data series, but they have requ i red substantial reworking and 
fu rther development to be suitable for the model ing work. 

Technological change oriented to energy conservation 
in manufacturing industries is l i kely to have important long-run 
consequences to the growth of the electric uti l i ty industry. 
Recent developments in factor demand theory are being used 
in an attempt to construct economic models to explain the 
role of factor prices-especially those of energy- in inducing 
technological change related to energy use (RP683-1 ). Tech
nological change in this context means the abi l ity to achieve 
a given level of output with a reduced amount of i n put of one 
or more factors of production.  Exist ing approaches to fore
casting energy usage in manufacturing that employ factor 
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demand theory are essential ly static in that they fai l to take 
into account the time lags in adjustment. Thus,  the most 
important features of the RP683-1 model ing effort are the 
investigation of a process of technological change and the 
characterization of dynamic adjustment processes. The 
models are organized around a dynamic, two-stage character
ization of energy consumption. One stage incorporates the 
substitution possib i l ities between aggregate factor in puts 
capital , labor, energy, and intermediate goods.  In the second 
stage,  interfuel substitution between five energy types is 
modeled (electricity, crude oi l ,  coal , natural gas, and refi ned 
petroleum products). 

These models attempt to capture the response to changes in 
factor prices by reflecting the way existing capital stock is 
used . They also attempt to model the inf luence of changed 
energy prices and other factor prices on investment in new 
capital stock. Project Manager: Larry Williams 
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CHEMICAL ENERGY CONVERSION 

During  the past five years, the " hydrogen economy" has 
been the subject of many seminars and conferences, as well 
as hundreds or perhaps thousands of papers. The hydrogen 
economy is the most notable example of a chemical energy 
conversion (CEC) system.  CEC systems characteristical ly 
i nvolve three steps. 

o Conversion of thermal ,  electrical, or mechanical energy 
to chemical energy 
Examples: 1 .  electricity + H2 0 "'  H2 + 1h02 

2 .  heat + S03 "' S02 + 1h 02 

3 .  heat + CH4 + H 20 "'  CO + 3H2 

o Storage and transportation of the chemicals 

o Reconversion of the chemical energy to thermal , electrical , 
or mechanical energy (e.g . ,  reversing the reactions in ex
amples 1 and 2). 

CEC systems are of interest for several reasons. Whi le 
hydrogen-water systems are especial ly attractive ecological ly, 
al l  CEC systems offer a highly efficient means of storing and / 
or transporting energy (second step above). That is ,  the 
chemicals can be stored for very long periods of time or 
shipped very long distances without losing energy content. 
I n  addition ,  CEC technologies and systems would appear to 
offer versati l ity relative to the characteristics of the pri mary 
energy sou rce-since an infin ite number of chemical reactions 
can be written , it is possible to match the characteristics 
(temperature, enthalpy, and so on) of a chemical reaction 
with the energy avai lable from a variety of sources (e. g . ,  solar, 
fusion ,  HTGR,  low-grade waste heat). 

The major deterrents to the widespread appl ication of 
CEC systems by the uti l ity industry are the capital costs and 
inefficiencies associated with the conversion and reconver
sion technologies (fi rst and th ird steps above). For instance, 
because of the inefficiencies associated with the th i rd step, 
the round-trip efficiency of hydrogen energy storage wi l l  be 
less than 60% in the best case. Thus, i t  is un l i kely that the 
CEC systems wi l l  compete with other energy storage con
cepts for daily or even weekly cycle appl ications. 
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Program Focus 

The un ique advantages of compatib i l ity with future energy 
sou rces, flexib i l i ty ,  and efficient low-cost storage and trans
mission wi l l  result in the long-range use of hydrogen and 
other CEC technologies. However ,  there wi l l  be a lack of a 
near-term uti l ity appl ication due to h igh energy conversion 
costs and efficiencies. Given these premises, EPRl 's  chemical 
energy conversion subprogram (Figure 1 )  methodically es
tablishes the technoeconomics of the various CEC tech
nologies in uti l ity appl ications and then supports the efforts 
necessary to overcome the technological l im itations of the 
most promising CEC concepts. The subprogram wi l l  demon
strate the most promising intermediate-term uti l ity appl ication 
of a CEC concept by 1 981 . The total EPRI CEC funding for 
1 977-1 981 will be less than $3 mi l l ion .  This modest expendi
ture is consistent with the relatively long-term, specu lative 
natu re of the subprogram. 

Status 

The report "Uti l ization of Off-Peak Power to Produce Indus
trial Hydrogen , "  prepared by the Institute of Gas Technology 
(EPRI RP320-1 ), determined the feasibi l ity of using off-peak 
power to generate hydrogen that could be sold to industry 
as a fuel or commodity. It was thought that such a concept 
might overcome the otherwise relatively h igh cost of pro
ducing hydrogen by water electrolysis. The study concluded 
that the use of off-peak power, with its low avai labi l ity , does 
not s ignificantly alter the cost of electrolytic hydrogen .  Figu re 
2 shows the sensitivity of hydrogen cost to plant factor (avai l
abil ity) and power costs. It is apparent that for the GE  elec
trolyzer system, combinations of plant factor and off-peak 
electric power costs that wi l l  yield hydrogen below $3/ 1 000 
scf are not l ikely. In addition to establ ishing the economics 
for electrolytic hydrogen , the report also provides a meth
odology that individual uti l ities can use to determine whether 
they have a unique situation that might al low them to profitably 
produce hydrogen for sale to the industrial sector. Uti l ities 
concerned with this possibi l i ty should review this fi nal report. 

A technoeconomic analysis of large-scale thermochemical 
production of hydrogen by the University of Kentucky es-



Figure 1 The studies and objectives that form the chemical energy subprogram and the time periods in which they wil l be 
implemented are outli ned below. 

Pro1ect Objective 

RP320 ( Institute Assess technoeconomics of 
of Gas Technology] electrolytic hydrogen 

RP467 (U niversity Assess technoeconomics of 
of Kentucky] thermochemical water splitting 

Planned I mprove efficiency and cost of 
hydrogen production 

TPS 76-658 Catalog chemical reaction systems 
(rocket research] with potential for util ity application 
Planned Determine which combinations of 

uti l ity application and chem ical 
energy technology offer inter
mediate-term promise 

Planned Resolve technological l im itations of 
the most promising intermediate
term chem ical reaction system 

Planned Demonstrate the most promis ing 
uti l ity appl ication of a CEC 
technology 
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Figure 2 Hydrogen cost is di rectly l i nked to plant avai labi l ity and 
electric power rates. This analysis for the GE electrolyzer system 
indicates that low hydrogen costs are not yet l i kely. 

1 975 1 976 1 977 1 978 1 979 1 980 1 98 1  

tablished the l i kely capital and operating costs and process 
efficiency for a large-scale plant to produce hydrogen by 
the thermochemical decomposition of water (RP467). Recog
nizing that electrolytic hydrogen might be produced at a 
raw-fuel-to-hydrogen efficiency of 35-40% and a $2.50 / 1 000 
set cost, based on advanced electrolyzer technology, the 
comparable efficiencies and costs for a thermochemical 
process become important if EPRI is to properly assign pri
orities to its R&D efforts. This three-phase pro1ect reviewed 
all thermochemical water-spl itt ing cycles for which data 
were avai lable, selected a four-step sulfu r cycle (Schu lten
methanol) for detailed analysis, and developed a thermo
chemical plant design based on that cycle and a very h igh 
temperatu re reactor (VHTR) heat i nput of 3345 MWt at 
1 600 ° F. The resultant efficiency and economics for the 
hydrogen produced were essential ly the same as those 
projected for advanced electrolysis. 

Given the nearly equ ivalent efficiencies and economics for 
advanced electrolysis and thermochemical approaches, no 
further near-term efforts are antici pated in the more specu la
tive thermochemical area. However, a project to advance 
electrolyzer state of the art wi l l  be in itiated in 1 977 .  

Several efforts abroad and in the U .S. (ERDA) are assessing 
and developing other chemical energy systems, inc lud ing 
H2S04 - H2 0;  CH4 reformation ;  S02-S03 ; and cyclohexane
benzene. Since each chemical reaction combination involves 
a specific temperature of energy input and output, an electric 
uti l i ty appl ication analysis requ i res a complex match ing of the 
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heat characteristic of both the energy sou rce and the end use 
with the chemical reaction cycle. Cu rrent CEC efforts have 
focused on CEC technology assessment and development 
with little attention to application analysis. To simpl ify the 
requ i red appl ication analysis, al l CEC reactions of potential 
util ity interest will be cataloged in TPS 76-658. This catalog 
wil l  subsequently serve as a design data base that can be 
matched against the intermediate- and long-range uti l ity ap
plications. The planning study will be completed early in 1 977 
and the appl ication analysis wil l  be started simultaneously. 

Outlook 

While there are many interesting CEC-related concepts that 
might be beneficial to the uti l ity industry, none of them is 
l ikely to be technoeconomically viable in the near-to-inter
mediate term. However, in the longer term, as fossil energy 
sources become scarce and the uti l ities must rely on fiss ion,  
solar, and fusion sources, hydrogen and other CEC systems 
wil l  l i kely be an efficient and cost-effective means for coup l ing 
the energy source with the end use v ia long-term storage or 
long-d istance transmission. I n  the meantime, it wil l  be neces
sary to develop the more promising technologies and seek 
out the nearer-term appl ications that will bridge the gap 
between today 's technology and tomorrow's need . Program 
Manager: Arnold Fickett 

WASTE HEAT MANAGEMENT 

Virtually all d iscussions of research ,  development, and desig n  
activities related to power plant systems and components 
contain the following objectives: reduced capital cost, in
creased generation efficiency, and acceptable environmental 
impact. These objectives are often in confl ict. Heat rejection  
systems represent a significant fraction of  plant capital costs, 
have a dominant effect on plant heat rate , and constitute one 
of the major sources of the plant's impact on its envi ronment. 
As such, they exemplify the confl ict, and a balanced research 
program must add ress all facets of the problem.  This report 
wi l l  focus on the environmental aspects. 

The thermodynamic laws govern ing thermal power genera
tion requ i re that heat be rejected from the power plant. At 
efficiency levels achievable with cu rrent and foreseeable tech
nologies, this rejected heat amounts to one-half-two-thirds 
of the energy contained in  the fue l .  The lower the tempera
ture at which this heat rejection is achieved, the g reater the 
efficiency of the power generation ;  the more effective the heat 
transfer processes by which the heat is transferred from the 
plant to the envi ronment, the smal ler and less costly are the 
cool ing systems. Therefore, from a cost and efficiency stand
point, heat rejection to water rather than to air , or  to wet-bu lb  
temperatu res rather than to  dry-bu lb  temperatures, i s  the 
preferred technology. 
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Physical Effects Versus Environmental Impacts 

The localized injection of relatively large q uantities of heat 
into the environment must result in some local d isturbance 
of the physical condition of the envi ron ment, even thoug h 
the effect is negl ig ible in a g lobal heat balance. The thermal 
discharge itself will be manifested as an increase in the local 
temperature of the air or the water, or  an increase in the 
evaporation rate and an associate increase in  local humidity , 
depending on the particular cool ing system selected. The 
need for maintenance and clean ing of the cool ing equipment 
may result in the use and eventual d ischarge of biocidal, 
anticorrosive, or  antiscal ing chemical species. The physical 
processes by which the cool ing is ach ieved may resu lt in the 
concentration of source water constituents through evapora
tion and their dispersion to the land and atmosphere through 
splash, carryover, and drift. 

The extent to which these physical occurrences constitute 
harmful or undesirable effects on the local envi ronment and 
ecosystems must be determined from meteorological , bio
logical, and ecological research .  Such stud ies are under the 
purview of the Environmental Assessment Department of the 
Energy Analysis and Envi ronment (EA&E) Division ,  and 
those related to aquatic ecosystems are described in the 
EA&E status report in this issue. The goal and responsibi l i ty 
of the FFAS Divis ion's environmentally d i rected activities 
are to predict and, if necessary, to reduce the physical man i
festation of power plant cool ing .  

Research Emphasis 

The Federal Water Pollution Control Act of 1 972 and subse
quent effl uent l imitations, guidel i nes , and standards in the 
Steam-Electric Power Generating Point Source Category, New 
Sou rce Performance Standards, prohib it the discharge of heat 
to waterways from main plant condensers, except in cold-side 
blowdown from recirculating  cool ing systems. While provi
sions exist for seeking exemptions, the increased use of 
closed-cycle cool ing systems (particularly cool ing towers) 
is to be expected. This has the effect of transferring the 
localized physical man ifestation of the thermal d ischarge 
from the waterway to the atmosphere in the form of warm, 
moist (and sometimes visible) plumes and potentially to the 
surrounding land in the form of dispersed l iqu id or  drift 
d roplets carried from the tower. The potential envi ronmental 
impact of these plumes could include local weather modifica
tions, such as increased fogging ,  cloud iness, or precipitation ;  
possible g round level icing o f  roads, structures, and vegeta
tion ;  and the dispersal of salt, concentrated in the drift d rop
lets. A major project, jointly sponsored by EPRI ,  ERDA, EPA, 
and the state of Maryland , should provide a sound basis 
for pred icting and evaluating both the physical effects and 
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Figure 3 This 600-MWe oil-fired cycl ing plant at Chalk Point, Maryland, is the site of studies that wil l  provide data on the behavior 
of cool ing tower plumes and on possible environmental impacts. Photo courtesy Applied Physics Laboratory, Johns Hopkins University. 

the envi ronmental impacts of p lumes that d rift from cool ing 
towers. 

Chalk Point Cooling Tower Project 

Figu re 3 is an aerial view of the test site at the Potomac 
Electric Power Co. Chalk Point plant located at the con
f luence of the Patuxent River and Swanson 's  Creek in Pr ince 
Georges County, Maryland .  The tower from which the visible 
p lume is rising cools a 600-MWe, oi l -fi red cycl ing plant. 
B rackish make-up water for the tower is taken from the river 
at an annual average salt concentration of about 7000 ppm. 
Average d rift sal i n ity is approximately 1 4 ,000 ppm. The 
surrounding countryside is pr imari ly ag ricu ltu ra l ,  and the 
potential impact of saline drift on the local tobacco crop is 
of concern . 

The development of analytic and numeric methods for 

pred ict ing the behavior of drift and vapor p lumes has been 
the subject of i ntensive effort by numerous investigators for 
several years. As a result ,  a number of models have been 
proposed . The objective of the project is to provide compre
hensive, qual i ty data against which these models can be 
compared , validated, and improved. 

The measurements involve (1 ) plant and tower operating 
conditions; (2) tower emission characterization tests, in
cluding in-tower velocity, temperature, and humid ity profiles 
and drift emission mass and droplet size distri bution ;  (3) air
borne in-plume measu rements of temperatu re, humid ity , and 
drift concentration ;  (4) photographic record ing of the visible 
p lumes; (5) airborne and g round-level salt concentration and 
deposition rates; and (6) ambient meteorologic data from 
aircraft , sondes, and an on-site meteorologic tower. The l i nk  
between the physical occu rrences and the envi ronmental 
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effects will be provided by observations of botanical and agro
nomic test pi lots from which pre- and postoperational data 
on sal in ity effects and drift-induced inj u ry wi l l  be generated 
and evaluated. 

Thermal-Hydraulic Plumes 

The major impediment to the use of once-through cool ing 
systems is  the environmental impact imposed by the entrap
ment and entrainment of organisms and the discharge of a 
heated water plume. The major objective of EPRl 's program 
in  this area is to provide uti l ities with support when they 
apply for 31 6a exemptions under the Federal Water Pol l ution 
Control Act of 1 972 and to facil itate the maximum environ
mentally acceptable use of once-through cool ing .  As in the 
case of tower p lumes, numerous predictive models have been 
developed. None of these, however, is generally applicable ;  
nor is it clear how to choose the best model for  any given 
situation .  Each of the models normally must be cal i brated 
with site-specific data in order to give acceptable results. 
In general, however, our abil ity to predict p lume temperature 
profiles and dimensions exceeds in accu racy our  abi l i ty to 
use these results in the prediction of the accompanying  
ecological effects. 

The EPRI program planned in this area wi l l  contain several 
elements: (1 ) effects studies in conjunction with the Environ
mental Assessment Department (EA&E Division) to deter
mine the impact of the synergistic thermal ,  physical , and 
chemical effects of once-through cool i ng  systems on aquatic 
o rganisms; (2) the development of performance-related gu ide
l ines for the design of intake and discharge structu res; (3) the 
characterization of available water resou rces su itable for use 
with once-through cool ing ;  (4) the development of gu idel ines 
for the use of physical models, inc luding the development 
of appropriate scal ing laws and furthering the understanding 
of the use of distorted models; (5) the extension of the 
exist ing data base to include dynamic effects, end effects , 
and seasonal and d iu rnal variations in p lume characteristics 
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and the development of comprehensive test procedures for 
pre- and postsiti ng p lume characterization that can be gener
alized; (6) continued work on model comparison and verifi
cation ,  lead ing to general recommendations on the su itabi l ity 
of proposed models for particular appl ications.  

Chemical Discharges 

The major chemical d ischarge from power plant cool ing sys
tems is the chlorine used for control of biofou l ing in the 
condensers and intake-discharge structures of once-through 
cool ing systems. I ncreasingly stri ngent EPA regu lations on 
al lowable chlorine discharges are anticipated. A three
pronged approach wil l  be conducted in th is area: (1 ) the 
determination of min imum chlorine dosage requ i rements to 
maintain effective biofou l ing control ; (2) the development of 
dechlorination procedu res; and (3) the study of alternatives 
to chlorination .  

A project currently under way is evaluating the use of 
ozonation as an alternative to chlorination .  Ozonation has 
been demonstrated to be an effective means for the control 
of biofou l ing in certain special ized appl ications.  The major 
uncertainties to be resolved in the appl ication of this tech
nology to power plants include dosage requ i rements, cost
effective contractor design ,  and residual toxicity effects. Tasks 
wil l  incl ude paral lel tests of untreated, chlor inated , and ozon
ated condensers to determine the dosage requ i rements for 
maintain ing equivalent performance under a variety of dosage 
schedules, as well as an engineering design  study and cost 
analysis of several promising contractor designs. A paral lel 
study wil l  be carried out by ERDA's D ivision of Biological 
and Envi ronmental Research to defi ne potential resid ual tox
icity effects. A coordinated effort with EPRl 's  Envi ronmental 
Assessment Department is planned for stud ies on min i
mum dosage requ i rements and effects associated with other 
alternatives to chlorination ( includ ing bromine chloride and 
chlorine dioxide). Program Manager: John Mau/betsch 



R&D Status Report 
ELECTRICAL SYSTEMS DIVISION 
John J .  Dougherty, D irector 

SUBSTATION COMPONENTS 

A major cost factor in the production of power transformers 
and other substation equ ipment has been the extra insulation 
that must be bui lt in to withstand overvoltages due to l ightn ing 
or switching surges. I n  the past 20 years, surge arrester man
ufactu rers have made great strides toward reducing this cost. 
As a result, almost al l  users purchase equ ipment with reduced 
basic impu lse insu lation levels (B lls) at a cost savings. A 
new laboratory development may provide the protection 
necessary to extend this reduction  to about its logical l im it .  
Properly treated zinc oxide is a semiconductor with some 
remarkable characteristics. It has almost a constant voltage 
d rop over a current range spanning five orders of magnitude. 
It can be made to absorb more energy per unit volume than 
si l icon carbide, which is now being used in surge arresters . 
It can also be formed in large blocks, enabl ing its use in  
practical arrester designs. 

EPRI feels this development is so essential that two com
plementary efforts have been launched. McGraw-Edison Co. , 
in conjunction with Marquette University, has been con
ducting basic studies to determine the effects of various 
compositions and processing variables. In addit ion to statis
tical analysis of experimental results, scanning electron 
microscope and X-ray detraction analyses are being used 
as d iagnostic tools. 

West inghouse Electric Corp. is conti nuing an effort that it 
launched two years ago in an attempt to increase the energy 
absorption capability of zinc oxide blocks, while retain ing 
the highly nonl inear volt-ampere characteristic. Westinghouse 
is also investigating formulation and processing variables 
in a production-type sett ing .  The objective of these projects 
is to produce a gapless transmission surge arrester that wi l l  
l im it overvoltages to 1 .5  per unit of  normal l i ne-to-ground 
voltage. We expect to reach this goal i n  1 979 .  

The design of  support insulators in gas-insulated equipment 
is made diff icult by the requ i rement for small size (thus short 
creepage paths) and the difference in d ielectric constant 
between most solid insu lation and gas. Researchers at I-T-E 

Imperial Corp. reasoned that if a polymer insu lati ng material 
could be foamed with SF6 gas, the resu ltant material would 
have a dielectric constant closer to that of the gas alone. 
However, normal foaming techniques do not work with the 
epoxy compounds commonly used for insulation .  An effective 
foaming technique was found by loading a molecular sieve 
with SF6 gas, mixing it i nto the uncured epoxy, and using 
heat to l i berate the gas and cure the epoxy. 

Molecular sieves are crystal l ine alumina si l icates ,  commonly 
cal led zeolites. The crystal structu res have large internal or 
inner crystal l ine surface areas, which accounts for thei r gas
absorption capabi l ity. The material is suppl ied as a f ine powder 
so that it disperses evenly in the epoxy and is inert. 

The project is seeking to determine the effective l ife of the 
material . " End of life" can be defined as occurring when 
enough gas has been diffused out of the material to degrade 
its insulat ing qualities. Sophisticated techniques must be 
employed to determine gas diffusion rates in a reasonable 
time. These rates can then be extrapolated to 30 years. I n
strumental neutron activation analysis was chosen because 
it is nondestructive. After the SF 6 concentration is determined, 
the sample can be artif icial ly aged , and the gas concentration 
can be redetermined at various stages. 

An attempt to obtain reproducible short-term die lectric 
fai l u res will also be made so that Arrhenius projections of l i fe 
can be calculated . Techniques for load ing molecu lar sieves 
and foaming the epoxies have been developed , and pre
l iminary SF6 concentration and pressure measurements have 
been made. Samples have been produced and l ife tests 
begun .  The results of this work wi l l  determine whether the 
material is suitable for the appl ications contemplated .  

Recogn izing the need for cost-effective transmission
voltage-level reactor and capacitor switches, Bonnevi l le 
Power Administration (BPA) and EPRI are joint ly sponsoring 
such a development. The goal is a l ine of  switches rated 242,  
362 , 550, and 800 kV, with a continuous and interrupting 
capability of 600 A for capacitive and reactive loads .  The fi rst 
step (now in progress) is the development of a 242-kV, single
break, SF 6 interrupter module .  The three interruption strat-
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Figure 1 Model of molecular sieve crystal, illustrating the open 
structure and inner c rystalline surface area. 

egies being investigated are plain break in SF 6 , puffer, and 
arc-generated gas blast. A model i nterrupter has been bui l t  
and tests are being conducted . It is expected that resistors 
wi l l  be used for both closing  and opening  to l imit overvoltages 
and inrush cu rrents. 

In 1 977 the contractor, Westinghouse, wi l l  bu i ld a 550-kV ,  
th ree-phase prototype, conduct laboratory tests, and del iver 
it to BPA. BPA wil l  then conduct f ie ld tests and install the 
prototype to gain operating experience. 

System volts-amperes-resistors (VAR) control is an in
creasingly important subject as more generat ing capacity is 
located at a distance from the load center. The important 
question of how to provide voltage support at the load center 
is being  addressed by many uti l ities. Load f low and system 
stabi l ity studies of Minnesota Power & Light Co.  have identified 
a location on its 230-kV transmission system where h igh
speed VAR control voltage support would be advantageous.  
Stability studies were performed for two cases. One was the 
loss of key generation ;  the other study s imu lated the start ing 
of large motors at a taconite mi l l .  I n  both cases it was demon
strated that the high-speed response of a static VAR con
trol ler was effective in reducing bus voltage swings,  thus 
reducing the requ i rement for installed capacitors. 

The basic VAR control system being  manufactured by 
Westinghouse for this appl ication is a two-step, switched, 
capacitor bank in paral lel with thyristor-switched, ai r-core 
reactors . Vernier control of the reactance can be achieved 
by varying the f ir ing angle of the thyristors. Bus voltage is 
evaluated each half cycle, and an appropriate adjustment is 
made in the thyristor f ir ing angle. Control response t ime is 
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equal to or less than one cycle. Other possible control strat
egies are being investigated to see if they offer any advantages 
over voltage control. 

The generation and suppression of harmonic currents is 
also being add ressed in this project. Whi le studies show that 
the harmonics generated are not severe, there are certain 
system configurations that may be tuned to these harmonics. 
For this reason ,  part of the shunt capacitance wi l l  be in a 
harmonic filter configuration .  

I nstallations of  simi lar hardware have been made for  f l icker 
control of arc fu rnaces. In that case, the control is open loop, 
based on the VAR demand of the arc fu rnace. It is used only 
to compensate for the VAR demand of the load and not to 
correct for bus voltage variations . 

The use of gas-insulated equipment in substations is in
creasing at an exponential rate. Two threats to th is type of 
equ ipment are moisture and loss of gas .  The gas itself is 
expensive and leaks should be detected as early as possible.  
Further, if gas can leak out, then moisture can leak in .  What 
is needed is an inexpensive, fu l l-time leak and moisture 
detector. N ucleonic Data Systems has developed a detector 
that offers a cost-effective solution .  I nfrared l ight is passed 
through the gas, and the SF 6 density and water vapor density 
are detected by measu ring  the absorption of certain wave
lengths. This technique has been used successful ly in the 
space effort and now may solve a uti l ity problem. 

I n  practice, we envision one detector head on each gas 
chamber. There may be tens of these in a particu lar sub
stat ion .  Al l the detector heads wi l l  then feed into one scanner
processor. This device wi l l  indicate SF 6 density, rate of change 
of SF 6 density, and water vapor density. Readings wi l l  be made 
every few min utes around the clock, and an alarm wi l l  sound 
if preset l imits are reached, thus reducing to a min imum the 
t ime an out-of-tolerance condition is al lowed to exist. 

Large transmission substations sometimes look l ike a 
forest of insu lators. But there are many more insulators hidden 
with in  various pieces of equipment. U nti l  now, no one has 
developed a cost-effective material that is superior to porcelain 
for most of these insulators. However, two very important 
developments with simi lar names wi l l  soon produce insu lators 
that are equal or superior to porcelain and at a reduced cost. 
Further, the new materials will requ i re only about one-tenth 
of the energy now used to process porcelai n .  

Polymer-impregnated concrete (PIC) i s  concrete that is 
mixed and cast in much the same way as ord inary structural 
concrete. By proper control of the process, pore size and 
distribution can be optimized . The cu red concrete is then 
thoroughly dried and vacuum impregnated with a monomer, 
which is polymerized and cured . This process is in an ad
vanced stage of development. 

However, it appears that the second contender, polymer 



Figure 2 Infrared detector head connected to test c hamber (right). 
SF, density, rate of change of SF, density, and water vapor density 
can be read on scanner-processor (left). 

concrete (PC), may offer processing advantages without 
sacrif icing performance. The contractor, West inghouse, is 
now concentrat ing its effort on this material .  PC is a mixture 
of aggregate (sand, g rave l ,  ground-scrap porcelai n ,  fi bers, 
and so on) and polymers, such as methyl methacrylate. The 
polymer content may only be less than 1 2% by weight .  The 

R&D STATUS REPORT 

material can then be cast in air and cured at a reasonable 
temperature. Efforts are now being expended toward im
proving the strength , creep, die lectric ,  and weathering prop
erties. 

Significant Projects Completed 

The Phoen ix Electric Corp. of Boston has been developing 
a current-l imiti ng conductor (CLC). This project is now com
plete and the fi nal report is available (EPRI EL286). The theory 
of the CLC has been developed and confi rmed by experi
ments. The principle of the CLC is based on a l inearly ex
tended solenoid . Its inductance increases as the ai r gap 
between the armatu re and the core is reduced by short-ci rcuit 
current. 

Design formulas have been developed. The nonl i near i nter
action of the electric c ircuit and the magnetic-mechanical 
system was analyzed. Both steady-state and transient solu
tions were obtained . Analysis suggested that a switched 
resistor be added to the c ircu it .  Commutation of current to 
the resistor was explored . A cost analysis ind icated that the 
CLC cost reduction of 90% can be achieved by the inclusion 
of the resistor for a given performance requ i rement. 

Fractional CLC modules were bui lt and tested to confirm 
theory. Costs were reported and extended to fu l l -scale 5-kV 
and 1 5-kV substation devices. Project Manager: Richard 

Kennon 
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"I think it's terribly important that the 
electric companies and EPRI be aware, 
every moment, that the dollars they're 
spending are not theirs, but the rate
payers' dollars. And that's the interest I'm 
supposed to represent," said Alfred Kahn 
with characteristic intensity. 

Kahn is chairman of the New York 
Public Service Commission (PSC) and 
an articulate member of EPRI's Advisory 
Council. As the first professional econ
omist to head a major utility com
mission in the United States and as an 
outspoken advocate of regulatory re
form, Kahn is the recognized dean of 
utility commissioners. An academic dean 
as well, he is now on leave from Cornell 
University's College of Arts and Sci
ences, where he was also a professor of 
economics. 

Part of his reason for being on the 
Advisory Council, says Kahn, is "to keep 
an eye on things" -that is, to see how 
the ratepayers' dollars are being spent on 
electric utility research and development. 

Kahn has no quarrel with the composi
tion of the Council, which he considers to 
have "sufficient representation," except 
for a consumer advocate. But until the 
formation earlier this year of the four 
working committees, Kahn had "a good 
deal of uncertainty about the Council's 
effectiveness." He and other members 
of the Power Sources and Uses Com
mittee, Kahn points out, have proposed 
to EPRI management that the Institute 
spend less of its resources on long-range 
research and more on projects that have 
"a shorter-term payout." The committee 
has been pressing for more work "on 
immediate, practical, industrywide prob
lems, such as reliability of generating 
plants," he says. We should look to 
ERDA to sponsor costly, long-range 
R&D, Kahn argues. 

"EPRI is a very professional organi
zation, and I have no reason to doubt 
Chauncey Starr's dedication to good re
search," says Kahn. However, Council 
members are "trying to develop a forum 
in which we get a better representation 
of opposing viewpoints." He cites what 
he sees as "a tendency of the industry 
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Alfred Kahn 
Breaks 
Tradition 

The chairman of New York's Public 

Service Commission, a member of 

EPRl's Advisory Council, refuses to 

be bound by tradition in his role as a 

regulator. o An EPRI interview 

and of EPRI to be supply-oriented." Kahn 
notes that he and others on the Council 
have pushed for more research on con
servation and efficiency. And he credits 
this pressure with partially influencing 
EPRI to include locations in northern 
climates in the U.S. in its residential heat 
pump test program. 

As a utility regulator (there are 7 reg
ulators on EPRI's 24-member Advisory 
Council), Kahn says his "only job is to 
regulate utility monopolies in order to 
protect the interest of ratepayers." But 
he recognizes, "In practice, some com
missioners have a tendency to identify 
with the people they're supposed to reg
ulate. There are a lot of reasons for this 
tendency," Kahn continues, "that have 
nothing to do with the obvious ones of 
venality, corruption, or expectation of 
getting a job with a regulated company 
after you leave the commission. It is 
something we must all, in varying de
grees, resist." 

Kahn adds, "I don't want to be under
stood as having made the self-serving 
statement that we are all harsh, effective 
scourges of the utility industry. But in 
some degree, that's our function." 

Kahn says he plans to return to Cornell 
and his economics professorship when 
his six-year term with the New York PSC 
ends in 1980. 

The regulatory community, with prod
ding from Kahn, has begun reforming 
its traditional approach to electric utility 
regulation. It was NARUC, prompted by 
the resolution he cosponsored, Kahn 
notes, that requested EPRI and the Edison 
Electric Institute to undertake the Utility 
Rate Design Study. And in the area of 
R&D, Kahn says commissions have be
gun urging utilities "to develop a research 
consciousness and begin to spend money 
on research." 

As for the utility industry's past per
formance in forecasting, Kahn criticizes 
that effort as having been "little more than 
the application of a straight-line ruler to 
a graph of semilog paper." Again, as 
a result of commission pressure, more 
utility companies are developing their 
own staff capability or are seeking the 



I find the reason I have such 

enthusiasm about my job is that 

I'm looking at things almost 

constantly in a way that most 

regulators find nontraditional. 

advice of consulting firms in formulating 
their projections of customer demand, 
need for generating capacity, new tech
nologies, and the like. Part of EPRI's pro
gram is to develop analytic forecasting 
methods, as well as to project the struc
ture of demand and supply. The purpose 
is to better define EPRI' s R&D targets 
and priorities, and, in addition, to pro
vide insight into forecasting methods for 
individual utilities. 

In New York over the past few years, 
Kahn tells us, the PSC has been pressing 
the seven major utilities of the state 
power pool to plan on a statewide rather 
than an individual basis. It has been pro
posed that the siting, construction, and 
operation of all privately owned gener
ating plants in the state be handled by 
a single company. Kahn points out that 
such integrated long-range planning 
could produce several advantages: costs 
and environmental impact would be min
imized, and the single company would 
be justified in recruiting the necessary 
staff to handle its planning. 

Even now, Kahn says, "Increasingly, 
we push the seven utilities to come up 
with an integrated pooling forecast of 
demand, of supply availability, and pro
jected plant additions over a 15-year 
period. Also, we've got them to include 
tentative preselection of plant sites and 
to identify major transmission corri
dors." These plans, which are subject 
to revision, allow for improved land-use 
planning, Kahn notes. 

Evaluating company efficiency has al
ways been a difficult task for regulators, 
some of whom are now using the rela
tively new technique of management 
audit. "Management audit is not book
keeping or routine checking of the accu
racy of records," explains Kahn. "Rather 
it is a study of the organization, policies, 
and operations of a company with a view 
to assessing efficiency in a broad sense." 

Kahn says that commissions also have 
begun to develop statistical methods, 
which they either apply or get the com
panies to use, to measure changes in pro
ductivity over time. Items measured 
include output per man-hour, per dollar 

The utility industry's past 

performance in forecasting has 

been little more than the 

application of a straight-line ruler 

to a graph of semilog paper. 
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of capital, and per bundle of input. 
Because of the "inescapable tendency 

of regulated monopolies to be cost-plus 
in their rate pricing, along with the diffi
culty regulators have in examining their 
costs, and in the absence of competition," 
Kahn says, "there is always the danger 
that these monopolies will be bureau
cratic, unenterprising, and will not press 
vigorously for efficiency." 

Management audits and productivity 
measurements are two methods for 
nudging utilities toward efficiency. But 
the most effective stimulus, according to 
Kahn, is "regulatory lag" -the delay in 
the time between rate changes. This situ
ation may occur when, for a time, a utility 
will be squeezed if its costs go up before 
it gets a rate correction. Or, for a time, 
the company will benefit from its last 
rate increase and earn high profits if it 
achieves increased efficiency. "It's in the 
space between rate changes," says Kahn, 
"that a company has the incentive to 
do better." 

Kahn is deeply involved in the contro
versy over whether rates should be based 
on fully allocated historical costs or on 
long-range incremental costs and is an 
outspoken advocate of the latter. Tradi
tionally, utilities have favored the his
torical-cost approach, in which the costs 
of all plants, old and new, are allocated 
over the total system output, yielding a 
single average figure for plant cost per 
kilowatthour. 

According to incremental-cost theory, 
on the other hand, the price of each kilo
watthour should be based directly on its 
actual current cost. Following this ratio
nale, the plant-cost increment is higher 
for electricity generated at a new plant 
(at today's inflated construction costs and 
bond interest rates), and all customers 
should be confronted with that true cost 
in making their purchase or conservation 
decisions. Price thus signals the cost 
incurred by society in generating another 
kilowatthour-or what society saves by 
not generating it. 

Also, electricity demand is cyclical, 
and the generating cost is greater at peak 
periods (using expensive fuels) than off 
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There is always the danger that 
these monopolies will be 
bureaucratic, unenterprising, and 
will not press vigorously for 
efficiency. 

peak. The peak price should therefore 
be greater, according to the incremental
cost advocates, or there will be no price
signaled incentive for the consumer to 
use less of the costly electricity and more 
of the cheaper electricity. 

So long as the higher costs of greater 
capacity or load are not reflected in higher 
prices for that capacity or load, the utility 
is charging its customers less than cost, 
the theory continues. What's worse, the 
customer is getting erroneous signals and 
cannot make sound economic choices in 
the amount and timing of his electricity 
use. 

"If you move to current- or incremen
tal-cost pricing of electricity," Kahn 
explains, "you clearly must have time-of
consumption pricing-prices that will 
vary by hour of the day and by season 
of the year." He continues, "If you use 
the traditional method of just averaging 
costs, as has usually been done (a kilo
watthour is a kilowatthour), you get no 
differentiation." 

Kahn would like to see commissions 
move immediately toward the position
which he calls intermediate-that says: 
"Never mind whether you want to go to 
incremental-cost pricing or stick with 
historical-average pricing. You should at 
least have time-of-consumption rates; 
rates that differ, reflecting the fact that, 
even historically, the costs of installing 
more capacity should not be put on 
people who consume off peak. They are 
not responsible for construction of that 
capacity." 

"It is indisputable that the costs im
posed on a system, if only the generating 
costs," Kahn stresses, " are different when 
you consume at peak on a hot summer 
day or you consume in the middle of the 
night-so that truly cost-based rates can
not avoid varying by time of consump
tion, logically." 

Kahn sees "a strong inclination in the 
utility industry to resist methods of pric
ing that discourage growth of demand on 
peak, and in turn discourage growth of 
capacity." The reasons for this, he says,, 
"are partly the promotional supply orien
tation of the industry and partly the fact 



that regulated utilities make their profits 
as a return on their rate base, that is to 
say, on their invested capital. And, there
fore, it is in their interest to have as big 
an investment as possible. 

"How do you have a big investment? 
I'm not saying it's a conscious policy, 
but you charge below the cost at the time 
of system peak," Kahn explains. "That 
encourages growth of demand which you 
can satisfy only by installing more capac
ity. You then go to the commission and 
say: 'Look, I have to install this capacity 
because the demand is great at that time.' 
The capacity goes in; it goes into your 
rate base; you get a return on that rate 
base. And as long as that return is higher 
than the price you have to pay for your 
capital, you make profits." 

Kahn emphasizes that he is "not trying 
to discourage growth of energy demand. 
Energy is good and socially desirable. I 
want to discourage inefficient growth of 
energy demand, and I'm defining in
efficiency very precisely as growth of 
demand that gives people fewer satisfac
tions than it adds cost to society. And 
the only measure of that is incremental." 

Kahn looks favorably on the setting up 
of a research organization that would 
concentrate on regulatory issues. "I have 
a lot of skepticism about whether EPRI 
should be the one to do it," he says. 
"EPRI has a board of directors that is 
made up of utility executives," Kahn 
notes; adding, "to the exent that they 
have an influence, I don't want them 
running regulatory research." 

"The delicacy of research on regula
tory matters, being controversial and so 
closely related to public policy, dictates 
that it be handled by a university," Kahn 
feels. "Universities have strong traditions 
of intellectual independence." He be
lieves that a university-based institute 
with an advisory board representing the 
utilities, the regulators, and perhaps EPRI 
could properly and effectively perform 
this function. He reports that more than 
a score of universities have shown an 
interest in such an institute. 

Kahn, who attacks a job, not merely 
approaches it, revels in his work as a 

regulator. " I find the reason I have such 
enthusiasm about it," he relates, "is that 
I'm looking at things almost constantly 
in a way that most regulators find non
traditional." He sees a "uniqueness in 
having an economist as chairman of a 
major regulatory commission" -and 
especially an economist who has written 
extensively "on pricing, on environ
mentalism, on economic growth." 

Says Kahn, "What I love about my 
job is that it constantly presents me with 
new problems that call for new ideas. 
Recently, I came up with an idea on regu
lating water companies-not very pro
found, but nontraditional. I found fellow 
commissioners who were encountering 
the same problem and didn't know what 
to do about it. I sent them copies of what 
I had written on the subject, and it really 
was exciting to see that a very simple kit 
of economic ideas for looking at things 
could solve the problem." 

This illustration points up Kahn's ap
proach to his work as an economist
regulator. "Providing perspectives that 
are highly relevant today in a society that 
has suddenly become aware of economic 
problems is what economics is all about," 
he says. Moreover, "resource scarcity 
and conservation are what we economists 
have been talking about all along." 

Kahn admits, "Having been a dean for 
five years-the lowest man on the totem 
pole, really-suddenly to become a boss 
in a hierarchical situation in which it's 
hard to get people to argue with you, is 
heady stuff." 

Alfred E. Kahn brought enthusiasm and unique 
credentials to the task when he was appointed 
chai rman of the New York State Public Service 
Commission in 1974. 

He is one of the few professional economists 
to head a major utility regulatory commission, 
which must deal with a maze of complex 
economic issues. His two-volume The Eco
nomics of Regulation, completed in 1971, is 
looked on as the authoritative work in the field. 

Kahn took leave from a 27-year career at 
Cornell University, where he was dean of the 
College of Arts and Sciences and a professor 
of economics, when he was tapped for the 
chairmanship of the New York PSC. He plans 
to return to Cornell at the end of his six-year 
term. 

Aside from his commission activities, for 
which he is known as an innovator, Kahn is a 
member of the Environmental Advisory Com
mittee of the Federal Energy Administration, 
the Board of Directors of the New York State 
Energy Research and Development Authority, 
the Executive Committee of the National Asso
ciation of Regulatory Utility Commissioners; 
and is chairman of NARUC's Committee on 
Electrical and Nuclear Energy. In addition to 
being a member of EPRl's Advisory Council, 
he is on the project committee of the EPRI/EEI 
Electric Utility Rate Design Study. 

Kahn has testified extensively before the 
Federal Power Commission on regulation of 
the field price of natural gas, and before sev
eral Congressional committees on such mat
ters as financial problems of electric utility 
companies, electricity rate structure, the 
energy problem, and the role of market power in 
inflation. He has served as a member of the 
National Academy of Sciences Advisory Review 
Committee on Sulfur Dioxide Emissions, was 
on the senior staff of the President's Council 
of Economic Advisors (1955-57), was a special 
consultant with National Economic Research 
Associates (1961-74), and has consulted with 
the U.S. Foreign Agriculture Service, Federal 
Trade Commission, Ford Foundation, and 
the government of Algeria. 

Kahn earned a doctorate in economics from 
Yale in 1942, served in the U.S. Army, worked 
in the Antitrust Division of the Justice Depart
ment, and on the Twentieth Century Fund 
studies of cartels and monopoly before re
entering academic life in 1947. 
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International 
Electric 
Research 
Exchange 
Costly and time-consuming dupl ication 

of effort can be reduced through the 

international exchange of i nformation 

on electric power technology. JERE 

provides the mechanism for  that 

exchange. 
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An encouraging and increasingly produc

tive spirit of cooperation now exists 

among many of the industrial nations 

of the world that are coping with various 

kinds of energy problems. The interna

tional exchange of information on energy 

technology through numerous channels 

is proving beneficial to all who are in

volved. 

One ofthe best examples ofcooperation 

is that among the electric utility industries 

of 14 nations through the International 

Electric Research Exchange (IERE). 

Founded in 1969, IERE is an organi

zation whose objective is to promote the 

international exchange of research in

formation relating to the electric utility 

industry. Its by-laws put it this way: The 

organization "shall provide a means by 

which the electric power industries in 

the various countries can share informa

tion on electric power research in the 

interest of providing and maintaining 

adequate and economical supplies of 

electricity." 

Shift to moderate growth 

The electric utility industries in European 

countries are represented in IERE through 

the Union Internationale des Producteurs 

et Distributeurs de l'Energie Electrique 

(UNIPEDE); Japan, through its IERE 

Council; Canada, through the Canadian 

Electrical Association; and the United 

States, through EPRI. (U.S. represen

tation in IERE, originally through the 

Edison Electric Institute, was transferred 

to EPRI in 1974.) Dr. Chauncey Starr, 

EPRI president, serves as the principal 

U.S. representative, with Milton Leven

son, director of EPRI's Nuclear Power 

Division, as the alternate representative. 

EPRI was host for the eighth annual 

meeting of IERE in Palo Alto, September 

14-16. 

What benefits accrue from the on-

going international information exchange 

of IERE? Dr. Naohei Yamada, director of 

Japan's Central Research Institute of the 

Electric Power Industry (CRIEPI), alluded 

to them in the foreword to his remarks, 

"R&D in the Electric Utility Industry in 

Japan." Dr. Yamada, the principal IERE 

representative for Japan, told the dele

gates: 

"After the oil embargo by Arab coun

tries in 1973, Japanese society and its 

economy shifted from a higher-growth

oriented structure to a more stable and 

moderate economic expansion. However, 

the electric utility industry ofJapan is now 

struggling with difficult problems it has 

never before faced in its long history. 

These concern various aspects of power 

plant siting, environmental protection 

and conservation, higher fuel costs, 

stagnant electric power demands, and 

investment financing. 

"Major emphasis of the research ac

tivities is placed on nuclear power, a 

promising and feasible substitute for 

oil, and on the technologies for envi

ronmental protection and conservation, 

which are required to cope with the 

growing concern of the general public. 

Research efforts continue in the fields 

of bulk power transmission, develop

ment of new forms of energy and energy 

conservation measures, improved oper

ation and maintenance of conventional 

steam power generating plants, and 

aseismic considerations for power facili

ties and structures. 

Common concerns 

"It is very likely that the technical re

search subjects mentioned in the pre

ceding paragraphs are more or less 

common to the electric utility industry 

in other parts of the world, and it follows 

from this that closer international coop

eration and collaboration on technology 



research and development will be vital 

for the advancement of electric utility 

engineering and for the solution of com

mon industry problems and difficulties. 

"In this respect, nothing can give 

greater pleasure than the fact that the 

vigorous activities of IERE promote more 

positive and freer exchange of technology 

information between the member coun

tries year after year and obtain excellent 

and significant results." 

Dr. M. E. A. Hermans of the Nether

lands, deputy director of KEMA and 

chairman of the UNIPEDE research 

coordination organization (CORECH), 

presented a general review of activities 

in the UNIPEDE countries. 

"The 'oil crisis' and the economic re

cession have had a profound influence 

on the electric industry," he said. "Its 

steady growth and assured supplies of 

fuel can no longer be taken as a firm 

basis for policy. 

"The oil crisis at the end of 197 4 was re

flected in a decrease in the growth of total 

electricity consumption in all UNIPEDE 

countries except the Netherlands, where 

it is mainly the growth of the industrial 

use of electricity that has decreased this 

year; further, except for Belgium, there 

has been a corresponding decrease in 

the growth of the domestic use of elec

tricity in all UNIPEDE countries. 

"The economic recession seems to 

have as its consequence the attainment 

of negative growth figures for total elec

tricity consumption, the result of an even 

larger decrease in the growth of industrial 

consumption, while the domestic con

sumption seems to approach its former 

growth figures. 

"The uncertainties with respect to 

energy supplies instigated by the oil 

crisis resulted in increased attention by 

governments to energy problems, at

tempts at diversification of energy 

sources, and development efforts for 

unconventional sources of energy. 

"In many countries, energy programs 

have been proposed by governments, 

while, at the same time, international con

tacts on energy matters have multiplied." 

Alternative energy sources 

John Syrett of the United Kingdom's 

Central Electricity Generating Board re

ported to the delegates that "since 1973 

there has been a renewed interest in the 

possibility of reducing oil consumption 

by providing a greater proportion of our 

energy requirements from natural energy 

sources." He presented a paper on the 

subject on behalf of Dr. D. J. Littler, con
troller of research for CEGB. 

"Water has always provided a signifi

cant contribution to man's energy needs, 

but now that many of the sites for eco

nomic hydroelectric generation have 

been exploited, interest has turned to 

harnessing other natural forms of energy 

-the sun (both directly through heat 

or light and indirectly through the sec

ondary forms of energy that it generates, 

such as wind and waves), the tides, and 

geothermal heat from the earth. 

"This interest, of course, is not new," 

Syrett explained. "It is sometimes for

gotten that only 20 to 30 years ago there 

was a similar concern about the ex

haustion of fossil fuel reserves, which 

led to a revival of interest in these re

newable energy resources." 

Syrett explained that at that time new 

discoveries of oil deposits led to lower 

oil prices, and the large costs associated 

with development of the natural energy 

sources caused a decline in interest. 
In his concluding remarks, Syrett ex

plained that "because of the difficulties of 

competing economically with fossil fuels 

and nuclear energy, environmental im

pact, fluctuating supply, and the long 
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lead time needed for significant com
mercial development, these alternative 
sources cannot make a large contribution 
by the end of the century." 

Broader concerns 

Other papers presented at the IERE 
meeting covered nuclear power programs 
in the various countries, problems re
lating to the growth of power systems, 
environmental concerns, research prob
lems in the breeder reactor development 
programs of the UNIPEDE countries, 
and all phases of electric energy research 
in the U.S. 

The international information ex
change generated by IERE over the past 
eight years is substantial. It not only 
occurs at the annual meetings, but con
tinues throughout the year, particularly 
among technical representatives of mem
ber companies. Because of this, IERE is 
altering the format of future annual 
meetings to minimize the technical con
tent of reports and to put more empha
sis on broader R&D trends and general 
research policy matters. The technical 
information exchange will continue to 
flow through various channels through
out the rest of the year. 

A statement of intention (approved by 
the delegates here in September) reads, 
in part: 

"No other forum currently exists for 
the open discussion of varying policy ob
jectives of electric utility research and de
velopment conducted by the various IERE 
countries. Accordingly, in the future, the 
primary objectives and focus of IERE 
meetings should center upon present and 
future trends and directions of research 
and development taking place in the 
several countries within the IERE orga
nization, the reasons for pursuing such 
trends and directions, and the reasons 
for not pursuing alternatives to them 
(including such reasons as resource limi
tations and regulations by government). 

"Among the subjects to be considered 
at the next meeting will be the following: 
(1) the influence of national perceptions 
of atmospheric pollutants upon the 
course of research and development, (2) 
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the influence of finite fuel resources upon 
the course of research and development, 
and (3) the influence of finite water re
sources upon the course of research and 
development. 

"The members agreed that the next 
meeting of IERE would be held in Europe 
under the auspices of CORECH between 
the 26th and 30th of September, 1977." 

Reducing duplication of effort 

Despite the differences in the energy 
problems faced by the IERE member 
nations, there are commonalities in the 
technologies for solving them. An impor
tant function of IERE is to reduce costly 
and time-consuming duplication of effort 
through international communication of 
these technologies. 

Louis De Heern, chairman of the board 
of Societe pour la Coordination de la 
Production et du Transport de l'Energie 
Electrique of Belgium and chairman of 
IERE during the past two years, has been 
succeeded by Dr. Lionel Boulet of Can
ada, director of Hydro-Quebec Institute 
of Research, who steps up from vice 
chairman. 

Titles and authors of the papers pre
sented at the eighth annual meeting of 
IERE are listed below. Copies of these 
papers are available from the EPRI Rec
ords and Reports Center, P. 0. Box 10412, 
Palo Alto, California 94303. 

o "Research and Development in the 
Electric Utility Industry of Japan." Dr. 
Naohei Yamada, Director of CRIEPI and 
Principal IERE Representative for Japan. 

o "Review of Activities in the UNIPEDE 
Countries." Dr. M. E. A. Hermans, Dep
uty Director of KEMA and Chairman of 
CO RECH. 

o "Nuclear Power-Research in the 
United States." Mr. Milton Levenson, Di
vision Director of EPRI and Alternate 
IERE Representative for the U.S. 

o "Research and Development on Nu
clear Power Generation in the Electric 
Utility Industry of Japan." Dr. Naohei 
Yamada. 

o "The Canadian Nuclear Power Pro
gram" and "Research and Development 
for Canadian Nuclear Power." Dr. J. A. L. 
Robertson, Assistant to Vice President, 
Chalk River Nuclear Laboratories, AECL. 

o "Research Problems in the Develop
ment of Breeder Reactors." Mr. Pierre 
Feintuch, General Controller, Study and 
Research Direction, EDF, and Member of 
UNIPEDE. 

o "Fossil Fuel and Advanced Systems
Research in the United States." Dr. Rich
ard E. Balzhiser, Division Director of 
EPRI. 

o "Electricity from Natural Energy 
Sources." Presented by Mr. John Syrett, 
on behalf of Dr. D. J. Littler, Controller 
of Research of CEGB and Alternate IERE 
Representative for Europe. 

o "Utilization of Electric Energy and 
Other Forms of Energy." Dr. M. E. A. 
Hermans. 

o "Problems in Enlargement of Power 
Plant Size and Expansion of Power Sys
tems in Japan." Dr. Naohei Yamada. 

o "Transmission and Distribution-Re
search in the United States." Mr. John J. 
Dougherty, Division Director of EPRI. 

o "Energy Systems, Environment, and 
Conservation-Research in the United 
States." Mr. Rene Males, Division Direc
tor of EPRI. 

o "Effect of AC Electric Fields on Human 
Beings and Animals." Presented by Mr. 
Pierre Feintuch, on behalf of Professor T. 
Leardini, Central Manager, Research and 
Development Department of ENEL and 
Member of UNIPEDE. 

o "Thermal Discharges." Presented by 
Mr. Charles Lippens, Director General of 
LABORELEC and Member of UNIPEDE, 
on behalf of Professor T. Leardini. 

o "Recent Status of Research on Thermal 
Discharges in the Electric Utility Industry 
of Japan." Mr. Katsusuke Yoshida, Man
ager of the Thermal Power Department, 
Kyushu Electric Power Company, Inc. 



Advisory 
Council Hosts 
Energy Issues 
Seminar 

EPRI  advisers and  guests br ing 

d iverse points of v iew to the energy 

situation and the forces that 

u nderpin and direct it . 

asic issues relating to U.S. and 

international energy problems 

were explored at a week-long 

late-summer seminar, "Perspectives on 

Energy and Society," sponsored by EPRI 

and the Aspen Institute for Humanistic 

Studies. In an effort to develop a broader 

understanding of economic, cultural, and 

political issues often overlooked in day

to-day dealings with the energy situation, 

discussion topics ranged from changing 

population patterns to institutional ob

stacles to the development of coal re

sources. 

The selection of participants, including 

EPRI Advisory Council members and a 

variety of other energy industry author

ities, ensured that the discussions would 

be lively and agreement on any given 

issue would be rare. And even though the 

Aspen setting promoted a relaxed and 

contemplative atmosphere to encourage 

fresh perspectives, it was clear that the 

opinions the participants brought to the 

seminar were not changed materially as 

a result of the extensive conversations. 

It is more likely that the participants' 

ideas were sharpened by the exchanges. 

There was occasional consensus, how-

ever. No one questioned the difficulties 

that developing nations face in combating 

the parallel problems of population 

growth and diminishing world energy 

resources. There were no arguments 

about the historical relationship between 

energy and economic growth, although 

the extension of this relationship into 

the future was a subject of spirited 

debate. 

The role of the public in influencing 

energy policy was acknowledged by 

everyone, with strong differences ex

pressed as to the implications and desir

ability of this relatively recent public 

involvement. Also, the need to utilize 

the nation's vast coal resources was not 

questioned by the participants, even 

though an animated discussion took place 

on the social, technological, and regula

tory obstacles to doing so. 

A new alliance? 

The most volatile issue came up on the 

final day of the meeting. As part of the 

session on coal, the stage was set with 

a presentation by Steven Wyncoop, en

ergy writer for the Denver Post. Wyncoop 

cautioned that plans for developing the 

coal resources of the West must take 

into consideration the growing environ

mental sensitivity of the people in that 

area and the increasing willingness of 

the public to question the need for growth 

at historical rates. 

The discussion following Wyncoop's 

remarks was joined by Timothy Wirth, a 

U.S. congressman from Colorado. Wirth 

said he is beginning to detect an alliance 

of constituencies, linking environmen

talists with society's disadvantaged. He 

said this coalition is beginning to unite 

the people of the inner city with those 

who are advocating a more measured 

approach to energy growth. 

This observation drew a quick re

sponse from several participants. Rene 

Males, director of EPRI's Energy Analysis 

and Environment Division, said his ex

perience has shown that persons at the 

bottom of the economic ladder view 

jobs and economic growth as primary 

concerns rather than the lifestyle changes 

that would normally accompany a slower 

economic growth rate. 

Congressman Wirth received. backing 

from other participants, however, and 

only the adjournment of that final ses

sion brought the discussion to a close. 

Demographic factors 

The leadoff presentation of the seminar 

was "Energy and Demographic Change," 

with Everett S. Lee, professor of sociology 

at the University of Georgia, as discussion 

leader. Although Lee sees encouraging 

population trends in the U.S. and in 

other developed countries, he expressed 

great concern for the continuing popula

tion explosion in the rest of the world. 

In developing countries, he noted, 

population is an obvious problem. But 

the composition of the population is also 

a matter of great concern. The labor force 

in the developing countries today is less 

than 25% of the total population, with 

one-half of the population being under 

the age of 15. This is an undesirable 

situation, Lee added, that will become 

serious when the economies of these 

countries require a larger work force. 

The western world, on the other hand, 

has a one-to-one ratio of people in the 

work force to children of school age. 

Lee sees a U.S. population growth 

averaging 0.7% annually until the year 

2010 and a zero population growth 

thereafter. 

He sees problems for the rest of the 

world as the growth rate continues at a 

far higher pace. Considering the historical 

connection between energy availability 

and population growth, Lee feels that 

this continuing increase portends grave 

problems for many of the developing 

nations. 

Commenting on Lee's presentation, 

Walter Marshall, deputy chairman of 

the United Kingdom Atomic Energy 

Authority, expressed serious doubts 

about the ability of the developing coun

tries to deal with the dual problems of 

energy and population. The problem, he 

said, is "absolutely staggering," and for 
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several of the countries any outside help 
that could be provided may already be 
too late. 

Marshall added that these countries 
will be making massive demands on the 
world energy supply, and these demands 
will definitely affect the availability of 
oil in the U.S. This is as it should be, 
Marshall feels, since oil "should help 
solve man's misery," while alternative 
energy sources available to the U.S. 
should be utilized to a much greater 
degree. 

Further discussion by the group am
plified Marshall's concerns and resulted 
in the conclusion that China appears to 
be the only developing nation that has 
had some success in dealing with the 
problems of a growing population in a 
world of diminishing resources. 

More labor, less energy? 

Congressman Joseph Fisher of Virginia, 
a member and former chairman of the 
EPRI Advisory Council, suggested that 
one approach to the problems of the 
developing countries might be for them 
to build industry that is more labor
intensive and less energy-intensive, and 
these countries should begin to plan 
on a basis other than that energy in great 
quantities is absolutely essential to their 
advancement. 

As to what general role the U.S. can 
play in assisting these countries, the 
comments were largely negative. Even if 
we could come up with a "perfect solu
tion" for them, Males asked, how would 
we implement it? Joseph C. Swidler, 
former head of the New York State Power 
Commission and instrumental in found
ing EPRI, noted also that we find our
selves in an increasingly hostile world. 
The prospect for peaceful and equitable 
solutions to worldwide problems is rather 
beyond our sphere of influence, Swidler 
said, noting that China has made its great 
strides totally without our assistance. 

New solutions needed 

The question of public attitudes and 
related questions of energy policy were 
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addressed by Dr. Burkhard Strumpel, 
program director, Institute for Social 
Research, University of Michigan. Strum
pel stressed that the era of "man over 
nature" is gone, and from now on, such 
an approach to the earth's resources will 
yield fewer benefits. 

The time has come, Strumpel main
tained, to question the historical growth 
of energy consumption and to make 
better use of human resources. Part of 
the problem, he feels, is that energy prices 
have been artificially low and have en
couraged wasteful use of energy in in
dustry and in agriculture. 

The economy is now immune to 
solutions that worked 15 years ago, 
Strumpel maintained. Part of the solu
tion, he feels, is to allow consumer choices 
to be made more freely rather than to be 
shaped by marketing programs. Also, 
he feels it may be necessary to provide 
assistance to the private sector in order 
to institute labor-intensive development 
programs. 

Strumpel's remarks drew a quick and 
vocal response from many participants, 
with the issue of energy in agriculture as 
one of the prime areas for argument. 
Another point of contention was whether 
an economy oriented more to services 
than to goods would actually use less 
energy. Several of the participants felt 
that this premise has not been supported 
by evidence. 

The willingness of the public-espe
cially the American public-to conserve 
energy was questioned. Joel Darmstadter 
of Resources for the Future said that too 
much emphasis is being placed on the 
short-lived energy conservation success 
the U.S. experienced during the oil em
bargo. Darmstadter acknowledged a tem
porary change in consumption habits, 
but added that the experience was in
sufficient to permit a long-range under
standing of public conservation attitudes. 

Nuclear power defender Ralph Lapp 
reviewed the opinion-shaping techniques 
employed by nuclear opponents and 
offered suggestions on countering these 
activities. 

Public involvement 

On the public involvement side of the 
energy question, Dorothy Nelkin of the 
Department of City and Regional Plan
ning, Cornell University, discussed 
studies she has conducted of projects 
in Sweden, Austria, and Holland. The 
three countries used various approaches 
to achieve public involvement in technical 
decisions. The development of nuclear 
energy was one of the central issues in 
all cases. 

Nelkin said that it is too early to judge 
the effectiveness of these programs, but 
she expressed strong support for the 
premise that such technical questions 
are appropriate for broad public and 
political discussion. "In this light, the 
field of nuclear energy has perhaps pro
vided a classic example of how not to 
develop policies for technology," she 
said. 

She concluded that if the public de
cision-making process is to be workable, 
the public must have a way to better 
understand technical subjects and to 
accept the uncertainty connected with 
science and technology. There are some 
long-term implications as well, she said, 
in quoting an Austrian civil servant who 
asked, "What is enough democracy?" 
Nelkin commented that this point will 
require a great deal of additional study. 

Martin Meyerson, president of the 
University of Pennsylvania, and Lawrence 
Eisenberg, director of the school's Energy 
Center, summarized the academic envi
ronment and its implications for the 
energy industry. 

Addressing the question of why the 
electric utility industry does not attract 
the top students, Meyerson theorized 
that "the more regulated the industry, 
the less attractive it is to high-achieving 
students." He believes the situation will 
continue, and the utility industry will 
have difficulty attracting the talent it 
needs until it takes on a new image in the 
eyes of the students. 

Eisenberg commented that the univer
sity's Energy Center is the type of institu
tion needed to cultivate student interest 



in the utility industry early in their aca
demic experience. 

The energy-GNP link 

Preliminary results of a study by Re
sources for the Future were presented 
by Darmstadter and Sam H. Schurr, 
director of the National Energy Strategies 
Program for RFF. 

Concentrating on the historical aspects 
of energy and the economy, the energy 
analysts pointed out that the use of 
energy per unit of gross national product 
increased through World War I, declined 
until World War II, and has generally 
leveled out since then. The reason for 
the early increase, Schurr pointed out, is 
that the nation's industrial base was being 
put into place, and energy use was far 
more intensive then than now. Also, the 
lighter manufacturing industries and 
service industries that have since de
veloped are generally less intensive 
energy users. 

A second reason for the diminished 
energy use per unit of GNP was the 
movement toward electrification and the 
switch to liquid fuels, caused primarily 
by the internal combustion engine. 

The RFF work, to be released as an 
EPRI final report, is expected to substan
tiate a link between the performance of 
the economy and energy consumption. 
Another area under study by RFF con
cerns the comparative energy consump
tion patterns in other high-GNP countries 
to determine the differences and similar
ities between those nations and the U.S. 

Energy from coal 

The session on coal opened with an over
view report by Thomas V. Falkie, di
rector of the U.S. Bureau of Mines. 
Falkie noted that coal consumption pro
jections call for an increase from approxi
mately 666 million tons in the U.S. today 
to approximately I billion tons by 1985. 
This increase will be necessary, he em
phasized, if the nation is to meet its 
electric power production targets. 

Falkie noted that while there are ample 
coal resources in the U.S., the availability 

of that coal in the long term is uncertain 
because of unresolved clean air issues, 
other pending environmental legislation, 
and "the continuing threat of interven
tion by preservationists' resisting the 
development of coal resources and the 
siting of coal-burning facilities." 

Falkie's presentation was followed by 
others on automated coal extraction tech
niques; coal transportation systems; 
environmental, financial, and technical 
limitations on utility use of coal. 

Seminar participants 

Steven Ailes 
Association of American Railroads 

Tom C. Aude 
Bechtel, Inc. 

T. Louis Austin 
Texas Utilities Company 

Hon. Robert K. Bloom 
Pennsylvania Public Utility Commission 

Hon. Peter A. Bradford 
Maine Public Utilities Commission 

Dr. Charles C. Coutant 
Oak Ridge National Laboratory 

Joel Darmstadter 
Resources for the Future 

Dr. Ruth M. Davis 
National Bureau of Standards 

Dr. Lawrence Eisenberg 
University of Pennsylvania 

Dr. Merrill Eisenbud 
New York University Medical Center 

Dr. Thomas V. Falkie 
U.S. Department of the Interior 

Hon. Joseph L. Fisher 
U.S. House of Representatives 

Donald Hodel 
Bonneville Power Administration 

Russell Hulse 
Arizona Public Service Company 

Edward Johnson 
National Bureau of Standards 

Hon. Alfred E. Kahn 
New York Public Service Commission 

Dr. Ralph E. Lapp 
Quadri-Science, Inc. 

Dr. Everett S. Lee 
University of Georgia 

Hon. Marvin S. Lieberman 
Illinois Commerce Commission 

Dr. Robert L. Loftness 
EPRI 

Rene Males 
EPRI 

Dr. Walter Marshall 
United Kingdom Atomic 
Energy Authority 

Parker Mathusa 
New York Public Service Commission 

Dr. Martin Meyerson 
University of Pennsylvania 

Hon. Pat Moran 
Arkansas Public Service Commission 

Dr. Dorothy Nelkin 
Cornell University 

Dr. Bruce C. Netschert 
National Economic Research 
Associates, Inc. 

Richard Rudman 
EPRI 

Sam H. Schurr 
Resources for the Future 

Dr. Chauncey Starr 
EPRI 

Dr. Arthur C. Stern 
University of North Carolina 

Dr. Burkhard Strumpel 
University of Michigan 

Hon. Vernon L. Sturgeon 
California Public Utilities Commission 

Joseph C. Swidler 
Leva, Hawes, Symington, Martin 
& Oppenheimer 

Frank M. Warren 
Portland General Electric Company 

Hon. Ralph H. Wickberg 
Idaho Public Utilities Commission 

John G. Winger 
The Chase Manhattan Bank 

Hon. Timothy Wirth 
U.S. House of Representatives 

Steven Wyncoop 
Denver Post 
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At the Institute 

DIALOGUE ON FUSION TECHNOLOGY 

Progress in building a working dia

logue between the developers and the 

ultimate users of a new technology was 

made at a major fusion energy meet

ing held September 21-23 in Richland, 

Washington. 

Sponsored jointly by EPRI, ERDA, and 

the American Nuclear Society, the second 

topical meeting on the technology of con

trolled thermonuclear fusion included a 

series of presentations aimed at building 

a bridge between the fusion programs of 

the federal government and those of the 

electric utility industry. 

Some 350 representatives of the in

dustry, government, and contractors in

volved in fusion technology development 

attended the meeting. 

"EPRI' s involvement in this meeting 

marked substantial progress in our efforts 

to incorporate the viewpoint of the elec

tric utility industry into the early develop

ment stages of fusion technology," stated 

Bill Gough, EPRI's program manager for 

fusion power. "It was particularly signifi

cant because the dialogue included the 

contractors who will actually be develop-

Energy Modeling Forum 

Greater efforts by economists and energy 

planners to develop, understand, and use 

energy models, triggered by the OPEC oil 

embargo a few years ago, have resulted 

in the recent implementation of an im

portant EPRI project called the Energy 

Modeling Forum. Contracted to the Stan

ford Institute for Energy Studies, the 
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ing the new technology. This was the first 

time that the utility viewpoint has been 

presented in such a comprehensive and 

far-reaching fashion." 

Participants heard Chauncey Starr, 

president of EPRI, discuss the long lead 

times necessary to bring a new technology 

to the point where it makes a significant 

impact on the energy field. W. C. Wol

kenhauer of Washington Public Power 

Supply System discussed the need for in

teraction between the developers and the 

users of fusion technology and Bill Gough 

described methodologies for accomplish

ing this interaction. Gough also outlined 

project began with a workshop last sum

mer to develop the structure of forum 

operations. 

The rapid development of diverse en

ergy models has not been balanced by 

the analysis, comparison, or application 

needed to ensure effective model use 

and improvement, according to Martin 

At a meeting to discuss 
advances in fusion technology 
are (from left) the Honorable 
Mike McCormack, chairman 
of the Energy Research, 
Development, and Demon
stration Subcommittee of the 
House Science and Tech
nology Committee; Ed Kintner, 
director of ERDA's Magnetic 
Fusion Energy Division; and 
Bill Gough, program manager 
of EPRl's Fusion Program. 

EPRI's Fusion Program. The unique role 

of fusion in the energy future was the 

topic of an address by the Honorable 

Mike McCormack, chairman of an en

ergy subcommittee of the U.S. House of 

Representatives. 

The federal government is spending 

over $200 million to demonstrate the use 

of fusion power for the production of 

electricity. The utility industry, through 

EPRI, is sponsoring a program to assess 

national and worldwide fusion efforts 

and to work toward development of 

fusion technology that will be of maxi

mum usefulness to the industry. 

Greenberger, manager of the Systems 

Program in EPRI' s Energy Analysis and 

Environment Division and manager of 

the forum project. "What's required," 

says Greenberger, "is better understand

ing and communication of existing model 

capabilities." 

The Energy Modeling Forum, based on 



the principle that the most effective means 

of broad communication is through ex

ample, will use several major energy 

models to explore and compare the impli

cations of selected energy decisions and 

scenarios. The first study of the project, 

which will conclude in February, ad

dresses the extent to which changes in the 

energy sector can affect economic growth. 

Several models will be applied to this 

question and the results will be compared 

to determine the common implications or 

important differences in the models. 

Comparisons will also help to explain the 

causes of the model results. 

William Hogan, an adjunct professor 

Exhibit at IEEE 

John Marks, left, and Bill Shula, second from 
right, of EPRl's Electrical Systems Division, 
review current research with visitors at the 
IEEE Underground Transmission and Distri
bution Conference held in Atlantic City last 
September. Conference participants also 
learned about EPRl's research through a 
series of panel discussions coordinated by 
Ralph Samm and Dick Steiner. 

Distribution Test Requirements 

"A utility should have the opportunity to 

find out if the components of its distribu

tion systems will function properly be

fore, and not after, the expense is incurred 

to put them on-line," states Dick Steiner, 

manager of EPRI' s Distribution Program. 

Although some individual companies 

do have test facilities to provide such as

surance, the industry as a whole is lacking 

an integrated, independent service, avail

able to all utilities. This is why EPRI is 

making plans to provide a testing opera

tion where concepts, equipment, and ma

terials for distribution systems can be 

examined and evaluated. 

EPRI's Board of Directors approved 

at Stanford University, is the executive 

director of the project. He reports that 

the summer workshop participants in

cluded representatives from government 

agencies, energy industrial corporations, 

electric utility companies, universities, 

and research institutes so that a "user fo

cus was provided along with different 

perspectives." 

Hogan says that analysts are aware of 

an imbalance in the wealth of data con

tained in energy models and the lack of 

understanding on how to use them. "The 

main objective of the forum is to provide 

guidance on the capabilities and limita

tions of some of the major energy models 

the industrywide operation in principle 

at its May meeting, and a workshop was 

recently held in St. Louis, Missouri, July 

29-30, to identify pertinent factors in de

veloping the plans . Utility representa

tives, equipment manufacturers, EPRI 

staff, and other interested parties at

tended. 

Workshop participants agreed on the 

need for industrywide testing operations 

managed by EPRI. They recommended 

testing for (1) an evaluation of product 

performance, (2) EPRI's internal research 

needs, (3) specific needs of a utility or 

group of utilities, and (4) needs of manu

facturers and others. 

so that users and developers can better 

understand the role models can play in 

decision making on energy issues," states 

Hogan. 

"Although methods of analyzing en

ergy-economy models can also be devel

oped by commissioning disinterested 

specialists to study and write about some 

of the key energy models," comments 

Hogan, "the advantage of the forum 

approach is the wide participation it 

permits among persons most familiar 

with energy decision making." 

Participants suggested that EPRI up

grade and use existing utility test facilities 

rather than construct a new laboratory. 

Steiner explained that under this arrange

ment, EPRI might contract with individ

ual utilities for use of their facilities for 

a certain period of time. It would be 

cheaper for EPRI and would make facil

ities available to utilities on a wider geo

graphic basis. 

Steiner stressed that the testing pro

gram is still in a preliminary planning 

stage and that EPRI is seeking additional 

recommendations from the industry on 

the proposed service. 
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Saudi Arabian Prince Visits EPRI  

H i s  Royal Highness Prince Mohamed 
Al-Faisal of Saudi Arabia (left) met with 
EPRI  President Chauncey Starr and other 
EPRI officials on October 21 . The visit 
resulted from Prince Al-Faisal's interest in 
EPRl 's fusion power program. The talks 
included discussions on fusion, solar, and 
fuel cell research at EPRI .  Prince Al-Faisal 
is governor of the Saline Water Conversion 
Corporation of Saudi Arabia and a member 
of the nine-man governing board responsible 
for allocating funds from the newly created 
King Faisal Ph ilanthropic Foundation. The 
foundation i s  a charitable organization with 
an endowment exceeding $2.5 bi l l ion for 
the support of medical and scientific research. 
Accompanying Prince Al-Faisal was Min ister 
S. Hedayet, president of the Arab Scientific 
Research Council ,  and various technical 
consultants. 

Materials for Coal Conversion 

A conference on materials for coal con
version processes was recently sponsored 
by EPRI, ERDA, and the American Gas 
Association (AGA) in Washington, D.C. 

Robert Jaffee, technical manager of 
the Materials Support Program in EPRI's 
Fossil Fuel and Advanced Systems Divi
sion, said the 160 participants reviewed 
EPRI and ERDA research programs in 
materials development and also discussed 
various materials problems of advanced 
and present fossil fuel technologies. 

"Most alloys, for example, have been 
developed for oxidizing environments 
other than the low-oxygen activity and 
high pressures inherent in new coal con
version technologies," Jaffee said, adding 
that some of the alloys are not very re
sistant to reducing conditions or to attack 
by sulfur or other coal constituents. 

Topics discussed at the meeting in
cluded valve erosion in coal liquefaction 
equipment as a result of entrained or 
suspended particulate matter, corrosion 
problems of fluidized-bed boiler tubes, 
hydrogen attack and temper embrittle
ment of pressure vessels, and the possi
bility of erosion from residual particulate 
matter in those gas turbine-combined
cycle systems that use coal-derived fuels. 

"Several kinds of chemical interactions 
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At a recent conference on materials for coal conversion processes, Dr. H. E. Frankel (left), 
assistant di rector, Materials and Power Generation, ERDA Fossil Energy, confers with Dr. 
A. Flowers (center), executive d irector of AGA, and Dr. Robert Jaffee, technical manager of 
the Materials Support Program in EPRl 's Fossil Fuel and Advanced Systems Division. 

will occur between the structural com
ponents and the high-temperature, highly 
reactive gases of coal gasifiers," Jaffee 
wrote in the July/ August EPRI JOUR
NAL. "Moreover, the process gases will 
carry small particles of coal ash, un
combusted coal, and other process con
stituents." 

In the JOURNAL article, Jaffee voiced 
the belief that the combination of erosion 
and corrosion will lead to accelerated 
degradation of structural materials. Thus, 

a significant portion of the EPRI-ERDA 
research is devoted to resolving this 
problem, as well as to the long-term be
havior of materials under the mechanical 
loads, high temperatures, and hydro
genous atmospheres of coal-conversion 
pressure vessels. 

The meeting was the first national 
conference of its kind and will be an 
annual event. Abstracts can be obtained 
from H. E. Frankel, ERDA, Washington, 
D.C. 20545. 



Project Highlights 

EPRI Negotiates 25 Contracts 

Number Title Duration 

Fossil Fuel and Advanced Systems Division 

RP377-2 Central Receiver, 
Closed-Cycle Helium 
Solar Power Plant 

RP629-2 I mproved Fuel Evalua· 
tion Procedure and 
Testing Facility for 
Characterization of Fly 
Ash and for Prediction 
of Electrostatic Precipi· 
tator Performance 

RP643-1 Parameter Monitoring 
for Corrosion Control 
in Gas Turbines 

RP71 7-2 Fluidized-Bed 
Combustion Retrofit 
Study for Conversion 
of Oil-fired Boilers 
to Coal 

RP725-5 Advanced Particulate 
Control Development 
and Test Facility 

RP725-7 Advanced Particulate 
Control Facility 

RP779-4 Bench-Scale Coal 
Screening Tests 

RP832·1 Commercial Economic 
Study of CDF Process 

RP838-1 Metastable Phenomena 
in Hydrogen Degracia· 
tion of Low-Alloy 
Carbon Steels 

RP844·1 Individual Load Cen-
ter-Solar Heating and 
Cooling Commercial 
Project 

RP902-1 Fundamental Studies 
of Mechanisms of 
Biofoulant Film Build· 
up  and Destruction 

RP91 7-1 Network Reliability 
Impact of Distributed 

Storage Units 

1 6  months 

3 months 

23 months 

21 months 

1 0  years 

1 year 

5 months 

6 months 

1 year 

1 1  months 

1 6  months 

1 O months 

Funding 
($000) 

407.2 

24.0 

500.0 

87.7 

370.0 

363.9 

1 2 1 .4 

85.8 

1 53 .2  

237.0 

79.8 

95.0 

Contractor I 
EPRI Project 
Manager 

Boeing Engineer-
ing and Con-
struction Co. 
J. E. Bigger 

KVB Engineering 
W. Piulle 

Turbo Power and 
Marine Systems, 
Inc.  
R. Duncan 

New York State 
Energy R&D 
Authority 
S. Ehrlich 

Public Service 
Company of 
Colorado 
0. Tassicker 

Flow Research, 
Inc. 
0. Tassicker 

Hydrocarbon 
Research, Inc. 
N. Stewart 

C. F. Braun 
& Co. 
H. Lebowitz 

Pennsylvania 
State University 
R. Richman 

Arthur D. Little, 
Inc. 
J. Cummings 

Rice University 
R. Jorden 

Systems Control, 
Inc. 
J. Beck 

Number Title 

Nuclear Power Division 

RP81 1 ·1 MEKIN Transient Anal-
ysis Sensitivity Studies 

RP81 8-1 Development and 
Application of 
Advanced GO Method· 
ology for Nuclear 
Safety Systems 
Assessment 

RP826-1 Optimization of Reli· 
abi l'1ty Data Systems 

RP826-2 Optimization of Reli· 
ability Data Systems 

RP827-1 Analysis of Dosimetry 
Measurements in 
Reactor Cavity of 
LWRs 

RP895-2 Fuel Reliability Correla-
tion and Improvement 
Using Power Shape 
Tracking of Core 
Maneuvers 

Electrical Systems Division 

RP792-3 Wind-induced Conduc-
tor Motion 

Duration 

2 years 

1 4  months 

1 1  months 

1 year 

2 years 

1 month 

1 year 

Energy Analysis and Environment Division 

RP804-1 Computer System for 1 0  months 
Assessment of Coal 
Reserves 

RP856-1 Assessment of Bio· 9 months 
genie Sulfur Emissions 

RP865-1 Availability of Uranium 8 months 
from 'Overlooked' 
Domestic Deposits 

RP875-1 Energy Model 6 months 
Comparative Analysis 

RP876-1 Methodology for 3 years 
Assessing Ecosystem 
Effects Related to In· 
take of Cooling Waters 

RP877-2 Effects of Thermal 1 8  months 
Power on Aquatic 
Environmental Program 

Funding 
($000) 

2 1 1 .8 

94.6 

1 43.9 

49.9 

1 1 0.6 

1 0 0  

94.2 

50.0 

298.3 

59.1  

1 00.0 

501 .7 

75.0 

Contractor/ 
EPRI Project 
Manager 

Massachusetts 
I nstitute of 
Technology 
J. Naser 

Kaman Sciences 
Corp. 
B. Chu 

Holmes & Narver 
R. Long 

S. M. Stoller 
R. Long 

Science Appli-
cations, Inc. 
F. Rahn 

Systems Control, 
Inc. 
B. Zolotar 

Boeing Engineer-
ing and Con-
struction Co. 
A. Johnson 

Union Carbide 
T. Browne 

Washington State 
University 
A. Stankunas 

Nuclear 
Assurance 
Corp. 
J. Platt 

Stanford 
University 
M. Greenberger 

Lawler, Matusky 
& Skelly 
Engineers 
R. Goldstein 

Union Carbide 
R. Goldstein 
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Electric Util ity 
Rate Design Study 

The idea of basing the price of electricity 
on the time of its use has considerable 
support in the electric utility industry, 
according to a progress report released 
in October by the Project Committee 
of the Electric Utility Rate Design Study. 

Peak load pricing, as this is called, 
is acceptable to many company rate
makers and to state regulators because 
it permits electric rates to closely follow 
a utility's costs. Such pricing would en
courage customers to use electricity more 
efficiently. In addition, the study notes 
that customers could benefit if they 
shifted some of their electric usage to 
off-peak periods. 

However, peak load pricing or load 
management might be cost-effective for 
some utilities but not for all, the report 
cautions. The report also emphasizes 
that many objectives must be considered 
in designing electric rates. 

The nationwide research study is 
being conducted at the request of the 
National Association of Regulatory Util
ity Commissioners (NARUC) by EPRI, 
the Edison Electric Institute, the Ameri
can Public Power Association, and the 
National Rural Electric Cooperative 
Association. The Project Committee is 
a group of industry and regulatory offi
cials that guide the study and ensure 
that the research is responsive to 
NARUC's needs. 

The purpose of the $1 million study, 
which is still under way, is to evaluate 
the feasibility, cost, and technology of 
time-of-day pricing in particular and 
various load management techniques in 
general. Load management is a term that 
refers to those utility policies that attempt 
to balance customers' needs and the 
utility's capacity to provide electric 
service. 

In commenting on the report Rate De

sign and Load Management, Robert Uhler, 
the study's executive director, said that 
electric utilities must have sufficient 
generating capacity to meet the growing 
needs of their customers. But customers' 
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demands are not uniform, either on a 
daily or on a seasonal basis. Similarly, 
a utility's operating costs vary over the 
day. A closer matching of the users' needs 
and the utility's capacity could benefit 
both electric utilities and their customers. 

One possible way of accomplishing 
this is by charging more for power used 
during hours of peak customer demand 
and less at other times. In this way, elec
tric rates would closely track a utility's 
costs. With peak load pricing, consumers 
would benefit by using their appliances 
at times during the day when electricity
generating costs are lowest. 

Uhler comments that such changes 
in the timing of consumption would 
reduce peak demand by shifting some 
loads to off-peak periods and would 
allow the utility to run its plants and 
serve its customers more effectively. 

"Peak load pricing is just one tool, 
an indirect one, of load management," 
Uhler says. "A radio-operated switch on 
a customer's water heater, or other con
trols, are direct methods that could also 
be used to manage loads." 

The crux of the study is to determine 
whether the costs of implementing peak 
load pricing or installing direct load con
trols on a specific utility system are more 
than offset by the savings achieved as 
a result of shifting loads and reducing 
peak load growth. Peak load pricing, for 
example, would involve extra metering 
costs, and direct controls would also 
require additional investments. 

Uhler cautions that "no final conclu
sions can be reached until all the research 
has been completed." He emphasizes that 
although it might make sense for a partic
ular utility to use either direct controls 
or peak load pricing, to impose such 
policies on all electric utilities is not 
warranted by the research accomplished 
so far. 

Each utility must make a careful cost
effectiveness study of the different load 
management options available to it before 
moving ahead, Uhler says. "Many such 
analyses, experiments, and field tests are 
under way and are summarized in the 
progress report to NARUC. Two major 

tasks of the study are an appraisal of 
different costing techniques and the 
evaluation of several rate design concepts 
for peak load pricing." 

The progress report to NARUC out
lines the major issues of electric utility 
rate design and describes three alterna
tives: traditional pricing; time-of-day 
rates, using average costs; and peak load 
pricing based on marginal costs. More
over, the report discusses rate design in 
relation to various regulatory objectives, 
such as the necessity of realizing adequate 
revenues, the importance of apportioning 
costs fairly among customers, and the 
desirability of achieving economic effi
ciency. More generally, providing reliable 
electric service at the lowest possible 
cost to consumers is the mandate of the 
industry and a prime objective of regula
tors. The rate design report comments 
on these concerns. 

"While there is substantial support 
for extending the concept of peak load 
pricing," the report states, "it should 
be stressed that direct load controls may 
also be a useful method for dampening 
peak load growth, either as a complement 
or as an alternative to time-differentiated 
rates." The report notes that because 
total metering costs and peak response 
of customers to price signals are hard to 
estimate, load shifting by controls might 
offer a cost-effective, direct method for 
managing peak demands for some util
ities and their customers. Seasonal 
rates that use existing meters might be 
a pragmatic approach in some cases. 

The progress of research in 10 topic 
areas is detailed in the report. A market 
research firm, for example, has conducted 
a study of customers' attitudes and accep
tance of various rate design options and 
is now surveying customers who face 
time-differentiated rates or who are using 
electric service under various load man
agement practices. In addition, the results 
of several engineering studies are re
ported. Additional research is planned 
for the coming year. 

A final report will be submitted to 
NARUC by the Electric Utility Rate De
sign Study in March 1977. 



Biogenic Sulfur Pollution 

"Determining how much sulfur in the 
air is caused by industry and how much 
exists in nature could strongly influence 
the way in which scientists go about 
reducing air pollution," says EPRI's Alex 
Stankunas in announcing a new study 
under way in this area. 

The EPRI study will help scientists 
learn how much, what kind, when, and 
where nature is contributing to the sulfur 
pollution problem. "The research will 
provide a better understanding of the 
whole emission-transport-removal cycle 
for sulfur compounds," states Stankunas, 
a project manager in the Environmental 
Assessment Department. 

EPRI researchers believe that by 
understanding the relation between man
made and natural sulfur emissions, time 
and money won't be wasted in trying to 
change those processes that are beyond 
human control. 

The study, being conducted by Pro
fessor Donald Adams and Dr. Sherry 
Farwell of Washington State University, 
will involve scientists working from 
mobile laboratories in the eastern United 
States to measure the emissions of sulfur 
compounds from different types of soil, 
plants, and bodies of water. 

Only recently has equipment sensitive 
enough to detect natural sulfur emissions 

Fuel Processing for Fuel Cells 

An energy project to broaden the range 
of petroleum fuels that can be used by 
fuel cell power plants has recently begun 
at EPRI. The nine-month, $94,000 effort 
will be conducted by Catalytica Asso
ciates. 

Fuel cells work by converting chemical 
energy directly into electricity through an 
electrochemical process. This direct con
version process makes fuel cells more 
energy-efficient than a heat engine and 
also offers clean and quiet electricity 
generation. 

A fuel cell power plant consists of 
three basic segments: a fuel processor, 

D r. Sherry Farwell (left) and Professor Donald Adams of Washington State University check 
the type of analytic equipment that will be modified for an EPR I  research study on biogenic 
sulfur emissions. 

been available. Natural sulfur emissions, 
unlike sulfur emissions from a smoke
stack, for example, are generally very 
dilute. What makes them significant is 
that an emitting source covering hundreds 
of square miles may be involved. 

The Washington State scientists will 
be developing and refining new systems 
for sampling and analysis that are much 
better than anything previously used. 

During the spring, summer, and fall, 
field samples from eight different eco-

the fuel cell stack itself, and a power 
conditioner. The fuel cell stack uses a 
hydrogen-rich fuel, which it gets from 
the fuel processor's conversion of fossil 
fuels to hydrogen. The electricity that re
sults is direct current, which is converted 
into alternating current for transmission 
purposes by the power conditioner. 

The first generation of fuel cell power 
plants, expected to be commercially 
available by the early 1980s, will be 
limited to high-quality, low-sulfur petro
leum fuels, such as naphtha. EPRI energy 
specialists assert that the project will help 
ensure sufficient fuel supplies for second-

logical systems will be collected. Results 
will be used to estimate the overall impor
tance of each type of system to the air 
quality of the region under study. 

"Until now, most estimates of natural 
sulfur emissions were derived by adding 
up all the sulfur we couldn't explain and 
calling it biologic in origin," comments 
Stankunas, adding that this study repre
sents a "small but significant step for
ward" in trying to understand our 
environment. 

generation fuel cell power plants by 
permitting them to use other types of 
fuel, such as high-sulfur No. 2 distil
late oil. 

The project calls for the analysis of 
current and advanced processing tech
niques for converting No. 2 distillate oil 
to a hydrogen-rich gas. From this analysis, 
researchers will evaluate the compat
ibility of the processes with fuel cell 
power plant integration. Recommenda
tions will then be made to develop those 
processes that seem promising. 

EPRIJOURNAL December 1 976 5 7 



5% of Nation's 
Electricity From Storage 

Up to 5% of the total electric energy needs 

and up to 17% of peak time electricity 

could eventually be supplied from energy 

storage systems, according to a recent 

study supported by EPRI and ERDA. The 

report marks the first major U.S. study 

to assess the value of new energy storage 

systems in meeting the nation's electric 

energy demand. It was done primarily 

to help EPRI and the federal government 

plan development programs for energy 

storage technology. 

"Energy storage can play an important 

role in providing generating capacity for 

peaking and intermediate electric loads 

if sufficient baseload capacity is available 

for charging energy storage systems with 

off-peak energy," states the report, An 

Assessment of Energy Storage Systems Suitable 

for Use by Electric Utilities. 

Prepared by Public Service Electric and 

Gas Company of New Jersey, the EPRI 

report discusses the potential for energy 

storage by electric utilities, as well as the 

energy storage technologies currently 

being considered for utility applications. 

Although hydro-pumped storage is the 

only energy storage technology widely 

used by electric utilities today, other 

storage methods, such as compressed air, 

thermal storage in hot fluids, and bat

teries, may help level electric utility loads 

in the future. 

The idea behind load leveling is to 

store the relatively cheap energy gen

erated by baseload power plants during 

night and weekend periods and use it to 

meet daily periods of peak power de

mand. Since baseload power plants use 

coal or nuclear fuel, utilities could use 

energy storage to reduce their depen

dence on expensive and scarce fuels -the 

oil and natural gas presently used by 

some steam plants and all gas turbines 

to meet intermediate and peak power 

demands. 

In assessing the individual storage 

technologies, the report notes that over 

the next 10 years, hydro-pumped storage 

with an underground reservoir, com-
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pressed-air storage, and thermal (heat) 

storage are likely to become economic 

methods for providing peaking and inter

mediate power. 

Advanced batteries and hydrogen 

storage systems could reach the com

mercial market after 1985, according to 

the report. Advanced battery systems, 

in particular, are likely to be sufficiently 

compact, economically attractive, and 

environmentally acceptable for dispersed 

siting throughout utility systems. Dis

persed siting permits power generation 

closer to where it's actually needed, thus 

reducing transmission costs and in

creasing the efficiency of electricity 

delivery. 

Other technologies, such as conven

tional lead-acid batteries, flywheel stor

age systems, and energy storage in 

superconducting magnets were cited in 

the report as being "generally unattrac

tive," except in special situations or if 

major technical and economic advances 

are achieved. 

The report also emphasizes that energy 

storage in itself is not an energy source. 

"It will be necessary to continue building 

and operating baseload coal and nuclear 

generating stations if energy storage is 

to fulfill its promise." 

New Development in 
Solar Power Plants 

A large receiver filled with helium sits 

atop an SO-story tower surrounded by 

half a square mile of reflectors. By track

ing the sun all day, the reflectors radiate 

energy equivalent to 1000-2000 suns to 

the receiver. Heated to 1500°F, the helium 

in the receiver is run through a turbine 

to produce electricity and then through 

a dry-cooling tower to be reused. 

This central receiver concept for to

morrow's solar energy power plants is 

one of two technologies being given 

strong support by the nation's electric 

utility industry. In the other central re

ceiver concept, air is the working fluid 

instead of helium. The air, heated to 

2000 °F, is exhausted into the atmosphere 

after having been used to make electricity, 

and a cooling tower is not required. 

These concepts are now being de

signed into I-MW bench-scale model 

receivers for construction and testing. 

Boeing Engineering and Construction 

and Black & Veatch Consulting Engi

neers, two companies that have worked 

extensively on gas-cooled, central re

ceivers under EPRI sponsorship, will con

tinue their research with new contract 

awards totaling $1.5 million. Boeing has 

been working on closed-cycle helium re

ceivers; Black & Veatch has been investi

gating open-cycle, air-cooled receivers . 

John E. Bigger, a project manager in 

the EPRI Solar Energy Program, states 

that materials testing will be an important 

consideration in the design, fabrication, 

and testing of these models. "Under

standing how materials perform at very 

high temperatures is crucial to the devel

opment of gas-cooled, solar energy power 

plants," says Bigger. He adds that Boeing 

has tested superalloy metals, such as 

Inconel 617 and Haynes 188, while Black 

& Veatch is evaluating ceramics for its 

receiver design. 

"After the I-MW tests have been 

completed, one of the designs will be 

selected for demonstration in a 10-MW 

central receiver pilot plant scheduled 

for operation in mid-1981," Bigger 

commented. 

The EPRI program for developing 

second-generation solar-thermal power 

plants is designed to be complementary 

to the federal government's efforts in 

solar-thermal work. Through ERDA, the 

government is developing first-genera

tion solar-thermal power plants and is 

anticipating the operation of a 10-MW 

central receiver pilot plant by late 1980. 

"The first-generation plants differ 

from second-generation plants in that 

steam is used for the heat transfer fluid 

instead of gas," says Bigger. He explains 

that EPRI's program offers an alternative 

to large cooling-water requirements, 

which is especially significant since most 

solar-thermal plants will be sited in the 

arid regions of the southwestern U.S. 
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New Publ ications 

Electrical Systems 

TD-1 36 REDUCTION OF AC LOSSES IN  
H IGH-TEMPERATURE SUPERCONDUCTORS 
Final Report (RP7845) 

The objective of the program was to study the feasib i l ity of using 
NB3Ge as an ac superconducting power transmission cable mate
ria l .  Specifically, this program was to measure ac losses in avai lable 
samples of Nb3Ge and find under what conditions the losses can 
be reduced to 1 0  µW / cm2 at -1 5 ° K. 

Tasks of the program were (a) to make ac loss measurements 
on Nb3Ge prepared at the Los Alamos Scientific Laboratory and (b) 
to give meta l lurg ical treatment to sample su rfaces to reduce 
losses. University of Southern California 

781 3-1 DEVELOPMENT AND FIELD TRIAL OF 
VI-LN2 CRYOCABLES-STAGE 1 :  1 38-kV 
SINGLE-PHASE TERMINATION 
Final Report 

This report describes the development and field trial of the fi rst 
cryocable termination intended for 1 38-kV underground power 
transmission l ines cooled by l iqu id n itrogen and thermally and 
electrically insulated by a common vacuum space and sol id di
electric conductor supports. 

The field trial has proved that l iqu id n itrogen can be transferred 
from a g rounded metal l ic LN2 transfer l i ne to the high-voltage 
conductor of a 1 38-kV transmission system. It further demonstrated 
that an a ir- insu lated high-current conductor can be passed from 
ambient temperature to - 1 94 °C through the termination with in  
a distance of  only 3 ft. 

11 is now confidently expected that the vacuum-insulated LN2 
cryocable wi l l  not require superinsulation and that the electrical 
insu lation also satisfied al l  thermal insu lation requi rements. Con
sequently the vacuum-insulated LN2 cryocable wil l be structura l ly 
s imi lar to three-phase SF

6 insu lated cables, but the a im is to make 
it very much more compact. Underground Power Corp. 

Energy Analysis and Environment 

EA-43-SR PLUTONIUM:  FACTS AND INFERENCES 
Special Report 

EA-43-SY PLUTONIUM:  FACTS AND INFERENCES 
Summary Report 

This report reviews the knowledge that we have about pluton ium 
and the impl ications for society of the creation of th is element in  
the nuclear power industry. It should he lp  promote an under
standing of the issues discussed: properties of pluton ium,  release 
of pluton ium into the environment from the nuclear power industry, 
pluton ium in the biosphere, plutonium and human beings,  and 
diversion of plutonium for malevolent purposes. 

In the report itself there was an attempt to avoid stat ing con
c lusions. However, the contributing authors did express a general 
view based on their collective experiences stated as fol lows: 
" . . .  whereas pluton ium should in no way be discounted as a 
hazard to human health, it does not critically l imit nuclear power 
safety and is not un iquely hazardous nor more diff icult to control 
than many other substances that are safely and commonly handled 
in our industrial society. The broader policy decision about nuclear 
power should, we believe, be based on the best judgment possible 
as to whether or not it provides a net benefit to society. " 

A 1 6-page summary of the report is also avai lable, EPRI EA-
43-SY. C. L. Comar, EPRI 

EA-1 78 ECOLOGICAL INFLUENCE OF ELECTR IC FIELDS 
Interim Report 2 (RP1 29) 

Prel iminary results are presented of studies on effects of electric 
fields on plants, voles, chicks,  and chicken embryos. Electric fields 
no greater than 1 7 .2 kV/m are ant ic ipated 2 m above ground level 
underneath 1 500 kV transmission l ines. Minor plant leaf tip damage 
was observed for certain pointed leaves at field intensities at or 
greater than 25 kV /m, but none at 20 kV /m or less. Meadow voles 
were exposed to 50 kV /m fields for periods up to four weeks but 
showed no statistically sign ificant effects of this exposure. Chicks 
exposed to 40 kV /m  fields exhibited a short-term increase in early 
growth,  but there were no observed differences between exposed 
and unexposed chicks 20 days after hatch ing .  No effects were 
observed of short-term exposure to fields of up to 67 kV /m on egg 
hatchability or embryo behavior. Westinghouse Electric Corp. 

EA-237 COAL TRANSPORTATION CAPABILITY OF THE 
EXISTING RAIL AND BARGE NETWORK, 1 985 AND BEYOND 
Final Report (RP437 - 1) 

This study investigated the ability of the nation 's rai l  and barge 
network to move 600 mi l l ion tons of domestic coal (estimated re
qu i rement for 1 985) and more numerous shipments of other 
commodities. 

Two coal production-consumption scenarios were designed and 
used to test the capability of the transportation network. Analysis 
was made, using a detailed representation of the rai l  and barge 
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network. This network data base contains the characteristics of 

approximately 1 4,000 rail orig in-destination l i nks .  The study focused 

on 1 62 l inks that are located on 1 6  strategic boundaries defined by 

such geographic features as mountain ranges and rivers where 

the capacity of the l inks cannot be increased easily. 

For the highest production case, 1 1  of the 1 6  strategic barriers 

had one or more overloaded l inks .  Certain key locations on in land 

waterways are already constrained by congestion .  (Overload on 

some l i nks does not mean that the network cannot move the postu

lated volumes of coal but that such movement would requ i re use of 

less d i rect routes, involvi ng more t ime, equipment, and higher costs.) 

The analysis assumes that roadbeds are maintai ned , that equipment 

is acqu i red as needed, and that additional track is constructed. The 

reality of these assumptions, the cost and problems of moving 

coal around overloaded l inks ,  and the economics of rai l  and barge 

movement of coal relative to alternative means of moving fuel and 

energy are matters for future study. Manaiytics, Inc. 

EA-242 DEVELOPMENT OF METHODS FOR 
FORECASTI NG THE NATIONAL I NDUSTRIAL DEMAND 
FOR ENERGY 
Final Report (RP433-1) 

The research results detailed in this final report represent the 

f i rst step in  the Demand and Conservation Program's effort to 

produce models that wi l l  be used to generate conditional forecasts 

of energy usage behavior in the materials processing sector (man

ufactu r ing,  min ing ,  and agriculture). Morris R .  Norman and R. 

Robert Russell of Econometrica I nternational focused primari ly 

on developing a methodological framework for models constructed 

to forecast energy demand by fuel type for manufactur ing indus

tries. In addition to the theoretical work, the Norman-Russel l  project 

also produced a data base and prel im inary empi rical results for 

the two-digit (SIC) industries. Econometrica international 

Fossil Fuel and Advanced Systems 

ER-2 1 5 FUSION REACTOR PHYSICS 
STUDIES IN  THE DC OCTOPOLE 
Final Report, Task A (RP1 1 5-2) 

One of the key problems for the conceptual design of a tokamak 

fusion power reactor is the kind of plasma instabil it ies that can be 

expected under reactorlike conditions and the effect these insta

bi l ities wi l l  have on plasma confinement. The trapped particle 

instabilities are theoretically expected to occur  in reactor l ike 

regimes in which the particle mean-free path length between inter

particle coll isions greatly exceeds the device major rad ius ,  and to 

be responsible tor the majority of plasma transport out of the device. 

This transport will determine the min imum size of the fusion reactor 

capable of obtain ing the plasma confi nement time requ i red for 

reactor ign it ion.  Since the reactor cost rises very rapidly with in

creasing size, the trapped particle instabilities have a very strong 

effect on the economic feasibi l ity of the tokamak fusion power 

reactor. 

An experimental study of the effect of plasma particle trapping 

in  a nonuniform magnetic f ield was carried out for EPRI by General 
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Atomic Co. The study was done in the de octopole, a machine that 

is capable of operating  in the parametric reg ime in which the trapped 

ion modes are theoretically predicted to occur. 

This report covers progress made during the last year in  plasma 

confinement, fluctuation analysis, and plasma heat ing by high

frequency electric f ields in the various trapped particle regimes. 

It also covers equipment modifications requ i red to enter the desi red 

parameter ranges. General A tomic Co. 

ER-2 1 6 APPLICATIONS OF LOW ATOMIC NUMBER 
CERAMIC MATERIALS TO FUSION REACTOR FIRST WALLS 
Final Report, Task B (RP 1 1 5-2) 

The f i rst wall of a fusion reactor must withstand the impact of 

energetic charged particles and photons escaping from the plasma 

as well as of intense neutron f lux. Furthermore, penetration of the 

plasma of material eroded from the fi rst wall wi l l  have a detrimental 

effect on the plasma energy balance. Therefore, the design and 

materials selection for the f i rst wall of a fusion reactor represents 

one of the critical problem areas for achievement of fusion power. 

This report summarizes work in two areas. The first is pre l iminary 

experimental investigation of the effects of MeV He+ bombardment 

on carbon and si l icon carbide. The results, especial ly for si l icon 

carbide, showed that these h igh-energy ions can result in large 

effective sputtering coefficients and may contribute sign ificantly 

to projected fi rst-wall erosion rates. The second is the evaluation 

of the potential capabilities of several conceptual designs using 

low atomic number materials. Permissible wall load ings range from 

0.5 to 5 MW
n
/ m2 or more, depending on the design concept, mate

rial choice, and desired l ifetime. 

Conceptual designs are presented tor radiat ing and convec

tively cooled first-wall panels using near-isotropic graphite and 

hot-pressed and self-bonded si l icon carbide. Other designs are 

shown for d i rect-contact l iners, for a rotating l im iter with in situ 

replen ishment of the erosion surface, and for a self-adjusting 

support mechanism to ensure un iform charged particle heati ng of 

the individual wall panels . General A tomic Co. 

ER-2 1 7 SOLAR WATER HEATING AND 
DATA MONITORING SYSTEMS AT SOUTH COUNTY 
HOSPITAL, WAKEFIELD, RHODE ISLAND 
Topical Report (RP554-1) 

I n  this report on the installation and instrumentation of a solar hot 

water heati ng  system at South County Hospital, Wakefield ,  Rhode 

Island, a complete description of the solar system, the instrumenta

tion package, system plumbing, controls , and mounting is provided. 

I nc luded in the system description are its applicat ion and perfor

mance, d iscussion of system plumbing, control logic ,  and col lector 

mounting .  The instrumentation package is introduced via method

ology, general desc ript ion,  and functional block diagrams. Each 

component is discussed further in deta i l ,  together with antici pated 

component and system accuracies, cost, and del ivery data. 

As antici pated, certain instrumentation system design and 

installation problems arose both during  in-house testing and fol

lowing startup at South County Hospita l .  These are summarized 

in  the Appendix. Daystar Corp. 



EM-226 DEVELOPMENT PROGRAM 
FOR SOLID ELECTROLYTE BATTERIES 
Final Report (RP1 2  7) 

This report presents results obtained in  TRW's sod ium-sulfur battery 

program du ring the period from 1 Ju ly 1 975 to its concl usion on 30 

April 1 976. The sodium-sulfur battery uses molten sodi um and sulfur 

as the active electrode materials , employs a sol id electrolyte (beta 

alumina), and is operated at 300-350 ° C. The system is particu larly 

promising for uti l ity application because of the intr insical ly low 

materials costs. 

The TRW cell design differed from those employed in other 

domestic sodium-sulfur battery programs in that the solid electrolyte 

was planar rather than tubular. This approach was advantageous 

from the standpoint of cell component cost and battery system 

design .  These advantages were unfortunately obtained at the ex

pense of a more complicated cell seal . 

The study demonstrated that the major chal lenges of developing 

the sodium-su lfur battery into a commercial ly viable energy

storage system are (1 ) development of corrosion resistant sulfur

electrode containers, (2) design and development of a less h igh ly 

stressed seal ,  (3) fabrication of long-l ife electrolytes, and ( 4) design 

of cel ls capable of fu l l  ut i l ization of the active positive-electrode 

material (sulfur) .  TRW Inc. 

EM-227 INVESTIGATION OF MULTI-R ING 
FIBER-COMPOSITE FLYWHEELS FOR ENERGY STORAGE 
Final Report (RP269-2) 

This f inal report under EPRI Contract 269-2 follows that of the 

f i rst year's work under EPRI Contract 269-1 for the development 

of h igh-density i nertial-energy storage. The two reports cover 

the construction of the test facil ity and the test ing of multi-ring  

rotors. 

U nder RP269-2 the development of h igh-density inertial-energy 

storage was continued. The program for developing methods of 

supporti ng  and test ing flywheels of two concentric fiberglass-epoxy 

rings was extended to designing five-r ing systems. Limit ing strength 

tests were performed. 

The objective of RP269-2 was to compare performance with 

predictions based on the conventional ly measured properties of 

the materials used and to develop specifications for materials and 

fabrication procedures to produce concentric r ing flywheels of 

predictable performance. 

During  the year, the program was continued as planned , except 

that the high-speed motor was not instal led and the cycl ic tests on 

materials were not performed. Sets of fi lament-wound fiberglass

epoxy rings for construction of flywheels of a maximum of five 

concentric rings were fabricated and del ivered before the end of 

the year. 

Development of both mechanical and elastomeric concentric 

r ing support systems was conti n ued . Designs for the support of 

the ful l  complement of five rings were completed , and fabrication 

of i nter-ring spacers was started.  The design was completed for 

a large hub to support a s ingle 30-in-diam ri ng (which would permit 

l imit ing-stress tests to be made independently of the concentric 

ring development program) and fabrication was part ial ly completed.  

William M. Brobeck & Associates 

AF-234 THE APPLICATION OF LUMMUS ANTISOLVENT 
DE-ASHING TECHNOLOGY TO A SOLVENT-REFIN ED 
COAL SOLUTIO N  
Final Report (RP524) 

I n  Ju ly 1 975, The Lummus Company was authorized by EPRI to 

investigate the application of the Lummus antisolvent de-ashi ng  

technology to  the  solvent-refined coal (SRC) l iquefaction process. 

First, i n its antisolvent de-ashing pilot unit ,  Lummus was to process 

a feedstock provided by EPR l 's Wilsonvi l le SRC pilot plant. Second,  

an economic comparison was to be made of the Lummus de-ashing 

process and rotary pressure precoat f i ltration .  This comparison 

was to be made on a scale equivalent to a commercial size SRC 

l iquefact ion complex. 

An ash-contain ing coal l iquefaction product solution (derived 

from I l l i nois No. 6 coal) prepared by the Wi lsonvi l le SRC plant was 

de-ashed in the Lummus antisolvent de-ashing plant. An ash 

removal efficiency of 99 .6% was achieved, which is equivalent to a 

recovered heavy ( + 699 .9K or + 800 ° F) SRC product residual 

ash content of less than 0 . 1  wt% . About 77 .2% of the total qu inol ine

sol uble heavy SRC product and 7 4 .8% of the benzene-i nsoluble 

heavy SRC product present in  feedstock were recovered with the 

substantial ly ash-free overflow stream in  the de-ashing run .  

For the base case considered,  the total manufacturin g  cost of  anti

solvent de-ashing was less by 20-26¢ / 1 06 Btu or $1 .37-$1 . 78/ bbl 

SRC product than that of rotary pressure precoat fi ltrat ion.  The 

capital requ i rements of the two processes also d i ffered s ignificantly. 

A total instal led cost ( including a delayed coker) of $57 x 1 06 and 

a total capital requ i rement of $73.5 x 1 06 were estimated for anti

solvent de-ashing faci l it ies; a total instal led cost of $99 x 1 06 and a 

total capital requ i rement of $1 31 x 1 06 were estimated for fi ltration 

de-ashing.  

I t  was concl uded that the Lummus antisolvent de-ash ing  tech

nology is the preferred technically and economically viable 

alternative to rotary pressu re precoat fi ltration when appl ied to the 

ash-removal step of the SRC process. The Lummus Company 

FP-257 EFFECTIVENESS OF GAS 
RECIRCULATION AND STAGED COMBUSTIO N  IN  
REDUCING NO

x 
ON A 560-MW COAL-FIRED BOILER 

Final Report (RP530- 1) 

This report summarizes the emissions and operational performance 

of a large (560-MW) pulverized-coal-fired uti l ity boiler operat ing 

with windbox gas recirculation and two-stage combustion for 

emissions contro l .  The study evaluated the relative effectiveness 

of these techniques and their impact on boiler and precipitator 

performance. 

The more stringent l imits on N Ox emissions imposed by local 

air pol lution regulatory agencies and the EPA New Source Per

formance Standards (0.7 l b/ 1 06 Btu) have emphasized the need 

for effective N O
x 

reduction techn iques that also maintain good 

boiler operations. The study provides extensive fu l l -scale test 

data for comparin g  these techn iques. KVB, Inc. 
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ER-258 SOLAR DATA VERI FICATION PROJECT 
Final Report (RP552) 

Solar data are essential to the electric uti l ity industry for the 
prediction of the impact (on electric power demand) of large-scale 
implementation of solar energy systems. Identif ication of adverse 
impacts wi l l  assist in the development of preferred systems and i n  
support o f  rate requests designed to  m in im ize adverse effects. 

The report presents the cu rrent status of solar energy resource 
data and describes a systematic program to acqu i re h igh-qual ity 
data in a form relevant to practical appl ications of solar energy. 
The report is based upon a six-month study that had as its goals 
the def in it ion of cu rrent solar energy resource data and assessment 
of their adequacy; the description of instrument systems for use 
by the electric util ity industry to independently collect relevant 
data; and the determination of the degree of standardization and 
centralization desirable in such an effort, particu larly in data anal
ysis .  Science Applications, Inc. 

EM-264 AN ASSESSMENT OF ENERGY STORAGE 
SYSTEMS SU ITABLE FOR USE BY ELECTRIC UTILITIES 
Final Report, Volume I and Volume II (RP225) 

This report addresses the entire range of energy storage tech
nologies and identifies the potential effect of energy storage on 
U.S. electric util ity systems. 

It was concl uded that energy storage could provide generat ing 
capacity for peaking and intermediate electric loads if sufficient 
economic baseload capacity is avai lable for charging energy stor
age systems with off-peak energy. If energy storage eff iciencies 
of 75% can be achieved, approximately 5% of U .S .  electric energy 
requ i rements could be suppl ied by energy storage. If sufficient 
off-peak coal and n uclear energy is avai lable, energy storage 
could provide for up to 1 7% of peak load demand .  In addit ion the 
various energy storage technology options are described and com
pared both in regard to present status and future potential .  

Volume I provides a summary of the report; Volume I I  contains 
the ful l details of the study. Public Service Electric and Gas Co. 

Nuclear Power 

N P-1 52 STUDY OF RADIATION DOSAGE TO STRUCTURAL 
COMPONENTS IN NUCLEAR REACTORS 
This report, reviewed in last month's JOURNAL, presents detai led 
calcu lations of the neutron and gamma ray f luence in and around 
the reactor vessels of both pressu rized water and boil ing water 
reactors. These analyses were performed with the two-d imensional 
discrete ord inates code, DOT. 

Subsequent to the publication of the report it was found that 
the calculations did not adequately define the geometry and that 
the publ ished predictions are low, part icularly in the area of the 
pressure vessel. Science Appl i cations, I nc . ,  is evaluati ng the results 
and a revised report will be publ ished during the spring of 1 977. 
Questions concerning the progress in revis ing the results may 
be d i rected to Frank Rahn at EPR I .  In order to avoid confusion, 
it is suggested that existing copies of NP-1 52 be destroyed. 
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NP-1 97 A REVIEW OF THE RATIONAL APPROACH 
TO TWO-PHASE FLOW MODELING 
Topical Report 

The sol ution of many nuclear engineering problems, such as those 
associated with a postulated loss-of-coolant accident, requ i res 
the abi l ity to calculate f lu id flows i nvolving several material phases. 
These flows are known to occur over a wide range of regimes, and 
correlations for the mass and heat f luxes for the most idealized 
cases have been studied experimentally. In practical situations, 
however, these idealized flow patterns may occur only i n  part, in 
combination ,  or may not occur at al l .  Furthermore, s ince such 
flows vary rapidly in t ime, they may have properties un l ike thei r 
well-studied, steady counterparts. Consequently, the successful 
application of the advanced computer codes presently under 
development at EPRI depends critically on the abil ity to model 
this complex behavior. 

One of the most promising methods for obta in ing re l iable models 
is based on a mathematically rigorous derivation of the equations 
governing the dynamics of each phase and the i r  i nteraction with 
each other. This is the so-cal led rational approach to model ing .  

This report reviews and extends the general concepts of the 
rational approach. The equations for two-phase flow are derived 
in a convenient form , and i ntu itive interpretations of the abstract 
mathematical operations are given to help guide the choice of 
models. Jaycor, Inc. 

NP-225 A STUDY OF ZIRCALOY-4-STEAM 
OXIDATION REACTION K INETICS 
Final Report (RP249- 1) 

A better understanding  of oxidation kinetics of Zircaloy-4 i n  flowing 
steam is needed for model ing cladding behavior du ri ng  a postu
lated loss-of-coolant accident (LOCA) in l ight-water-cooled n uclear 
power reactors. During such an i ncident, oxidation would occur  
over a wide temperature range and under heating and cool ing rates 
that are substantially d ifferent at various times i nto the transient. 
Current l icens i ng criteria for emergency core cool ing systems for 
LWRs requ i re an isothermal oxidation kinetics model in al l  computer 
codes used to characterize cladding  behavior du ri ng  postulated 
transients. Isothermal oxidation kinetics are requ i red to calculate 
energy release rate, extent of oxidation, and hydrogen generation 
during the transient. If these codes are to yield a realistic prediction 
of cladding behavior, it is essential that any l imitations on the 
accuracy and use of isothermal oxidation ki netics be understood. 

These criteria could lead to deratings or to reductions in operat ing 
flexibil ity in some nuclear power plants. The objective of 249 is to 
address this problem by provid ing realistic isothermal and transient 
Zi rcaloy oxidation models. 

The project report presents isothermal and transient oxidation 
data for Zircaloy-4 in un l im ited steam obtained from experiments 
using a Gleeble device, which accurately controls temperature 
and t ime during the oxidation process. In addit ion ,  comparison is 
made with two model ing codes under development to predict 
behavior of Zi rcaloy-4 under both isothermal and transient oxid iz ing 
condit ions i n  steam. The fi rst code , designated TRANS 1 ,  is based 
on using isothermal oxidation reaction ki netics in model ing oxidation 



u nder transient conditions. The second code, ZORO 1 ,  considers 

the fundamental variables of oxygen diffusion and interface oxygen 

concentrations associated with the developing oxygen concen

tration profi le in the Zircaloy to predict cladd ing behavior in steam 

under transient oxidiz ing conditions. 

Data from short sections of Zircaloy tubing were obtained from 

measurements of oxide thickness on metallographic cross sections 

fol lowing exposure to steam under conditions where temperature 

control was accurately maintai ned by a high speed , t ime-tempera

ture control ler. The isothermal oxidation data confirm that the 

Baker-Just equation is qu ite conservative at the high temperatures 

appropriate to postulated LOCAs. The models of Zi rcaloy oxidation 

under development provide reasonable estimates of the measured 

extent of oxidation under simple transient condit ions. Worcester 

Polytechnic Institute 

N P-238 LIDAR OBSERVATIONS OF PLUME DIFFUSION 
AT RANCHO SECO GENERATING STATION 
Final Report (SOA 75-3 1 6) 

This study has demonstrated that the l idar ( l ight detection and 

ranging) is a valuable remote sensing observational tool for f ield 

studies of the spatial and temporal variations of eff l uent plumes 

released to the atmosphere. The major objective of the study was 

to determine the feasibi l i ty of using the Mark IX l idar and its asso

ciated dig ital data system to obtain quantitative measurements of 

plume diffusion using a smoke tracer. The smoke tracer was re

leased from the reactor containment bu i ld ing at the Rancho Seco 

generating  station .  

The p lume cross sections were sampled at  various distances 

downwind of the release point The results of 1 0 l idar observational 

runs are p resented on a run-by-run basis in this report Provided 

with each observation are a brief qual itative discussion of note

worthy features of the data, identify ing information for the l idar 

scans, and photographic results of the l idar elevation scans in the 

form of dig ital computer-generated vertical cross sections of relative 

plume density. Lidar-observed vertical diffusion parameters (CJ2) 

are compared to Pasqui l l -Gifford values. The l idar-observed values 

are consistently higher than the Pasqu i l l-Gifford values by an 

amount equivalent to the wake correction factor. Stanford Re

search Institute 

N P-239 APPLICATION OF GLOBAL-LOCAL F IN ITE 
ELEMENT METHOD TO FRACTURE M ECHANICS 
Technical Report 1 (RP299- 1) 

This study descri bes an eff icient solution algorithm for l i near fracture 

mechanics with the global-local f inite element method . The com

puter program, GLASS I, is not in  its opt imum form since the in it ial  

effort was to show appl icabil ity. A more user-oriented version, 

GLASS I I ,  i s  being developed and wi l l  i nclude an effi cient i n put data 

stream and automatic satisfaction of constraint requ i rements at the 

global-local i nterface. 

The encouraging results from the two-dimensional crack analysis 

have led to extending its appl ication to l inear three-d imensional 

fracture analysis and seismic wave propagation in  the soil-structure 

interaction area. University of California at Los Angeles 

N P-254 STUDY OF REMOTE MULTIPLEXING 
FOR POWER PLANT APPLICATIONS 
Final Report, Volume I (RP51 3)/Final Report, Volume II (RP5 1 3- 1) 

Remote mult iplexing systems (RMS) are of increasing i nterest to the 

uti l it ies as an alternative to conventional hardwir ing used for the 

col lection and transmission of data and control signals to and from 

the thousands of devices in  a power plant Volume I presents a 

state-of-the-art survey that inc ludes: 1 )  an overview of RMS design ,  

2 )  a review o f  typical commercial applications ,  3 )  a summary of 

uti l ity industry acceptance, 4) partial descriptions of commercial ly 

avai lable RMS, and 5) a comprehensive bibl iography of relevant 

articles and standards. This information will acquaint the reader 

with the basic concepts of remote mult iplexing and its inherent 

advantages and d isadvantages. Detailed techn ical analyses are 

to be presented in Volume I l l .  

Volu me I I  presents a methodology for tabulat ing signal and  wir ing 

requ i rements for a power plant and contains actual data for five 

generic types of plants (BWR-GE, PWR-B&W, CE, W, FOSSIL). 

The i nformation has been tabulated in  suffic ient detail to permit 

establishment of realistic functional requirements for a number of 

categories of remote multi plexing systems (i nc lud ing plant-wide 

instrumentation and control, distributed intel l igence, safety sys

tems, RMS). Although these data wi l l  not be identical to those of any 

specific plant, the level of detail should provide the interested reader 

with an excel lent starting  point or base reference. Because of the 

specialized nature of this second volume, it will be distributed on a 

l imited basis; however ,  copies may be obtained on request from 

EPRL Volume I - TRW Systems and Energy Group/Volume I I 

United Engineers and Constructors, Inc. 

N P-260 STEAL TH, A LAGRANGE EXPLICIT 
F IN ITE-DI FFERENCE CODE FOR SOLIDS, 
STRUCTURAL, AND THERMOHYDRAULIC ANALYSIS 
4 Volumes (RP30 7  Computer Code Manual-4) 

This code offers an alternative in the publ ic domain of a general, 

modular, user-oriented, expl ic it f inite-difference program to address 

transient, nonl i near events. All computing techn iques (e . g . ,  fi nite

element or f inite-difference, Eulerian or Lagrangian formulation ,  

impl icit or explicit integration) normally show certain advantages 

in part icular situations with overlapping areas of common eff iciency. 

EPRl's STEAL TH code has been formulated in  a Lagrange descrip

tion for a general contin uum that may include sol ids,  f lu ids,  and 

mixtu res. 

It is antici pated that STEAL TH wi l l  be appl icable in design situ

ations such as water-hammer, soil-structure interact ion,  missile 

impact, mixed phase f lu id impact, and f luid-structure interact ion.  

The f i rst version to be released wi l l  be one- and two-dimensional 

with extensive plotting capabi l it ies. Future developments wi l l  include 

extension to three dimensions and coupl ing  with shel l  elements . 

The computer code documentation is publ ished in th is 4-volume 

report If you wish to obtain the STEAL TH code for your appl ication ,  

please write: D i rector, N uclear Safety and Analysis Dept , Electric 

Power Research Institute, P .  0.  Box 1 04 1 2 ,  Palo Alto, CA 94303. 

Science Applications, Inc. 
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N P-262 PWR SENSITIVITY TO ALTERATIONS 
IN THE I NTERFACING-SYSTEMS LOCA 
Key Phase Report (RP767- 1) 

One of the important conclusions of the reactor safety study (RSS) 

was the identification of the interfaci ng problem between the h igh

pressure primary system and the low-pressure injection system 

(LPIS). Because equivalent interfaces exist in all PWRs (although 

not necessarily with the LPIS),  the NRG has suggested three pos

sible "fixes" for future designs, the ·impl ication being that each 

such fix is equally acceptable. 

The present analysis of the basic problem shows certain minor 

l imitations in  the RSS methodology, demonstrates that the three 

NRG fixes are not equally acceptable from a risk viewpoint, and 

that one of the fixes could be implemented in such a way as to yield 

a worse risk condition than the original design .  

As  a demonstration o f  the  power inherent in probabil istic methods, 

an alternate fix and associate test scheme is suggested that reduces 

the risk to an insign ificant leve l .  Science Applications, Inc. 

N P-263 A SUMMARY OF N UCLEAR POWER PLANT 
OPERATING EXPERIENCE FOR 1 975 
Annual Report (RP705- 1) 

This report provides a summary of operating experience of 56 nu

clear plants l icensed to operate in 1 975. The analysis is based on 

information and data contained in  the 1 975 series of Operating 

U nits Status Reports. Addit ional in formation was derived from a 

special su rvey conducted by EPR I .  

Trends in electric energy production are examined from the  stand

point of plant size, age, and equipment manufacturer. An attempt 

has been made to characterize the impact of equipment fai l u res on 

plant operation .  Statistics on outage duration are given for each of 

the fol lowing categories of equipment: valves and pip ing,  reactor 

i nternals, turbines and generators, condensers, steam generators, 

and pumps. Science Applications, Inc. 

N P-265 ATWS: A REAPPRAISAL; PART 1 1 ,  
EVALUATION OF SOCIETAL RISKS DUE TO REACTOR 
PROTECTION SYSTEM FAILURE; 
VOLUME I ,  BWR RISK ANALYSIS 
Key Phase Report (RP767) 

This document is the fi rst volume of Part I I  in a series of studies that 

will examine the basis for the problem of antici pated transients 

without scram (ATWS). 

The purpose of Part II is to evaluate societal risks due to RPS 

fai l u re based on more cu rrent data and methodology than used in 

WASH-1 270. This vol ume examines and documents the potential 

contribution to societal risk due to ATWS in the BWR. Volume 2 pro

vides the basis for the calculation and contains a detailed descrip

tion of the reevaluation and expansion of the RPS fault tree for the 

WAS H-1 400 BWR. Vol ume 3 describes a simi lar analysis for 

the PWR . 

Theoretical risk studies of this type, where quantified , yield infor

mation of two natures. The first gives us an ovBrview of which parts 

of a complex system (such as a nuclear power plant) may in fact 

warrant u pgrading because they are sign ificant from a risk view

point. The present study indicates that ATWS does not warrant back-
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fitt ing to reduce its risk component because it is less than 5% of the 

total potential risk. The second yields what can be referred to statis

tically as prior information .  Such information can be used in a 

Bayesian analysis of data to yield more rel iable estimates than would 

be obtained by using the data alone. Science Applications, Inc. 

N P-265 ATWS A REAPPRAISAL, PART I I ;  EVALUATION 
OF SOCIETAL RISKS DUE TO REACTOR PROTECTION 
SYSTEM FAILURE, VOLUME 2. BWR FAULT TREE EVALUATION 
Key Phase Report (RP767) 

This document is the third volume of Part II in a series of studies 

that examine the basis for the problem of antici pated transients 

without scram (ATWS) .  

The pu rpose of  Part I I  is an  evaluation of  societal r isks due to RPS 

fai l u re based on more cu rrent data and methodology than those 

used in WASH-1 270.  This vol ume examines and documents the 

potential contribution to societal risk due to ATWS in the PWR. 

Volumes 1 and 2 described a simi lar analysis for t he BWR. 

The results presented in this volume are i nterest ing in  several 

ways. The reactor safety study (WASH-1 400) calcu lated the PWR 

ATWS potential risk at 0 .3% of the total potential r isk. An early re

evaluation of PWR fai l u re data implied that it should be increased to 

1 . 5% .  However a more detailed analysis showed that PWRs com

prise two distinct statistical populations as far as s ing le-rod fai l u re 

probability is concerned and that the PWR ATWS potential risk 

should increase only to 0 .5% of the total risk. Science Appli

cations, Inc. 

N P-267 SENSOR RESPONSE TIME VERI FICATION 
Final Report (RP503-1) 

This document is the product of a coordinated EPRI program to 

develop practical means for verifying sensor response capabil ity 

in nuclear power plant safety systems. Two related research and 

development efforts under EPRI sponsorsh ip are being conducted 

by the University of Tennessee and Babcock & Wi lcox Co. Reports 

from these two project segments will be avai lable under the same 

EPRI report number when that work is completed. 

Nuclear safety systems must respond with sufficient rapidity to 

ensu re that protective actions are in itiated before uncontrol led or 

damaging events occur .  To guarantee satisfactory t ime response 

capabi l it ies, periodic tests are conducted on a routi ne  basis by 

nuclear plant personnel .  These tests, however, have historically 

exempted the sensing element from response eval uations because 

to test them was considered beyond the test ing state-of-the-art. 

Recent concerns of possible sensor deterioration with con

comitant loss in response capability have led to broadened regu

latory requ i rements for periodic surve i l lance. Response checks 

must now extend through the entire protect ion channel , inc lud ing 

the sensor element. The lack of an acceptable methodology for 

determining sensor response capabil ity, short of removal for 

laboratory test, has been the princ ipal motivat ing factor for the 

present work. 

This report is intended to provide information necessary for the 

assembly, test val idation ,  and use of a hydrau l ic  s ignal generator 

capable of verifying time responses of pressure and differential 



pressure transducers in situ .  The report is largely self-contained 

and should permit a uti l ity with modest instrumentation engineering 

and fabrication capabi l ities to independently construct a satis

factory test un it .  Experimental response time results for typical 

pressure sensors have been inc luded to conf i rm prototype signal 

generator performance. Nuclear Services Corp. 

N P-44-SR STATUS OF COMMERCIAL 
N UCLEAR HIGH-LEVEL WASTE DISPOSAL 
Special Report 

Considerable research and development effort has been expended 

over the last 20 years on nuclear waste management processes. 

The work has been reported in a variety of technical reports and 

journals, general ly on a process-by-process basis. This piecemeal 

reporti ng makes it difficult to obtain a good overview of nuclear 

waste technology without a time-consuming review. 

In order to understand the status of h igh-level nuclear waste 

disposal , a review of available technology was made and reported 

in this special report. The results of this review, presented in the 

form of a functional description of a h igh-level waste management 

system, show that technology is avai lable to dispose of n uclear 

waste safely by several processes. 

The most attractive alternative in terms of avai lable technology 

and shortness of time for demonstration at commercial scale is a 

system that converts the waste to a solid by immobi l iz ing the radio

active elements in  a glass matrix. Ultimate disposal would consist 

of burying this glass product in a deep, d ry, stable, geologic struc

ture, such as granite, desert soi l ,  or salt. A detai led discussion of 

the steps involved in this system are given in this report, together 

with information on disposal criteria and quantities of waste. Brief 

comments are also given on international efforts in  high-level waste 

management and advanced disposal concepts. G. J. Dau and 

R. F. Williams, EPRI 

SR-46 N UCLEAR UN IT PRODUCTIVITY ANALYSIS 
Special Report 

An earl ier EPRI report examined the prospects for upgrading pro

d uctivity assessments based on a crit ical review of operat ing experi

ence. The review provided both summary and breakdown of data 

for formal assessment of operational rel iabi l ity, ava i labi l ity, and 

productivity. This report, a contin uation of the earl ier work, extends 

the assessments through January 1 ,  1 976 and provides e laboration 

on the components of the performance data. 

The productivity of a specific generation unit can be quantitatively 

assessed on a statistical basis- a  task f i rst requ ir ing computation 

of the inherent productivity of the un it , then modification of this 

value for productivity decreases, as determined by special trans

mission system considerations. An extensive discr imination analysis 

is required to account for modified design features and for changes 

in  operational and regulatory c l imates. The performance of this 

discrim ination analysis was a primary purpose of this report. 

The results of the discrim ination study are representative 

malfunction rates for major, normally operati ng generation unit  

subsystems, which can be used to predict unit  re l iab i l ity. Mean 

time-to-repair data and scheduled outage data are provided to 

permit conversion of the re l iabi l ity assessments to avai labi l ity pre

dictions. Empiric data are provided to permit estimation of capacity 

factors. 

The inherent l imitations of the analytic data are ind icated by 

computation of the associated statistical confidence levels .  The 

possibi l i ty of expanded usage is provided for by presentation of the 

outage data as frequency-intensity plots overlaid by probable cause. 

Final ly, the frequency-i ntensity plots are used to identify those 

extremely low probability high-outage impact events for which 

acqu isit ion of statistical ly val id data cannot reasonably be expected. 

The use of decision analysis methods to determine appropriate 

uti l ity actions for these situations is discussed. 

The final subject of the report is the modification of cu rrent 

industry-wide data bases that could facil itate productivity analyses. 

Many contemporary assessments of present data bases recom

mend extensive expansion of coverage items and cause codes. 

The recommendations of this report, which are more modest in 

nature, derive from examin ing the structure of the outage data 

and the specific needs of an industrywide data base, which would 

supplement plant records for productivity evaluations. The influence 

of information system technology on data base construction is also 

d iscussed. M. E. Lapides, EPRI 
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