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Decisions: Right, Wrong ... or Rational? 

Making good decisions has always been the hallmark of an 
effective executive. Decisions in the management of a utility 
characteristically involve very large amounts of money and 
result in actions that have very long-lasting consequences. The 
utility decision maker's view must extend far into the future to 
deal with such questions as how much new capacity will be 
needed, what power generation technology will be best suited 
to the utility's needs, and when and where to build a plant. As 

inherently difficult as these questions are, growing uncertainty about the future-the 

environment in which decisions made today will have to exist-has made the task even 
harder. 

Of course, the uncertain future has been the thorn in the decision maker's 
side in every era. But the last decade has brought surprises in areas that form the very 
foundation of utility planning: declining growth in electricity demand, escalating costs of 
fuel and capital, and routine delays in plant licensing and construction. With so many 
factors departing strongly from patterns that were long considered steady and predictable, 

even if the future is actually no less certain than before, it appears much less certain to 
the decision maker. 

It is for this reason that a new approach to analyzing decisions has been 

adapted for use by the utility industry. Decision analysis is an approach for evaluating 
options that explicitly takes uncertainty into account. This is not to say that the traditional 
decision maker did not consider uncertainty implicitly as he turned over the options in his 
head. But as the problem becomes more complicated, there is a point beyond which all 

the options, all the factors affecting the outcomes of these options, and all the possible 
measures of the outcome cannot be held in one's head simultaneously. It is at this stage 
that the mathematical techniques of decision analysis, which parallels the thinking 

process and gives it structure, can be particularly useful. 
Along with the growing complexity of the modern world has come another 

relatively recent development-an increasing public scrutiny of decisions, past and 
present, and a growing expectation of accountability. Whether he reports primarily to a 
board of directors, stockholders, government bodies, customers, or the public at large, 
the decision maker finds himself facing a great deal of pressure. He must make his 
decisions before all the facts are in, but he must also be able to justify what may 
eventually come to be seen as the wrong decision. Given a good measure of hindsight 
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and new data, any number of Monday morning quarterbacks will be able to confidently 
point out what the right decision should have been. 

Herein lies the crux of the decision maker's problem: right and wrong are value 
judgments made after the fact and have little to do with the decision-making process. It is 
as far as we can go to make the best decision for the time with the facts available-a 

rational decision, one that can be explicated clearly and shown to correspond well with 
the information then at hand. 

Here again, the decision analysis tool is particularly well suited to the task. Not 
only does it provide a framework for breaking large decisions down into smaller, more 
manageable decisions but it also leaves a permanent record of how all the considerations 
and assumptions were taken into account. Along the way, this technique helps clarify 
options, draws sharper distinctions among differing opinions, and reveals the assumptions 
to which the decision is most sensitive. 

But aside from its technical capabilities, perhaps the most striking attribute of 
the decision analysis technique is its versatility of application. This aspect is pointed up 
clearly in the examples cited in this month's lead story. One case deals with a traditional 
utility system expansion problem; another involves determination of the best R&D strategy 
for a new technology; in a third, strategy for environmental research is the issue. Decision 

analysis has worked well in these and countless other applications both inside and outside 
the utility industry. 

However, it is not an answer machine. The analyst's job only goes so far: to 
arrange the raw materials of a decision in such a way as to define the options as clearly 
as possible. The responsibility for assumptions and judgments still remains firmly with the 
decision maker himself. He must continue to make estimates of future conditions, choose 

which are the most important measures, and decide what risks are appropriate to carry. 

Thus, decision analysis will not relieve the decision maker of responsibility. 
What it can offer is an assurance to himself and others that whatever the quality of the 

available information, the decision made will be one that deals with this information in a 

thoughtful, rational way. 

Rene Males, Director 
Energy Analysis and Environment Division 
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Authors and Articles 

Subjective judgments have to play a 
large part in utility investment deci

sions when the economic future is uncer
tain. But how can you document and 
evaluate intuition or common sense? A 
Roadmap for Complex Decisions (page 
6) explains an explicit, logical approach 
that can be helpful even in decisions on 
new power plants, which have combined 
lead times and economic lifetimes of 
nearly half a century. 

For background on EPRI's research and 
early application of decision analysis, 
science writer John Douglas conferred 
with Richard Richels, an operations re
searcher with EPRI' s Energy Analysis and 
Environment Division since August 1976. 
For the last year and a half he has been 
technical manager of the division's work 
in decision methods and analysis. Before 
joining EPRI, Richels was a consultant 
to The Rand Corp. and the National 
Science Foundation. Much of his work 
dealt with the effects of uncertainty on 
the planning and conduct of energy re
search. With a BS in physics and an MS 
in industrial engineering, Richels taught 
for four years before earning MS and 
PhD degrees in operations research at 
Harvard University. 

• 

During the last 10 years, fabric filtra
tion has come from nowhere to be

come a routinely selected means to re
move fly ash from power plant exhaust 
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gases. Why this is so, what part EPRI 
research has played, and what refine
ments are under investigation and test to
day are reviewed in Particulates: Caught 

at the Filter Line (page 14). The article 
was written by William Nesbit, science 
writer, aided by EPRI's Robert Carr. 

Manager of the Air Quality Control 
Program since April 1982, Carr first came 
to the Institute in March 197 4 and has 
specialized since then in particulate mea
surement and control. Between 1972 and 
1974 Carr was a test engineer with KVB, 
Inc., consulting with utilities on emission 
controls. Before that he was a research 
assistant on emission measurement and 
analysis at the University of California 
at Berkeley, where he earned BS and MS 
degrees in mechanical engineering. 

• 

Extensive interconnection of utility 
systems continues to produce the 

benefits of greater reliability and more
economical electricity transfer. But it is 
also putting pressure on the capabilities 
of the human and machine controllers 
that must handle ever greater volumes of 
control data. Nerve Center for Network 

Control (page 22), by Taylor Moore, Jour

nal feature writer, surveys the R&D solu
tions afoot in such control matters as data 
processing speed, data display, and artifi
cial intelligence. For technical guidance, 
Moore drew on two members of the 
Power System Planning and Operations 

Program in EPRI's Electrical Systems 
Division. 

Robert Iveson has managed the pro
gram since April 1979, concentrating on 
the development of computer methods 
and programs for utility application. 
Iveson previously was with New York 
State Electric & Gas Corp. for 20 years, 
including 8 years as supervisor of trans
mission planning at the New York Power 
Pool. He holds BS and MS degrees in 
electrical engineering from Rensselaer 
Polytechnic Institute and Syracuse Uni
versity, respectively. 

Charles Frank, project manager, has 
been with the program since July 1976. 
His earlier experience includes 5 years 
with Landis and Gyr in utility control 
system software development; 5 years 
with General Motors Corp. in computer 
methods for the inertial guidance of aero
space vehicles; and 10 years at the research 
center of Westinghouse Electric Corp., 
where he developed programs for use in 
power system operations. Frank grad
uated in electrical engineering from 
Purdue University. He earned MS and 
PhD degrees in the same field at the 
University of Pittsburgh. 

• 

Helium is well established as an ele
ment for tracing gas flows in indus

trial apparatus. The Helium Approach to 

Leak Detection (page 28) traces the R&D 
path that has adapted helium detection 



for finding leaks in the closely spaced 
tubes of power plant steam condensers. 
Carrie McKee wrote the article; EPRI's 
Michael Kolar and John Mupdis furnished 
technical assistance. 

Kolar has been with the Nuclear Power 
Division since 1978, since 1980 in the 
Engineering and Operations Department, 
where he manages the Systems Perfor
mance Program. Previously with the 
architect-engineer firm of Gilbert/Com
monwealth for five years, Kolar managed 
analyses dealing with power plant safety, 
seismic provisions, and piping design. 
Earlier, he taught mathematics at Cleve
land State University for four years, 
following seven years at NASA, Lewis 
Research Center. Kolar has BS and MS 
degrees in physics from John Carroll 
University and a PhD in engineering from 
Case Western Reserve University. 

John Mundis came to the Nuclear 
Power Division in 1976 and has been with 
the Steam Generator Project Office since 
1977. He is now manager of the Plant En
gineering, Operations, and Maintenance 
Program. Mundis was previously with 
Bechtel Power Corp. for two years as 
assistant supervisor of a nuclear engi
neering group. From 1963 to 1974 he was 
a naval officer, holding engineering and 
operations positions on three nuclear
powered submarines and at a training 
facility. Mundis is a chemical engineering 
graduate of Rice University and has an 

Carr 

Mun dis 

MBA from the University of Santa Clara. Richels 

Kolar 

Frank 

Iveson 
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Decision makers need a way of 

capturing the essence of complex 

problems, and they are increasingly 

turning to the formal techniques of 

decision analysis to frame critical 

decisions- ranging from national 

policy to building a power plant. 

Time 

R 
ecently, when Baltimore Gas and 
Electric Co. (BG&E) began to 
consider whether to build a new 

generating facility, it soon became clear 
that many uncertainties would have to 
be taken into account. Load growth 

projections were being revised fre
quently; regulations were changing; and 
new technologies promised possible 
advantages by the time the plant would 
go on-line in the early 1990s. "These 
kinds of decisions are always based on 
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fewer data than you'd like to have," 
recalls Christopher H. Poindexter, BG&E 
vice president for engineering and con
struction. "If you wait until you have all 
the information, you don't make the 
decision." 



To make matters worse, increasingly difficult value judgments and trade-offs also had to be made. These involved such intangible factors as public attitudes, perceived health and safety advantages of alternative technologies, and a variety 

of environmental impacts. "There's always a gut feeling, based on experience, involved in a final decision," Poindexter says, and such feelings must be taken into account even in complex decisions. To expedite the decision-making 

process in the face of such difficulties, BG&E tried a relatively new analysis technique as a test case utility in an EPRI project. Called decision analysis, the technique involves preparing a decision tree in which each uncertainty is shown 
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explicitly. Technical experts from 
different disciplines are then asked to 
estimate probabilities for specific 
unknowns, while top decision makers 
assign relative values to various trade
offs. Finally, a computer model is used 
to calculate the payoffs that could be 
expected for each alternative in the 
decision. 

"Most of the people in decision-making 
positions at BG&E were impressed with 
what they saw;' comments Poindexter. 
"Along the way I think that some of them 
questioned whether it was worth the 
effort, but when we were all finished, 
the mainstream of the thinking went 
something like this: Decision analysis 
structures the kinds of questions we 
should be asking. It provides a good 
framework to go back in the future and 
see how changes affect the decision. And 
it also does a good job of documenting 
the process we went through, so that in 
appearances before regulatory commis
sions it will be easier to respond when 
they ask, 'Did you consider this?' or 'Did 
you consider that?'" 

Formalized common sense 

Decision analysis is a relatively young 
discipline that has recently come to 
prominence by offering better ways to 
deal with the uncertainties and value 
judgments that generally characterize 
complex decisions. "It is a way to for
malize common sense when things are 
tough;' says Ralph Keeney, who for 
many years taught decision analysis at 
MIT and was principal investigator on 
the BG&E project. As such, decision 
analysis does not offer a mechanistic 
substitute for intuition or personal 
values. Rather, its methods can create 
a framework to accommodate different 
points of view when vital data are 
missing. 

The growing importance of the tech
nique was emphasized in a recent article, 
"Decision Analysis Comes of Age," in 
Harvard Business Review. According to the 
authors, this methodology "has emerged 
as a complement to older decision-

8 EPRI JOURNAL September 1983 

making techniques, such as systems 
modeling and operations research. In 
addition to statistical decision theory, 
the new technology draws on psychol
ogy, economics, and social science." 

Although decision analysis has come 
into wide use only recently, its theoretical 
foundations go back more than 200 years 
to the early mathematical analysis of 
lotteries. The critical link between 
abstract statistics and human values that 
eventually led to decision analysis as we 
know it today was provided in the late 
1940s by the utility theory of mathema
ticians John von Neumann and Oskar 
Morgenstern. 

At an intuitive level, what they said 
was this: Life is a choice among lotteries. 
When a person decides to take one 
chance as opposed to another, his choice 
reflects a personal preference for one set 
of potential risks and benefits over the 
other. People can be helped to express 
their preferences by presenting them with 
a series of carefully chosen hypothetical 
trade-offs. Using this information, one 
can then calculate the value (utility) in
dividuals place on the possible outcomes 
of a decision they must make and can 
help them determine which choice offers 
the greatest expected utility. 

Over the last decade, decision analysis 
has been applied with increasing success 
to problems in several industries and in 
government. When Xerox Corp. intro
duced a new copier a few years ago, 
decision analysis was able to show that 
only under the worst (and least likely) 
set of circumstances would a new facility 
be needed to manufacture supplies for 
the machine. Decision analysis gained 
prominence as a way to evaluate the 
urgency of commercializing new tech
nologies in 1975, when it became a major 
factor influencing President Ford's plans 
for developing synthetic fuels. And in 
the arena of public policy, decision 
analysis increasingly provides a common 
framework for presenting different sides 
of an issue with strong subjective over
tones. A committee of the National 
Academy of Sciences, for example, em-

ployed decision analysis in a study of 
emission control strategies. 

According to Warner North of 
Decision Focus, Inc., who played a key 
role in pioneering applications in the 
public sector, "Decision analysis provides 
a way of improving communications 
among contending parties. By making the 
judgments about values and uncertainties 
explicit and determining how these judg
ments affect the decision, the analysis 
can help to identify where differences in 
judgment are most important." 

Utility applications 

This sort of flexible, intuitive analysis 
can also provide valuable insight into a 
variety of difficult decisions now facing 
the electric utility industry. The Economic 
and Environmental Integration Staff of 
EPRI's Energy Analysis and Environment 
Division is supporting development of 
the application of decision analysis tools 
to new problem areas and their appli
cation in utility case studies. 

Three types of applications are now 
receiving particular attention. First, indi
vidual utilities can use decision analysis 
to help determine the effects of build
ing different types of power plants at 
various times. The need for this sort of 
analysis is stimulated by considerable 
uncertainty about future demand, the 
availability of new technologies, and the 
different uncertainties associated with 
these alternative technologies. Second, 
these methods can also help the industry 
as a whole plan its R&D strategy. This 
effort ranges from collecting judgments 
from experts in a variety of fields to 
setting priorities for the development of 
new technologies, which often involve 
long lead times and increasingly expen
sive demonstrations. Third, decision 
analysis can help narrow the distance 
between opposing sides in sensitive policy 
debates by showing explicitly the funda
mental value judgments that often lie at 
the heart of such disagreements. 

The dilemma facing BG&E as the 
company began planning for a new 
power plant illustrates how decision 



D ecision analysis can be visualized 

most easily by using a tree dia

gram, laid out along a time axis. Such 

a diagram serves as a road map for 

solving complex problems by break

ing them down into their component 

parts. Key decisions are shown as 

squares and critical uncertainties as 

open circles. Each path through the 

tree represents a possible scenario, 

with outcomes shown as solid circles. 

This tree is a simplification of the 

decision analysis framework showing 

the options open to BG&E for build

ing a new power plant to come on-line 

sometime in the 1990s. The first deci

sion that must be made (in 1986, at the 

far left) is whether to use conventional 

coal technology for 1994 operation or 

to wait in the hope that better technol

ogy will be available for a plant to go 

on-line in 1998, which would require 

purchasing power from 1994 to 1998. 

If conventional technology is cho

sen, another decision arises. It is pos

sible that the utility might be able to 

avoid installing scrubbers by burning 

low-sulfur coal, but this will depend 

on what changes are made in environ-

Build convehtional coal 
unit for 1994 operation 

Purchase power 
from 1994 to 1998 

BUILDING A DECISION TREE 

mental regulations before 1990. Thus 

the company must decide whether to 

go ahead with a plant design that in

cludes scrubbers or to attempt a more 

complex design that could either take 

scrubbers eventually or omit them. 

Whether scrubbers will be required in 

1990 is a key uncertainty, and proba

bilities for each alternative must be 

determined on the basis of current 

expert opinion. 

If the utility decides to wait, 1990 

then becomes the cutoff date for deter

mining whether new technology can 

be used. Experts in the appropriate 

fields must again be asked what the 

probability is that each technology al

ternative will be available by that date. 

If alternatives are available, then a de

cision must still be made in 1990 on 

whether the old or the new technology 

appears more desirable. 

Depending on what decisions are 

made and how uncertainties are re

solved, the total cost of the new plant 

could vary considerably. For example, 

the outcome of building a conventional 

plant with scrubbers to enter service 

in 1994 would mean earlier revenue 

1990 

Design with scrubbers 

Complex design 
adaptable to scrubbers 

No new technology available 

New technology available 

but could entail higher capital and op

erating costs. Waiting for new tech

nology might mean lower costs, but if 

R&D proved unsuccessful, the com

pany would have purchased power 

needlessly for four years. 

Setting monetary values on such 

outcomes requires tapping the experi

ence and expertise of a company's top 

decision makers. In the BG&E case, 

executives were asked to consider pos

sible trade-offs -for example, choos

ing between better reliability and lower 

operating costs. From interviews in

volving tough questions of this sort, 

analysts were able to estimate eventual 

costs for each outcome. 

Probabilities and values are then 

combined to indicate the expected 

value of each alternative open to a de

cision maker. This procedure is called 

a rollback of the tree. In the BG&E 

case, the result of a single rollback was 

an expected monetary cost for each of 

the two options that could be chosen 

in 1986. This result varied, of course, 

when different assumptions were 

made about costs and technology 

probabilities. D 

1990 

Scrubbers required 

No scrubbers required 

Build conventional coal unit 
for 1998 operation 

(with or without scrubbers) 

Build conventional coal unit 
for 1998 operation 
(with or without scrubbers) 

Build new-technology unit 
for 1998 operation 
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analysis can be used by utilities to make 
strategic business decisions. Four main 
technology alternatives were being con
sidered for use at the site-a conventional 
pulverized-coal plant, an atmospheric 
fluidized-bed facility, a KILnGAS inte
grated gasification-combined-cycle 
facility, and an IGCC facility using the 
Texaco gasification process. Because the 
last three options are not yet commercial 
technologies and are now at different 
stages of development, any choice among 
them depends heavily on when the new 
plant will be needed. However, to build 
what is expected to be a $1 billion facility 
will require approximately eight years 
after the final decision to go ahead, and 
forecasting the demand for electricity 
that far in advance has now become quite 
difficult. Initial estimates of the date for 
bringing the plant on-line varied from 
1991 to 2000. 

To help solve this technology choice 
problem, BG&E participated as a case 
study utility in the development of 
EPRI' s technology choice model, with 
Woodward-Clyde Consultants as prin
cipal cortractor. The motivation for using 
this sort of analysis was fourfold: to gain 
insight, into the consequences of various 
decisipns, to facilitate discussion within 
the company and with interested parties 
outside, to provide a convenient way to 
calculate the answers to "what if" ques
tions, and to provide a rationale for the 
ultimate decision so that its responsive
ness to critical issues could be accounted 
for responsibly. These issues included 
the cost of electricity, environmental 
impacts, public attitudes, health and 
safety, and technologic feasibility. 

Poindexter describes the process this 
way: "First we participated in a back
ground meeting so we would know what 
the plan was. Then they [the contractors] 
interviewed each decision maker sep
arately so we wouldn't influence each 
other. In my interview, they first began 
to ferret out what I thought was im
portant and then to ask in what directions 
I would be willing to compromise." The 
questions were tough. "They asked what 
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importance I attached to the corporate 
bottom line and how would I trade that 
off against serving the customer. They 

1 also wanted to know how I felt about 
reliability and was that more important 
than earnings, and so forth." 

Out of this grueling process began to 
emerge a clearer picture of the decision, 
Poindexter says. "If you have the various 
disciplines participating, you begin to 
break the problem down and see where 
the agreement is and where the disagree-

! ment is. You see each other's perspec
tives better. Ultimately, the top decision 
maker must be able to weigh all that and 
reflect on what's most important in his 
mind." 

As expected, no clear-cut choice 
emerged from the BG&E analysis, but it 
did provide considerable insight into the 
problem. Under a set of base case assump
tions (ranging from the discount rate to 
the heat rate), a conventional coal-fired 
facility with scrubbers, designed for a 
1994 service date, appeared to be the best 
option. However, if the Texaco gasification 
process does turn out to be technolog
ically feasible for a 1996 service date, then 
the analysis suggested this alternative 
would be best. If base case assumptions 
are shifted to indicate an increased prob
ability that the Texaco process will in
deed be available when it is needed, 
then waiting until 1988 to make the 
final choice begins to look increasingly 
attractive. 

BG&E has not yet made its decision 
about the new plant, but it is bringing 
the technology choice model in-house to 
monitor how new information will affect 
the preferred alternative and to gain in
sight into the best time to act. 

Three other utility applications have 
also been made of this technology choice 
methodology. The original development 
was with Utah Power & Light Co. on the 
choice between a coal-fired and a nuclear 
unit for its system expansion. Puget 
Sound Power & Light Co. used it to eval
uate a decision concerning sites for a 
proposed nuclear plant. And Georgia 
Power Co. used the model to evaluate 

alternative sites for a planned pumped
hydro facility. Rene Males, director of 
the Energy Analysis and Environment 
Division, says, "It is now hoped that 
other individual utilities, with the help 
of the reports on these applications and 
possibly with assistance from a knowl
edgeable contractor, may apply this 
technique to their own most important 
issues." 

R&D strategy 

Decision analysis has also b een used 
successfully inside EPRI to help plan R&D 
strategy. The outcome of research is 
inherently uncertain, and determining 
which projects should receive highest 
priority requires consideration of many 
subjective factors. Often, charting an 
optimal course for R&D investment takes 
the form of a portfolio problem- one in 
which a decision must be made whether 
to concentrate development money on 
one promising line of research or to fund 
several alternatives. The advantage of 
the first strategy is that the most attrac
tive course can be pursued more quickly; 
but if it fails, work on the alternatives 
would have to begin from scratch. The 
second strategy has less chance of failing 
completely, but hedging is expensive, 
and money put into the less-attractive 
alternatives may never be recovered. 

The value of this use of decision anal
ysis can best be seen in an example that 
was used to illustrate the technique: 
whether the time has come to freeze 
the design of a commercial atmospheric 
fluidized-bed combustion (AFBC) system. 
Two designs are available, either of which 
might eventually provide utilities with a 
cheaper way to meet stringent environ
mental standards, while accepting fuels 
of widely different quality. A standard
bed design has been incorporated into 
the 20-MW AFBC pilot plant at TVA's 
Shawnee station in Paducah, Kentucky, 
and the analysis assumed that a decision 
on whether to go ahead with a demon
stration plant would be made in 1984. A 
circulating-bed design might offer higher 

1 

combustion efficiency and lower con-



Applications of Decision Analysis 

o Structuring Corporate Objectives 

o Location of Mexico City Airport 

o Solar Electric Plant Sit ing 

o Frozen Blood Pol icy 

o Transport ing Hazardous Waste 

o School Integration Plan 

o North Sea Oi l  Discharge Standards 

o Technology Choice 

o Treatment for Cleft Lip and Palate 

o Loan Appl ication Acceptance 

o Rescue M issions 

o Salmon Management 

D Computer System Evaluation 

o Blood Bank Inventory Control 

o Selecting a Profession 

D CO National Ambient Air Quality 

D Reduction i n  Staff Personnel 

o Nuclear Faci l ity Siting 

o Forest Pest Control 

o Evaluating Energy Pol icy 

o Fire Department Response 

o Examin ing Foreign Pol icy 

o Index for Severity of Physical Trauma 

o Evaluating Pumped-Storage Sites 

o Personal Investment Strategy 

D Underground vs Aboveground Nuclear Plants 

o Street Light ing Programs 

o Model i ng Adversary Preferences 

o Evaluating Material Control Programs 

o Developing Natural Resources 

sumption of limestone, but the earliest 
it could be ready for large-scale demon
stration was assumed to be in 1986. 

The analysis addressed two critical 
questions: Should a pilot plant also be 
built for the circulating-bed design? And, 
if so, under what circumstances should 
both designs move on to the demonstra
tion phase of development? As very 
often happens, the insights provided 
were almost as interesting as the actual 
results. 

Applied Decision Analysis, Inc. 
(ADA), conducted the analysis. First, the 
problem was structured so as to express 
technical achievements from the pilot 
and demonstration plants in terms that 
are commonly used by utilities (e.g.,. 
capital cost, fuel flexibility). Next, a de
cision tree was prepared, incorporating 
expert assessments of the probabilities 
that each design would have optimistic 
pilot plant achievements and eventually 
meet demonstration plant goals-meaning 
that the technology met the positive goals 
for performance and cost. 

"Decision analysis provided a forum 
for the fluidized-combustion staff to 
think about where we were going-re
viewing all aspects of the technology 
development and seeing what the im
portant factors were," explains Charles 
R. McGowin, technical manager for 
analysis in the Coal Combustion Systems 
Division. "We chose the problem as an 
example that would lend itself to this 
type of analysis. The biggest benefit was 
participating in the study, rather than 
making a final decision based on the 
results." 

The results of analysis were dramatic. 
The only circumstances under which a 
pilot plant for the circulating-bed design 
should not be built would be if the like
lihood of success was more than 90% for 
the standard-bed pilot plant and less 
than 10% for the circulating-bed plant. 
In fact, the EPRI technical staff estimates 
that the chances of an optimistic out
come for each pilot plant is roughly one 
in four. Similarly, when the effects of 
meeting demonstration plant goals are 
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calculated, by tar the largest range of 
possible outcomes indicates that both 
designs should be demonstrated. 

The ratio of benefits to costs for going 
ahead with the circulating-bed plant 
was found to be about 8 to 1. Further, 
the analysis showed how much certain 
initial assumptions would have to vary 
in order to change the results for key 
decisions. The answer provided was that 
benefits would have to be cut to 11% 
of assumed values before they would 
just equal the expected costs. (Such con
clusions, those that remain unchanged 
even when initial assumptions are varied 
substantially, are called robust.) 

Peter Morris, a principal with ADA, 
concludes, "Decision analysis helps cap
ture the value of surprises. In the R&D 
context, it can help you figure out the 
decision you really want to make, based 
on what you think the outcomes are 
likely to be." 

A framework for policy decisions 

Probably the most complex use of deci
sion analysis is to provide a means for 
resolving sensitive policy disputes by 
integrating scientific information from 
diverse fields with public concerns. One 
particularly important policy area where 
such a resolution is badly needed is acid 
deposition. 

As the debate on acid rain has intensi
fied, the need for an integrating frame
work to balance potential environmental 
effects with the costs of emissions con
trol has grown, according to Richard 
Richels, technical manager of decision 
methods and analysis, Economic Envi
ronmental Integration Staff. "The choice 
involves the careful balancing of very 
different types of risk. Acting now to 
reduce emissions carries the risk that 
large expenditures will be made with 
little or no beneficial effect, while wait
ing carries the risk that significant eco
logical damage will be incurred that 
could have been prevented by prompt 
action. Unfortunately, resolution of cru
cial uncertainties may not occur for 5-10 
years, or longer. Until that time it will 
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not be possible to predict accurately how 
changes in emissions will affect the ex
tent of ecological damage from acid 
deposition. What we have tried to do 
is to provide a unified framework for 
reaching the best decision on the basis 
of information available at a given point 
in time:' 

Constructing such a framework must 
begin by explicitly laying out the areas 
of uncertainty. Although there is a pre
sumed relationship between emissions 
from a power plant at one location and 
ecological damage caused by acid de
position at another location hundreds of 
miles downwind, each step of the pro
cess is now uncertain. Such uncertainties 
can be taken into account by carefully 
defining possible outcomes for each 
step, then having experts from different 
fields assess probabilities for the various 
alternatives. Such an analysis framework 
has now been constructed under EPRI 
sponsorship by Decision Focus, Inc., and 
implemented as a computer code called 
ADEPT (acid deposition decision tree). 

One of the first important applications 
of the ADEPT model has been to analyze 
the acid deposition problem in Minne
sota. There the state legislature has in
structed the Minnesota Pollution Con
trol Agency to impose acceptable limits 
on such deposition. Unfortunately, the 
effect of even stringent emission controls 
on acid deposition remains quite uncer
tain, and potential beneficiaries of re
duced emissions are not necessarily the 
same people who must bear the cost. The 
Air Quality Task Force of the Minnesota
Wisconsin Power Suppliers Group has 
been working with the agency to find 
some mutually acceptable way to ana
lyze and compare the sharply different 
points of view on this controversial issue. 

The task force volunteered to be a 
case study utility to test the ADEPT 
model, which had been developed orig
inally to analyze national strategies, on a 
state problem. The contractor, Decision 
Focus, Inc., conducted two analyses: one 
to determine the costs and benefits of 
regulatory changes within Minnesota, 

and one in which all states in the region 
adopted similar regulations. Using state 
models of lake alkalinity and a worst
case scenario, the contractor identified 
about 150,000 acres of lakes in the north
eastern corner of Minnesota that were 
most sensitive to potential damage. 

Next, expert opinion was sought on 
the environmental effect of sulfur diox
ide reductions consistent with provisions 
of the Mitchell-Stafford bill, now before 
Congress. If adopted, these provisions 
would effectively require reducing sulfur 
dioxide emissions from coal-fired plants 
in the eastern United States by an aver
age of 50%. An effort was also made to 
express the impact of possible environ
mental damage in monetary terms. Such 
values were based on estimates of how 
the Minnesota public views the rec
reational importance of the lakes in 
question. 

By providing a framework for discuss
ing total costs, including both emission 
control and possible environmental 
damage, the decision analysis model 
provided some important insights. The 
most robust of these was that the strat
egy incurring the least total cost for 
either local or regional emission control 
would involve postponing any new con
trols so that more research could be done 
on acid deposition. In other words, the 
risk of substantial environmental dam
age within a decade appears to be much 
less than the benefits that are likely to 
result from new knowledge. 

Directions for the future 

The use of decision analysis in the elec
tric power industry is just beginning. 
Although its value has already been 
demonstrated in important specific 
cases, changing circumstances are likely 
to make this methodology a regular fea
ture of the utility decision-making pro
cess. The more complex a decision is 
and the more it involves critical uncer
tainties, the more useful decision analy
sis is likely to be. By encouraging people 
to think more systematically, it can facil
itate the solution of problems that in-



volve a sequence of interrelated deci

sions too complicated for the mind to 

grasp intuitively. 

"Decision analysis is not only more 

rational and comprehensive but also 

practically more powerful and useful 

than the more common approaches to 

cost-benefit analysis;' asserts William B. 

Harrison, senior vice president of South

ern Company Services, Inc. In comment

ing on the ADEPT model: "I believe 

comparison with other methodologies 

makes it clear that these techniques may 

be more usefully applied to many of 

the complex problems faced by our 

industry." 

Decision analysis may also open an 

important new communications link 

between utilities and the communities 

they serve. Many of the public policy 

debates swirling around the electric 

power industry have been sidetracked 

into discussions concerning technical 

details that may ultimately prove irrele

vant. As an alternative, decision analysis 

may help focus discussion on commu

nity values that have the utmost impor

tance. "Values represent the side of the 

problem on which the public really has 

something to say;' concludes Keeney. 

"In this case they have very valid input

what they want." 

Individual utilities may find the 

powerful techniques of decision analysis 

applicable for helping to solve a wide 

range of daily business problems. "In 

my company we have found it very use

ful;' says James McCloy, a corporate 

planner with Georgia Power Co. "A 

couple of years ago, when we reviewed 

our capital additions program, decision 

analysis allowed us to look at a wide 

variety of options, including joint ven

tures. As a result, the analysis led us to 

marketing that new capacity in a non

traditional way." 

Such uses may become even more im

portant if utilities begin to diversify into 

new and unfamiliar lines of business. 

"Decision analysis allows you to evalu

ate more options;' McC!oy continues. 

1 "It forces your logic onto the table so 

everybody can see it. And if there is a 

problem with your logic, it jumps right 

out and grabs you. No question about 

it-we find the technique very, very 

useful:' 

Further reading 
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1 982, p. 1 30. 
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Readings in Decision Analysis. Menlo Park, Calif.: Stan
ford Research Institute, 1 976. 
Howard Raiffa, Decision Analysis. Reading, Mass. :  Ad
dison-Wesley, 1 968. 

This article was written by John Douglas, science writer. 
Technical background information was provided by 
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The dustcake captured on the inside 

of a fabric filter is the key to baghouse 

performance and the focus of recent 

research. Utility interest and confidence 

in this technology are growing rapidly. 

E 
lectric utilities have made a num
ber of important advances in re
cent years to improve the effi

ciency, reliability, and economics of 
environmental control systems on coal
fired generating plants. Some of the most 
significant of these have been in the col
lection of particulate matter by using 
fabric filters, or baghouses. 

Along with nitrogen oxides (NOJ and 
sulfur dioxide (50

2
), particulate matter

small particles of fly ash produced when 
coal is burned-is a product of coal com
bustion that must be controlled at the 
source. Ten years ago one technology was 
used predominantly by utilities for par
ticulate control: electrostatic precipita
tion. In recent years, however, baghouses 
have been shown in both pilot- and full
scale demonstrations to perform as well 
as precipitators in terms of efficiency, re
liability, and economics. Moreover, they 
offer the option of combining 50

2 
and 

particulate collection, thereby reducing 
the need for separate 50

2 
removal equip

ment, which can account for up to 25% 
of total plant cost. 

In 1973 the first full-scale baghouse 
was installed by Pennsylvania Power & 
Light Co. at its Sunbury station. Today, 
utilities are ordering as many baghouses 
as precipitators, with 116 baghouse units 
representing 20,921 MW of capacity in 
operation, in design, or under construc
tion. Reflecting growing confidence in the 
technology, unit sizes are increasing as 
well : up from 100 MW or so a few years 
ago to 500-800 MW today. Most of these 
units are being installed on plants fueled 
by low-sulfur western coal (less than 2% 
sulfur). But interest is growing in install
ing them in high-sulfur eastern coal ap
plications as well (2-5% sulfur). 

The distinction between high- and 
low-sulfur coal has been important in the 
emergence of baghouses. Utilities in 
the United States burn approximately the 
same quantities of each, but in the com
bustion process high-sulfur coal pro
duces more 50

2 
than low-sulfur coal. 

Consequently, with the establishment of 
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more-stringent 50
2 

control regulations 

in the early 1970s, utilities began to opt 

more and more for low-sulfur coal to re

duce 50
2 

concerns. However, precipi

tators (then the dominant particulate 

collector) did not prove as effective in 

capturing particulate matter from these 

coals as from high-sulfur coals. As a re

sult, attention moved to baghouses as an 

alternative. 

In application to date on both low- and 

high-sulfur coals, baghouses have proved 

capable of routinely capturing 99.9% of 

particulate matter in flue gas -well within 

EPA New Source Performance Standards . 

Also, they produce a clear stack (i.e., no 

visible emissions when filtered flue gas is 

released into the environment). 

"Baghouses have clearly established 

that with routine maintenance they can 

consistently maintain high collection effi

ciencies and a clear stack," says Robert 

Carr, manager of the Air Quality Control 

Program in EPRI's Coal Combustion Sys

tems Division. "Further, they offer the 

unique option of combined particulate-

50
2 

control. This isn't to say there aren't 

areas in which we can improve the tech

nology. But it does say that in a very short 

period of time-a decade-baghouse 

technology has gone from ground zero 

to the point where it is now a viable and 

economic environmental control option 

for utilities." 

Given the high level of collection effi

ciency inherent with baghouses, research 

has focused instead on improving unit 

durability, reliability, and economics and 

on expanding capabilities for broader 

and more versatile application. In the first 

area, emphasis is being placed primarily 

on reducing the amount of energy re

quired to pull flue gas through the units, 

quantified in terms of pressure drop, and 

on reducing unit size, quantified in terms 

of the amount of flue gas to be filtered 

per unit of bag cloth area (air-to-cloth 

ratio). In the second area, use of bag

houses on boilers burning high-sulfur 

coals and combined 50
2
-particulate 

collection are receiving the most atten

tion. 
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Baghouse operation 

Located downstream of utility boilers, 

baghouses receive flue gas produced 

in the coal combustion process through 

large ducts. These ducts route the gas to 

one of a number of separate baghouse 

compartments, where it is directed up

ward through a cell plate- a  sheet of per

forated metal with collars, or thimbles, 

protruding from each cell- and into the 

tube-shaped bag, or fabric filter. These 

bags, which are generally about 35 ft 

(11 m) long and 1 ft (0.3 m) in diameter, 

are suspended from above and attached 

to each cell at the thimble. 

In the United States, utilities use inside

out collection, where flue gas is routed 

into the bag at the bottom and then 

passed through the fabric to the outside 

along the bag's height, trapping and de

positing particulate matter on the inside 

surface of the bag. In this filtering pro

cess, a clean bag is not the most efficient 

collector. Rather, it is the collected par

ticulate matter on the inside of the bag 

(the dustcake, or filter cake) that acts as 

the filtering medium. 

In baghouse operation, pressure drop 

is critical because higher pressure drops 

mean that more energy is required to pull 

flue gas through the system. Measured 

in inches of water, a pressure drop of 

4-6 in (10-15 cm) is typically desired 

and sufficient to move the flue gas eco

nomically through the system. Operation 

at higher pressure drops can become ex

pensive, however, inasmuch as the energy 

cost for each inch of pressure drop is 

approximately $100,000 a year for a 1000-

MW plant. Also, pressure drops that ex

ceed the design limit of the fans can mean 

that station boilers must operate at less 

than full load, a very costly situation. 

Air-to-cloth ratios represent the most 

important parameter of baghouse design 

because they determine the size and 

thereby the capital cost of units. This 

ratio is calculated by dividing the volume 

flow of flue gas received by a baghouse 

by the total area of the filtering cloth, and 

it typically varies from about 1.6 to 3.4-

a nominal ratio being 2. Higher air-to-

cloth ratios mean less fabric, thereby 

less structure and capital cost. But with 

smaller amounts of cloth, pressure drop 

can become more of a problem, forcing 

energy costs up, and more-frequent bag 

cleaning may be required, meaning in

creased compartment downtime and the 

potential for reliability problems. 

"By and large," explains Carr, "if you 

look at the problems you could have with 

a baghouse, the biggest problem has been 

in achieving and maintaining low pres

sure drops.  A number of operating pa

rameters influence pressure drop, and we 

are looking closely at each of these in our 

research. Most important in this regard 

are the residual dustcakes that remain on 

bags after cleaning, the bag-cleaning pro

cess itself, bag fabrics, and flue gas flow 

distribution." 

EPRI's research in these areas is con

ducted under a contract with Southern 

Research Institute. The work includes 

laboratory studies and full-scale unit 

evaluations at various sites, as well as 

pilot plant operation at two locations. 

The oldest pilot unit is the Arapahoe Test 

Facility, operated in cooperation with the 

Public Service Co. of Colorado at its 

Arapahoe station in Denver. This unit, 

commissioned in April 1979, filters fly 

ash from a boiler burning low-sulfur, 

subbituminous coal. In July 1982, in a 

cooperative program with Gulf Power 

Co. and Southern Co. Services, Inc., EPRI 

also began operating a pilot unit on a 

boiler burning high-sulfur coal at Gulf 

Power's Scholz station near Sneads, 

Florida. Both sites have 10-MW bag

houses capable of filtering up to 35,000 

actual ft3/min (16.5 m3/s) of flue gas. 

Arapahoe also includes smaller 1- and 

2.5-MW baghouses. 

Residual dustcakes 

Research recently undertaken by EPRI 

to better understand the role and dy

namics of residual dustcakes-that por

tion of the dustcake left on bags after 

cleaning-has revealed an interesting 

characteristic not previously observed or 

reported: the unique nature and configu-



Baghouse technology is essential ly modular. Shown is one baghouse 
compartment, i l lustrating hopper, tubesheet, and bag arrangement. Each 
compartment can conta in  several hundred bags up to 35 ft ( 1 1  m) ta l l  
and  1 2  in .  (305 mm) in  diameter. A commercial-size bag house can 
have from 8 to 32 such compartments. 

Clean 
gas 

t 

Reverse 
gas 

t 

Filter bags 

Tubesheet 

Hopper 

· ration of the filter cake on the filter. It is 
becoming clear that baghouse copection 
efficiencies and pressure drops are not 
determined by bag fabric, but rather by 
the nature of the residual dustcake on 
the fabric. 

Because of the importance of this re
sidual dustcake, experimental proce
dures have been developed to character
ize the physical, chemical, and electrical 
properties of collected ash in order to 
investigate the mechanics of cake forma
tion and adhesion. These studies have 
been performed at Arapahoe and at 
several full-scale utility baghouses. The 
ultimate goal is to develop sufficient 
understanding to allow prediction and 
optimization of pressure drop and 
collection efficiencies. 

As part of this work, a technique has 
been developed to encapsulate fabric and 
dust samples in a low-viscosity epoxy for 
detailed examination. These samples are 
then cut and polished for viewing in cross 
section or coated with a conducting ma
terial for viewing under a scanning elec
tron microscope. 

The majority of dustcake data taken to 
date are from baghouses cleaned by the 
reverse-gas method, the most widely 
used cleaning option in U.S. utility set
tings today . . With reverse-gas cleaning, 
a gentle pulse of filtered gas is directed 
back into the baghouse compartment and 
through the bags, causing them to par
tially collapse inward and dislodge accu
mulated dust. Studies show that residual 
dustcakes on bags cleaned by reverse gas 
are characterized by large nodular forma
tions, crevices or fissures, and relatively 
thin cake layers along lines where the 
bags fold during cleaning. They also 
show that residual dustcakes on these 
bags typically weigh up to 60-100 lb 
(27- 45 kg)-ten times as much as the 
amount of dust collected over a single 
filtering cycle. These are significant find
ings in terms of better understanding 
both pressure drop and the reasons for 
premature bag failure in reverse-gas
cleaned units. 

In terms of pressure drop, the presence 
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of a thick, impermeable, residual dust
cake means that only a portion of total 
bag fabric area is actually being effec
tively used in the filtering process, per
haps only as much as 40%. As a result, 
as flue gas attempts to pass through the 
bag it must follow a tortuous route to 
seek out cracks, voids, and folds in the 
dustcake. As it finds these paths, they 
subsequently plug up with collected par
ticulate matter and passage becomes 
even more difficult. The net result is 
higher and higher resistance to gas flow 
and a consequently greater and greater 
demand for energy to pull the gas through 
the system (i.e., higher pressure drop). 
In addition, because gas flow is being 
forced to flow through restricted regions, 
the effective air-to-cloth ratio of bag
houses becomes higher than the design 
value. 

Observations that dustcakes on bags 
build to become tenacious structures also 
support the view that pressure drop is a 
dynamic rather than static parameter. 
This thinking is reinforced by data that 
show pressure drop to be characterized 
by two distinct patterns of behavior. The 
first occurs after startup as the filter cake 
becomes established on new bags; this 
pattern may extend for several months. 
The second occurs after a substantial, 
perhaps permanent, residual dustcake is 
established on the bags. The difference 
is that during the first period, pressure 
drop increases rapidly in the initial few 
months and then much more slowly as it 
approaches what appears to be a state 
of near equilibrium. Once the residual 
dustcake is formed, however, there is 
quite a bit of day-to-day variation in 
pressure drop over time, accompanied by 
a very slow, persistent increase. 

In terms of premature bag failure, it is 
now theorized that heavy residual dust
cakes contribute significantly to bags 
going slack and then failing in their lower 
extremities. This confirms survey results 
of full-scale units, which show bag fail
ure largely limited to this region. 

Dustcake studies at the Scholz pilot 
plant on reverse-gas-cleaned bags filter-
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ing fly ash from high-sulfur coal are simi
lar to those at Arapahoe. However, the 
structure of the dustcakes at Scholz is 
somewhat different, and the weights of 
residual dustcakes have been observed 
to be somewhat larger than those at 
Arapahoe. 

"We're putting a lot of effort into anal
yses of dustcakes," reports Carr, "and we 
now understand a lot better than we used 
to how important the fabric-dustcake in
terface really is. However, we still don't 
know the most effective method of clean
ing to remove those residual dustcakes 
or how much residual is appropriate." 

Bag cleaning 

EPRI's studies of residual dustcakes 
clearly indicate that the reverse-gas clean
ing process can be improved to more ef
fectively remove accumulated dust and 
to keep pressure drops down. To accom
plish this, three approaches are being in
vestigated: changes in bag-cleaning fre
quency, changes in the volume of reverse 
gas used in cleaning, and use of sonic 
energy enhancement (i.e., horns). Of the 
three, sonic enhancement appears most 
promising. 

At Arapahoe, using horns has proved 
extremely successful, with the sonic blast 
dislodging virtually the whole of residual 
dustcakes and reducing pressure drop by 
up to 50%. Six commercially available 
horns with different fundamental fre
quencies are being evaluated, as well as a 
generic horn developed for EPRI and ca
pable of operation at a continuum of 
fundamental frequencies and energy out
puts. In addition to horn frequencies, 
horn location and the timing and dura
tion of horn soundings are being studied. 
Separate sonic testing by Public Service 
Co. of Colorado on full-scale reverse-gas
cleaned baghouse compartments at Arap
ahoe has also resulted in dramatic reduc
tions in residual dustcakes, decreasing 
pressure drop in those compartments 
about 40%. As a result, the utility has 
purchased and installed horns in all bag
house compartments serving one boiler. 

Sonic horns have also been prelimi-

narily tested by EPRI at the Scholz pilot 
plant. Again, however, results at this site 
have been somewhat different from those 
of baghouses filtering low-sulfur coal. 
Specifically, while substantial pressure 
drop reductions are seen after sonic 
horns are activated, only about one-third 
of residual dustcakes are actually being 
removed. 

Overall, according to Carr, a number of 
critical questions remain to be resolved 
before sonic enhancement can be con
sidered as proved effective. These include 
determination of optimal sonic energy 
density requirements and acoustic fre
quencies, optimization of cleaning cycles 
and horn location, and assessment of the 
technology's long-term effectiveness with 
different types of fly ash. Each of these 
issues is now being addressed. 

In addition to efforts to improve the 
reverse-gas cleaning process, utility in
terest in alternative cleaning technologies 
is also increasing. Shake/ deflate cleaning 
looks especially promising. This method 
involves manipulating bags from the top 
so as to send a traveling wave down their 
length while they are being deflated. 

Interest in shake/ deflate cleaning cen
ters on the fact that baghouses using this 
technology tend to have residual dust 
cakes on the order of 20 lb (9 kg) (versus 
60-100 lb [27-45 kg] with reverse gas) 
and pressure drops about half those of 
reverse-gas-cleaned units. In the past, 
utilities have shied away from shake/ 
deflate cleaning because of concern it 
would accelerate bag wear over time. 
Today, however, it appears this need not 
necessarily be a concern inasmuch as 
shaker mechanisms have been improved 
and the unit's lower system pressure 
drops will mean cleaning is required less 
frequently. 

EPRI's activities to characterize and 
optimize shake/ deflate cleaning are be
ing increased substantially in line with 
the growing awareness of the advantages 
the technology could provide. This work 
will involve both pilot- and full-scale unit 
investigation. In application to date on 
two 360-MW boilers at Southwestern 



Public Service Co.'s Harrington station, 
shake/ deflate-cleaned baghouses have 
performed very well. 

"In our experience shake/deflate clean
ing can be done on fiber glass bags without 
undue failure," says Richard Chambers, 
supervisory engineer at Southwestern 
Public Service. "With the proper choice 
of fabric and an optimized cleaning cycle, 
the fabric filters at Harrington station are 
expected to give a 4.5-5-yr bag life. Bag 
replacement economics indicate that 
reverse-air bags will have to stay in ser
vice about twice as long as shake/ deflate 
bags to be economically competitive. 
Further, shaker maintenance on a prop
erly designed and well-maintained system 
is not the nightmare that some thought 
it would be." 

Fabrics and flow distribution 

The most critical element in fabric filter 
technology is the bag itself. Because the 
bag acts principally as a matrix on which 
the dustcake is formed and not as the pri-

mary filtering mechanism, it is chosen 
for its temperature and chemical resis
tance, its mechanical stability, and its 
ability to be woven to collect the desired 
dustcake and then permit that cake to be 
easily removed in cleaning. 

Although various fabrics are adaptable 
for this application, approximately 90% 
of all U.S. utility baghouses use fiber
glass. Fiberglass has the ability to func
tion at a higher temperature than the 
alternatives, it has good resistance to 
chemical attack when appropriately fin
ished, and it is inexpensive in compari
son with other high-temperature fabrics. 

For low-temperature applications 
(280° F [138° C] and below), or where gas 
cooling may be required upstream of the 
baghouse, acrylic is a potentially attrac
tive alternative to fiberglass at approxi
mately one-half the cost. However, acrylic 
bags are typically smaller than fiberglass 
bags, raising questions about mainte
nance and replacement requirements. 
Use of acrylics also raises concerns about 

dimensional stability and subsequent 
loss of bag tension, particularly at ele
vated temperatures in larger sizes. In ap
plication to date in Australia, acrylic bags 
have demonstrated good performance. 

Today, bag fabric research is being 
focused on two general goals: to improve 
performance and economics and to pro
mulgate standards and quality control 
guidelines. 

Investigation to improve fabric per
formance and economics is directed to
ward enhancing bag permeability, clean
ability, and durability, and it involves 
monitoring pressure drop, particulate 
matter penetration, and residual dustcake 
weight and release characteristics. Dif
ferent weaves and finishes for fiberglass 
fabric are also being investigated, as are 
alternative materials, such as ryton and 
felted glass, as well as acrylics. 

In terms of bag standardization, EPRI 
is now in the process of bringing together 
a utility advisory committee to develop 
standards and quality control guidelines 
for bag fabric, design, weave, finish (when 
applicable), and fabrication. In addition, 
a series of meetings are being planned 
with bag fabricators and processors to 
share the results of EPRI-sponsored re
search and survey data and to solicit ven
dor participation in the standardization 
development effort. Today, no product 
standard exists for the utility industry. 

Dust flow distribution to and through 
baghouses is a separate area of unit oper
ation also receiving research attention. 
In this effort, a great deal of data are now 
available to suggest that pressure drop 
losses from poor dust flow distribution 
can be easily avoided. In system duct
work leading to baghouses, for example, 
flue gas moves at rates of up to 60 ft/ s 
(18 m/s). Without proper fluid mechanic 
design, eddies and flow separation can 
result, increasing pressure drop and seg
regating dust particles by size among 
compartments, influencing the character 
of filter cakes in those regions. Flow dis
tribution can also be a problem inside 
baghouse compartments, but again, this 
can be resolved with proper design. 
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High-sulfur coal applications 

The vast majority of electric utilities in 
the eastern and midwestern United States 
burn high-sulfur eastern coal in their 
coal-fired generating plants. Electrostatic 
precipitators generally work well in col
lecting particulate matter in these appli
cations, but they do not offer the option 
of combined particulate-S0

2 
control; pre

cipitators are not as efficient as baghouses 
in collecting fine-particulate matter and 
may have difficulty meeting emission 
standards if new, more-stringent regula
tions are put into effect. 

For these reasons, utility interest in 
baghouses for high-sulfur coal applica
tions has increased appreciably in recent 
years. However, high-sulfur coals present 
new challenges to optimal baghouse op
eration. For example, they produce a dif
ferent filter cake on the bag, one with 
unknown cleaning and filter cake release 
characteristics. Also, they produce higher 
S02 and S03 flue gas concentrations than 
low-sulfur coals, and subsequently have 
higher acid dew points-levels at which 
acid in the flue gas will condense and 
form droplets that can corrode metal and 
perhaps damage bags. 

Filtering fly ash from 2.6-3.2% sulfur 
coals has been impressive at the Scholz 
test facility, indicating that utilities can 
consider installing commercial-scale bag
houses in high-sulfur applications. Re
moval efficiencies have been greater than 
99.9%, average pressure drop has been 
approximately 4 in (10 cm), and outlet 
opacity on the unit is extremely low
only 0.03% (2-4% opacity represents the 
threshold for a clear stack). 

The pilot baghouse at Scholz operates 
off slip streams from a 40-MW pulver
ized-coal-fired boiler. During testing, this 
boiler is deliberately operated in a cy
cling mode to observe below-dew point 
operation and variations in temperature 
and ash concentration in baghouse com
partments. Even under these off-design 
conditions, however, the baghouse has 
exhibited better than 99% availability. It 
has also undergone several shutdown
startup sequences, all without unit pre-
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heating to avoid acid dew points or the 
precoating of bags to protect against acid 
attack; the baghouse continues to operate 
at a relatively low pressure drop with no 
deleterious effects. Future tests at Scholz 
will include pilot plant operation in dif
ferent cleaning modes and at higher air
to-cloth ratios. Training sessions for EPRI 
member utilities, including hands-on op
eration of the unit, are being offered at 
this site. The participants may spend a few 
days or up to two weeks there, depending 
on interest. "The high-sulfur unit oper
ates as well as a low-sulfur baghouse," 
says Richard McRanie, manager of par
ticulate control and combustion research 
for Southern Co. Services. "We have had 
none of the anticipated problems in filter
ing fly ash from high-sulfur coals: corro
sion, bag deterioration, or bag blinding. 
In fact, our major challenge at this point 
is to figure out why it's working so well." 

Combined S0
2
-particulate collection 

Two technologies for combined S0
2
-par

ticulate collection are receiving extensive 
utility attention: spray drying, which is 
commercially available and in limited use 
by utilities, and injection of all-dry sor
bents, a technology now emerging for 
commercial application. Both offer sig
nificant cost-saving potential as replace
ments for wet-scrubbing equipment 
widely used in the utility industry for 
S0

2 
control. 

The most promising option is all-dry 
sorbent injection. Here a sodium-based 
reagent is pulverized and fed into the flue 
gas stream ahead of the baghouse and 
downstream of the air heater. This re
agent collects on the bags as part of the 
dustcake, removing S0

2 
as it attempts to 

pass through. Nahcolite reagent has re
ceived most attention in this application, 
but economics of mining nahcolite may 
hinder its availability. As a result, recent 
attention has focused on trona, a com
mercially available alternative that has 
shown promising test results. 

The technical feasibility of dry injec
tion in utility applications has been dem
onstrated by EPRI and Public Service Co. 

of Colorado on its 22-MW Cameo Unit 1. 
This testing confirmed the capability of 
70% S0

2 
removal (the present EPA New 

Source Performance Standard for low
sulfur coal) with the injection of nahco
lite and trona without detrimental impact 
on baghouse operation or performance. 
Significantly, results with trona were for 
material as received from the ground, and 
trona suppliers now believe that benefici
ation to remove impurities will greatly 
improve the reagent's S0

2 
collection effi

ciency. Better methods of injection will 
also appreciably improve trona's perfor
mance in this application. Given trona' s 
promise in combined S0

2
-particulate 

collection, suppliers are now undertaking 
R&D on their own to improve the char
acteristics of their product for the 
application. 

"If one were to look at the possibility 
of more-stringent future S0

2 
legislation 

for existing units, all-dry sorbent injec
tion using either nahcolite or trona is a 
viable alternative," asserts George Green, 
manager of government licensing and 
planning for Public Service. "All the 
studies we have done are site-specific, 
but I think that when you consider the 
merits of the process, how simple and 
reliable it is, you can't help but like it." 
Reflecting this attitude, Public Service re
cently committed to all-dry injection for 
S0

2 
control on a new 500-MW unit sched

uled to begin service in 1989. 
In contrast to all-dry injection, spray 

dryer operation involves spraying flue 
gas with an alkaline reagent in a slurry. In 
this process the S0

2 
is converted into a 

dry, solid product that can be filtered out 
with particulate matter in the baghouse. 
To build a data base on this technology, 
EPRI began operating a 2.5-MW spray 
dryer pilot plant at Arapahoe in February 
1982. Approximately 60% of this work is 
now complete, with test series having 
been run that used both once-through 
lime and recycled-lime reagents. 

Results show that recycled lime is the 
preferred mode of spray dryer opera
tion, with system collection efficiencies 
achieved at over 90%, four-fifths attribut-



able to the spray dryer and one-fifth at
tributable to the baghouse. Successful 
operation in the once-through lime mode 
appears to require careful optimization. 
Some corrosion problems thought to be 
related to insufficient insulation in the 
baghouse have been experienced, but 
these should be correctable with proper 
design. 

To assess the economics of combined 
S02 and particulate control, EPRI re
cently funded a study that compared 
commercial-size nahcolite and trona all-

dry injection systems with commercially 
available spray dryer systems. The anal
ysis was performed for a hypothetical 
power plant located in Kenosha, Wiscon
sin, which consisted of two 500-MW 
units burning 0.5% low-sulfur western 
coal. 

Results showed capital costs of trona 
and nahcolite dry injection systems at 
about $25/kW, compared with $115/kW 
for spray drying. On a levelized cost 
basis, trona injection was least expensive, 
followed by nahcolite injection and spray 
drying. However, these economics were 
found to be highly sensitive to the deliv
ered price of the sorbent, sulfur content 
of the coal, and S02 removal require
ment. Cost for waste disposal and the size 
of the generating plant were found to be 
important but less significant. 

Looking ahead 

According to Carr, the time required to 
achieve what appears to be stable opera
tion after an operating change in a bag
house is quite long, and the results of 
short-term tests must be carefully inter
preted. However, investigations to date 
have generally recognized this, and the 
conclusion can be confidently drawn that 
baghouses do represent an efficient, reli
able, and economic alternative for partic
ulate collection in a wide range of set
tings. "Baghouse efficiencies started out 
high and have stayed high," he comments, 
"so we haven't had to be too concerned 
about that. Instead, we've concentrated 
our attention on reliability, durability, 
economic operation, and expanded appli
cation. By and large, we've been quite 
successful. But a few poorly performing 
units do exist, and we need to better 
understand why. We know that mainte
nance procedures have to be improved, 
for example, and in one instance in Texas 
we have found a coal fly ash that is very 
difficult to filter with woven fiberglass. 
There, special research is required." 

Carr also says that there are a number 
of potentially exciting advanced options 
for baghouse design and operation. One 
of these is electrostatic augmentation of 

fabric filters, a technology that combines 
aspects of the electrostatic precipitation 
process with baghouses in an effort to 
reduce baghouse size and pressure drop. 
EPRI and EPA are devoting major re
search emphasis to this technology and 
have seen some very promising results in 
pilot-scale testing. In this work, results 
have shown the potential for significantly 
reducing pressure drop-up to SO% in 
some instances. Further pilot work will 
focus on optimizing this aspect of the 
technology, as well as on scaling it up to 
commercial sizes. 

Advanced options like electrostatic aug
mentation remain in the future, however. 
For the moment, the primary concern in 
Carr's mind is solving the problem of 
high-weight residual dustcakes in re
verse-gas-cleaned baghouses. Reducing 
these dustcakes would reduce pressure 
drops and therefore operating costs, 
allowing for higher design air-to-cloth 
ratios and lower capital costs. Any in
creased cost of operation as a result of 
higher air-to-cloth ratios, he feels, would 
be more than offset by the capital cost 
savings realized. Also, reduced dustcakes 
would mean reduced need for bag clean
ing, thereby reducing stress on bags and 
extending their service life. "Once we 
solve this dustcake problem," he says, 
"we will have taken a giant step toward 
optimizing the technology." • 

Further reading 

William Nesbit. · ·upsurge in Baghouse Development . " '  
EPRI Journal, Vol. 5, No. 9 (November 1 980), pp. 1 4-20. 
Kramer Station Fabric Filter Evaluation. Final report for 
RP1 1 30-1 . prepared by Meterology Research, Inc . ,  and 
Stearns-Roger, Inc. January 1 981 . EPRI CS-1 669. 
Proceedings: First Conference on Fabric Filter Technol
ogy for Coal-Fired Power Plants. February 1 982. EPRI 
CS-2238. 
Development of Guidelines for Optimum Baghouse Fluid 
Dynamic System Design. Final report for RP1 1 29-5, pre
pared by Dynatech R/ D Co. June 1 982. EPRI CS-2427. 
Proceedings: Second Conference on Fabric Filter Tech
nology for Coal-Fired Plants. Forthcoming. EPRI CS-3257. 

This article was written by William Nesbit, science writer. 
Technical background information was provided by 
Robert Carr. Coal Combustion Systems Division. 
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eludes eastern and central Canada. The 
western system covers all areas west of 
the Rockies and the adjacent Canadian 
provinces. A critical responsibility of 
each system operator is to preserve the 
security of his respective portion of this 
vast interdependent network. Power sys
tem contingencies, such as those caused 
by lightning, tornadoes, and the like, 
could threaten system security and occur 
at any time with unpredictable severity. 
When contingencies occur, operators 
must restore the power system to a secure 
condition and prevent further contin
gencies from developing; otherwise, key 
facilities can become overloaded and 
damaged. 

An important function in system oper
ation that touches all of us in daily life 
is the maintenance of constant network 
frequency. The U.S. power system oper
ates on a 60-Hz (cycles per second) 
frequency standard that affects the speed 
of all rotating electrical machinery; sig
nificant deviations from the standard 
over more than a few minutes could dam
age all sorts of equipment in many manu
facturing and industrial processes. 

Power system control, also known as 
power dispatch, is semiautomatic; so
phisticated computers handle many of 
the monitoring and calculating chores. 
They automatically fine-tune generating 
output to follow demand and allocate the 
most economic mix of baseload, cycling, 
and peak generating units. The energy 
management systems process tremendous 
volumes of data that keep the system op
erator informed of the status of hundreds 
of generation, transmission, and distribu
tion elements in the power network. 

Research focus 

Utility industry research to advance the 
fidelity and capabilities of computer mo
dels used in power system control is a 
major part of the work of the Power Sys
tems Planning and Operations Program 
in EPRI's Electrical Systems Division. 
EPRI-developed models include pro
grams for economic fuel allocation and 
use, as well as automatic generation con-
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trol. But increasing attention is being 
focused on the system operators them
selves. This elite corps of utility person
nel is, in the final analysis, responsible 
for running the nation's power systems, 
using whatever equipment and computer 
assistance is available. 

As with air traffic controllers, there is 
little margin for error on the part of power 
system operators, and the conditions un
der which they perform are sometimes 
less than ideal. Utilities are constantly 
seeking to improve the operators' knowl
edge of the system's status. The physical 
characteristics of the work environment 
may hamper critical decision making. 
The training by which operators are pre
pared to handle system contingencies re
quires constant improvement. 

With the aim of helping operators 
more effectively avert system outages and 
near-misses and preserve system secur
ity, several EPRI projects focus on achiev
ing a better understanding of the system 
operator's job and on the development of 
better tools and training. These include 
advanced systems for simulating power 
systems more realistically for training 
purposes, a detailed look at human factors 
design in control rooms, and new tech
niques for applying computers to augment 
the knowledge and experience of system 
operators. The importance of these re
search areas to improved system oper
ations becomes apparent on further 
examination of the operator's job and the 
implications of utility industry trends. 

The dispatch function 

Information is the system operator's 
stock in trade, but the type of information 
needed for making decisions varies ac
cording to the time domain of immediate 
activity, as well as the status of the power 
system. 

At the beginning of each shift, in what 
is called the pre dispatch domain, a system 
operator is occupied with short-term load 
forecasting, scheduling generation-unit 
output and reactive power levels, and 
planning power interchanges with neigh
boring utilities or operating pools, as well 

as maintenance activities that affect the 
availability of equipment. 

In the dispatch domain, the operator 
monitors and controls the energy man
agement system that adjusts generation 
capacity to meet demand and directs 
power interchanges and transmission 
line switching. Postdispatch activity con
sists of after-the-fact logging, accounting, 
and problem analysis of actions taken 
during dispatch. Results of the analyses 
are used to improve future operations. 
Such is the operator's normal work 
routine. 

When normal operating conditions do 
not prevail because power transfer limits 
are exceeded or because of some weather
related disturbance, a power system is 
said to be in a degraded state. This can 
range in degree of seriousness from only 
a warning condition to a system collapse. 
The operator must maneuver the system 
back to normal, carefully moving from 
one of the degraded states (warning, alert, 
major emergency, or collapse) to a con
dition in which all customer requirements 
are met and the system is operating in 
a secure, economic mode. 

Information processing 

Organizing the presentation of infor
mation to the system operator can pose 
a major challenge, given the volume of 
data received by the control center's 
energy management system. Until the 
last decade or so, the best available means 
of doing this were banks of strip chart 
recorders and large system mapboards 
representing the utility network of gen
erating plants, transmission corridors, 
switching equipment, and substations. 

But as power systems grew more com
plex, the inherent limitations of fixed, 
physical information displays within a 
finite physical space became apparent. 
The mapboards, sometimes the size of 
an entire two-story control center wall, 
came to dominate control room design. As 
the mapboards became bigger and more 
crowded, they were harder to read and 
more vulnerable to misinterpretation. 

An important recent development has 



been the advent of video, or cathode ray 
tube (CRT), display systems tied directly 
to the energy management system. CRT 
one-line diagrams and system overviews 
are used both to convey information to 
the operator and to permit more effective 
operation of the system via a computer 
keyboard. 

Time is the operator's most critical 
constraint, however, and it figures prom-

inently in all aspects of information dis
play and operator decision making. The 
time it takes for the millions of data 
points (readings of voltage or power flow) 
from thousands of plant and system 
sensors to be processed into useful in
formation, the time required to present 
the information to the operator, the time 
available to take control of corrective 
actions, and the time required for the 

Although many innovations in control room instrumentation have evolved in 
the decades between the time of the early photo, circa 1940, and the modern 
power system control center, the magnitude of responsibility of the person 
seated at the console has grown in much greater proportion. The use of 
on-line computer control systems has led to the elimination of manned 
substations, making the area under d irect control of the system operator 
much larger; whereas the operator in the historical photo probably controlled 
power supply to several cities or part of a state, today's system operator may 
be responsible for meeting the electric needs of a region containing as many 
as six states. 

energy management system to execute the 
action bear significantly on the operator's 
ability to maintain system stability, re
liability, and economy. 

In a typical control center, several 
thousand data points are read and trans
mitted to the control center every two to 
six seconds. Network power flows adjust 
to changes in generation or to switching 
operations instantly. But the time and 
information loop that links data, the 
computer, and the operator means that the 
effect of power flow changes are not seen 
by the operator as displayed information 
until from four to eight seconds after an 
actual change takes place. 

Two seconds is considered to be a cri
tical amount of time in human informa
tion processing. Delays longer than two 
seconds may disrupt the operator's 
short-term memory and impede problem 
solving. 

Growing complexity 

Electric power networks and the nature 
of the profession of those who control 
them are best described by one word: dy
namic. The concept of continuous change 
and the ever-present contingency relate 
not only to system stability and the time
information-decision loop but also to the 
broader technologic and organizational 
environments in which power systems 
are operated. 

Several trends in the utility industry's 
operating practices, the nation's use of 
energy, and the expanding role of infor
mation in our society will continue to 
challenge reliable, economic power sys
tem operations well into the future. 

New technologies for electric gen
eration, storage, and transmission promise 
a more diverse and complex options menu 
for system operators. Some technologies, 
such as solar and wind, are not dispatch
able in the conventional sense and may 
have to be integrated with storage sys
tems or used in conjunction with other 
technologies for optimal benefit. The 
extent to which independent generation 
units (wind parks, low-head hydro, in
dustrial cogeneration) come into use 
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will also have a direct impact on system neck may extend the period of interrup-
operation. 

For reasons of economy and reliability, 
power systems are growing increasingly 
interconnected; the North American Elec
tric Reliability Council reports that in 
1982 the nation's bulk power transmission 
network was being used closer to its limits 
than ever before. But although this trend 
has produced real gains for utilities in 
the form of economic energy transfers, it 
has also given rise to new concern that 
when a disturbance occurs on a part of 
the network, it may not be properly con
tained. Closely coupled power systems 
may be more susceptible to disturbances 
beyond their service territory. In some 
parts of the country, pool operating centers 
have been established to better coordinate 
bulk power flows among systems. 

The tremendous expansion in the 
information processing capabilities of 
sophisticated computers heralds new 
opportunities to reduce some of the un
certainties faced by operators. Computers 
promise to give utilities the ability to 
predict the effects on power demand of 
one of the strongest factors outside the 
control of a utility-the weather. Future 
control centers will likely incorporate 
advanced technology for monitoring, 
modeling, and forecasting local weather 
and other environmental impacts on sys
tems operation. 

Sometimes, however, information can 
be a double-edged sword, creating new 
problems in the course of solving the 
original problem. The development of 
advanced, automated energy manage
ment systems for power networks has 
permitted the consolidation and remote 
control of substation operations, giving 
fewer operators more responsibility for 
routine and restorative procedures that 
were formerly shared with substation 
operators. By replacing manual switching 
and the like with keyboard controls, 
computers have made the control room 
infinitely large, raising the possibility that 
an individual's limit for assimilating criti
cal information could be exceeded. In the 
context of a crisis, such a potential bottle-
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tion rather than shorten it. 
Thus, while computers are an extremely 

valuable tool for system operators, in
creased dependence on them points up 
the even greater importance of the re
flexes and limitations of the person seated 
at the CRT screen. 

EPRl's role 

Within this tapestry of issues relating to 
system operation and the diversity of 
utility systems and operating practices, 
where are EPRI's R&D resources woven 
into the picture and how can they be used 
to most broadly benefit the industry? 

In addition to numerous projects aimed 
at more-efficient dispatch of fuels and 
improving the fidelity of system models, 
the Power System Planning and Opera
tions Program has completed a major 
survey and analysis of human factors in 
the design of system control centers. Work 
will begin next year on development of 
capabilities to support an advanced digital 
computer- based power system simulator. 
And beyond that, EPRI is looking at ways 
that the emerging science of knowledge 
engineering can be applied to support 
operator decision making in contingency 
management. 

The human factors study completed in 
1982 involved a detailed survey of design 
practices in 13 electric power system con
trol centers. Generic information needs 
of operators were specified on the basis 
of interviews and observation. Human 
factor specialists looked at the methods 
and tools for organizing and displaying 
information to the operators, and recom
mended guidelines for improved design 
and practice. 

The contractor, Stagg Systems, Inc., and 
the subcontractor, Lockheed Missiles & 
Space Co., Inc., focused on the man
machine interface between operator and 
power system and the effects of inconsis
tent and delayed response times on oper
ator decision making. They identified a 
number of human-engineering deficien
cies common to a majority of the sites 
surveyed. 

NERC's ROLE 

IN SYSTEM OPERATIONS 

F
ormed by the U.S. and Canadian 
electric utility industries in 1968, 

the North American Electric Reliability 
Council promotes the reliability and 
adequacy of bulk electric power sup
ply through nine regional councils rep
resenting virtually all electric utility 
systems in the two countries. Through 
two principal committees, NERC pro
vides an industry forum and mecha
nism for coordination in the engineer
ing and interconnected operations of 
bulk power systems. 

The NERC Engineering Committee 
conducts seasonal assessments of U.S. 
and Canadian power system adequacy 
and reliability; it also develops specific 
regional reliability criteria, such as 
generation reserve adequacy, as well 
as model simulations of bulk power 
flow. 

NERC's Operating Committee de
velops guidelines essential to reliable 
operation of interconnected supply 
systems and monitors conformance 
through six subcommittees and work
ing groups. The guidelines relate to 
the development of automatic genera
tion control practices, procedures for 
scheduling power interchanges, and 
treatment of inadvertent accumula
tions of interchange power on the bulk 
transmission network. The Operat
ing Committee oversees periodic re
visions to NERC's Operating Manual 

that is used throughout the utility 
industry. D 



Six volumes of the final report of the 
human factors review have now been 
published. To avoid many of the pitfalls 
identified at other utility control centers, 
at least 20 utilities have already used 
these reports as control centers have been 
replaced or modernized. 

Training simulator 

Utilities have found that classroom and 
on-the-job training are inadequate to pre
pare operators to respond to the full range 
of system contingencies that can occur 
during major disturbances. Classroom 
training, centered on basic engineering 
principles, is difficult to transfer to 
on-the-job use, and it is impractical for 
operators to practice skills on actual oper
ating systems. 

If it can realistically portray the system 
on which the operator works, a computer
based power system simulator allows a 
trainee to obtain years of experience in a 
short time without jeopardizing customer 
service or damaging equipment. Proce
dures can be repeated as often as nec
essary; high operator confidence can be 
achieved if thorough training exposes the 
operator to potential real-world situations. 

The first simulator for training system 
operators was introduced five years ago. 
Although the stand-alone configuration, 
which simulated a generic hypothetical 
power system, had a relatively low user 
cost, poor voltage, frequency, and dy
namic models limited its usefulness. In 
response to utility industry demand, at 
least four energy management system 
vendors (Control Data Corp., Energy 
Systems Computer Applications, Inc., 
System Control, Inc., and Westinghouse 
Electric Corp.) now offer improved train
ing simulators. Despite the elimination of 
some of the weaknesses of the first simu
lator, however, the more recent simula
tors still have significant limitations in the 
fidelity with which they mimic actual sys
tems and the dynamic scenarios likely to 
confront operators. 

An upcoming EPRI research project 
will attempt to design and build an ad
vanced digital simulator capability with 

sufficiently accurate system models to 
provide realistic operator training. Ac
cording to Charles Frank, project man
ager, "There is a growing need for a sim
ulator capable of training operators for 
the full range of system conditions in an 
environment that most nearly duplicates 
the operator's work environment." Frank 
says the project will develop a general
purpose simulator capability that indi
vidual utilities can incorporate in their 
system control centers. "Users can then 
tailor the simulator to meet their specific 
training needs," he adds. The project 
schedule calls for the simulator effort to 
begin in 1984. 

The road ahead 

Looking at the future of power system 
operations, there is a revolution incubating 
in some of the nation's advanced computer 
development laboratories that could fun
damentally affect the way computers are 
used to assist and inform system operators. 
It is known as knowledge engineering, or 
expert interactive systems that not only 
can tell a user what is happening on a sys
tem in terms of information but also can 
suggest options for possible corrective 
measures when something goes wrong. 

Knowledge engineering is a subfield 
of artificial intelligence. Some pioneer 
artificial intelligence programs are already 
in use in such fields as mineral pros
pecting, in which years of learning and 
the judgment of a few true experts are 
abstracted and encoded into interactive 
software. This software can put the same 
expert knowledge at the fingertips of a 
less experienced, but properly trained, 
user in a widely transferable program. 

Artificial intelligence represents a 
radically new approach to computer pro
gramming and, by extension, to computer 
applications. In contrast to traditional 
computer programs, which function in a 
repetitive, sequential series of calculations, 
the next generation of computers may 
employ a heuristic, subjective, and random 
process that more closely resembles the 
way people reason and make decisions. 

The Power System Planning and Op-

erations Program took the first step in 
this fascinating area of human-computer 
synergism with the recent completion of 
a project by Case Western Reserve Uni
versity that assessed the feasibility of 
using associative memories for static 
security assessment of power system 
overloads. According to Robert Iveson, 
program manager, "The project demon
strated that a computer can be 'taught' 
to watch for situations in which contin
gencies could result in degraded system 
security and to provide direction on how 
to maneuver the system to an improved 
condition should the contingency occur." 
The technique was applied on a trial basis 
in a large power pool in conjunction with 
more traditional security monitors. 

The implications for power systems of 
this developing technology are enormous. 
Someday, perhaps within 5-10 years, 
computers will offer options, not just in
formation, to an operator in the face of 
any system contingency, suggesting pos
sible solutions and perhaps estimating 
the cost and probability of each one's 
success. The ultimate refinement may be 
the computer selecting the best option 
and performing the necessary switching 
to accomplish it. This tremendous po
tential to augment the system operator's 
knowledge base demands a constant eye 
on the future as developments unfold. • 
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R E s E A R C H A p p L C A T 0 N 

The Helium Approach to Leak Detection 

Locating a tiny leak in a 70,000-tube condenser can be like looking for 

a needle in a haystack. A faster, more sensitive method that uses 

helium as a tracer gas is now in service at over 100 utilities. 

E 
ven minute quantities of cooling 
water leaking into the steam side 
of the condensers in power plants 

may deposit corrosive salts in boilers, 
steam generators, and turbines. The diffi
culty is not in discovering whether leaks 
are present, nor in repairing them once 
they are found. Rather, the challenge to 
utilities is in pinpointing a leak among 
the 70,000 or so condenser tubes in a 
typical power plant. In 1978 EPRI's Nu
clear Power Division and Science Appli
cations, Inc. (SAI), adapted a detection 
method for condensers that uses helium 
and sensitive helium detectors to locate 
leaks. This work, along with a 1982 
follow-on study performed by NWT 
Corp. for the Steam Generator Owners 
Group (SGOG), produced a method that 
utility personnel have found to be faster 
and more sensitive than other methods. 

Most methods of condenser leak de
tection, including the one developed by 
the Nuclear Power Division and SGOG, 
take advantage of the fact that the pres-

sure in the condenser shell (the steam 
side of the condenser) is lower than that 
in the cooling-water tubes (the water 
side). In these methods the cooling water 
is valved off, and the tubes and water 
boxes are drained. Once this is done, 
the vacuum on the steam side pulls air 
through any tube leaks. Popular methods 
of determining which tubes are pulling 
in air include wrapping the tubes with 
plastic film or coating them with shaving 
cream or soap bubbles. Commercial plas
tic wrap, for example, puckers and wrin
kles over tube leaks. These and similar 
methods, however, are ineffective when 
it comes to very small leaks, especially 
tiny cracks in the tube-to-tubesheet weld. 

In studies and actual operations, the 
helium method has proved to be a hun
dred times more sensitive than soap 
bubbles and shaving cream, allowing 
detection of cooling-water leaks smaller 
than 0.0001 gal/ min (0.006 cm3 / s). The 
process is simple: release helium at one 
end of selected tubes, draw the helium 

through those tubes with an exhaust 
fan located at the other end, and, using a 
sensitive detection device, monitor the 
condenser air removal system outlet for 
traces of helium being sucked into the 
condenser shell through cracks in the 
tubes. 

Even before the SAI project took 
shape, tracer gases were being used to 
find air leaks around valves, drains, seals, 
and flanges. Because helium is widely 
used as a tracer gas by other industries, 
detection equipment, such as the mass 
spectrometer used for helium and other 
gases, already existed. SAI's achievement 
was to adapt the technique for use in the 
confines of the condenser water box. 
With this method, a detection team of 
two trained personnel starts at the top 
of the water box and works down, suc
cessively testing groups of 200-300 
tubes. The whole procedure can be car
ried out in two or three shifts. 

First, a plenum, or hood, is pressed 
against a 1 X 2-ft (0.3 X 0.6-m) portion 
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of the tubesheet. The plenum, sealed 
around its edge by a rubber gasket, con
fines the testing to this portion of the 
tubesheet. Helium from a 5-ft (1.5-m) 
tank is released through the plenum and 
down the tubes at the tubesheet. Another 
team member monitors the condenser 
offgas with a helium mass spectrometer. 
If helium is detected in the offgas, it 
means the tracer gas has been drawn 
from the water side of the condenser to 
the steam side through flaws in those 
tubes being tested. By repeating the test 
with successively smaller gas plenums, a 
team can localize the leak to a single tube, 
which can then be plugged. 

The monitoring device picks up the 
helium traces within 25-90 seconds. This 
time delay between release of the helium 
and detection can indicate with consider
able accuracy the location of the leak 
along the length of the tube. Generally, 
the farther the leak is from the tubesheet, 
the greater the time delay. 

One technical difficulty in using he
lium inside the water box was the lack 
of ventilation. The helium or other tracer 
gas tends to build up quickly in the 
water box area, thus making it difficult 
to limit the test to selected tubes. To 
reduce helium buildup, SAI designed its 
system so that the initial IS-second burst 
of helium was followed by a burst of 
nitrogen. The nitrogen pushes the helium 
through the tubes and purges them of 
excess helium at the same time. It was 
found that the condenser exhaust fans, 
attached to the water box at the end 
of the condenser opposite from the one 
where helium is released, could be used 
to draw the helium and nitrogen through 
the tubes and exhaust them to the outside 
area. 

To help utilities use this technique on 
a routine basis, SGOG hired NWT to 
survey utilities, identify improvements 
needed for easier use, and package a 
system for permanent installation at 
power plants. In support of this effort, 
EPRI's Nuclear Power Division con
tracted with Kinton, Inc., to produce two 
condenser tube leak job performance 
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aids (JPAs). These JPAs, validated with 
the SGOG-NWT prototype system at 
Pacific Gas and Electric Co.'s Moss Land
ing plant last year, give step-by-step 
procedures and guidelines that help util
ities apply the helium tracer gas tech
nique. The JPAs are available through 
EPRI. 

Over 100 utilities nationwide are suc
cessfully using helium to locate leaks in 
condensers, many on a routine basis. At 
the Indian Point Unit 3 in Buchanan, 
New York, where much of the original 
SAI work was done, the method is used 
for detecting both air and water leaks. 
James Gillen, an engineer at Indian Point-
3, says the helium method "is simple, 
easy, nontoxic, and very sensitive." 

The SGOG-NWT system was suc
cessfully applied to locate air leaks at 
Rancho Seco, where use of the prototype 
brought about a reduction in such leak
age to less than 5 m3 /h (3 ft3 /min). 
Robert LeBanc, engineer coordinator at 
Southern California Edison Co.'s San 
Onofre plant, also reports success with 
the system in finding small leaks that 
let in the brackish seawater used for 
plant cooling. 

As with many maintenance proce
dures, it is difficult to attribute exact sav
ings to the helium method, but LeBanc 
maintains that his plant saves about half 
a day of downtime by using helium as 
opposed to other methods. If each day 
the plant is out of service costs the utility 
$500,000 for replacement power, as is 
commonly estimated, helium detection 
may save as much as $250,000 every time 
it is used. But the real savings from the 
helium detection method are long term. 
By detecting tiny leaks other methods 
cannot, this technique can prevent costly 
corrosion that shortens the life of boilers, 
steam generators, and the plant as a 
whole. • 

This article was written by Carrie McKee. Technical back
ground information was provided by Michael Kolar and 
John Mundis, Nuclear Power Division, and Roland Coit , 
Coal Combustion Systems Division. 



WASH I NGTON REPORT 

DOE Issues Electricity 
Policy Project Report 

A new report on  the ut i l ity ind ustry 's ab i l ity to 
meet futu re electr ic power demand 

cu lm inates a year long ,  30-study look at the 
industry 's economic and reg u lato ry prob lems.  

E
nsuring reliable electric power sup
p lies at minimum cost through the 
end of the century will require the 

electric utility industry to build a sub
stantial amount of new electric power 
generating capacity. Yet the industry has 
little incentive to invest in new power 
plants now. These are among the central 
conclusions of DOE's Electricity Policy 
Project report, released on June 8 by 
Energy Secretary Donald Hodel. In his 
cover letter asking some 700 recipients to 
comment on the inch-thick report and its 
implications, Hodel said, "The conclu
sions in this report are intended to pro
vide a springboard for discussion and 
debate on the critical issues affecting 
electricity in this country." 

The project grew out of issues raised 
at a meeting of electric industry execu
tives chaired by Vice President George 
Bush on February 2, 1982, for the purpose 
of discussing nuclear power issues. The 
discussion quickly turned to broader 
topics: the high cost and long lead times 
associated with building economic new 
power plants and the overall financial 
condition of the industry. 

On May D, 1982, the Cabinet Council 
on the Environment and Natural Re-

sources chartered an interagency work
ing group to study the issues of capital 
formation and economic efficiency in 
the electric power industry. The group, 
chaired by DOE, was given a blank 
check to launch a major analysis of these 
issues. 

DOE ultimately filled in the check with 
$2.S million for 30 studies, most of which 
were prepared by private consultants. 
The DOE team was headed by J. Hunter 
Chiles III, former director of the Office 
of Policy, Planning, and Analysis, and 
J. Steven Herod, director of the Office of 
Electrical Systems Policy and Evaluation. 
DOE's analysts summarized the 30 stud
ies to produce their report entitled The 

Future of Electric Power in America: Economic 

Supply for Economic Growth. The summary 
report can be obtained from the U.S. 
Government Printing Office (GPO stock 
number 061-000-00607-9); the backup 
reports are available from the National 
Technical Information Service. 

Originally, the DOE project was to cul
minate in policy recommendations to 
enhance the electric utility industry's 
ability to meet future national power 
needs. DOE's strategy changed course, 
however, when Donald Hodel replaced 

James Edwards as energy secretary last 
December. Hodel declined to issue an in
ternal decision paper prepared by Chiles 
and his staff and presented to the Cabinet 
Council last November. "When I re
viewed the proposed recommendations, 
it too often seemed to me that they were 
suggesting additional layers of regula
tion be inserted into the process," Hodel 
told a group of energy economists on 
June 9. DOE project officials explained 
that "the prescriptive elements of the 
study were .premature. We would have 
had a hard time getting a consensus on 
our recommendations." 

The summary report, cleared of pre
scriptive content, now provides a com
prehensive analysis of electricity supply 
and demand trends, financial and regu
latory issues, and perceptions of key 
players in the U.S. electric utility indus
try. In its own words, it attempts to evalu
ate whether the electric power industry 
can be expected to provide adequate 
power at minimum cost over the foresee
able future. A second objective of the 
long-term project-to determine what 
remedies (if any) are appropriate for the 
federal government to pursue- will be 
dealt with in a subsequent volume. 
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Demand Trends 

Much of the report's credibility rests on 
its electricity demand projections. The 
report's 26-page executive summary was 
not issued separately because DOE ana
lysts wanted readers to understand ex
actly how they reached their conclusions 
regarding future electricity demand. 

The report projects that electricity de
mand is likely to increase by 2-4% annu
ally through the end of the century. In 
contrast, demand for oil and gas is likely 
to grow at a much slower pace or actually 
decline. Electricity demand should grow 
about as fast as the real level of gross 
national product (GNP) -about 3% an
nually in the midrange estimate. Al
though real electricity prices are expected 
to rise through the end of the century ( on 
a national average), the prices of com
peting fuels are expected to rise more 
rapidly. For this reason, electricity's share 
of the delivered energy market is ex
pected to increase steadily. It has already 
grown from 6.2% in 1960 to 12.2% in 
1980 and is expected to reach 18.2% in 
the year 2000. 

GNP growth was shown to be the most 
important determinant of electricity de
mand. The study shows that if GNP 
grows faster than 3% annually, electricity 
demand should increase at an even more 
rapid rate. Other factors affecting de
mand for electricity include the delivered 
prices of electricity and competing en
ergy forms, elasticities of demand for 
aggregate energy and competing energy 
forms, changes in income, and changes 
in technology. Conservation has played 
an important role in shaping demand 
trends. The report shows that the United 
States would have needed 120 more giga
watts of power-generating capacity than 
it has today if energy-conserving behav
ior had not been adopted following the 
1973 oil embargo. 

The DOE demand projection is based 
on the assumption that national economic 
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recovery will begin soon. Electricity de
mand, however, did not increase at all in 
the first half of 1983, in part because mild 
winter weather suppressed residential 
heating demand. DOE analysts expect 
electricity demand to begin growing with 
GNP in the near future. 

Electric Power Supply 

If the economy does recover and expand, 
the nation will need more electric power. 
If electric power demand grows by 3% 
annually, the nation will need 438 GW of 
new generating capability by 2000. This 
midrange estimate of end-of-the-century 
supply requirements would necessitate 
a 57% increase in the amount of capacity 
that was in place in 1981. About 75% of 
this future requirement will be due to 
increased demand, while 15% will be 
needed to replace retired and deteriorat
ing power plants. The remaining 10% 
should be added to displace high-cost 
fuels. Included in the total future capacity 
requirement is a reserve margin of 20%, 
which is considered necessary for reli
able service. 

"Current utility plans for new electric 
supply do not include all the new supply 
that is needed to maintain reliable ser
vice through the end of the century, " the 
DOE report states. "Unless utilities ex
pand supply beyond current plans, sup
ply will become inadequate to serve de
mand by 1997 if demand grows slowly, 
by 1993 if demand grows moderately, 
and by 1990 if demand grows fast." Elec
tric service could become unreliable even 
sooner in specific regions, such as New 
York, New England, Florida, and Cali
fornia, which already lack sufficient eco
nomic generating capacity. 

DOE points out that many utilities 
have slowed or abandoned the construc
tion of power plants intended to replace 
uneconomic oil- and gas-burning facil
ities. During 1980-1981 there were about 
200 such delays or cancellations. DOE 

estimates that if about half of those power 
plants could be built or completed on 
time, consumers would save $20 billion 
(in net present value, 1982 $) through the 
end of the century. 

The report predicts that many utilities, 
unable to obtain capital to build eco
nomic new coal-fired and nuclear power 
plants, will continue to rely on oil- and 
gas-fired generating capacity. Utilities in 
such areas as California and the North
east may increase imports of Canadian
generated power. These imports may re
duce near-term electricity costs but could 
increase long-term costs by displacing 
new domestic generation facilities. "Fail
ure to pursue economic investments in 
new supply will have a substantial ad
verse impact on electric prices, " claims 
the report, "while, at the same time, in
creasing oil import levels and serving as 
a damper on economic growth. Annual 
electric bills could be as much as $18 
billion higher by 2000 if utilities pursue 
supply strategies intended only to mini
mize their capital expenditures." 

Decentralized power generation alter
natives, such as solar- and wind-powered 
devices, are expected to enjoy substantial 
market growth through the end of the 
century. , This growth, however, is not 
expected to make a significant dent in 
utilities' end-of-the-century capacity re
quirements. Although costs of renewable 
energy systems continue to decline, DOE 
does not expect adoption of these sys
tems to spread beyond affluent or geo
graphically isolated users until after 1990. 

Regulators' Role 

What can be done to permit and convince 
utilities to make the substantial capital 
expenditures to meet increasing demand? 
Without making specific recommenda
tions, DOE points a finger at the regula
tory system. "By holding returns on util
ity investments below returns on other 
investments of comparable risk, rate regu-



lation has made it difficult for many util
ities to finance new construction through 
the sale of stocks and bonds and thus has 
restricted the construction of new power 
plants in much of the nation," the report 
notes. "Although utility managers may 
perceive the need to make additional in
vestments, it would be imprudent of them 
to make those investments if they do not 
believe that the regulatory process will 
permit them to earn adequate and timely 
returns." 

To provide 438 GW of new capacity 
by the end of the century, the industry 
will have to invest about a trillion dollars 
(in constant 1982 $ with a 5% rate of infla
tion). Such an investment would be about 
six times its total current asset base. Will 
the industry be able to raise such a tre
mendous amount of capital? Not if cur
rent regulatory trends continue, the DOE 
report implies. The report analyzes the 
genesis and persistence of the attrition 
problem, which is the root of the indus
try's financial weakness. During the 
1960s, when electricity rates were con
stant or declining, utilities were earning 
returns substantially higher than those 
authorized by public utility commissions 
(PUCs). Since the upward cost spiral be
gan in the early 1970s, however, the in
dustry has been earning returns lower 
than those authorized by PUCs. Cash 
earnings have fallen at an even faster 
rate. The incentives to overinvest, which 
existed 20 years ago, have been replaced 
by incentives to underinvest. Yet a large 
segment of the public continues to be
lieve that the utility industry will over
build in order to maximize profits if rates 
are raised. 

The industry's deteriorating financial 
condition has been reflected by key fi
nancial indexes, such as eroding bond 
ratings and declining market-to-book 
ratios of utility stocks. Although the in
dustry received more than $8 billion in 
base rate relief in 1981 and some other 

financial improvements have occurred, 
DOE's analysts believe that disincentives 
to make necessary investments persist. 
"The recent improvement in utility fi
nancial indicators is at least in part at
tributable to the reductions in construc
tion plans that have been prevalent over 
the past few years," they point out. "The 
excess capacity, which has existed since 
1974, has inadvertently created a grace 
period for the industry. However, even 
with modest levels of projected demand 
growth, this grace period is coming to an 
end." 

Even if utilities could raise capital for 
large-scale expansion, could the nation 
afford such a drain on total investment 
resources? "These future capital require
ments will not require the industry to 
claim a larger fraction of gross domestic 
private investment than it has histori
cally," DOE responds. 

What can be done about the basic 
problem of attrition? The National Gov
ernors' Association recommended that 
Congress pass legislation to allow states 
to enter voluntarily into regional power 
planning and/ or regional regulation. Be
fore leaving DOE for a private sector 
position in May, Chiles sought DOE's 
support for this proposal on the condition 
that it replaced state regulation, noting 
that it might move regulators to consider 
long-term and regional consequences of 
their actions. 

Public Perceptions 

In the absence of near-term regulatory 
reform, however, regulators will continue 
to be affected by political pressures. To 
the extent that their actions reflect public 
attitudes, this situation does not bode 
well for the industry. According to a pub
lic attitude survey, the American people 
"take for granted that electricity will 
be available when they want it and are 
primarily concerned with the price of 
electricity and the size of their bills. Most 

Americans think that future electric sup
ply will be adequate without significant 
new plant construction. If they think new 
plants are needed, they also tend to 
believe that utilities can readily obtain 
the necessary capital to build new plants." 

Public confidence in both utilities and 
PUCs has eroded during the last 10 years, 
according to the study, as prices have 
increased. At the same time, Americans 
have come to feel less threatened by 
OPEC and have become divided on nu
clear energy issues. Utility managers are 
feeling the difficulty of balancing the 
increasingly divergent interests of con
sumers and investors, while regulators 
must adjudicate disputes among different 
classes of consumers and even between 
today's and tomorrow's ratepayers. 

"In this contentious regulatory environ
ment, assurance of sufficient long-term 
electric supplies and improvements in 
economic efficiency have become issues 
that are subordinated to near-term issues 
of price and equity-who pays what part 
of today's increasing cost," conclude the 
DOE analysts. "If this situation contin
ues, the inevitable result is likely to be a 
less reliable, higher-cost electric system." 

Recognizing the healthy diversity of 
perspectives , on utility-related issues, 
DOE is throwing its analysis into the 
political arena. The analysts will wait
perhaps for a political consensus to form, 
perhaps for their economic projections to 
be realized, perhaps for the situation to 
become more critical as the industry's 
reserve capacity erodes. In the meantime, 
they plan to sift through letters com
menting on their analysis and gear up 
for Volume 2. • 

This article was written by Leslie A. Braunstein ,  a con
sultant specializing in energy issues. 
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AT THE I NSTITUTE 

EPRI Improves 
Technical Report System 

Summary documents and a new d istr i but ion data 
base w i l l  a l low better targeti ng for EPR I  

techn ical reports, wh i le protect ing readers from 
paper overload . 

A 
ccording to R. L. Rudman, direc
tor, Information Services Group, 
in recent months EPRI has initi

ated major changes in the way it distrib
utes technical reports. The reason for the 
changes-which take effect this month
is to ensure that research results can be 
easily accessed by anyone in an EPRI 
member utility. 

"Since the summer of 1982 we have 
been working with selected member util
ities to analyze how EPRI can be more 
effective in getting information to them," 
Rudman explained. "Many utilities have 
expressed concern about the volume of 
paper being generated by EPRI. At the 
same time we were urged to find a way 
to target information from EPRI so that it 
matches the professional interests of 
each recipient more closely, allowing 
readers to exercise greater control over 
what they receive." 

In June Technical Interest Profile forms 
were sent to all member utilities that 
have been receiving technical reports or 
summaries. The forms asked recipients 
to choose from a list of research cate-
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gories, creating an individual Technical 
Interest Profile for each reader. A new 
distribution data base has been created 
from these profiles. 

Under the new system the availability 
of each new EPRI technical report will 
be announced by a concise, one-page Re
port Summary distributed according to 
member profiles in the new data base. 
This summary provides a synopsis of the 
research undertaken, including back
ground, objective, and results, and offers 
an EPRI perspective on contractor work. 
The summary also highlights the in
tended audience for the report. 

In some instances, readers will find the 
new summaries give them all the infor
mation they need about a particular re
search project. Others will want to read 
the entire report, which they can easily 
obtain from their company's Technical 
Information Coordinator or library or 
from EPRI's Research Reports Center. 
"Individual profiles may be changed by a 
utility at any time if experience indicates 
that a revision is desirable," Rudman 
added. 

All member utilities have been en
couraged to participate in the new Report 
Summary program. Member utilities that 
have been receiving EPRI technical re
ports or summaries should have already 
received their profile forms. Interested 
members who have not received profiles 
or who would like additional information 
may contact the EPRI Technical Infor
mation Division, (415) 855-2411. Those 
who receive the profiles are asked to re
turn them as soon as possible, so that the 
data base can be up-to-date. 

Summaries will also be available on a 
charge basis to non-EPRI members. In
formation on this is also available from 
the Technical Information Division. 

New Software 
Policies and Procedures 

With the development of an increasing 
number of EPRI software packages and a 
greatly increased distribution of existing 
software, EPRI has been working to 
streamline procedures and software 
standards. The purpose has been two-



fold: to distribute high-quality software 
and to give EPRI members easy access 
to these products. 

Over the past year an Institutewide 
committee analyzed EPRI software issues 
and made recommendations to senior 
management. With the adoption of these 
recommendations, an internal document, 
"EPRI Computer Code Development and 
Distribution Principles and Policies," was 
prepared. Available to EPRI members 
through Walter Esselman, director of 
engineering assessment and analysis, this 
document covers all phases of a software 
project: definition, development, demon
stration, distribution, and maintenance. 

"EPRI software will be categorized as 
either production or research codes," 
Esselman explains. A production code is 
one that has been developed for general 
distribution through the Electric Power 
Software Center (EPSC) and will be sup
ported by EPRI through the software's 
lifetime. 

A research code is defined as one that 
was designed to test or prove R&D con
cepts. "Because of a research code's lim
ited usefulness," Esselman continues, "its 
distribution will be strictly controlled, re
quiring the consent of the project mana
ger for each request. These codes will not 
be distributed by EPSC and will not re
ceive the maintenance support given to 
production codes." EPRI project mana
gers and their division management per
sonnel will designate the appropriate 
category for their software. 

In response to requests from EPRI 
members, a master license has been pre
pared to save EPRI member utilities time 
and reduce the paperwork required to 
order EPRI-developed software. Once a 
master license has been signed, a member 
utility no longer has to sign a separate 
licensing agreement for each software 
package it orders. These requests are pro
cessed through EPSC. 

An expanded EPSC is working with 

the EPRI technical divisions and the Tech
nical Information Division to provide 
efficient service for EPRI software users. 
The center processes most licenses, dis
tributes software packages, receives error 
reports, responds to inquiries, assists 
with installation instructions, and pro
vides reports on these activities to the 
divisions. 

The Electric Power Service Bureau 
(EPSB), a new activity, provides machine 
access to EPRI software, with member 
utilities receiving a discounted computer 
rate. According to Esselman, the handling 
of software has been experiencing "grow
ing pains" at a time when EPRI's software 
development and distribution needs have 
mushroomed. Member utilities are an in
tegral part of the process-expressing 
their needs, participating in demonstra
tions of software, joining users groups, 
and attending workshops and seminars. 

"It has been suggested that each mem
ber utility designate a liaison for EPRI 
software. This could help our efforts to 
streamline procedures, provide a better 
channel of communication, improve ser
vice, and increase efficiency," Esselman 
explains. The liaison would provide infor
mation within the utility on EPRI codes 
and on procedures available through 
EPSC and/ or EPSB. These liaisons would 
inform EPRI of utility needs and expe
riences in this area. • 

Performance 
Monitoring for World 's 
Largest Wind Turbine 

Earlier this year EPRI signed a memoran
dum of intent to monitor and evaluate 
the prototype operation of the world's 
largest multimegawatt wind turbine gen
erator. General Electric Co. will build the 
7.3-MW prototype wind turbine- the 
MOD-SA-in Kahuku on the windy 
north shore of Oahu, Hawaii, where it 
is expected to produce enough electricity 

to meet the needs of more than 4200 
homes. 

Hawaiian Electric Co. (Heco) will pur
chase the wind turbine system from Gen
eral Electric for $14.2 million and will 
be responsible for its normal operation 
and maintenance. General Electric will 
provide operational support for a five
year period. The U.S. Department of En
ergy and the National Aeronautics and 
Space Administration are sponsoring 
General Electric's design and develop
ment efforts for the MOD-SA, the bene
fits of which will be applied to the Heco 
project. 

EPRI will be involved in the project's 
operational planning, field qualification, 
and ongoing performance evaluation. 
The Institute plans to collect, evaluate, 
and share all program data with the elec
tric utility industry. As John Cummings, 
director of EPRI's Renewable Resources 
Systems Department, explains, "We'll 
provide an independent, utility-oriented 
perspective in reviews and performance 
evaluations and will serve as a central 
information source for the industry." 

The MOD-SA is a scale-up from pres
ent technology and represents the newest 
generation of wind turbines developed 
under the fede_rally sponsored Wind En
ergy Program. According to General 
Electric, a number of innovative features 
have been incorporated in the final de
sign of the MOD-SA, leading to im
proved economics and performance ca
pability. The unit will begin producing 
at 14 mph wind speed, and power output 
rises to a maximum of 7.3 MW at 32 mph. 
High-speed cut-out is at 60 mph. 

Installation will begin in May 1984 and 
the first rotation and synchronization 
with the Heco utility grid is scheduled 
for May 1985. When fully operational, 
the unit's 400-ft-long (122-m) rotor is 
expected to capture enough wind power 
to generate more than 30 million kWh/yr 
at the Kahuku site. • 
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Zebroski 
Returns to EPRI 

Edwin L. Zebroski, former director of 
EPRI's Nuclear Safety Analysis Center 
(NSAC), returned to the Institute this 
month after two years on loan to the 
Institute of Nuclear Power Operations 
(INPO) in Atlanta. He has been named 
as the chief nuclear scientist in the Energy 
Study Center under Chauncey Starr, vice 
chairman of EPRI and director of the 
center. 

During his two years with INPO, 
Zebroski served as a vice president and 
chief scientist. He was director of NSAC 
from its founding in April 1979 until 
1981 and was director of the Nuclear 
Systems and Materials Department in 
EPRI's Nuclear Power Division from 
1974 to 1979. 

Zebroski, who has been involved in the 
field of nuclear energy since the World 
War II days of the Manhattan Project, 
came to EPRI after a 27-year career with 
General Electric Co., where he made 
many contributions to the technology. 

A native of Chicago, Zebroski earned a 
BS in physics and chemistry at the Uni
versity of Chicago and a PhD in physical 
chemistry at the University of California 
at Berkeley. He has written or been co
author of about 140 technical publica
tions, is a member and fellow of several 
professional societies, including the pres
tigious National Academy of Engineer
ing, and is on the Board of Directors of 
the American Nuclear Society. • 
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CALENDAR 

For additional i nformation on the EPRl
sponsored/cosponsored meetings l isted 
below, please contact the person ind icated. 

SEPTEMBER 

20-22 
Workshop: Heat Rate Improvement 
St. Louis,  Missouri 
Contact: Anthony Armor ( 41 5) 855-2961 

21-23 
Human Factors for Assessing and 
Enhancing Power Plant Maintainability 
San Mateo, California 
Contact: Howard Parris ( 41 5) 855-2776 

27-28 
Power Plant Reliability 
and Availability Analyses 
New York, New York 
Contact: Jerome Weiss ( 41 5) 855-2495 

27-29 
PWR Radiation Control 
Palo Alto, Californ ia 
Contact: Howard Ocken ( 41 5) 855-2055 

OCTOBER 

1 1-13 
Value of Service Reliability to Consumers 
St. Louis,  Missouri 
Contact: Ronald Wyzga (41 5) 855-2577 

1 2-1 4 
Seminar: Fuel Supply 
New Orleans, Louisiana 
Contact: Colleen Hyams ( 41 5) 855-2620 

1 7-21 
Seminar: Fault Tree and Event Tree Analysis 
Dallas, Texas 
Contact: David Worledge (41 5) 855-2342 

1 9-21 
Workshop: Generator Monitoring 
and Surveillance 
Dallas, Texas 
Contact: Dharmendra Sharma 
(41 5) 855-2302 

26-27 
Meeting: 1 3th Semiannual ARMP Users Group 
Palo Alto , California 
Contact: Walter Eich ( 41 5) 855-2090 

31 
Seminar: FGD Chemistry and 
Analytic Methods 
New Orleans, Louisiana 
Contact: Dorothy Stewart ( 41 5) 855-2609 

31-Nov. 1 
Seminar: Cogeneration Modeling 
Atlanta, Georgia 
Contact: David Hu (41 5) 855-2420 

NOVEMBER 

1-4 
Symposium: Flue Gas Desulfurization 
New Orleans, Louisiana 
Contact: Tom Morasky ( 41 5) 855-2468 

2-3 
3d Annual Contractors' Conference on 
Coal Gasification 
Palo Alto, Californ ia 
Contact: George Quentin ( 41 5) 855-2524 

2-4 
Two-Shift Cycling of Fossil Plants 
Chicago, I l l inois 
Contact: Frank Wong (41 5) 855-8969 

1 0-1 1 
5th Annual EPRI NDE Information Meeting 
Palo Alto, California 
Contact: Soung-Nan Liu (41 5) 855-2480 

13-1 6 
1 983 National Fuel Cell Seminar 
Lake Buena Vista, Florida 
Contact: Edward G i l l is ( 41 5) 855-2542 

DECEMBER 

6-8 
Seminar: PCB 
Atlanta, Georgia 
Contact: Gi lbert Addis  ( 41 5) 855-2286 



R&D Status Report 
ADVANCED POWER SYSTEMS DIVISION 
Dwain Spencer, Director 

LIQUID-PHASE METHANOL SYNTHESIS 

Exploratory research on the liquid-phase 
methanol process with a liquid-ebullated 
catalyst bed reactor system was conducted 
at Chem Systems, Inc. (CS/), with EPRI fund
ing (RP31 7-1 and -2). The results of this ef
fort were reported in the July/ August 1981  
issue of the EPR/  Journal. I t  was concluded 
that the limited continuous laboratory pro
cess development unit (POU) test results 
raised some questions concerning the feasi
bility of liquid-phase methanol synthesis and 
that further demonstration of the process 
concept was required. Exploratory work at 
CS/ proceeded, without EPRI funding, to fur
ther assess the feasibility of a process vari
ant known as the liquid-entrained slurry 
reactor system. This effort was privately 
funded by Air Products and Chemicals, Inc. 
(APCI) and Fluor Corp. Based on the prom
ising results, APCI entered into an agree
ment with DOE to conduct a 3%-year project 
to demonstrate the technical feasibility of 
both variants of the liquid-phase methanol 
process. EPRI then joined with APC/, DOE, 
and Fluor to fund the project (RP31 7-3). 

The liquid-phase methanol synthesis pro
cess uses an inert circulating liquid having a 
high boiling  point to remove heat and control 
the temperature of the highly exothermic 
methanol synthesis reactions: 

CO + 2H2 � CH30H (1 ) 
�H1 = -21 .7 kcal ( - 90.8 kJ) 

CO2 + 3H
2 

� CH
3
0H + H

2
0 (2) 

�H
2 

= - 1 1 . 8 kcal ( - 49.9 kJ) 

Unlike the commercially available Imperial 
Chemical Industries (/Cl) and Lurgi pro
cesses, the liquid-phase methanol synthesis 
is being developed to process a coal-derived 
synthesis gas rich in CO without additional 
shift conversion .  The ability to process such 
gases derives from using the circu lating liq-

uid for heat removal rather than recycling 
cooled unconverted effluent gas. 

The jointly funded research improves the 
prospects for technical success because it 
provides the financial support required to 
prove the technical feasibility of the concept, 
and it broadens the technical expertise of 
the project team by adding the know-how 
of a major producer of chemicals (inc luding 
methanol) and of a major engineering and 
construction company. The joint project in
corporates three major interrelated tasks. 

o Design and installation of a liquid-phase 
methanol POU at LaPorte, Texas 

o A supporting laboratory research program 

o Process demonstration by operation of 
the POU 

The PDU at LaPorte 
The APCI plant in LaPorte, Texas, is an ideal 
site for the POU because it can provide the 
POU operation with relatively large amounts 
of synthesis gas (CO + H2), various utilities, 
and maintenance facilities .  DOE-owned 
equipment from an analogous POU that pro
duced methane was assigned to the project 
for incorporation into the new POU at 
LaPorte. Prior to relocating the POU to a 
vendor's shop in Texas for inspection and 
renovation, APCI conducted a safety exami
nation and process engineering design re
view of the existing POU equipment at its 
original location in Chicago, Illinois. Based 
on these findings, APCI developed detailed 
plans and specifications for the repair, modi
fication ,  and installation of the POU. 

The demonstration of the liquid-phase 
methanol process was planned with two 
reactor systems: a liquid-ebullated catalyst 
bed and an entrained slurry catalyst. A uni
fied design concept, which will provide the 
capability of operating in both modes with 
a single reactor system, was proposed for 

the POU. A simplified process flow diagram 
is shown in Figure 1 .  

The liquid-fluidized methanol synthesis 
reactor is an extension of the ebul lated 
catalyst bed reactor concept that is being 
commercially used in the H-Oil process and 
was successful ly tested in the H-Coal pro
cess. From this work, it is known that a prop
erly designed distributor tray is essential and 
that the ebullating pump, which is designed 
for slurry service, recycles liquid to the re
actor without filtration. At EPR/'s request, 
the following design modifications have 
been considered. 

o Installation of a properly designed distrib
utor tray in the modified reactor inlet plenum 

o Allowance for the proper free board above 
the catalyst bed 

o Removal of the filters from the discharge 
line of the slu rry pumps so that catalyst fines 
can recirculate to the reactor 

Catalyst fines wil l  leave the reactor system 
only by entrainment with the vapor gas mix
ture leaving the high-pressure separator. 
This will also apply to the entrained s lurry 
operation mode. 

To help in the design of the liquid-ebullated 
reactor, APCI requested Hydrocarbon Re
search, Inc .  (HRl)-the original developer of 
ebullated-bed technology-to conduct cold
flow studies with a sample of United Catalyst, 
l nc.'s catalyst (developed under RP1 656) to 
determine the fluidization characteristics 
and the attrition resistance of the catalyst 
in both fresh and reduced forms. Based on 
these results, HR! is providing the design 
for the distributor tray, the inlet plenum 
chamber, and the required freeboard above 
the catalyst bed. 

Because the catalyst is sensitive to poi
soning by iron carbonyls, EPRI requested 
that the metallurgy of the liquid-phase meth
anol POU be reviewed to assess the u n.it 's 

EPRI JOURNAL September 1983 37 



ADVANCED POWER SYSTEMS DIVISION R&D STATUS REPORT 

Figure 1 Simplified process flow diagram for the PDU at LaPorte, Texas. The feed gas is compressed, preheated, and passed through a guard chamber designed to 
remove iron carbonyls. The feed gas then enters the reactor, where it reacts in the presence of a catalyst suspended in a mineral oil. The reactor effluent enters the 
hot vapor-liquid separator. The liquid phase, composed of mineral oil containing suspended catalyst particles, is taken by the slurry pump and is recycled back to the 
reactor through the heat exchanger, where the slurry is cooled to remove the heat of reaction. The vapor phase is cooled in two stages to separate the entrained 
mineral oil and to condense the reaction product. The unreacted gas, separated in the cold separator, is partially recycled to the reactor. 
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abil ity to operate in an atmosphere of 
high CO partial pressure without the forma
tion of metal carbonyls. The review con
cluded that some of the equipment, p ip ing ,  
and fitt ing requ i re a metal l u rgy upgrade. For 
the reactor itself, internal cladding with cop
per was recommended. I n  addit ion ,  the need 
for a guard bed was confirmed to protect 
against contamination by iron carbonyl , 
which wi l l  l i kely be formed in the makeup 
and recycle gas compressor 

EPRI has also expressed concerns re
garding the adequacy of the catalyst tem
perature control in the reactor system pro
posed for the LaPorte POU and suggested 
two alternative reactor systems for evalua-
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tion .  APCI and CSI have not shared EPRI 
concerns with respect to potential problems 
with temperatu re control. As a result, they 
have recommended the deletion of a plan 
to test a tube bundle insert in the existing 
s lurry reactor, although such an insert has 
been successful ly used to control the tem
perature in the Kolbe! s lu rry reactor for 
Fischer-Tropsch synthesis. 

The construction work at LaPorte is on 
schedule and the POU operation is expected 
to begin by the end of this year. 

Laboratory research 

Laboratory research is being conducted 
simultaneously with ,  and in support of, the 

design, installation ,  and operation of the 
POU at LaPorte . The R&O is being performed 
both at APCI and at CSI (as subcontractor 
to APCI). 

To facil itate the R&O, additional laboratory 
equipment was purchased for both APCI 
and CSI , including a gas-phase screening 
reactor system and a stirred autoclave reac
tor for APCI and a supplemental skid for the 
existing laboratory POU at CSI. The supple
mental skid contains the new reaction equip
ment required for the slurry operation.  The 
construction and i n itial shakedown test of 
the additional equipment were completed 
earlier, and the new laboratory equ ipment 
is now in  operation at both APCI and CSI .  



The APCI R&O effort inc ludes the follow
ing tasks. 

o Preparation of h ighly active catalyst sam
ples specifically designed to work efficiently 
in  gas/ l iquid /sol id systems 

o Laboratory screening and testing of the 
new catalyst samples in  a stirred autoclave 

o Reactor scale-up and hydrodynamics 

o Miscellaneous experimental support 

The CSI R&O effort incorporates the follow
ing tasks. 

o Laboratory screening and testing of com
mercial ly available s lurry catalysts in a stirred 
autoclave 

o Testing and optimizing the in situ catalyst 
reduction techniques 

o Process demonstration in the continuous 
laboratory POU with the catalyst charge pre
pared for the LaPorte operation 

Work on preparation of new catalyst sam
ples is proceeding at APCI .  As they become 
avai lable, the new samples are tested in both 
the gas-phase reactor and the stirred-slu rry 
autoclave. A total of 23 new catalyst for
mulations wi l l  be p repared and tested. The 
catalyst preparations are selected from the 
following three g roups: supported m ixed 
oxides, unsupported mixed oxides, and 
Raney al loys. Thus far, no breakthrough has 
been reported in the effort to find a substitute 
for the Cu0-Zn0-Al203-based catalyst, 
which is commercially used in low-pressure 
gas-phase methanol synthesis. 

A review of the hydrodynamic data on 
three-phase reactors and their appl icabi l ity 
to the l iquid-phase methanol reactor design 
and scale-up was completed. The review 
was based on data and correlations taken 
from the l iterature and the cold-flow studies 
conducted at APCI on the 5- and 1 2-inch
diameter (1 27-mm and 305-mm) columns 
for the SRC-1 and Fischer-Tropsch pro
cesses. In addition, experiments were con-

ADVANCED POWER SYSTEMS DIVISION l�&D STATUS REPORT 

ducted in a stirred autoclave made of plexi
glas, using an air-water-sand system to 
measure the volumetric gas- l iqu id mass 
transfer coefficient (kLa). 11 was concluded 
that additional cold-flow hydrodynamic 
studies at ambient conditions are not l ikely 
to yield useful data beyond those available 
in  the literature. It was therefore recom
mended that gas holdup and gas-l iquid mass 
transfer coefficients be measured in the CSI 
laboratory POU and in  the LaPorte POU at 
process conditions (pressure and tempera
ture) with Freezene-1 00 oi l .  A plan is also 
being formed to measure the volumetric gas
l iqu id mass transfer coefficients in the stirred 
autoclave reactors at process conditions, 
using the real f luid media. Th is effort wil l 
provide better values for the gas- l iqu id mass 
transfer coefficients and Henry's law con
stants, which wi l l  be used in  data analysis 
and reactor model ing. Progress was also 
made in  the effort to develop reactor models 
for a continuously stirred tank reactor with 
steady flow of gas through a batch s lurry 
phase and a dispersed-flow tubular reactor 
with concurrent upflow of s lu rry and gas. 

Significant work is also being performed 
in  the miscellaneous experimental support 
task. Various materials are being evaluated 
to determine their effectiveness in removing 
i ron carbonyl. The experimental results wi l l  
provide a basis for selecting the material 
to be placed in the LaPorte guard bed .  

Early in  1 982 CSI  conducted a l iqu id
fluid ized operation in  the laboratory POU, 
using one of the catalyst samples prepared 
by United Catalysts for EPRI and a 25% CO 
feed gas. Although the catalyst activity 
maintenance and the catalyst loss by attri
tion were markedly improved compared with 
the earl ier results, the performance was sti l l  
not fu l ly  satisfactory. I t  was also determined 
that this particular catalyst batch was not 
properly calcined. Two additional laboratory 
POU operations are scheduled for the third 
quarter of 1 983 with two catalyst samples 
from Un ited Catalysts that were properly 

finished (calcined), with modified reactor in
ternals and no filters in the l iqu id recycle 
l ines. The tests wi l l  be conducted in the l iq
uid-fluidized mode with a high-CO feed gas. 

Other experiments were conducted in a 
stirred autoclave with a commercially avail
able powder catalyst and a high-CO feed 
gas at two system pressures: 1 500 psig 
(10.3 MPa) and 500 psig (3.4 MPa). The 
objective of these experiments was to deter
mine the catalyst activity, selectivity, and 
l ife projection when operating with high-CO 
gas and a s lurry catalyst. Activated-carbon 
guard beds were employed to prevent cata
lyst poisoning by removing i ron carbonyl 
that was present in the feed gas because of 
prior formation at high CO partial pressure 
Although a rapid catalyst deactivation was 
observed from the start of a 1 500-psig run ,  
the performance of the 500-psig run was en
couraging for over 900 hours of operation.  
Subsequently, the catalyst in  the 500-psig 
run also lost its activity rapidly. The rapid 
loss of catalyst activity presumably ind icates 
a sudden catalyst poisoning by an agent that 
was absent earl ier in the run .  A comprehen
sive laboratory test program has been un
dertaken by APCI to determine the under
lying cause of the rapid catalyst activity loss 
that was experienced. The ongoing labora
tory tests are searching for known catalyst 
poisons (e .g . ,  chlorine, su lfur) in the feed 
gas, in fresh and circulating oi l ,  and in fresh, 
used, and deactivated catalyst samples. The 
tests will also look for changes in the catalyst 
composition and physical properties. X-ray 
d iffraction wi l l  be used to determine whether 
the copper in  the catalyst was recrystall ized 
during the operation. 

EPRI is hopeful that the ongoing labora
tory tests will clarify the nature of the diffi
culties experienced in the slu rry autoclave 
tests with high-CO gas. The knowledge 
gained will also be helpful in the plann ing 
and execution of the laboratory POU ex
periments scheduled for later i n  the year. 
Project Manager: Nandor Hertz 
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R&D Status Report 
COAL COMBUSTION SYSTEMS DIVISION 
Kurt Yeager, Director 

INTEGRATED 
ENVIRONMENTAL CONTROL 
Stringent environmental regulations for coal
fired power plants have escalated the costs 
of environmental controls to as much as 40% 
of total plant investment and 20% of operat
ing costs for new units. The complexity of en
vironmental controls for flue gas emissions, 
liquid and solid wastes, and heat and waste
water management not only contributes to 
high operating costs but adversely affects 
power plant availability. The high costs and 
complexity of environmental controls are 
compounded when the design approach pri
marily considers the steam generator and 
turbine as an integral unit and treats emission 
control and waste management as indepen
dent subsystems. In an attempt to reduce 
environmental control complexity and simplify 
operating procedures, utility industry en
gineers have increasingly pursued a design 
approach that fully considers interactions of 
environmental control components with one 
another and with the boiler /turbine. This 
systems perspective of power plant design 
can lead to an integration of environmental 
control functions and maximize plant com
patibility with fuel and site characteristics. 
EPRI has initiated integrated environmental 
control (/EC) research to develop, promote, 
and improve the systems engineering ap
proach to plant design. 

The objective of the divisionwide I EC effort 
is to min imize environmental control system 
cost without compromising performance or 
avai labil ity. This research is expected to pro
duce engineering guidel ines for the selection 
and design of emission control and man
agement systems that are most compatible 
with constraints imposed by site and fuel 
characteristics and the requi rements of 
other emission controls. 
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Design studies 
Development of a strategy for integrated 
design began in July 1 982 by Stearns-Roger 
Engineering Corp. (RP1 609-1 ) .  The strategy 
is intended to gu ide the design process 
to systematically consider all potential 
interactions between components of the 
environmental control system, between the 
environmental control system and the boi ler/ 
turbine, and between site-specific and fuel
specific factors. In simplest form the strategy 
is an identification of the issues to be con
sidered during the design process, the order 
of that consideration, and mi lestones for ma
jor design decisions. Decisions of first-order 
importance in eight technical discipl i nes 
are identified early in the design process 
so the most sign ificant interactions can 
be accounted for without a complete pre
l iminary design . If successfu l ,  the strategy 
wi l l  prevent design decisions in any one con
trol discip l ine (e .g . ,  heat rejection or solid 
waste) from being made without consid
ering their influence on other controls. 
The basic elements of the strategy have been 
assembled and are being appl ied to 12 hypo
thetical coal-fired power plants with un ique 
site and fuel  characteristics that span a broad 
range within the U.S. uti l ity industry. 

In addition to the environmental control 
discip l ines considered in the strategy (S02 , 
heat rejection, NOx, particulate, water and 
wastewater management, solid wastes), site 
selection and fuel selection can be expl icitly 
treated as control techniques by considering 
different combinations of site and fuel. As 
the user progresses through the strategy, 
the potential environmental control config
urations are reduced to a smal l ,  manageable 
number for consideration in  prel iminary 
engineering studies. 

As an example, at a hypothetical north
eastern site, application of the strategy to a 

medium-sulfur coal identified 9 viable IEC 
configurations to be considered for p rel im
inary engineering; 1 3  were identified for a 
Gulf Coast site with a Texas l ign ite; 1 6  for 
a southwestern site with a Utah coal , Engi
neering screening studies for these and other 
sites are under way to estimate levelized 
costs, which , in combination with a techni
cal  evaluation, wi l l  identify the most promis
ing candidates for f inal design .  

Once a particular I EC configuration has 
been selected, integration between individual 
emission control components can be pur
sued to simi larly reduce complexity and cost. 
Some integration concepts combine two 
control functions into one (e .g . , spray d ryer 
and fabric filter, combining control of S02 and 
particulate, or fixation of scrubber waste with 
fly ash and l ime), while others consolidate 
operatin g  requ i rements (using wastewater 
from one component as makeup for another). 
Some concepts are straightforward in appli
cation ,  do not risk fai l u re to achieve perfor
mance or avai labil ity goals, and thus can be 
currently applied. Others are novel and un
proven ,  and although they offer the potential 
for more-significant savings, they present 
risks to achieving performance or avai labi l ity 
goals. Under RP1 609-2, Black & Veatch 
Consulting Engineers have estimated sav
ings attributable to conventional (low-risk) 
integration concepts applied to a south
western plant for a range of fuel properties, 
S02 removal, and wet scrubber makeup 
water alkal i n ity. Figu re 1 shows the influence 
on levelized costs of the environmental con
trol system (l imestone scrubber, part iculate 
control, waste disposal, and management 
of heat and wastewater) for designs pro
duced from three approaches. 

o Separate disposal of ash and scrubber 
waste; fresh scrubber makeup water 



Figure 1 Comparison of environmental control cost 
sensitivity to raw water alkalinity for two coal sulfur 
levels (fabric filter, solid curves; electrostatic precipi
tator, dashed curves). Costs are shown for a conven
tional approach (black), integrated-partial wastewater 
reuse (gray), and integrated-full wastewater reuse 
(color). A liquid absorption potential factor (LAPF) 
can be used to describe changes in the available 
alkalinity in scrubbing liquor for SO, removal. The 
LAPF is defined in terms of the molal concentrations 
of the following species according to the relationship: 
LAPF = 2 · [Mg++] + [Na+] - [Cl-] . As LAPF be
comes more positive, SO, removal is improved; as it 
becomes more negative, SO, removal is inhibited. 
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o Codisposal of ash and scrubber waste; 
partial wastewater reuse 

o Codisposal of ash and scrubber waste; 
maximum wastewater reuse 

The results show savings in level ized cost 
for two coal sulfur levels and scrubber makeup 
water alkal in ity. Level ized cost savings are 
g reatest for h igh-sulfur coal and the most 
alkal ine water - by as much as 1 5 %  of total 
environmental control costs. The resu lts 
are specific for the southwestern locat ion ;  
savings from wastewater reuse ( reduction in 
evaporative ponding requirements) for power 
plants complying with zero water discharge 
regulations would be h igher in locations 
other than the Southwest, where evaporation 
can provide a sign ificant s ink for water. 

Pilot plant tests 

A sign ificant portion of the IEC effort is 
dedicated to provid ing experience with in
tegrat ion concepts through pi lot p lant tests. 
Integration concepts such as wastewater 

" 

uti l izat ion, codisposal of waste products, 
and combined SO,-part icu late control (with 
conventional wet scrubbers or spray dryers 
and electrostatic precipitators or fabric f i l 
ters) are being studied at the Arapahoe Test 
Fac i l i ty. These tests are being conducted by 
Brown & Caldwell at the 2 . 5-MW (e) IEC 
pi lot plant (RP1 646-4). The results wi l l  per
mit the inf luence of envi ronmental controls 
applied to one med ium (e. g . ,  f lue gas SO, 
removal) to be i nterpreted in terms of other 
media (e . g . ,  wastewater qual ity) and heat 
rate factors (e.g. , acid dew point, auxi l iary 
power requi rements) . The interrelat ionships 
among media wi l l  be evaluated for different 
wastewater ut i l ization schemes ( cool i ng  
tower blowdown as wet scrubber, mist e l im i
nator, and spray dryer makeup), various 
combinations of flue gas temperature, SO, 
and particu late concentration, and stringency 
of environmental contro l .  Requi rements for 
acceptable turndown and transient condi
t ions (such as load swings or startups) 
and recommendations for operation/ main
tenance wil l be documented. The results w i l l  
provide guidel ines for  applying cost-saving 
integration concepts without risk to meet ing 
performance goals or avai labi l i ty. 

A fabric f i lter-wet l imestone scrubber 
combinat ion (referred to as IEC Configu
rat ion No. 1 )  is cu rrently being tested with 
several s imulated composit ions of cool ing 
tower blowdown for scrubber makeup, ·and 
different inlet SO, concentration and removal. 
Engineeri ng properties of the solid wastes 
(fly ash, scrubber wastes, with various l ime 
additives) are being determined for waste 
disposal requ i rements. Characteristic of th is 
configuration are the relatively low levels of 
f ly ash in the gypsum by-product, which ,  
depending on the design and operation of 
the water management system, could pro
vide a by-product low in impurit ies. Flue gas 
part iculate removal i s  relatively independent 
of ash properties, but pressure drop is  rela
tively high (compared with that for electro
stat ic precipitation) . One i ntegration concept 
being studied is  the i nf luence of low flue gas 
temperature (as generated from waste heat 
recovery systems) on wet scrubber SO, re
moval , dewatering plant requ i rements, and 
waste product characteristics affecting dis
posal. An actual waste heat recovery system 
is not used at Arapahoe, but the inf luence on 
flue gas temperature is s imu lated through 
selection of a i r  heater f lue gas exit tempera
tures. A test apparatus that s imulates a re
generative waste heat recovery system is  
being evaluated to determine materials of 
construction and cleaning requ i rements 
through pilot-scale test ing at the Scholz 
plant of Georgia Power Co. (RP1 881 ) .Sc rub-

berf lue gas i n let temperature was decreased 
from 250 to 1 75 ° F (1 20 to 80 ° C). Prel imi
nary analysis of the results ind icates a de
crease i n  l imestone s lu rry temperature from 
1 03 to 97 ° F (39 to 36 ° C) and increased 
total dissolved sol ids over basel i ne  levels by 
40% -with calc ium, dissolved su lfate, and 
s i l ica the constituents most affected, and 
chlor ine and magnesium unchanged. Analy
sis of crystal growth and sol ids dewatering 
properties is in progress. Further tests wi l l  
study h igher l imestone s lu rry temperatures. 

The IEC projects are being coord inated 
with projects in Air Quality Contro l ;  Desul
fu rization Processes; and Heat, Waste, and 
Water Management programs of the Environ
mental Control Systems Department. Se
lected projects pertain ing to coal qual i ty and 
fan design within the Fossil Fue l  Power 
Plants Department also re late to IEC work. 
The results produce gu idel ines for i nte
grated plant design ,  which wi l l  propose a 
general design strategy, report experience 
with i ntegration concepts at the IEC pi lot 
plant and industrywide, and evaluate such 
concepts in terms of cost savings and avail
abi l ity. These guidel i nes wi l l  be developed 
with assistance from the steer ing commit
tees, consist ing of representatives of ut i l ity 
companies and architect-engineering firms. 
Although of g reatest benefit for new plants, 
the guidel i nes wil l be applicable on retrofit 
designs to improve thermal or environmental 
performance or to ease operat ing requ i re
ments. A pre l iminary volume wi l l  be issued 
late in 1 984. Project Manager: J. Edward 
Cichanowicz 

POWER PLANT 
PERFORMANCE MONITORING 

Faced with lower-than-expected load growth 
and higher-than-traditional interest rates, 
utilities have deferred new generating units 
in recent years. As a result, existing units will 
be expected to operate longer and without 
deterioration of efficiency or reliability With 
rising fuel costs and new incentives from the 
public utility commissions, improved. heat 
rate has become a primary focus for utilities. 
A remarkably large margin separates the 
most efficient plants ( �9000 Btu/ kWh) from 
the least efficient (> 13,000 Btu /kWh). In 
fact, in a recent EPRI survey (RP1403-3), 
a potential average improvement of 400 
Btu/ kWh was thought to be achievable by 
the surveyed utilities themselves. However, 
because of the lack of reliable instruments 
to measure performance accurately, many 
power stations still find it a difficult task to 
maintain maximum efficiency and availability 
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Conversely, those stations that traditionally 
achieve the best heat rate-such as Belews 
Creek and Marshall (Duke Power Co.), Bull 
Run (Tennessee Valley Authority), and Amos 
(American Electric Power Co. , lnc.)-have 
adopted in-plant procedures for continuous 
monitoring of component heat rate. Programs 
to improve instruments and diagnostics will 
allow utilities to monitor plant component 
performance and determine when deteri
orating or less-than-optimal operating con
ditions are occurring. Performance monitor
ing leads to corrective actions and thereby 
improves unit heat rate and availability. 

EPRI has undertaken a major effort to develop 
advanced computer-based instrumentation 
systems and algorithms for plant performance 
monitoring and analysis. Specific goals are 
to improve un it heat rate, un it avai labi l ity, 
and economic system dispatch .  Detailed 
analysis of plant performance can be used 
by plant engineers, operat ing personnel ,  
and staff in the power supply group and 
system control center. At least 1 % in plant 
effic iency can be gained. 

EPRl's Coal Combustion Systems Division 
(RP1 681 ) and Electrical Systems Division 
(RP21 53) are jointly sponsoring the research .  
(See the  R&D Status Report of t he  Electrical 
Systems Division in this issue for a descrip
tion of the research from a systems view
point.) Potomac Electric Power Co. (Pepco) 
wi l l  be the host uti l ity and prime contractor 
and its Morgantown Unit 2 ,  a coal-fired 575-
MW un it ,  will be the demonstrat ion site for al l  
new developments and i nnovations. 

RP1 681 , which began i n  October 1 982, 
wi l l  proceed i n  two stages. The first phase 
will use current or soon-to-be-avai lable 
i nstrumentation to continuously monitor 
and analyze plant performance in such 
fundamental operat ing areas as excess air, 
environmental control and boiler and tu rbi ne 
cycles. These areas al l  show potential for 
short-run improvement. A second phase wi l l  
extend the system developed under Phase 1 
to incl ude advanced devices and operati ng 
procedures to further ref ine the performance 
monitoring scope and accuracy. This stage 
wil l  emphasize such issues as instantaneous 
coal flow and Btu measurement, the effects 
of coal grind  size on boiler performance, 
and tube wastage mechanisms. Phase 2 wi l l  
thus require a more substantial R&D effort 
and wi l l  be completed in the late 1 980s . 

Boiler performance monitoring 

Plant operation  at off-des ign condit ions can 
severely penalize heat rate. Table 1 shows 
some of the typical plant operat ing param
eters that can adversely affect the heat 
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Table 1 
EFFECTS OF KEY PLANT PARAMETERS ON HEAT RATE 

Penalty on H eat Rate 
Plant Parameter I ncremental Change (Btu/kWh) 

Main steam temperature - 1 0 ° F ( - 6 ° C) + 1 0 

Main steam pressure - 1 O psig ( - 69 kPa) + 3  

Reheat temperature - 1 0 ° F ( - 6 ° C) + 1 0 

Back pressure + 1 in Hg ( + 3.4 kPa) + 200 

Excess 0
2 + 1 % + 30 

Flue gas temperature + 1 0° F ( + 6 ° C) + 36 

rate when they are not at the optimal point. 
Such off-design conditions may be ind icative 
of the tendency to compensate for inadequate 
and unrel iable instrumentation by operat ing 
with a h igher-than-necessary safety marg in .  
With proper implementation o f  state-of-the 
art instrumentation, operators can be gu ided 
to run their plants more efficiently and with 
greater confidence. 

Many boi ler operat ing parameters affect 
the energy input side of the heat rate equation.  
For example,  reductions i n  excess ai r and in 
exit-gas temperature lower the f lue gas flow 
rate, thereby reducing stack loss and min i 
mizing fan power. The thermodynamic and 
cost trade-offs among these parameters are 
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Figure 2 The effect of variations in boiler operating 
parameters (exit-gas temperature and excess 
oxygen) on heat rate. An efficient plant should 
nominally operate at 3-4% excess oxygen and at 
an exit-gas temperature of 250-260° F (1 21-1 27° C). 

often not well defined. F igure 2 i l l ustrates 
the general relationships among excess oxy
gen, exit-gas temperature, and heat rate . 
Of course many other conside rations, such 
as boiler slagg ing and unburned carbon, 
determine optimal levels of excess air and 
exit-gas temperature. 

o When the oxygen level decreases to a 
given point, the amounts of unbu rned car
bon monoxide increase d ramatical ly, rais
ing the potential for increased part icu late 
emissions, explosions, and f i res. 

o A reduction in excess air may i ncrease 
the rate of slag bui ldup and tube wastage in 
the furnace. 

o The level of excess air may inf luence cor
rosion and foul ing in the superheater and 
reheater zones. 

o A reduced airflow rate lowers the veloc
ity of gases near the boi ler  tubes, lead ing to 
poorer convection heat transfer and per
haps lower steam temperature. The result 
can be reduced turbine cycle eff iciency. 

o The lower the exit-gas temperature, the 
greater the potential for corrosion from acid 
dew-point condensation in the boiler back
end equipment and ductwork. 

Accurate instrumentation is critical for 
achieving and maintain ing operation of the 
plant at the optimal level. EPRI wi l l  examine 
three main areas for instrumentation in the 
boi ler :  fu rnace monitoring ,  back-end moni
toring ,  and advanced coal and combustion 
measurement devices (Table 2) .  

Turbine cycle monitoring 
The turbine generator affects the energy 
output side of heat rate improvement. An 
improvement of 1 % in turbine effi ciency can 
i mprove the heat rate by about 80 Btu / kWh. 



Table 2 
INSTRUMENTATION FOR 

PERFORMANCE MONITORING STUDY 

Furnace 

Flue gas stratification 

Unburned carbon (excess air) 

Primary and secondary airflow 

Waterwall tube wastage and slagging 

Superheater / re heater tube wastage and fouling 

Flame and superheater /reheater temperature 

Gas in flame zone 

Wall heat flux 

Back End 

S0
3 

concentration (extractive or continuous) 

Acid dew point 

Corrosion 

Stack loss (flow and temperature)'' 

Advanced Measurement 

Instantaneous coal flow and Btu value 

Burner fuel-air ratios 

Carbon loss (carbon content in fly ash) 

'�Measurements of the Btu content of stack gas leaving the power 
plant ls an alternative to measuring coal f!ow and Btu input rate 
into the boiler. 

In many cases, utilities can aim simply to 
min imize losses caused by off-design condi
tions, as well as improve ful l -load turbine 
efficiency. In fact, the turbine-feedwater 
heater cycle is one place that offers oppor
tunities for considerable overall improve
ment. The study wi l l  adopt or develop 
performance calculation routines for cycle 
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analysis. These algorithms, processed by 
computer systems, wi l l  allow continuous 
analysis of the turbine-feedwater cycle (as 
well as the boiler) and guide utility personnel  
in achieving optimal p lant heat rate. On- l ine 
monitoring of turbine performance is also 
useful in achieving real-time economic 
system dispatch.  

One of the i mportant factors i n  assessing 
turbine performance is the position of the 
control valves, which in turn can provide 
information for developing loading strat�gy. 
Currently, it is difficult to determine if a 
turbin e  is operating at optimal valve points 
for a given MW loading.  Thus, one of the 
tasks of this research will be to develop a 
way to determine the control valve positions. 
This can be done either physically or infer
entially (by measuring the pressure ratio 
across the valves or, alternatively, across 
the valves and the turbine first stage). 

Upgrading i nstrumentation systems wi l l  be 
another focus of the EPRI work. Pepco is 
taking the following steps to increase the 
rel iabi l ity of turbine output measurements. 

o Improvement in turbine performance mea
surements based on the EPRl-sponsored 
simplified ASME turbine test procedu re.  

o I mprovements in measuring turbine ex
haust pressure, a key parameter in maintain
ing heat rate, as shown i n  Table 1 .  

o Design of an instrumentation system to 
aid i n-place calibration of pressure and tem
perature sensors. Higher-accuracy dead
weight gages and platinum resistance tem
perature detectors will be necessary to 
improve the absolute accuracy of the system 
and to ensure long-term repeatability. 

o Development of a fu l ly three-phase, solid
state , high-accuracy, high-resolution watt
hour metering system. 

o Determination of major packing leakage 
from the high-pressure turbine first stage 

into the i ntermediate-pressure tu rbine .  This 
measurement has a sign ificant impact on 
h igh-pressure turbine work (MW), interme
diate-pressure turbine in let enthalpy mix 
calculation, and the resulting intermediate
pressure turbine efficiency calculation. 

The high cost and complexity of the ful l  
ASME test of turbine  performance have long 
discouraged utilities from undertaking such 
tests. The PTC-6 test code committee has 
now approved an alternative, simplified 
ASME procedure that is less costly without 
sacrificing accuracy. EPRI has successful ly 
demonstrated this alternative testing at 
Laramie River Unit 3 of Basin Electric Power 
Cooperative with results comparable to 
those of the ful l ASME test (RP1 878). An 
accuracy of ± 0.37% was obtained.  The cur
rent research will assess the value of the 
new procedure in periodic or conti nuous 
turbine performance monitoring. 

Auxiliary systems 

RP1 681 wi l l  also investigate the potential for 
u pgrading instrumentation for monitoring 
auxiliary equipment. For example, efficient 
operation of the condenser requires moni
toring back-end pressure conditions and 
heat transfer characteristics. I n  addition ,  
performance analysis in conjunction with 
the boiler turbine cycle is required. Other 
auxil iary parameters i nclude measurement 
of fan and pump efficiencies, major motor 
power consumption, a ir  heater temperature 
transients, and particu late emission of pre
cipitators (optimized for min imum power 
consumption). 

The overall goal of this project is to de
velop an advanced instrumentatio n  system 
that coordinates new devices and techniques 
for power plant performance monitoring and 
measurement. This integrated system is ex
pected to improve overall plant efficiency by 
1 -2%. Project Manager: Frank K. L. Wong 
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DISTRIBUTION 

Oilless transformer 
Distribution transformers i n  common use to
day use oi l as an insulant and as a heat 
transfer medium. This design has given good 
service for many years. During this time, its 
characteristics have been optimized in re
gard to cost, overload capabi l it ies, losses, 
and so on. It has long been recognized, how
ever, that oi l - insulated distribution transform
ers are subject to destructive fai l u re when 
arcing occurs under the oi l .  This arc ing can 
cause a rapid r ise in pressure from the de
composition of the oi l .  The rapid rise in  pres
sure can blow off the transformer cover and 
bushings or can rupture the tank. Measures 
to material ly reduce or e l iminate these de
structive fai l u res have not been entirely suc
cessfu l .  This research project (RP1 1 43) is an 
attempt to address the problems by el iminat
ing the oil and hence the source of the rapid 
pressure rise .  The design goals are to pro
duce an oi l less distribution transformer 
whose cost, size, and performance charac
teristics are as close as possible to the oi l
f i l led designs but which would not be subject 
to destructive failu res. 

To develop an oi l less distribution trans
former, alternative methods of electrical 
insu lation and heat transfer must be found .  
Responding to a typical daily cycle of  power 
requirements, the transformer's hot spot 
temperature was estimated to cycle from 
1 80 ° C to 300 ° C, with possible overload 
peaks to 400 ° C. These temperatures are 
greatly in  excess of any acceptable l imits for 
organic insu lation; therefore, inorganic ma
terials and designs, as well as processes to 
effectively use these materials, are being 
developed. The most promising winding de
sign uses pancake coils (Figu re 1 ) .  The most 
promising tu rn-to-turn insulation systems 
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use glass tapes and f i lms in combination 
with inorganic paints and g lass frits. The 
most promising barr ier plate and core tube 
insu lation systems use fused si l ica, porce
lain ,  and mica. 

To date, about 40 transformers have been 
built to explore various designs and mate
rials. The most successful of these are being 
continuously load-cycled. One transformer 
has completed over 300 load cycles and is 

Core tube 

Center line 

Low-voltage barrier 

Secondary coil 

• High-voltage barrier 

• Primary coil 

Figure 1 Pancake coil transformer winding config
uration showing layered strip conductors, in contrast 
to the conventional concentrically wound sheet and 
wire conductors for distribution transformers. 

sti l l  under test. Dielectric testing and short
circuit test ing are also under way but are not 
as far advanced. 

The ult imate goal of this project is to pro
duce transformers of the 25-kVA, 1 5-kV class 
to be assigned for field test on four separate 
utility systems. It is expected that these field 
trial un its will be available in mid 1 984. Proj
ect Manager: Joseph Porter 

New preservatives 
for wood pole treatment 

In 1 979 EPRI in itiated a project with the 
Institute of Wood Research at Michigan 
Technological Un iversity to develop im
proved materials and processes for treating 
new poles (RP1528). This  research for al
ternative wood preservatives has ranged 
from basic studies of the mechanisms of 
decay, through biological control tech
n iques, to the development of new biocide 
formulas to prevent decay. Improved and 
extended control of decay over present 
methods and materials is  the major goal .  

Studies of mechanisms of decay investi
gated both the biochemical and the chemi
cal fungal biodeterioration pathways. The 
chemical processes involved in common 
decay were ful ly characterized, and it was 
shown that a chemical oxidation process 
takes place through the action of an iron 
salt-hydrogen peroxide system,  with short
chain carboxylic acids being essential to the 
reaction .  Although certain selected chemi
cals were subsequently shown to inhibit 
such decay, the remain ing degradation that 
occurred was indicative of a biochemical 
mode of attack i n  paral le l  with the chemical 
mode. The rapid breakdown of wood struc
ture by the wood fungi may be caused by 
the rapid biochemical diffusion away from 
the fungus. In  other decay fungi that act 
more slowly, the biochemicals remain closely 



associated with the fungus. 
Studies in the development of biological 

control techniques for use in wood preserva
tion involved both fungal and termite control. 
Six bacterial species isolated from aged, 
sound, untreated wood were found to be 
highly active against decay fungi. Five of 
these were identified as exhibiting fungal 
inh ibition by metabolite production,  whi le 
the sixth showed a direct fungal breakdown 
action through biochemical attack. These 
bacteria are now undergoing field trials for 
the remedial treatment of internal decay in 
standing poles. Extensive studies of sub
terranean termite behavior patterns and re
sponses to external physical and biological 
agents have shown that biological control 
of termites is feasible. Application of the 
antagonistic fungi appears most attractive 
through a bait block technique where in the 
antagonistic fungi are spread through the 
termite colony by the termite social behavior 
pattern of grooming, which allows a slow
acting toxin to spreacj widely. Field trials 
using this bait block techn ique are now 
under way. 

A large part of the project has centered 
on the development of new chemical control 
agents for the protection of wood products, 
especially new poles. One approach taken 
was to chemically modify the wood structure 
to make it inaccessible to fungal biochemical 
deterioration .  This approach was found to 
be unsuitable for protection of wood in 
ground contact, but the dimethylol com
pounds evaluated were found to impart h igh 
dimensional stability to wood and are cur
rently being evaluated in the field for the 
stabilization of wood panel products used i n  
exposed situations. 

The development and testing of biocides 
has produced several new preservative sys
tems that exhibit excellent control of decay 
fungi and termites. The chemicals and/or 
combinations that have the greatest poten
tial include both organic and organometallic 
formulas. These are cu rrently undergoing 
extensive field testing, as well as evaluation 
for commercialization through treatment 
procedures and evaluation of environmental 
impact of the ingredients. Project Mana
ger: Robert Tackaberry 

Thermal overload characteristics of 
extruded dielectric distribution cables 

I nsulation characteristics of 1 5-kV and 35-kV 
extruded dielectric distribution cables (both 
cross- l inked polyethylene and ethylene-pro
pylene rubber insulation) are being studied 
to gain a better understanding of their be
havior under thermal overload conditions. 
This work is currently in progress at Cable 

Technology Laboratories (CTL), with the Un i
versity of Connecticut's Institute of Materials 
Science (IMS) as subcontractor (RP1 51 6) .  
The project philosophy has been reported 
earlier (EPRI Journal, September 1 982, 
p. 47). 

Earlier work demonstrated that at temper
atu res as high as 1 75 ° C, the physical and 
electrical properties of the insulation were 
surprisingly stable, but the cu rrently em
ployed shield and jacket materials were de
graded. CTL is now load-cycl ing full-size 
cables to temperatures of 1 30 ° C and 145 ° C 
for periods longer than 1 0  months; of inter
est is the fact that no test cables have failed 
during the load-cycl ing procedure. At pre
determined intervals, the cables are removed 
from the test bay and then tested by ac and 
impulse breakdown at the elevated tempera
ture (a high-temperature breakdown fills a 
practical need but is rarely employed in con
ventional testing). I n  addition ,  sl ices of poly
meric i nsulation have been removed from 
the cables and tested after the aging treat
ments; further, IMS has been concurrently 
thermally load-cycl ing short cable lengths 
(to isolate the aging-induced thermal and 
electrical effects), and slices from these sys
tems are being subjected to electrical break
down tests at CTL and physical property 
tests at IMS. Results to date indicate, per
haps surprisingly, excellent electrical break
down strength characteristics for the cables 
and the insulation material. 

At present, cables with various modified 
metal l ic sh ield constructions are under test. 
This work wil l  be completed by the end of 
1 983, at which time a f inal report and a tech
nical paper will be prepared for publication .  
Project Manager: Bruce Bernstein 

TRANSMISSION SUBSTATIONS 

Paper insulation for transformers 

McGraw-Edison Co. is in the p rocess of eval
uating a series of modified kraft papers in a 
project designed to develop improved in
sulating papers for power and distribution 
transformers (RP1 71 8). Improvements being 
sought are in the area of better thermal and 
dimensional stability and increased mechan
ical and die lectric strength (EPR! Journal, 
March 1 981 , p. 47). 

McGraw-Edison's approach has been to 
screen and evaluate laboratory-prepared 
handsheets, and to then examine the most 
promising modifications by employing min i
capacitor un its; the latter allow the modified 
papers to be aged in oi l under load cycle 
conditions, employing voltage stress and el
evated temperatures. 

Several modified papers surviving  this 
treatment look quite promising, and the next 
step is to prepare these modified papers 
on a conventional paper machine at a manu
facturer's facil ity. Riegel Products Corp. ,  
McGraw-Edison's subcontractor, performed 
such a trial during the second quarter of 
1 983. 

At that point, the papers from the trial run 
were retested , using the min icapacitor cells, 
and the results were compared with the lab
oratory handsheets. An economic analysis 
is being performed and will be reported later. 
Project Manager: Bruce Bernstein 

Solar flare effect 
on power transformers 

With the recent solar flare (sunspot) activity, 
several utilities, particularly in the northern 
part of North America, have observed an in
creased noise level at power transformers. 
Geomagnetically induced de currents were 
thought to be the cause, and util ities have 
been concerned that this might result in dam
age to the transformers. Of equal concern 
was the excess de current flowing  in the 
windings of converter transformers caused 
by less-precise fir ing of the valves. (Con
verter transformer reliabi l ity is of g reater 
concern because of the increased interest 
in HVDC systems.) This p roject was there
fore in it iated to study these effects and de
termine if there are any harmful effects on 
either type of power transformer (RP1 424-3). 

The objectives were to assess the degree 
of seriousness of de in power transformers, 
using both analytic and experimental meth
ods, and to establish critical levels of com
bined ac and de excitation beyond which 
transformer life and rel iabi l ity may be im
paired. An additional objective was to de
velop an analytic model for predicting the 
operating characteristics of the core when 
de excitation is present. 

This project successfully met all the re
quired objectives and basically concluded 
that there were no deleterious effects caused 
by geomagnetically induced de current i n  
the windings. However, t he  noise level sub
stantial ly increases with de current, includ
ing a rich distribution of even and odd har
monics. This increased noise level may be 
alarming to utilities because there will be no 
agreement between factory noise level tests 
and field tests when geomagnetically in
duced current is present in the un it. 

The analytic model developed showed 
good correlation with the experimental 
model and can be used by manufacturers 
and utilities together to analyze any partic
ular transformer design where a concern 
exists. However, from the results of this proj-
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ect, there seems to be little l i kel ihood of 
harmful effects as the result of geomagneti
cally induced cu rrents. Project Manager: 
Edward Norton 

HVDC circuit breakers 

There are many potential opportun ities for 
the application of HVDC breakers in two
terminal ,  mu ltiterminal ,  and proposed un
conventional de systems, some of  which 
were explored by Bonnevi l le Power Admini
strat ion at the March 1983 Symposiu m  on 
HVDC Technology in R io  de Janeiro. R&D on 
various concepts of  HVDC circuit breakers 
has been carried on in the Un ited States,  
Europe, Japan, and Russia for two decades; 
however, no equipment that can be termed a 
full-voltage HVDC breaker is yet in service. 

The purpose of an EPRI project is to de
velop and construct two promising breaker 
concepts and conduct fu l l-scale field tests 
to determine their performance (RP1 507). 
Bonneville Power Admin istration ,  with fund
ing support from DOE's Electric Energy Sys
tems Division ,  has joined with EPRI to ac-
complish this development. The Los Angeles 
Department of Water & Power is aiding i n  
the test planning and execution.  Tests are 
planned for late 1983 at the Celilo Station 
of the HVDC Pacific lntertie. 

The fundamental principle of operation for 
ac circuit breakers is to part the contacts 
during the ac current cycle and arc unti l  a 
natural current zero occurs, then rapidly es
tablish the breaker's dielectric strength, thus 
interrupting the circuit. Because de circuits 
have no natu rally occurring current zeros, a 
de breaker must force the current to zero by 
creatin g  a counter voltage in excess of the 
driving voltage and then rapidly establish 
its die lectric strength. During this process 
the breaker must also absorb a significant 
amount of energy that is stored i n ,  and sup
plied by, the system.  

The de breakers being developed under 
this research project should consist of stan
dard components as much as possible and 
be modular in construction so as to reduce 
their costs and increase their application 
flexibil ity. They are to be single-pole with ful l  
voltage capabil ity for a ± 500-kV system. 
The maximum counter voltage is 700 kV; the 
maximum energy absorption is 10 MJ; and 
the continuous and interrupting current is 
2.2 kA 

The circuit diagram for the de breaker be
ing developed by Westinghouse (RP1507-2) 
consists of four identical series-connected 
modules (Figu re 2). In operation ,  the SF6 

puffer breaker contacts (CB) are opened and 

Figure 2 Circuit diagram of Westinghouse Electric Corp. 500-kV circuit breaker. In operation, when the SF, 
puffer breaker contacts (CB) open, the switches (S1 ) close, thereby charging the capacitors (C); when each is 
charged to 175 kV (700 kV total), the zinc oxide arresters (Zn01 and Zn02) conduct to absorb the remaining 
energy in  the system, and the circuit is isolated. 

C C C C 

develop a modest arc voltage. Switches S 1 Figure 3 Conceptual drawing of the Westinghouse prototype 500-kV HVDC breaker. 

46 EPRI JOURNAL September 1983 



then close to insert the uncharged capaci
tors, C. The current is then diverted into C, 
and the capacitor voltages rise very rapidly. 
When the voltage across each of the four 
modules reaches 1 75 kV (700 kV total), zinc 
oxide arresters conduct to limit any further 
voltage rise and to absorb the system energy. 
When the energy has been absorbed, each 
arrester ceases to conduct, and the circuit 
is isolated. The breaker is equipped with 
closing resistors (R) and separate switches 
(S2) to limit transients during closing. Figure 
3 shows a conceptual view of the breaker 
elements. 

The circuit diagram for the de breaker 
being developed by Brown Boveri Corp. 
(RP1 507-3) is shown in Figure 4. It also con
sists of four identical series modules. In op
eration, the air blast breaker contacts (CB) 
open, thus activating the commutating cir
cuit L and C. The loops formed by the breaker 
contact arcs and L and C exhibit dynamic 
instability because of the negative arc vol
tage of the circuit breaker arcs. A current 
oscillation increases in each loop until its 
magnitude is equal to and of opposite polar
ity to the current to be interrupted. At that 
point the air blast breaker interrupts, thus 
transferring the current to the commutating 
circuit. The voltage across each module then 
increases rapid ly until it reaches 175 kV (a 
total of 700 kV). The zinc oxide arrester 
then conducts, and subsequent events are 
as described in the previous paragraph. This 
breaker is also equipped with closing resis
tors (R) and a resistor switch (S). Figu re 5 
is a conceptual view of the major elements. 

Plans are to have the circuit breakers de
livered to the test site by August 1 0, 1983. 
The initial test series will be conducted at 
the present HVDC Pacific lntertie voltage of 
400 kV. A second series of tests is being 
planned at 500 kV after the intertie is up
graded. It should be noted that the maximum 
circuit breaker counter voltage in each test 
is 700 kV. The chief difference in the two test 
series is expected to be in the energy ab
sorbed in the breaker zinc oxide arrester 
(Figures 3 and 5). Project Manager: Jo
seph Porter 

De energy metering device 

De energy metering is a forgotten art that we 
are aboutto relearn. High-voltage de (HVDC) 
systems are being used more and more for 
power transmission. So far, all the energy 
metering has been handled on the ac side 
of the HVDC converters. Although this is a 
workable approach, there could be signifi
cant errors in the measurement if the energy 
exchange at a point on the de side is inferred 
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Figure 4 Circuit diagram of Brown Boveri Corp. 500-kV HVDC circuit breaker. When the air blast breaker con
tacts (CB) open, an oscillating current flows in each of the tour loops consisting of the L, C, and breaker arc. 
The oscillating current grows in magnitude u ntil it is equal to and of opposite polarity to the current to be 
interrupted. The current is commutated into the L and C circuit alone, where the voltage builds rapidly to a 
total of 700 kV across the four modules in series, causing the zinc oxide arresters (Zn0

1 
and Zn0

2
) to conduct. 

They absorb the remaining energy in the system, and the circuit is isolated. 

CB CB CB CB 

s R s R s 

Figure 5 Conceptual drawing of the Brown Boveri Corp. prototype 500-kV HVDC breaker; it employs air blast 
breakers instead of SF, puffer breakers, as on the Westinghouse unit, and an L-C circuit for commutation 
instead of switched capacitors. The breakers are comparable in size. 
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from the ac readings. EPRI therefore spon
sored development of a de revenue meter 
at Washington State Un iversity (RP1 51 0). 

The developed de revenue meter is a d ig i
tal , microprocessor-based device that has 
been bui lt to accommodate a variety of input 
sources. 

o Resistive voltage divider for measuring the 
pole-to-ground voltages from both poles of a 
bipolar HVDC system 

o Current-measuring transductor for both 
poles for d irect current measurements 

o Two inputs from an electronic cu rrent 
transducer (developed under RP668) for 
accurate measurement of the d i rect cu rrent 
in one of the two poles. 

This meter has been installed for testing at 
Los Angeles Department of Water & Power's 
Sylmar Converter Station, the southern ter
minal of the HVDC Pacific lntertie .  

The major design challenge has been to 
meet the allowable error tolerance for a me
tering device; because there is no estab
lished standard for de energy metering de
vices, ac standards were used as a gu ide. 

Measurement errors are introduced into 
al l parts of a measuring system, and the pri
mary measuring devices also have errors. 
I n  this case, neither the voltage dividers nor 
the cu rrent-measuring transductors have 
metering accuracy. However, if the errors 
are predictable, a computer can be used to 
compensate for the errors. The voltage di
viders are assumed to be fairly stable. By 
knowing the divider ratio, a ratio error cor
rection can be included in the program. The 
transductors are stable but nonl inear. How
ever, by using a linear correction function 
it is possible to significantly improve the 
accuracy of the transductor current mea
surements. Although it was not attempted in 
this design , it is also possible to correct for 
errors in signal conditioning and analog-to
digital (A-D) converter circuits. The sim
plest correction normally consists of a gain 
and offset correction. 

Two errors that are un ique to digital sys
tems arise from a l imited resolution of A-D 
converters and from arithmetic operations 
with in a dig ital processor. The accuracy of 
an ind ividual sample from an A-D converter 
cannot in theory be better than ± 0.5 of the 
least significant bit; hence; a min imum num
ber of bits are required for the A-D con
verter. However, it turns out that a small 
amount of white noise in  the measured quan
tity, combined with sample-averaging tech
n iques, makes it possible to achieve an ac
curacy that is better than one-half of the 
least significant bit. Hence, A-D converter 
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resolution is not a significant problem. Pro
cessing errors can be controlled by using a 
sufficient number of bytes (1 byte equals 8 
bits in binary form) for the arithmetic opera
tions. 

Verification of the design is another prob
lem area. 11 is necessary to have an accurate 
reference for verification of the device's ac
curacy, and this can only be done in the 
laboratory environment. Because there is no 
reference available for verification of the de
vice's performance in the field, a field trial 
was set up to allow comparison between en
ergy measured at the ac side of an HVDC 
converter and at the de side of the same 
converter. The difference between the ac 
and de readings is a combination of energy 
losses in the converter and measuring errors 
in the two metering devices. The converter 
losses have been estimated, although the ac
curacy of the estimate is relatively uncerta in .  

About a year's worth of data has been ac
cumulated from the field trial , and the data 
analysis is almost complete. The results from 
a two-week period are i l lustrated in Figu re 6. 

0.2 

0 

As can be seen, there is a remarkably small 
difference between the de readings and the 
ac readings that were compensated by the 
estimated converter losses. There appears 
to be a bias of about 0.03% for the Pole A 
readings and about 0.5% for the Pole B read
ings.  The Pole A measurement relied on an 
accurate electronic cu rrent transducer in
put, whereas the Pole B readings relied on 
the less-accurate cu rrent-measuring trans
ductor. However, with the bias removed, 
even the Pole B measurements would be 
quite acceptable. The small differences also 
give some confidence in the converter loss 
estimates; this by itself is a valuable indi
cation because converter losses cannot be 
d i rectly measured either in  laboratories or 
in the f ie ld .  The total energy flow during the 
period was about 200,000 MWh. The ac
cumulated difference for the 13 days was 
about 0.03% for Pole A and about 0.5% for 
Pole B. These est imates were made without 
trying to e l iminate the measuring biases. 11 
is, of course, impossible to say which one of 
the readings is correct. However, the close 

Pole A bias 

c,E = dc - (ac + loss) x 100 = % 
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Figure 6 Calculated difference (�E) between the daily energy measurements on the ac and de sides of an 
HVDC converter. The ac measurements have been compensated by estimated converter power losses. Power 
flow is from the de to the ac side. 



correlation between the ac and the de read
ings does give some confidence in the new 
de revenue metering device. A gross error 
in the device should have been apparent. 
The design is proved and the project com
pleted. The final report will be published later 
this year. Project Manager: Stig Nilsson 

POWER SYSTEM PLANNING 
AND OPERATIONS 

Power plant performance 

The objective of this project is improvement 
in power plant heat rate, plant avai labi l ity, 
and system economic dispatch. An advanced, 
computer-based plant performance i nstru
mentation system will be developed for pro
totype installation in an existing fossil fuel 
plant of Potomac Electric Power Co. (Pepco), 
which has been selected as the host uti l ity. 
Morgantown Unit 2, a 575-MW, supercritical 
un it will be used as a demonstration facility. 
This system wi l l  be designed and developed 
to provide continuous detailed analysis of 
the un it performance to a uti l ity's plant en
gineering, plant operations, power supply 
group, and system control center. For ex
ample, the development of this prototype 
system wil l  provide the util ities with informa
tion on those additional devices and proce
dures that were selected/ developed, tested, 
and found to be of substantial benefit. 

Pepco is the prime contractor and host 
util ity. Subcontractors include Power Tech
nologies, I nc . ,  Lehigh University, and Com
bustion Engineering ,  Inc. The project is jointly 
sponsored by two EPRI divisions: Coal Com
bustion Systems (RP1 681 ) and Electrical 
Systems (RP21 53). A companion article de
scribing RP1 681 appears in the Coal Com
bustion Systems Division report in this issue. 

Areas of investigation for the Electrical 
Systems Division include incremental heat 
rate analysis, control system dead bands, 
power system performance indexes, un it 
commitment procedures, effects on system 
schedul ing of plant component outages, and 
improved plant/ control center data com
munications. 

The following are being considered for 
inclusion in the instrumentation system. 

o New /improved instruments and sensors 
for measuring air, steam, water, and gas 
flows, pressures, temperatures, and electri
cal parameters 

o Microprocessor hardware and software 
o Expanded power plant computer process
ing capabilities 

o Capabilities for recording historical per
formance of a l l  equipment 
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o Expanded, automated analysis of plant 
and system performance 

o Maintenance and tun ing of the individ
ual power plant components, including 
instrumentation 

o Revised operating procedures at both the 
power plant and the system control center 
levels 

o Enhanced or alternative testing proce
dures to provide performance data on a 
more accurate and timely basis 

The prototype instrumentation system wil l  
be capable of continuously determin ing both 
static and dynamic plant performance to en
hance heat rate and system dispatch ;  testing 
and evaluating new operator/ control proce
dures; evaluating new instrumentation ,  test
ing procedures, and performance contro l/  
analysis algorithms for  improving heat rate; 
and comparing computer results with ac
tual measurements and plant responses to 
validate the analyses made during this 
project. 

This phase of the project wi l l  continue 
through December 1985,  with annual reports 
to the industry. Project Manager: John 
Lamont 

Static security analysis 
and demonstration 

It has been 1 4  years since the fi rst digital 
computer-based system control center was 
installed by the Michigan Electric Power Co. 
As computer hardware costs have decreased, 
more control and monitoring functions have 
been added to the list of application pro
grams being  used on this and other control 
center computers to assist the power system 
operator in day-to-day operations. 

An application program is being devel
oped to assist the operator in preserving the 
power system 's security by preventing inter
ruptions of customer loads (RP1 71 2). This 
program wil l  al low the operator to study the 
steady-state conditions that might result from 
a variety of sudden changes in generation ,  
transmission, o r  loads, based on  contingency 
analysis. The program also develops the ac
tions an operator can take for each of the 
most l ikely system disturbances. (This capa
bi l ity is called security enhancement.) The 
term static security analysis refers to the 
effective integration of contingency analysis 
and security enhancement i nto a tool for 
dai ly use by the operator. 

The project had five major objectives, and 
the work was divided into two phases. The 
Phase 1 objectives were the fol lowing .  

o Perform R&D on contingency analysis and 
security enhancement, focusing work on 

methods that meet the accuracy and rapid 
calculation requirements for on-l ine static 
security analysis 

o Develop research-grade computer pro
grams for static security analysis and eval
uate their capabilities to meet on-l ine re
qu irements 

o Select a host uti l ity in whose control center 
the static security analysis programs wil l  be 
instal led, tested, demonstrated, and evaluated 

Phase 2 had the following objectives. 

o Develop the integrated static security anal
ysis capabi l ity, using preproduction-grade 
programs 

o Instal l , test, demonstrate, and evaluate the 
static security analysis programs in the host 
utility control center 

The work on Phase 1 lasted 20 months 
and has been completed. Boeing Computer 
Services, I nc . ,  was the prime contractor, as
sisted by ESCA Corp. , a subcontractor, and 
two consultants, Wi l l iam F. Tinney and Brian 
Stott . 

During Phase 1 ,  computer programs for a 
faster, more reliable security analysis capa
bil ity were developed and tested. In addi
tion, the methods to be used in security 
enhancement were developed. The effects 
of the control actions that an operator has 
at his disposal were studied. These controls 
not only affect real power flow on transmis
sion l ines but the voltages at the ends of the 
l ines (buses) and the phase angle differ
ences between buses. A common basis for 
comparing the control actions was found to 
be their costs. The security enhancement 
programs that were developed and tested 
identify which controls an operator should 
use, how much change in control is required, 
and the incremental operating cost for each 
because of the most l ikely system distur
bances. The host utility in the demonstration 
is Wisconsin Electric Power Co. (Wepco). 

The work of Phase 2 has been under way 
since June of 1982 for this 32-month con
tract with ESCA Corp. as the prime contrac
tor. Assisting ESCA will be Wepco and the 
two consultants who participated in Phase 1 .  

Currently, the detailed functional design 
specifications for the integrated contingency 
analysis and security analysis capabilities 
are being developed. These specifications 
are needed to transform the research-grade 
programs from Phase 1 into an operator
oriented tool that can be used in daily moni
toring and control of system security. Two 
seminars to demonstrate the capabilities de
veloped in this project are planned for the 
fourth quarter of 1984. Project Manager: 
Charles J. Frank 
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Rene Males, Director 

LONG-RANGE 
ATMOSPHERIC TRACER STUDIES 

It is a fairly new idea that air pollutants 
emitted from such conventional earth-bound 
sources as power plants can travel long dis
tances and significantly affect air quality at 
points far from the source. The global dis
persion of debris from the atmospheric test
ing of nuclear weapons represents quite a 
different situation. Although such dispersion 
has shown that Jong-range transport is pos
sible, it involves stratospheric injections and 
long residence times. In contrast, pollutants 
from conventional sources are emitted into 
the lower atmosphere, where they are af
fected by highly variable and sometimes 
convergent wind fields, deposition losses, 
and variable chemical transformation rates. 
All these factors immensely complicate the 
quantitative evaluation of Jong-range trans
port in the lower atmosphere. To help answer 
the difficult questions about such transport, 
EPRI is conducting studies that use inert 
tracer gases to map air mass movement. 

Although the concept of long-range air pol
l utanttransport is well understood and widely 
used in a qualitative sense, there is no gen
erally accepted quantitative defin ition .  11 is 
well known that for each pound of pollutant 
gas emitted, a few molecules will circum
navigate the globe several times, whereas 
other molecules wi l l  be deposited within 
minutes; the range of possible transport dis
tance is enormous. Further, any quantitative 
assessment of the problem of long-range 
pollutant transport requires more than a de
termination of residence time and distance 
traveled. Operational ly, the most useful cri
teria are the relative contribution of air pol
l utants emitted in one area to air qual ity im
pairment in another area and the frequency 
with which pollutants from a given source 
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area affect air quality in another area. 
EPRl 's eastern and western regional a ir  

quality studies (ERAQS, WRAQS; RP1 630) 
have adopted these criteria in designating 
the research required for reliable source
attribution estimates for any particular re
gional air quality problem. Two research ap
proaches are being pursued in parallel. One 
involves large-scale experimental releases 
of inert tracer gases to track plume trajec
tories and gas di lution rates. The other seeks 
to develop improved regional air qual ity 
models by using the data generated in the 
Sulfate Regional Experiment (SURE; RP862), 
as well as precipitation chemistry data from 
ERAOS, the util ity acid precipitation study 
(RPU101 ) , and the DOE-EPA precipita
tion-monitoring network (MAP3S). I n  their 
present stage of development, regional air 
quality models are not precise enough to 
estimate the contribution of emissions i n  one 
source area to a ir  quality impairment i n  
another area. However, continued research 
and additional inputs of experimental data 
should lead to better models. 

Because of the need for more detailed 
information about the long-range transport 
and di lution of pollutants, EPRl 's current em
phasis is on large-scale field experiments. 
(This approach also has the advantage of 
providing, in a relatively short period of t ime, 
information that is important for assessing 
proposed emissions control scenarios.) The 
development of perfluorocarbon tracer tech
nology has added a new dimension to such 
field experiments. Now inert tracer materials 
are available that can be tracked for more 
than 1000 km from their release point. These 
tracers make it possible to measure d i rectly 
the trajectories of plumes and the min imum 
di lution of gases due to atmospheric mixing. 
Together with high-resolution measure
ments of reactive pollutant gases, the tracer 

data will facilitate the quantification of long
range pol lutant transport and associated air 
qual ity effects. 

What we know now 
Although current information provides only 
qual itative descriptions of long-range trans
port, it is very helpfu l  in defin ing the dimen
sions of the problem and i n  guiding more 
quantitative research .  Two EPRI projects are 
particularly useful in this regard. 

The first is the North Sea transport and 
cloud chemistry project, jointly funded by 
the UK Central Electricity Generating Board 
and EPRI (RP131 1 ). In this project inert 
tracers were injected i nto a power plant 
stack in England and then tracked by air
c raft as they moved over the North Sea 
toward Norway. On one occasion the tracer 
plume was clearly discernible at 700 km 
from the sou rce, but generally the range of 
detectability was less than 500 km. Because 
this project took a case study approach ,  
generalizations about the frequency of long
range transport are not possible. However, 
the data do confirm that under certain mete
orologic conditions, plumes can travel long 
distances. 

The second project is SURE,  which pro
vided exhaustive information on the distri
bution of sulfur dioxide (S02) and suspended 
particulate su lfates (SO:,-) in the eastern 
United States over a 17-month period in 1977-
1 978. (Also, in connection with ERAOS, air 
qual ity and precipitation chemistry data were 
col lected at the n ine SURE Class I stations 
for another year.) Although these data do not 
define long-range transport per se, they pro
vide compe l l ing evidence that patterns of 
wet sulfate deposition and atmospheric sul
fate concentrations are geographically as
sociated with major S0

2 source areas (Fig
ures 1 and 2). 
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Figure 1 Data collected during SURE reveal the geographic coincidence 
of major SO, source areas (shaded boxes, showing SO, emissions in t/d) 
and the wet deposition of sulfates (isopleths, showing annual deposition in 
mg/m2). 

Figure 2 Geographic coincidence of major SO, source areas (shaded boxes, 
showing emissions in t/d) and maximum suspended particulate su lfate concen
trations during SURE. The isopleths map the 24-hour average sulfate concentra
tions (µg/m') that were exceeded 10% of the time, or 36 days a year. 

Figure 1 shows that the maximum deposi
tion of su lfates in precipitation coincides with 
the major S02 source areas; the deposition 
decl ines markedly at distances of 200-300 
km from the source areas. Figure 2 shows the 
pattern of suspended particulate sulfate con
centrations that were exceeded 1 0% of the 
time in the SURE region. These data enable 
an examination of the sou rce-receptor rela
tionship during episodes when meteorologic 
conditions were such as to maximize sulfate 
formation and accumulation .  Again ,  the geo
graphic association between the highest sul
fate values and the major S02 source areas 
is unmistakable. (Note the rapid decrease in  
sulfate concentrations as one goes from cen
tral Pennsylvania and New York state into 
New England.) A statistical analysis of these 

paired data sets suggests that the zone of in
f luence of S02 sources on su lfate concentra
tions is generally 200-300 km. However, in
dividual case studies show that the distance 
may exceed 500 km on relatively rare occa
sions, a result in keeping with the less ex
tensive North Sea measurements. 

Long-range tracer experiments 

As indicated by the above summary, empiri
cal data on long-range poll utant transport 
are needed for evaluating alternative emis
sions control scenarios. The development of 
perfluorocarbon tracer technology permits 
quantitative assessments of long-range 
transport that were not possible a few years 
ago. However, even with improved experi
mental capabilities, there are still questions 

about the design and execution of measure
ment programs that must be addressed be
fore a massive field experiment can be 
mounted. EPRI is conducting a step-by-step 
assessment of the feasibi l ity of such an ex
periment, with the ultimate objective of de
veloping a comprehensive experimental de
sign (RP2434). Although the SURE project 
provides a sound base for this effort, the 
complexities and data requirements of the 
tracer experiment go well beyond those of 
SURE. 

According to the in itial design concept, 
the experiment (designated the massive 
aerometric tracer experiment, or MATEX) 
would involve the sequential release of inert 
tracer gases from various emission source 
areas in the eastern United States and south-
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Figure 3 EPRI is designing a large-scale experiment in which inert tracer gases will be released sequentially 
at various points in the eastern United States and southeastern Canada and monitored daily by surface 
stations and aircraft. Shown here is a projected series of four releases and plume trajectories; the numbers 
in the trajectory segments indicate the number of days since the first release in the series. 

• 

eastern Canada (Figure 3). A surface net
work of 600 sampl ing stations and a fleet 
of at least eight long-range aircraft would 
be used to track the tracers on a daily basis. 
These measurements would provide a de
tailed history of air mass movement and an 
estimate of. the minimum gas d i lution caused 
by atmospheric mixing. Approximately 100 
aerometric and precipitation chemistry sta
tions would be located in the experimental 
area, and the aircraft would be instrumented 
for chemical measurements. Continuous 
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operation of the experimental network for at 
least one year is contemplated.  Close coop
eration with U.S. and Canadian federal re
search agencies has been, and will continue 
to be, an integral part of EPRl's research 
efforts in this area. 

While the MATEX concepts are being in
vestigated in detailed feasibility and design 
studies, EPRI is partic ipating in a prel iminary 
tracer experiment called CAPTEX 83 (cross
Appalachian tracer experiment; RP2370). In 
this project-which is jointly sponsored by 

EPA, DOE, the National Oceanic and Atmo
spheric Admin istration ,  EPRI ,  and the Ca
nadian Atmospheric Environment Service
perfl uorocarbon tracers will be released 
from sites in Ohio and Ontario. The move
ment of the gases over the northeastern 
United States and southeastern Canada 
will be tracked by 80 surface samplers, 20 
upper-air sounding stations, and up to fou r 
ai rcraft. Because only six tracer releases 
are planned for CAPTEX 83, a long-term 
assessment of long-range transport wi l l  not 
be possible. However, CAPTEX 83 is ex
pected to provide invaluable guidance for 
the design of the more comprehensive 
MATEX research, and its data will be useful 
in developing and evaluating regional air 
qual ity models . 

Although long-range transport is a key 
factor in regional air qual ity, other aspects 
of the problem require improved under
standing as well. Two important examples 
are in-cloud chemistry and the dry deposi
tion of gases and particles . As part of its 
fundamental long-term research program, 

_J:PRI is sponsoring theoretical, laboratory, 
and specialized field studies in these and 
other areas (RP1369, RP1434, RP2023, 
RP2264). The intent of this integrated re
search is to provide the most reliable and 
complete information possible on the re
gional behavior of multiple pollutants from 
multiple sources. An improved understand
ing based on this information is essential to 
rational management of regional air qual ity 
problems. Program Manager: Glenn R. 
Hilst 

UNIT TRAIN COAL 
TRANSPORTATION COSTS 

The use of unit trains for hauling coal is in
creasing at a rapid rate. As a result, a better 
understanding of the operating and mainte
nance costs of coal unit trains is necessary 
for evaluating alternative sources of coal and 
for rate and contract negotiations. Also, in 
order to identify effective ways of controlling 
the cost of transporting coal in unit trains
for example, new equipment technologies 
and improved operating and maintenance 
methods-it is essential to understand the 
physical phenomena that generate costs. 
To meet these needs, the Energy Resources 
Program of EPRl 's Energy Analysis and 
Environment Division undertook an investi
gation of costs for coal unit trains, with Arthur 
D. Little, Inc., as the contractor (RP1983). 

The un it train study has focused on those 
major elements of operating and mainte
nance costs that are poorly understood or 



controversial. The following topics were 
covered: maintenance-of-way costs, fuel 
consumption, car maintenance costs, alter
native sources of car maintenance, and 
technical and economic aspects of the use 
of a luminum cars. 

To gather information the contractor has 
conducted a thorough l iterature review, a 
survey of several cooperating uti l it ies, and 
site visits to the facilities of ut i l it ies, rail
roads, contract maintenance shops, and 
equipment manufacturers. Uti l it ies that have 
provided significant assistance include 
Delmarva Power & Light Co. (Delaware); 
Detroit Edison Co. ;  Pennsylvania Power & 
Light Co. ;  Potomac Electric Power Co. ; San 
Antonio City Public Service Board; System 
Fuels of Middle South Util it ies, I nc . ;  and 
Wisconsin Publ ic Service Corp. 

Maintenance-of-way costs 

Several interesting and significant f indings 
have emerged from the study. I n  the area of 
maintenance-of-way costs , for example, it 
was found that rail l ife may be substantially 
reduced by coal un it trains with 1 00-ton cars 
(in comparison with trains carrying mixed 
freight) because of the higher levels of stress 
caused by the higher axle loads. Empi rical 
observations of rail l ife from many railroads 
around the world, together with the results of 
analytic model ing ,  suggest that rail l ife re
ductions of up to 35% may occur under coal 
unit trains. However, a comparison of total 
estimated maintenance-of-way costs ind i
cates that the cost per gross ton-mile of 
coal un it train traffic wi l l  generally be no 
more than 7% higher than the cost per  gross 
ton-mile of mixed freight (Table 1 ) ,  and may 
in fact be lower under certain c i rcumstances. 
Although the variable maintenance-of-way 
costs are estimated to be higher for coal 
unit trains, most of this increase is offset by 
a projected decrease in fixed costs and yard 
track maintenance costs-a fact that m ust 
be taken into account in rate negotiat ion. 

The exact change in  maintenance-of-way 
costs for a given situation depends on a 
wide range of factors. These factors vary 
from one route to another, and some are 
hard to quantify. The study investigated the 
factors, as well as the best avai lable methods 
for quantifying their effects on costs. It has 
been found that an increase in any of the 
following factors causes maintenance-of
way costs per gross ton-mi le to decrease. 

o Traffic density 

o Rail weight, quality, and hardness 

o Bal last qual ity, th ickness, and width 

o Regularity of scheduled maintenance 
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o Labor productivity 

o Quality of drainage 

o Track occupancy time 

(Track occupancy time refers to the length 
of time that a track is contin uously available 
for maintenance. The longer these periods, 
the more efficient maintenance is, because 
less time is spent in sett ing up and dis
mantl ing equipment.) 

In contrast, an increase in  any of the fo l
lowing factors causes maintenance-of-way 
costs per gross ton-mile to increase. 

o Axle loads, especially over 28 tons 

o Speed, especially over 40 mph (64 km/h) 
for 100-ton cars 

o Curvature 

o Gradient 

o Rain or snow 

o Temperature extremes 

o Tie spacing 

o Frequency of unstable cars 

o Imbalanced operatio n  on curves 

Another of the study's sign ificant observa
tions concerns the so-called harmonic load
ing effect of un it trains. Some researchers 
have hypothesized that because al l  axles 
are identical in a unit tra in ,  the loads they 
exert on the track are also identical ; thus 

Table 1 
MAINTENANCE-OF-WAY COSTS 

(1980 ¢/1000 gross ton-miles) 

Fixed costs 

Ties 

Other 

Total 

Variable costs 

Rail 

Ties 

Other 

Total 

Grand total 

Trains With Coal Unit 
Mixed Freight Trains 

1 5.28 14.00 

97.89 86.83 

113.1 7 1 00 .83 

42.67 62.22 

12 .81  13.06 

88.62 98.34 

1 44 .10 1 73 .62 

257.27 274.45 

Note: Average costs are given for the mixed-freight trains and 
upper bound costs for the coal unit tralns. 

every axle would exert a high load on the 
same points in the track, causing acceler
ated fatigue and wear at those points. In 
contrast, the hypothesis continues, with 
trains hauling mixed freight high loads are 
distributed more un iformly along the track 
because each axle behaves differently. It was 
concluded that whi le this effect may exist, 
there are no field data avai lable to prove 
that it does, much less any information on 
its magnitude. This f inding suggests that 
until additional data come to l ight on the 
harmonic loading effect, any increase in 
maintenance-of-way costs attr ibuted to high 
axle loads ought to be distributed among 
all 1 00-ton cars, not just those in un it trains 
and certain ly not just those in  coal un it 
trains. (A growing proportion of a l l  rai l  traffic 
moves in 1 00-ton cars.) 

Fuel consumption 
The EPRI study indicates that conventional 
methods of estimating fuel use for coal un it 
trains, which are based on extrapolations 
from fuel consumption in tra ins carrying 
mixed freight, tend to overestimate con
sumption.  One reason for this overestimation 
is that un it trains operate at more un iform 
speeds, which reduces fuel consumption .  
Another reason is that the conventional 
estimation methods take i nto account fuel 
used in  a variety of activities (e.g . ,  yard 
operation) that support only non-un it-train 
traffic. Also, the horsepower-to-ton ratios 
for unit trains are usually lower than the ratios 
for trains carrying mixed freight; this leads to 
a further reduction in fuel consumption. 

Approximate methods for estimating the 
fuel consumption of un it trains in  mainl ine 
operation have been developed. For ex
ample, a computer modEil validated with data 
from field tests has been used to simulate 
fuel consumption for operation over different 
types of terra in .  Sensitivity studies have also 
been conducted that show the importance of 
various factors to fue l consumption, includ
ing curvature, gradient, operating speed, 
train length , car weight, and starts and stops. 
The analysis shows the importance of steady 
train operation in control l ing fuel use. A 
single unscheduled stop for a train weighing 
14,000 gross tons and operating at 40 mph 
(64 km/h) can increase fuel consumption 
by as much as 40 gal (151 L). 

Car maintenance 
The study suggests that the costs of main
tain ing cars for coal un it trains are mark
edly lower than the costs of maintain ing cars 
osed in mixed-freight transport. The com
ponents that contribute most to cost have 
been identified and their expected life esti-
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Table 2 
ESTIMATED ANNUAL CAR MAINTENANCE COSTS 

UNDER ADVERSE CONDITIONS 
(1982 $) 

Harsh Loading Bad Track 
Base Severe Freezing /Wet and Unloading and Train 

Component Cost* Terrain Climate Methods Handling 

Wheels and axles 61 0 1 525 671 6 1 0  732 

Bearings 1 73 208 1 90 1 90 1 73 

Brake shoes 58 1 45 70 58 87 

Couplers 64 1 28 64 1 09 77 

Center plates 27 68 27 32 32 

Car body 72 72 1 08 1 08 86 

Springs 68 1 02 68 82 1 02 

Draft gear 78 1 77 86 94 94 

Total 1 1 50 2425 1 284 1 283 1 383 

*Lower bound cost, Association of American Railroads data for 50,000 m!/yr. 

mated. The effects of key environmental 
variables on the annual maintenance costs 
of these components have also been as
sessed. For example, it was estimated that 
severe terrain (i.e., high gradients and cur
vatures) may increase the annual costs re
lated to wheels and axles by a factor of 2 .5 .  
Similarly, high-sulfur coal can cause accel
erated corrosion of steel car bodies, increas
ing annual body repair costs by a factor of 
up to 1 .2. The set of cost factors developed 
in the study can be used to estimate annual 
maintenance costs for cars operating in 
different environments (Table 2). Compared 
with average conditions, for example, severe 
terrain can cause annual car maintenance 
costs to double. 

An evaluation of the three major sources 
of car maintenance- railroad shops, con
tract shops, and utility-owned shops- has 
been conducted in both financial and non
financial terms. The results of the nonfinan
cial analysis suggest that, in general, there 
are strong reasons for utilities to have their 
own car maintenance shops. In  a survey of 
utilities, for example, car out-of-service time, 
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quality of work, data base development, and 
ease of cost auditing were cited as reasons 
for preferring utility shops. (Such an assess
ment will vary, of course, depending on the 
circumstances of an individual utility and the 
location and quality of the railroad and con
tract shops it has access to.) The results of 
the financial analysis, on the other hand, 
suggest that a utility-owned shop is justified 
only for utilities with a fleet of 1000-1500 
cars or more. Exceptions are small shops 
with low capitalization that can do simple re
pairs more cheaply than an outside shop. 

Aluminum cars 

Aluminum cars show significant potential for 
reducing the cost of transporting coal in un it 
trains, primarily because they may weigh as 
much as 35% less than conventional steel 
cars when empty. The lower empty weight 
and tha resulting higher coal-carrying ca
pacity (for the same gross weight of the car) 
lead to a decrease in many cost elements 
(Table 3). However, the study suggests that 
there are several critical factors that ought 
to be considered by a utility proposing to buy 

Table 3 
EFFECTS ON COAL TRANSPORTATION 

COSTS OF REPLACING STEEL CARS WITH 
ALUMINUM CARS 

Estimated 
Cost Element Effect on Cost* 

Fuel cost About 1 2% lower 

Maintenance-of-way cost About 1 2% lower 

Crew cost As much as 9% 
lower 

Locomotive maintenance As much as 9% 
cost lower 

Locomotive capital cost As much as 9% 
(for a fleet) lower 

Car maintenance cost About 9% lower 

Car capital cost (for a fleet) 30-40% higher 

Accident cost About 30% higher 

* Assumes that an empty aluminum car weighs 20 tons. 

aluminum cars. Among these are the design 
details, which can determine a car's ten
dency to have early and repeated fatigue 
failures; the purchase price; the freight rate 
discount offered by the railroad for coal 
carried in aluminum as opposed to steel 
cars; and maintenance costs, measured i n  
terms of both direct costs and  car out-of
service time. Given a well-designed car, a 
purchase price not more than 50% above 
that of a steel car, a freight rate about 5% 
per ton lower than the rate for steel cars, 
and maintenance costs similar to those of 
steel cars, the aluminum car appears to be 
a good investment-offering an internal rate 
of return on the incremental investment 
(over the steel cars) of around 40% . The 
study identified methods for increasing the 
likelihood that such a rate of return will 
actually be achieved. The analysis indicates 
that the rate of return is quite sensitive to the 
freight rate discount, car out-of-service time, 
and maintenance costs. Thus a cautious 
evaluation of these factors is desirable be
fore making a major investment in aluminum 
cars. Project Manager: Edward Altouney 
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ADVANCED FUEL 
CELL TECHNOLOGY 

The major objective of EPRl's fuel cell re
search program is the introduction of first
generation phosphoric acid fuel cell power 
plants with a heat rate of 8000 Btu/ kWh into 
utility use. These power plants will be able to 
use any clean fuel capable of being reformed 
to a hydrogen-carbon dioxide-carbon mon
oxide mixture, such as natural gas, light
distillate hydrocarbons, and alcohol. The 
objectives of the advanced fuel cell technol
ogy subprogram are to improve the above 
heat rate for acid fuel cells still further and 
to develop alternative systems, such as the 
molten carbonate fuel cell, that offer more 
fuel flexibility and still lower heat rates than 
advanced acid fuel cells. (The most recent 
Journal report was in the September 1982 
issue, p. 56.) 

At the present time the EPRI advanced fuel 
cel l  technology subprogram has three proj
ect groups. 

o Development of new materials for the acid 
fuel cell cathode (air electrode) and its as
sociated structures (current collectors, cell 
separator plates), as well as an understand
ing of the causes of the comparatively poor 
performance of the phosphoric acid fuel cell 
cathode (RP1200) 

o Synthesis and testing  of stable acid elec
trolytes (either in pure form or as an additive 
to phosphoric acid) that may result in greater 
performance than pure phosphoric acid 
(RP1 676), as well as a l imited investigation 
of solid oxide electrolytes 

o I nvestigation of the molten carbonate fuel 
cell for application either as an internal
reforming, methane-fueled power plant, pro
jecting heat rates near 6000 Btu / kWh, or 
integrated with a coal gasifier and bottoming 
cycle, projecting an overal l  power plant heat 
rate of 6800 Btu / kWh (RP1085,  RP2344, 
and RP1041 ) 

New materials for the 
acid fuel cell cathode 

Higher fuel cell performance (power output 
and efficiency) may require greater cel l  
operating temperatures and pressures. Al
though acetylene-black supports for the 
platinum or platinum alloy cathode catalyst 
are adequate at 205 ° C, 8 atm (81 1 kPa), 
and 0.73 V per cell ,  they are probably not 
suitable for use at the higher cel l  tempera
tures and consequent higher cell voltages 
required for lower system heat rates. In 1 982 
carbides and si l icides were examined as 
possible candidates for h igh-stabi l ity con
ducting catalyst supports. The most satis
factory of these materials to date has proved 
to be titanium carbide (RP1200-8). During 
the past few months, this material has been 
successfully prepared in a high-surface-area 
form equivalent to acetylene black in terms 
of m2 per un it vol ume (Figu re 1 ) .  It has 
recently been successful ly catalyzed with 
high-surface-area platinum with excellent 
results. I n it ial i ndications are that the prod
uct is of very high stability and has many 
of the properties of the plat inum alloy or 
intermetall ic  materials previously studied 

Figure 1 Transmission electron micrograph 
(340,000X) of very high surface area titanium 
carbide catalyst support developed under RP1200-8. 

(RP2100-5). Catalyzed titanium carbide ap
pears to show somewhat higher activity than 
platin um on a carbon support on a per-unit
area basis and future work wi l l  emphasize 
additional treatments to sti l l  h igher activity. 
This material shows great promise as an ad
vanced catalyst that may eventual ly improve 
heat rates by 500 Btu/kWh, giving an ulti
mate end-of-life value of 7800 Btu /kWh 
(HHV) for a neglig ible increase in  cell com
ponent cost. 

Such a catalyst layer may require changes 
in other cell repeat components. Further, 
un less electrolyte management can be very 
carefully controlled (which is i mprobable), 
i t  will be difficult, if not impossible, to make 
separator plates from graphite-resin mixtures 
carbonized at low temperatures. Plates made 
in this way are porous and have a relatively 
low corrosion resistance, as studies under 
RP1200-2 have shown. Other work conduc
ted under RP1200-2 has demonstrated 
much lower corrosion rates on certain ful ly 
graphitized materials, and more particularly 
on dense glassy carbons prepared at 2000° c. 

A range of corrosion currents under uti l
ity fuel cell cathode conditions is obtained 
on graphites of different orig ins and with 
different preparation conditions. However, 
operations requir ing temperatu res of up 
to 2900 ° C to produce dense, corrosion
resistant graphite are costly and have high 
reject rates; thus some low-cost applications 
of chemically resistant nonporous coatings 
are being investigated. These wil l use g lassy 
carbon or chemical vapor-deposited (CVD) 
carbon coatings (RP1200-2) or conductive 
CVD carbide coatings (RP1200-8) on bipolar 
plate components heat-treated at lower tem
peratures i n  the 1 200-1600 ° C range. 

If any of the above research is  success
fu l ,  it should allow heat rates on the order 
of 7800 Btu/ kWh to be attained in fi rst
generation methane or l ight disti l late sys
tems. If all the research is successful ,  it 
could result in values perhaps as low as 
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7200 Btu/ kWh in cells operating at approx
imately 240 ° C. 

Synthesizing and testing 
new acid electrolytes 

Phosphoric acid does not have al l  the prop
erties of an ideal fuel cell electrolyte (EPRI 
Journal, September 1 982, p .  56). Because it 
is chemically stable, is relatively involatile 
at temperatures above 200 ° c,  and rejects 
carbon dioxide, it is useful in uti l ity fuel cel l  
power plants that use fuel cel l  waste heat to 
raise steam for reforming natural gas and 
l iquid fuels. Although phosphoric acid is the 
only common acid combin ing the above 
properties, it does show inferior performance 
as an air electrode medium compared with 
other electrolytes, including such materials 
as sulfuric and perchloric acids, whose other 
chemical properties render them unsuitable 
for uti l ity fuel cell use. 

Recent work points toward anion adsorp
tion as the major contributor to the relatively 
poor catalytic performance of phosphoric 
acid electrolyte, especially in the concen
trated form present in the utility fuel cell. 
For example, RP1676-2 has shown that the 
high oxygen electrode activity of dilute tri
f luoromethane sulfonic acid is proportion
ately reduced by addition of phosphoric acid 
at increasing concentration .  Under these 
conditions, the poisoning effect on the re
action is so great that changes in the oxygen 
reduction rate are seen at phosphate ion 
concentrations as low as 300 ppb. However, 
whi le suggesting that adsorption i nfl uences 
the reaction, this experiment showed neither 
the precise mechanism of the interaction 
nor the effect of high concentrations of 
phosphate ion on the process. 

Some of the uncertainty has been cleared 
up by work conducted under RP1200-9, 
which has recently examined phosphate ad
sorption in more-concentrated solutions on 
a platinum oxygen reduction catalyst by 
a radioactive technique. Phosphate ion 
adsorbs on the platinum electrode surface 
at potentials close to those at which high 
current densities for oxygen reduction are 
noted, but it is progressively desorbed at 
higher potentials where the platinum surface 
becomes more oxidized. In contrast, the 
anion of trif luoromethane sulfonic acid is 
hardly adsorbed on the unoxidized platin um 
surface, but a t  higher potentials its adsorp
tion is associated with oxidation products 
of water (or reduction products of molecular 
oxygen) on the electrode. This observation 
gives some clues as to the type of interaction 
required for h ighly effective catalysis. 

Work conducted under RP1 200-7 during 
the last few months has shown that addition 
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of concentrated trifluoromethane su lfonic 
acid to concentrated phosphoric acid en
hances the activity of the latter for oxyge n  
reduction by 4 0  mV (which could improve 
the heat of fi rst-generation fuel cells by 400 
Btu/kWh). This contrasts with the RP1 676-2 
results reported above for di lute sol utions; 
however, it shows the real possibil ity that 
the catalytic activity of platinum-based cata
lysts in phosphoric acid can be improved 
under util ity fuel cell conditions by the use 
of suitable additives, especially f luorinated 
sulfonic or phosphonic acids. 

Efforts to synthesize suitable nonvolati le ,  
stable fluorinated sulfonic or  phosphonic 
acid compounds to replace phosphoric acid 
(trif luoromethane sulfonic acid is much too 
volatile for practical use) are cont inuing 
(RP1676-1 , -3). A year ago there was some 
doubt whether activity of higher nonvolatile 
members of the fluorinated sulfonic acid 
family was equivalent to that of the volat i le 
lowest member of the series, trifluorometh
ane sulfonic acid .  The latest work under 
RP1 676-2 shows that their activities are 
equal in the absence of impurities resulting 
from by-products of the synthesis. The re
sult allows some guarded optimism that the 
present research will ultimately prove to be 
successfu l ,  which has encouraged other or
ganizations (in particular the Gas Research 
Institute) to support work in this area. 

However, not al l research problems are 
resolved at this time. One serious difficu lty 
that was not anticipated when work started 
in this area is that under util ity fuel cel l  con
ditions the conductivity of 95% phosphoric 
acid is more than 10 times higher than that 
of 89% tetraf luoroethane disulfonic acid (a 
stable, nonvolatile higher homolog of trifluo
romethene sulfonic acid). Unfortunately, the 
conductivity values of the latter types of acid 
appear to be the rule, with phosphoric acid 
the exception. 

One consequence of this problem is that 
fuel cells operating on pure f luorinated sul
fonic acids as electrolytes show better intr in
sic oxygen electrode activity than those with 
phosphoric acid, but at the same time they 
show higher cell resistance, which negates 
their catalytic advantage. Further under
standing of the anomalously high conduc
tivity effect of phosphoric acid is therefore 
required to see if it can be extended to other 
materials. The effect appears to be associ
ated with the self-ionization of phosphoric 
acid, so that the conducting species (pro
tons) are associated with phosphoric acid 
molecules rather than with water molecules, 
as in the fluorinated sulfonic acids. Investi
gation of other additives to un lock these 
protons and to increase their mobi l ity to 

levels simi lar to those in concentrated phos
phoric acid is proceeding at the present t ime. 

Molten carbonate and 
other high-temperature cells 

Part of RP1676 is devoted to a study of the 
high-temperature solid-oxide fuel cel l oper
ating on internally reformed natural gas 
(methane) fuel. This system may be capable 
of a heat rate of 6800 Btu / kWh (HHV) when 
combined with a bottoming  cycle. This work 
wil l  allow comparison between this solid
oxide concept and the i nternal-reforming, 
methane-fueled molten carbonate system.  
Because of  its higher un it cell voltage, the 
latter may be capable of lower heat rates 
than the above value without a bottoming 
cycle, as indicated in the September 1982 
status report. This heat rate has been con
firmed in a study carried out as part of 
RP1041, which concluded that an atmo
spheric pressure stack of molten carbonate 
cells with anodes contain ing an internal
reforming catalyst associated with a very 
simple chemical-engineering system (three 
blowers and one simple heat exchanger, 
compared with turbochargers and 14 heat 
exchangers for pressurized phosphoric acid) 
would be capable of very high system effi
ciency at low cost. Based on present knowl
edge of laboratory cell performance at 160 
mA/cm2 current density and at 650 ° C oper
ating temperature, overall efficiency on 
natural gas projects to 61 % LHV (5600 
Btu /kWh, or 6200 Btu/kWh HHV). A total 
delivered equipment cost of $600-$650 /kW 
(1983 $) in modular units of 2 MW is pre
dicted. Performance improvements using 
more-complex pressurized systems appear 
to be small and not cost-effective. This infor
mation ,  confirming previous less-detailed 
studies for the Gas Research Institute, has 
caused a reorientation of RP1085 toward 
the examination of this concept. Conse
quently, studies are now being directed 
toward solving remain ing problems, particu
larly the development of long-lifetime internal
reforming catalysts, cathode materials im
provements, and the solution of remaining 
electrolyte management problems. The de
velopment of a cost-effective stack is being 
addressed under RP2344, starting with an 
in-depth materials and engineering analysis 
of repeat component design and assembly 
requirements for a designed-to-cost system.  
Project Manager: John Appleby 

MATERIAL-PROCESSING LASERS 

Materia l -processing lasers are a new class 
of manufacturing tool that is being used 
increasingly in many industries. In the United 
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States alone, over 6100 lasers are used to 
cut, weld, drill, harden, or scribe on a variety 
of materials ranging from cloth to cobalt 
alloys. The high-energy densities attained 
with lasers make possible new applications 
that outperform many traditional machining 
operations. 

An EPRI project has identified over three
fourths of the lasers used in the U.S.  indus
trial sector (RP1967-3). Some 32 different 
standard industrial classification (SIC) 
code industries use lasers. Most of these 
industries-automobile components and 
accessories, heavy ordnance, and aircraft 
engines-are concentrated in the upper 
Midwest (Michigan, Indiana, I l l inois, Iowa, 
Minnesota, and Wisconsin). The study con
cluded that utilities in this region wi l l  prob
ably have the highest growth rates in elec
tricity demand that result from laser use. 
Material-processing lasers consumed an 
estimated 27.5 GWh of electricity (1980). 
High-powered lasers (5 kW and greater) ac
count for 90% of this electricity consumption .  

Lasers produce concentrated electro
magnetic energy in a narrow frequency 
band. Power intensities exceeding mi l l ions 
of watts per square inch are available. The 
related densities can melt or vaporize mate
rials in nanoseconds. Lasers' vers-ati l ity is 
further demonstrated by their abil ity to dif
fuse a beam from a tiny spot for welding or 
cutting  to larger areas for heat treating or 
cladding. 

Lasers are most useful when used on ex
tremely hard materials or product designs 
requir ing i ntricate patterns. A material 's 

hardness does not deter laser operation as 
it does with conventional tools. Because 
cutting  or dr i l l ing is performed by a beam, 
there is no need to replace or sharpen tools. 
Thin materials (:S'/s in) can be cut or dri l led 
several times faster than by conventional 
means, and setup work is often el iminated. 
For example, dri l l i ng keyholes in complex 
patterns for reposition ing the cutting tool is 
no longer necessary. 

The laser's ability to cut complex patterns 
is l imited only by the capabilities of the beam 
del ivery system. Computer operation allows 
almost any pattern to be cut merely by a 
change in optics and software. Compared 
with conventional processes, lasers can 
apply heat locally and rapidly quench it to 
substantially reduce the total energy ab
sorbed by the material being processed. 
This feature results in less part distortion 
and surface damage. 

Laser welding is particularly well suited 
to automation. This process is fast and ex
tremely clean compared with resistive or arc 
welding.  Laser welding precision results i n  
less distortion and  surface damage, which 
el iminates postweld processing. 

Special techniques recently developed 
can perform welds considered difficult or  
impossible with conventional methods. Weld
i ng a thin material to a much thicker sub
strate with conventional techniques is 
considered a difficu lt task. Thi n ner materials 
tend to overheat. Spike-through welding with 
lasers penetrates the top of a thin material 
and forms a keyhole into the substrate, com
pleting a clean weld. 

Heat treating with lasers requires a beam 

Table 1 
ESTIMATED SAVINGS FROM LASER APPLICATIONS 

Cost Savings 

Application $/part $/year 

Weld, pulley housing 0 .11  405,000 

Weld, planetary gear housing 0.08 648,000 

Weld , oxygen sensor 0.06 233,000 

Weld , emission control valve 0.06 183,000 

Harden, power steering cylinder 0 .11 499,000 

Harden, front wheel bearing 0 .1 5 200,000 

Harden, cylinder liner 10.80 324,000 

Weld, emergency storage battery 3.13 250,000 

Drill, jet engine combustion liner holes 72.69 233,000 

Weld , heart assist battery 2.53 308,000 

of uniform intensity to heat the surface of 
steel or iron very quickly to a temperature 
near its melt ing point. When the beam is 
switched off, the heated area rapidly cools 
and dissipates the heat into the adjoin ing 
material. This rapid cooling hardens the 
material at the surface. The localized beam 
can selectively harden small areas of the 
surface whi le preserving the structural in
tegrity of the treated part. Case depth is 
readily controlled by adjusting  beam inten
sity. Localized hardening and selective case 
depth are desired for such appl ications as 
hardening gear teeth. A hard surface is 
necessary to reduce wear, but extensive 
hardening of the entire gear would make it 
brittle and unusable. 

Laser cladding ,  a recent appl ication ,  re
quires high energy intensities to melt a coat
ing of material with desirable properties onto 
a less costly substrate. Stel l ite and cobalt 
alloys are used on a steel substrate to im
prove wear resistance, as are nickel-based 
alloys for high-temperature corrosion resis
tance. Cladding expensive chromium, co
balt, and nickel onto less-expensive sub
strates offers an excel lent way to reduce the 
cost of parts requiring these materials. 

The abil ity of material-processing lasers 
to increase productivity is qualitatively docu
mented. However, not on ly is quantitative 
information on productivity enhancement 
unavailable, but generation of this informa
tion is hindered by the absence of relevant 
application data in the literature. 

RP1967-3 surveyed relevant applications 
and, where available, estimated cost savings 
i n  each operation (Table 1) .  The study also 
found that laser heat treating applications 
wil l  abound  in the near term. Another project 
(RP1967-5) is i nvestigating the effectiveness 
of absorptivity enhancement coatings for 
materials exhibiting low absorptivity (i.e . ,  
copper and its alloys, s ilver, and others). 
Procedures for grading enhancement coat
ings for a variety of substrates are being 
developed. Coatings being evaluated in
clude graphite, manganese phosphate, po
tassium disi l icate, and black nickel. These 
coatings wi l l  allow lasers to process mate
rials that normally could not be worked. 

A new project will compare the qualities 
of laser-hardened steel with conventional 
gas-carburizing techniques (RP241 6-1 5). 
Laser hardening of gears can sign ificantly 
reduce energy and processing costs in many 
cases; however, few technical data are avail
able on the properties of laser-hardened 
steels. This project will compare simulated 
gear tests of laser-hardened surfaces with 
established data for gas-carburized surfaces. 
Project Manager: John Brushwood 
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IRRADIATED CRACK ARREST 

Crack arrest testing is one of the ways 
in which we can measure the behavior of 
structural materials that contain cracklike 
flaws under complex stress fields. Nuclear 
pressure vessels must be analyzed tor both 
unusual loading and potentially degraded 
material conditions. Neutron irradiation 
causes reactor vessel materials to be less 
tolerant of flaws than they are when con
structed. Theories have been developed to 
forecast the irradiation effect, but theories 
are always uncertain until they are verified 
by experiments. RP1326-1 provides the first 
evidence to measure the effect of neutron 
irradiation on the arrest of running cracks in 
reactor pressure vessel steels. 

The principles of fracture mechanics are 
now being used extensively in the nuclear 
industry. The criterion for failu re in  the pres
ence of a cracklike defect is that fai lure 
wi l l  occur whenever the cracktip stresses 
exceed some critical condit ion. The loading 
or stress condition is expressed in terms of 
the appl ied stress i ntensity, K1 . The material 
strength is expressed in terms of the fracture 
toughness, and the case of a running crack 
involves a special material property cal led 
the crack arrest toughness, K ia-

The toughness of ferritic steels is a func
tion of the temperature at which the steel 
is stressed; the lower the temperature, the 
lower the toughness. The region of tempera
ture at which a steel changes rather abruptly 
from low toughness (brittle region) to high 
toughness (ductile region) is  cal led the tran
sition temperature. The higher this transition 
temperature for a given material relative to 
the service loading temperature, the greater 
is the chance for the material to fail in the 
presence of a flaw. The Charpy impact 
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energy test and the crack arrest toughness 
test both shift u pward in the transition tem
perature region as a result of high-energy 
neutron irradiation. This behavior is a basis 
for the idea to monitor the temperature shift 
in toughness of actual vessel materials by 
measuring the temperature shift of small 
Charpy specimens in actual power reactors. 
It is commonly assumed that the shift in the 
Charpy 30-ft-lb (40.7-J) level (Tcvso) wi l l  
reflect the shift of the toughness behavior. 

Any defect discovered dur ing an in-service 
i nspection that exceeds 2 .5% of the pres
sure vessel wall thickness requ i res an eval
uation of its potential effect on the integrity 
of the vessel. Such an evaluation is outl i ned 
in Section XI of the ASME Code to determine 
the necessity for repair ing the defect. Repair 
is always a costly endeavor. The ult imate 
acceptabil ity of the defect is related to its 
size, the severity of loading (under both 
normal and faulted conditions), and the avai l 
able fracture toughness of the material. At 
present, the code requires use of crack 
in itiation and the crack arrest toughness for 
conservatism in  the analysis. If the defect is 
located in a high fast-neutron flux region of 
the reactor vessel ,  then the effect of the 
i rradiation must also be accounted for. 

Although measurement and analysis of 
crack in itiation has been pursued exten
sively, crack arrest is  less well understood. 
However, crack arrest technology has ad
vanced considerably over the past decade. 
Reproducible test procedures have been 
developed and are in the process of being 
standardized. Procedures developed in  this 
project (RP1326-1 ) are currently under con
sideration for adoption by ASTM. 

Almost all the pressure vessels produced 
today, and those currently in service, are 
fabricated from ASTM A533 Grade B ,  Class 

1 or A302 Grade B steel plate or the equiva
lent forging grade steel, A508 Class 2.  The 
thick sections are, for the most part, joined 
by submerged arc welding techn iques.  A 
number of the early light water reactor ves
sels were constructed from materials having 
high copper and nickel content. Copper and 
nickel have been determined to be two 
residual elements that contribute to the radi
ation sensitivity of reactor vessel materials. 
The materials chemistries in more recently 
bu i lt reactor vessels have controls to reduce 
the detrimental residual elements and pro
duce vessels more tolerant to the i rradiation 
environment. Consideration of these facts 
led to the selection of fou r  material types 
for testing in this project. 

Materials selected incl uded two A533 
Grade B, Class 1 RPV plates and two sub
merged arc weldments. One plate and weld
ment were characteristic of current reactor 
vessel materials with low RT NOT, high upper
shelf Charpy impact energy, and low copper 
content. RT NOT is a measure of the transition 
temperature based on Charpy tests and n i l  
ductil ity transition tests. The other plate and 
weldment are characteristic of earl ier reac
tor vessel material with h igher RT NOT, lower 
u pper-shelf impact energy, and higher cop
per content. Table 1 summarizes the four 
materials tested in the program. 

Although the main objective of this project 
has been to measure the crack arrest tough
ness, other material property measurements 
have been incl uded so that the four selected 
materials wou ld be more fu lly characterized. 
In addition to measuring crack arrest tough
ness values, the program obtained data on 
tensile properties, Charpy V-notch impact 
properties, and crack in itiation toughness 
values. When the program is completed, al l  
property measurements wi l l  be entered into 



Table 1 
FOUR MATERIALS TESTED FOR CRACK ARREST TOUGHNESS 

M aterial Type 

Plate 1 A533 B Class 1 

Plate 2 A533 B Class 1 

Weld 1 SA, Linde 0091 flux 

Weld 2 SA, Linde 80 flux 

the EPRI materials data bank, which is main
tained for uti l ity and industrial use. 

It was evident at the outset of this investi
gation that the majority of crack arrest speci
mens to be tested would have to be smaller 
than the 200 x 200 x 50 mm d imensions 
recommended by ASTM. The requirement 
for smaller specimens was dictated both by 
the l imited availabil ity of test material and by 
space l imitations in reactors. To meet these 
l imitations, researchers decided to i r radiate 
brittle-weld compact crack arrest (BWGGA) 
specimens as small as 1 00 x 1 00 x 16 mm. 
Since BWGGA specimens of th is s ize had 
not been tested previously, it was necessary 
to establish the suitabil ity of subsize BWGGA 
specimens for measuring crack arrest prop
erties of pressure vessel steels. 

Loading is applied by forcing a split wedge 
into a circular opening.  A brittle weld helps 
to in itiate a running crack in  the specimen, 
and side grooves control the d i rection of 
crack jump. The objective of a crack arrest 
test is to cause a crack to begin running and 
stop within the specimen so that an analysis 
of the specimen test can be used to predict 
the behavior of hypothetical running cracks 
in real pressure vessels. 

Specimens to be irradiated were carefu l ly 
packed into special ly designed a luminum 
capsules, which were then placed near the 
core of the University of Virg in ia research 
reactor for exposure to high-energy neu
trons. This is a well-characterized swimming 
pool reactor that uses plate-type fuel ele
ments. It can operate at up to 2 MW of power. 
Temperature of the test specimens during 
i rradiation was maintained at 288 ± 28 ° G 
to match the nominal operating temperature 
at the i nner wall of the reactor vessel .  This 
was accomplished by balancing the heat 
input from the i rradiation and auxi l iary elec
tric resistance heaters with the heat lost 

Average Upper-
In itial RT NOT Shelf Impact Energy Copper Content Phosphorus Content 

(oc;  O F) (ft-lb; J) (wt%) (wt%) 

- 1 8  0 1 24 168 

- 3  27 80 1 08 

- 46 -50 1 58 2 1 4  

- 1 8  0 67 90 

by conduction through the capsule walls. 
Dosimeters in each capsule were analyzed 
after i rradiation to measure the neutron 
fluence . In al l cases, the fluence was approxi
mately 1 x 10 1 9  neutrons/cm2

. 

Although the unirradiated specimens in 
th is project were fracture-tested in  a tem
perature-contro lled environment only, the 
irradiated specimens had to be remote-tested 
and temperature-controlled in radiation hot 
cells. More than 50 valid crack arrest tough
ness tests were performed, approximately 
30 of them in the irradiated condition. 

� 120 

80 � 
. ., 
'iii 

0 40 

CD 

CD 

Predicted Shitt of 
Transition Temperature (0C) 

Figure 1 Comparison of observed and predicted 
effects of radiation on the transition temperature of 
four steels. The data points in color represent T cv30 
from the Charpy curve; those in gray represent the 
K13-versus-temperature curve. 

0.07 0.008 

0 .20 0 .010  

0 .03  0 .004 

0 .23 0 .012  

The results of  the crack arrest tests show 
that the toughness-versus-temperature rela
tionship is sh ifted upward in temperature 
by i rradiat ion, as expected. For the low
copper plate and low-copper weld, the i rradi
ation-induced shift was approximately equal 
to the shift predicted by NRG Regulatory 
Guide 1 .  99 for a neutron f luence of 1 x 

1 01 9  n eutrons/cm2 at 288 ° G. For the high
copper plate and the high-copper weld , the 
irradiation-induced temperature shift i n  the 
crack arrest toughness curve was less than 
that predicted by NRG Regulatory Guide 
1 . 99 and less than the observed shift in the 
Gharpy V-notch energy-versus-temperature 
curves. Figure 1 shows averaged results for 
the fou r materials. 

The results of this fi rst systematic study of 
i rradiation effects on crack arrest toughness 
indicate that either NRG Regulatory Guide 
1 .99 or Gharpy V-notch impact test results 
will provide conservative estimates of the 
i rradiation-induced temperature shift for 
high-copper plates and we lds. Project 
Manager: S. W Tagart, Jr. 

ELECTRICAL 
EQUIPMENT QUALIFICATION 

In close coordination with an advisory group 
of utility representatives, EPRI has estab
lished a wide-ranging research effort to 
address utility needs in the qualification of 
safety-related electrical equipment for oper
ation during years of service, as well as 
under accident conditions that may occur 
in a plant that is in an advanced stage of life. 
The research began with an in-depth review 
of equipment-aging technology and a com
pilation of information on radiation doses 
that degrade properties of organic materials 
in plant equipment. A computerized data 
bank of equipment qualification information 
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was then established to make the existing 
data base available at office terminals of 
qualification engineers. Also in progress are 
(1) shake table tests to examine the need to 
artificiaffy age equipment prior to seismic 
qualification testing, and (2) hydrogen burn 
tests to provide generic data that can be 
used to assess the ability of equipment to 
function during and after postulated de
graded core accidents. 

At a moment's notice, nuclear plant safety 
equipment may be requi red to prevent acci
dents, sense accidents, shut a plant down 
safely, and monitor postaccident environ
ments. Equipment qualification is the docu
mented demonstration that such equipment , 
regardless of how long it has been i n  ser
vice, is capable of function ing even under 
the severe environment it may face during a 
design-basis accident Util ity owners are re
sponsible for meeting IEEE Standard 323, 
which requires qualification by test or analy
sis under such operating environments as 
cycl ing,  vibration, humidity, and low radiation 
levels, as well as under such accident envi
ronments as earthquakes; water/chemical 
sprays; and high temperature, pressure, and 
radiation levels. The most diff icult technical 
problem in  qualification stems from the 197 4 
standard, which requ i res that equipment be 
artif icial ly aged before being tested under 
accident conditions. This accelerated aging 
attempts to duplicate the equipment's con
dition after as much as 40 years of installed 
life. 

Qualification technology is relatively im
mature, and procedures, standards, and 
regulations in this area have been changing 
over the last 10 years, making it difficult and 
costly for util it ies to keep abreast In  1979 
the Nuclear Regulatory Commission i n itiated 
an extensive evaluation of electrical equip
ment environmental qualif ication i n  operat
ing plants. The result was the establ ishment 
of deadlines for el iminating deficiencies and 
a rule modifying the interim evaluation re
q uirements. Regulatory attention is now 
shift ing to seismic qualification of both elec
trical and mechanical equipment 

To help utilities keep pace with these ex
panding regu latory requirements in a man
ner consistent with the state of the art, EPRI 
established a wide-ranging research pro
gram with the help of an advisory group of 
util ity representatives. The electrical equip
ment research area was establ ished about 
five years ago (RP890, RP1 707). More re
cently, the Institute in itiated a separate proj
ect to study criteria and methods for qualify
i ng active mechanical equ ipment (RP21 98). 
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An early EPRI study that has been used 
extensively in  the industry is a review of 
equ ipment-aging theory and technology by 
the Frankl in Research Center (NP-1558). 
This report contains a useful summary of ag
ing data, such as aging mechanisms, fai l u re 
modes, activation energies, and radiation 
endurance data. It also points out the l imita
tions of existing theories and procedures for 
quantitatively accelerating the effects of 
aging .  

The Equipment Qualification Advisory 
Group, made up of representatives from al l  
nuclear plant owners, meets at least twice 
yearly with EPRI staff and contractors to re
view current and planned equipment qual i
fication research and to foster information 
exchange and cooperation among its mem
bers. One of the group's more successful 
cooperative cost-saving efforts was a generic 
qual ification test program on pressure trans
mitters, the cost of which was shared by 
about 25 uti l ities. The advisory group's steer
ing committee helped develop industry po
sition papers on important l icensing issues 
and recently helped create an equipment 
qual ification seminar, sponsored by the Nu
clear Safety and Analysis Center (NSAC), 
which is being  presented nationwide dur ing 
1983. 

Equipment qualification data bank 
Until recently each uti l ity collected its own 
qualification data for plant-specific electrical 
safety equipment, which resulted in  expen
sive duplication .  The sheer quantity of i n 
formation about hundreds of  equipment 
types in each plant made it difficult to deter
mine work already performed elsewhere, 
and this situation was aggravated by the 
exercise of proprietary rights by uti l it ies, ven
dors, and test laboratories. EPRI responded 
by establ ishing the Equ ipment Qualification 
Data Bank (EQDB), which contains informa
tion on the qual ification of all electrical 
safety equipment in  nuclear plants. 

Operational since January 1981 , EODB 
is an interactive, t ime-shared computer sys
tem contain ing summary qual ification data 
for about 7000 electrical equipment items in  
88 operating and not-yet-operating plants. 
The data are extracted from documents sub
mitted to NRG or are contributed d i rectly by 
plant owners and equipment manufacturers. 
However, the appearance of data in EQDB 
does not imply that the qualif ication of a par
t icular device is accepted by NRG. 

Each device's summary consists of over 
40 items of i nformation ,  including equ ipment 
identifiers, peak environmental parameters, 
qualification test parameters, and informa-

tion sources. From terminals in their offices, 
industry users can search the data fi les by 
equipment type, manufacturer, plant, test 
temperature, pressure, humidity, or radia
tion dose. The data bank can also serve as 
a catalog for plant operators who need re
placement equipment on short notice. EPRI 
is supporting EODB's expansion to inc lude 
seismic qual ification data for both electrical 
and mechanical equipment and is planning 
to add material property data on aging and 
radiation effects. 

EODB, which was established with EPRI 
research funds (RP1 707-2), is now main
tained and operated by annual user fees to 
N US Corp . ,  which administers the data bank 
for EPRL There are currently about 20 sub
scribers (mostly uti l ities). 

Radiation effects studies 

EPRI is also compi l ing radiation effects in
formation on organic materials in  nuclear 
plant equipment for eventual storage in  the 
data bank. The data can be used d i rectly 
to qual ify equipment for radiation in mi ld
environment plant areas, for which l ifetime 
radiation doses are generally 1 04 rads or 
less. The data are also useful i n  selecting 
materials and components to function in  
harsh environments-those having l ifetime
plus-accident doses estimated to be as high 
as 1 09 rads. 

The objective of an EPRl-sponsored study 
by Georgia Institute of Technology (RP1 707-3) 
was to determine, to the extent possible, a 
low-level radiation threshold dose for s ignifi
cant effects to nuclear plant materials and 
components, using data in  publ ished l itera
ture. The research studied 50 plastics, 1 6  
elastomers, coatings, l ubricants, and adhe
sives. An important find ing is that a total 
dose of less than 1 05 rads produces no sig
nificant degradation of mechanical or elec
trical properties for the l isted materials (NP-
2129). (The notable exception is equ ipment 
contain ing Teflon, for which the threshold 
dose is 1 04 rads.) Some organic materials 
were found to exhibit threshold levels as 
great as 1 09 rads. The study showed that, 
in general, equipment exposed to less than 
1 05 rads during its design life can be ex
empted from radiation test ing. A follow-on 
study of radiation effects is being carried out 
by the Jet Propulsion Laboratory, Californ ia 
Institute of Technology (RP1 707-7). The ob
jectives are to compi le existing radiation 
effects data for organic materials into a 
format suitable for EODB and to transfer 
applicable radiation effects technology from 
the space program to the nuclear power 
industry. 



Materials experts from a cross section of 
the industry are forming an EPRl-supported 
qualification materials data committee , which 
wi l l  review radiation effects and other aging 
data for storage i n  the data bank to ensure 
that properties used to qual ify plant equip
ment are un iform. 

Aging-seismic correlation tests 

Qualification standards specify that electri
cal equipment be aged before seismic test
ing. Although this requirement addresses 
the possibi l ity that degradation such as em
brittlement or corrosion could impair the 
ability of an electrical device to function dur
ing or after an earthquake, there is l ittle 
documented evidence from laboratory test
ing or operating  experience to show a corre
lation between aging and functionabil ity 
under seismic excitation. To examine th is 
aging-seismic correlation ,  EPRI is sponsor
ing tests at Wyle Laboratories (RP1 707-4). 
The project's first phase addressed elec
tronic and electrical devices (e .g . , capaci
tors, diodes, transistors, integrated c i rcu its, 
an optical coupler, and terminal blocks) 
for which seismic qualif ication test ing had 
shown no aging-seismic correlation .  

Researchers constructed a statistical ex
periment in which several model specimens 
from each component category were seis
mical ly tested. Some were new; some were 
aged thermally; others were aged operation
ally by cycl ing; and sti l l  others were aged 
both thermally and operationally. Equivalent
aged l ife ranged from 7 to 225 years. The 
research hypothesis was that component 
seismic performance would not be affected 
by aging. As a control, two relay types, the 
seismic performance of which was suspected 
to be affected by aging,  were included. 

The components, numbering about 2000, 
were instal led in a metal cabinet in a manner 
typical of nuclear plant i nstal lation .  The cabi
net was mounted on a biaxial shake table 
(Figure 2), and motion-the same used in 
many other qualification tests at Wyle Labo
ratories-was applied successively in two 
orthogonal d i rectio ns. 

None of the components suspected to be 
unaffected by aging malfunctioned either 
during or after any of the tests. The result 
was a recommendation that s imi lar nuclear 
plant components be exempted from pre
test aging in  the future. By e l iminat ing such 
equipment condit ioning, uti l ities could bene
fit from substantial savings without jeopar
dizing demonstrated safety. 

One of the five relays that had been both 
thermally and cyclically aged exhibited con
tact chatter at several seismic test levels. 
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Figure 2 Electric cabinet mounted on biaxial shake 
table for the aging-seismic correlation tests of 2000 
aged and unaged components. 

Researchers concluded that relays may be 
affected by aging. However, additional test
ing with a greater sample size is necessary 
before a statistically sound conclusion can 
be drawn. 

The study's second phase, now in  prog
ress, is testing additional relays and com
ponent types with and without anticipated 
correlat ion. Some of the components are 
larger and more complex (e. g . ,  switches, 
motors, solenoids, meters) than those tested 
in the first phase. The second phase also 
includes devices that have been naturally 
aged in operating plants. Results are ex
pected by mid 1984. 

Hydrogen burn tests 

The Three Mi le Island accident provided a 
real-world test of n uclear plant systems and 
equipment. I n  almost al l  respects the ac
cident environment was less severe than 
the design-basis environment for which the 
equipment was qualif ied. However, during 
the accident an abnormal 28-psi (193-kPa) 
pressure spike was measured in the contain
ment bui ld ing. This pressure has been attrib
uted to the burning of hydrogen released to 
the containment atmosphere from the metal
water reaction inside the reactor vessel .  
Although the pressure is covered by cu rrent 
environmental qual ification conditions, the 
associated temperature spike is not. 

Proposed regulations wi l l  requ i re that 

equipment be able to function during and 
after a hydrogen burn. The key question is 
whether the conservative methods cu rrently 
used to qual ify equipment can ensure the 
equipment's abi l ity to survive a hydrogen 
burn. EPRI began to examine this issue by 
conducting hydrogen burn tests in a 2-m
diam cylindrical steel vessel (RP1932). Six 
tests were conducted, i ncluding ign ition of 
both sti l l  (premixed) hydrogen in concentra
tions up to 10 .7% by volume and continu
ously flowing hydrogen, with and without 
steam. The equipment-valve operators , 
pressure transmitters, solenoid valves, l im i t  
switches, thermocouples, resistance tem
perature detectors, and various sizes of 
cable - is typical of safety equipment in  nu
clear p lants that may be exposed to burns. 
None of the equipment showed vis ib le s igns 
of degradation after cumulative exposure in  
a l l  s ix  tests. Al l functioned normally before, 
during, and after each test. 

The small volume of the vessel tor the i n i
tial tests was representative of subcompart
ments in a containment bu i ld ing .  To examine 
phenomena in a space more representative 
of an open containment volume,  follow-on 
hydrogen burn tests are being conducted 
in a 15 .7-m-diam spherical dewar in a DOE 
Nevada facil ity. The tests (RP2168-3), which 
are a part of EPRl 's TMl-2 research ,  inc lude 
a wide range of equipment that m ust func
tion under postulated degraded core condi
tions. Results should be avai lable early in 
1984. 

Other areas of research 
EPRI is also conducting three other elec
trical safety equipment qualification projects. 
The first is a review of surveillance tech
niques that might be used to monitor equip
ment condition in situ as it ages dur ing plant 
operation (RP1 707-9). These special tech
n iques measure equipment parameters, the 
change of which over time may be a useful 
indication of remaining l ife. The second 
is a series of generic qualification studies 
for equipment commonly installed in plant 
areas with mild environments. Studies on 
rotary hand switches (RP1707-8) and motors 
(RP1707-10) are compi l ing existing test data 
and analyses that can be used to support 
qual ification of these devices without addi
tional plant-specific test ing. The th i rd study 
(RP1 707-1 1 )  is attempting to use mi l itary test 
data to show that some equipment types are 
inherently failure-proof under high-frequency 
vibration such as that produced by activa
tion of safety relief valves in BWR pressure 
suppression systems. Project Manager: 
George E. Sliter 
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New Contracts 

Number Title 

Advanced Power Systems 

RP639-2 Feasibility Study: 
MHD Component 
Product 

RP1 996-9 Wind Turbine Test 
Support-Electrical 

RP1 996-10 Wind Turbine Test 
Support-Analytic 

RP21 1 2-2 Evaluation of Coal-
Derived Liquids as 
Utility Boiler Fuels: 
Eastern Test 

RP2421-2 Gas Turbine Life 
Management System 

Coal Combustion Systems 

RP11 84-5 Workshop: Fossil 
Fuel Plant Cycling 

RP1261-7 Treatment of Recir-
culated Cooling 
Water; Phase 2, Site 2 

RP1 261-8 Technical Studies and 
Analysis: Treatment of 
Recirculated Cooling 
Water; Phase 2, Site 2 

RP1 648-6 Reliability Improve-
ments: Turbine 
Generator Lubrication 
Supply System 

RP21 54-3 Retrofit Low-NO, 
Combustion Systems 
for Coal-Fired Boilers 

RP2243-1 Guidelines: 
Electrostatic 
Precipitator 

RP2303-2 Environmental 
Assessment of AFBC 
Project 

RP2385-1 Cooling Pond 
Performance 

Duration 

3 months 

9 months 

1 year 

1 1  months 

44 months 

1 year 

2 years 

8 months 

2 years 

1 6  months 

21 months 

1 6  months 

30 months 
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Contractor/ 
Funding EPRI Project 
($000) Manager 

64.3 Technology 
Assessment 
Group, Inc. 
L. An_gel/o 

32.0 Power Tech no!-
ogies, Inc. 
F. Goodman 

39.3 Nielsen 
Engineering and 
Research, Inc. 
F. Goodman 

71 9.2 Southern 
Company 
Services, Inc. 
H. Schreiber 

21 99.8 General 
Electric Co. 
C. Dohner 

44.9 Wood-Leaver 
and Associates, 
Inc. 
F. Wong 

574.8 Stearns-Roger 
Engineering 
Corp. 
W. Chow 

1 83.0 Stearns-Roger 
Engineering 
Corp. 
W. Chow 

999.9 General 
Electric Co. 
T. McCloskey 

1 247.3 Babcock & 
Wilcox Co. 
M. McElroy 

348.3 Ebasco 
Services, Inc. 
R. Altman 

55.9 GAi Consultants, 
Inc. 
C. Aulisio 

435.9 Massachusetts 
Institute of 
Technolgy 
J. Bartz 

Contractor/ 
Funding EPRI Project 

Number Title Duration ($000) Manager 

Electrical Systems 

RP1534-2 Operating Consider- 22 months 348.1 Associated 
ations: Reliability Power 
Modeling of Inter- Analysts, Inc. 
connected Systems N. Balu 

RP21 1 5-7 Feasibility Study: 7 months 37.4 General 
Liquid-Nitrogen- Electric Co. 
Cooled Ultrahigh H. Mehta 
Voltage Thyristors 

RP2200-1 Using Modeling 20 months 299.9 Harco Corp. 
Techniques to Develop T. Kendrew 
Methods tor Predicting 
URD Cable Corrosion 

RP2325-1 Improved Radio 1 4  months 348.8 Westinghouse 
Frequency Monitoring Electric Corp. 

J. Edmonds 

RP243 1 -1 Lightning Flash 17 months 677.9 State University 
Density Measurement of New York 

H. Songster 

RP2438-1 Long-Life Cable 1 1  months 1 35.0 Battelle, 
Development: Columbus 
Cable Processing Laboratories 
Survey B. Bernstein 

RP2445-1 Low-Cost Gas Monitor 30 months 1 93.8 Westinghouse 
for Oil-Filled Electric Corp. 
Transformers V. Tahiliani 

Energy Analysis and Environment 

RP1955-4 Annual Review of 8 months 74.3 Battelle Memorial 
Demand and Conser- Institute 
vation Research A. Faruqui 

RP2020-3 Measurements of 23 months 1 29.4 Battelle, Pacific 
Bioavailability of Northwest 
Hg Species in Fresh Laboratories 
Water and Sediments J. Huckabee 

RP2145-3 Residential End-Use 1 0  months 99.4 Cambridge 
Load Shapes Systematics, Inc. 

S. Braithwait 

RP2174-1 0 Paleoecological 9 months 3 19 .6  I ndiana 
Reconstruction of University 
Recent Lake Foundation 
Acidification; Phase 1 R. Goldstein 

RP2279-3 Symposium: Load 1 1  months 75.0 Battelle Memorial 
Research and Load Institute 
Forecasting E. Beardsworth 

RP2280-1 Groundwater 1 0  months 31 9.3 Tennessee 
Transport Valley 

Authority 
I. Murarka 



Contractor I 
Funding EPRI Project 

Number Title Duration ($000) Manager 

RP2359-3 Fuel Research Coordi- 1 0  months 5 1 . 1  Strategic 
nation and Planning Decisions Group 

H. Mueller 

RP2359-1 0 Fuel Planning 9 months 1 60 .8  Strategic 
and Management: Decisions Group 
Application of S. Chapel 
Decision Analysis 
Fuel Planning 

RP2359-20 Oil and Gas Contract 8 months 84.5 Decision Focus, 
Mix; Application of Inc. 
Contract Mix Decision H. Mueller 
Analysis Methodology 

RP2365-1 Aluminum Biogeo- 46 months 261 4.5 U niversity of 
chemistry of Maine at Orono 
Forested Watersheds R. Goldstein 

RP2368-1 Laboratory and Field 20 months 52.2 Cornell 
Toxicity Comparisons University 

J. Huckabee 
RP2375-1 Hydrogen Peroxide 1 year 72.2 Unisearch 

Spectrometer Associates, Inc. 
P. Mueller 

RP2379-2 Research Issues in 4 months 1 9.5 Hagler Baily & 
Utility and Industrial Co. 
Fuel Market Changes H. Mueller 

RP2379-3 Energy Analysis 4 months 30.0 National Eco-
Department; nomic Research 
Research Transfer Associates 

H. Mueller 

RP2379-6 Simulation of Utility 8 months 29.6 Pugh Roberts 
Cash Flows Associates 

0. Geraghty 

RP2380-4 Alternative Species 9 months 59.2 Battelle, 
for Biological Columbus 
Testing Laboratories 

R. Brocksen 

RP2380-6 Feasibility Study; 5 months 41 . 1  The Destek 
Assessing the Group 
Use of Data From Re- R. Brocksen 
mote Sensors 

RP2381-4 Demand-Side 5 months 1 92 .3  Battelle, 
Management Columbus 

Laboratories 
A. Faruqui 

RP2441 -2 Model; Strategic 6 months 49.7 Lotus Consulting 
Interconnection Group 

S. Mukherjee 

Energy Management and Utilization 

RP1275-1 7 Model; Validation of 5 months 58.9 Synergic 
Energy Management Resources Corp. 
and Utilization S. Hu 

RP1569-7 Evaluation of EV 9 months 40.0 Donald C.  
Fleet Applications Graves, Inc. 
and Analysis J. Mader 

RP1677-8 Integrated 1 1  months 98.0 Polydyne, Inc. 
Commercialization 0. Rigney 
Analysis for Dispersed 
Fuel Cell Power Plants 

RP1 940-6 Load Management 1 0  months 1 90 .6  Analysis & 
Technology Overview Control of 

Energy Systems 
V Rabi 

Number Title 

RP2033-1 7 Heat Pump R&D 
Review 

RP2216-1 Testing and 
Development: Electric 
Vehicle Battery 

RP221 6-2 Testing and 
Development: Electric 
Vehicle Battery 

RP2285-4 Performance of 
Electronic Ballasts and 
Other New Lighting 

RP2416-8 Separations Research 
Program Development 

RP241 6-9 Assessment of 
Japanese Technology; 
Electrification 
Technologies 

RP241 6-1 1 Microwave Drying 
Application 

Nuclear Power 

RP694-9 Applications of MMS 
to Babcock & Wilcox 
Plant Design 

RP699-2 Hideout Return 
Testing 

RP1398-13 Prototype System 
for Ultrasonic 
Inspection of 
Turbine Disk Rings 

RP1442-7 Implementation and 
Support: Advanced 
Core-Monitoring 
Framework 

RP1585-4 Exploration of 
Advanced LWR 
Concepts 

RP1 627-5 Assessment and 
Application of 
Transient Fuel Behav-
ior Computer Code 

RP1 702-5 Measurement of 
Fission Gas Release at 
H. B. Robinson Unit 2 

RP1 707-1 1 Operability of 
Equipment Under 
High-Frequency 
Excitation 

RP1 708-2 Evaluation of 
Thermally Treated 
lnconel 600 in 
Faulted Secondary 
and Primary Water 
Environments 

RP1 757-22 Topographic Analysis 
of Fracture Surface 

Duration 

1 1  months 

2 years 

1 4  months 

9 months 

1 year 

8 months 

7 months 

8 months 

7 months 

9 months 

1 7  months 

8 months 

8 months 

8 months 

1 year 

1 5  months 

1 0  months 

Funding 
($000) 

92.2 

655.7 

406.3 

82 .0 

83.4 

27.0 

65.2 

4 1 . 5  

97.8 

1 73.0 

1 01 .8 

60.0 

35 . 1  

1 87.7 

65 .2  

265. 1 

89.0 

Contractor/ 
EPRI Project 
Manager 

Strategies 
Unlimited, Inc. 
J. Calm 

California 
Institute of 
Technology 
B. Askew 

Argonne National 
Laboratory 
B. Askew 

Department 
of Energy 
A. Lannus 

U niversity of 
Texas at Austin 
J. Brushwood 

Advanced 
Materials 
Technology 
L. Harry 

Thermo Energy 
Corp. 
J. Brushwood 

Bechtel Group, 
Inc. 
J. Sursock 

Westinghouse 
Electric Corp. 
C. Shoemaker 

Southwest 
Research 
Institute 
M. Kolar 

Nuclear 
Software 
Services, Inc. 
A. Long 

Touro College 
A. Adamantiades 

Texas A&M 
University System 
A. Adamantiades 

Exxon Nuclear 
Co., Inc .  
S. Gehl 

Los Alamos 
Technical 
Associates, Inc. 
G. Sliter 

Westinghouse 
Electric Corp. 
C. Shoemaker 

SRI International 
T. Marston 
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N EW CONTRACTS 

Number Title 

RP1757-25 Development and 
Verification of 
Fracture Model 

RP1 842-7 Use of RETRAN for 
Determination of Some 
PWR System Success 
Criteria 

RP1 843-2 Turbine Generator 
Fire Protection by 
Sprinkler Systems 

RP1 930-7 Alternative BWR 
Water Chemistry 
Monitoring 

RP1 931-3 Analysis of ANL 
Water-Cori um 
Interaction 
Experiments 

RP2012-8 Method Development: 
Postaccident 
Chemical 
Decontamination 

RP2012-9 Disposal of 
Radioactive 
Decontamination 
Solution Wastes 

RP2079-9 Properties of 
Recrystallized Alloy 
BOOH and Associated 
HTGR Steam Generator 
Design Implications 

RP2122-9 Downcomer Mixing 
Heat Transfer for 
Pressurized Thermal 
Shock Analysis 

RP2135-4 Marviken Aerosol 
Transport Tests 

RP21 66-4 Human Engineering 
Design Guidelines 
for Maintainability 

RP21 69-4 Dependent Failure 
Data Analysis 

RP21 83-3 Planning Study: Fluid-
Thermal Insulation 
Interactions 

RP2287-1 Financial Risk from 
the Operation of an 
LWR Power Plant 

RP2295-3 BWR Cobalt 
Deposition 

RP2296-3 BWR Primary System 
Decontamination 

RP2296-4 Evaluation of 
Decontamination 
Reagent Corrosion 

Duration 

1 1  months 

9 months 

1 3  months 

56 months 

7 months 

7 months 

7 months 

23 months 

1 year 

37 months 

28 months 

7 months 

3 months 

6 months 

23 months 

1 year 

6 months 
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Contractor I 
Funding EPRI Project 
($000) Manager 

38.8 Failure Analysis 
Associates 
T. Marston 

99.9 Energy 
Incorporated 
B. Chu 

1 83.5 Black & Veatch 
Consulting 
Engineers 
J Matte 

1 050.6 General 
Electric Co. 
M. Naughton 

33.2 University of 
Wisconsin at 
Madison 
D. Squarer 

21 1 .5 Pacific Nuclear 
Systems & 
Services, Inc. 
M. Naughton 

49.7 EDS Nuclear, 
Inc. 
M. Naughton 

233.1 Public Service 
Co. of Colorado 
R. Nickell 

90.0 University of 
California at 
Los Angeles 
B. Sun 

874.3 Studsvik 
Energiteknik Ab 
F Rahn 

633.1 General 
Physics Corp. 
H. Parris 

1 38.4 Pickard, Lowe 
and Garrick, Inc. 
D. War/edge 

38.3 Westinghouse 
Electric Corp. 
J Matte 

94.4 General 
Electric Co. 
D. War/edge 

477.3 General 
Electric Co. 
C. Wood 

1 75.0 Vermont Yankee 
Nuclear Power 
Corp. 
C. Wood 

36.9 Battelle, Pacific 
Northwest 
Laboratories 
C. Wood 

Contractor I 
Funding EPRI Project 

Number Title Duration ($000) Manager 

RP2304-1 Experimental 31 months 699.9 SRI 
Simulation of Small- International 
Scale B&W Reactor J Sursock 
Model 

RP2347-8 Universal Fiber 6 months 47.1 Babcock & 
Optic Link Wilcox Co. 

R. Kubik 

RP2348-1 System Interaction 1 0  months 59.4 Energy 
Identification and De- Incorporated 
velopment of Procedure B. Chu 

RP2348-2 Identification of 5 months 60.6 Pickard. Lowe 
System Interaction and Garrick, Inc. 
for Probabilistic B. Chu 
Risk Assessment 
Applications 

RP2351-1 In-Reactor Source 1 1  months 1 408.5 Argonne National 
Term Experiments Laboratory 

R. Oehlberg 

RP2354-1 0 Oconee Probabilistic 9 months 42.4 Technology for 
Risk Assessment: Energy Corp. 
Supplemental W Sugnet 
Engineering Study 

RP2405-2 Backlay Clad 8 months 33.2 Amdata 
Inspection Systems, Inc. 

M. Lapides 

RP2408-1 Field Data Require- 1 year 64.6 Failure Analysis 
ments to Predict SCC: Associates 
Pilot Study F. Gelhaus 

RP241 0-1 BWR Control Rod 1 1  months 71.3 Dominion 

Drive Replacement Engineering 
T. Law 

RP2412-1 Monitoring of 1 4  months 1 81 . 1 General 
Chemical Electric Co. 
Contaminants in BWRs M. Naughton 

RP2420-7 Benchmark of 5 months 55.2 lntermountain 
RELAP 4/MOD7 Technologies, 
Against Semiscale Inc. 
Test S-28 J Lang 

RP2430-7 Institutional/ Financial 3 months 30.0 Reid & Priest 
Planning for the D. Gibbs 
Design, Construction, 
and Operation of a 
Near-Commercial-
Scale LMFBR Plant 

RP2453-1 Steam Generator Tube 6 months 1 36.5 Acurex Corp. 
Rupture; Thermal S. Katra 
Hydraulic Simulation 
Tests 

R&D Staff 

RP2258-1 Effects of Dynamic 22 months 80.1 The University 
Strain on Crack Tip of Newcastle-
Chemistry Upon-Tyne 

B. Syrett 

RP2258-2 Model: Effects of 1 9  months 47.9 Battelle Memorial 
Dynamic Strain on Institute 
Crack Tip Chemistry B. Syrett 

RP2426-1 Model: Expression 1 year 48.0 Westinghouse 
Characteristics of Electric Corp. 
Utility Steels R. Jaffee 



New 
Technical 
Reports 

Each issue of the Journal includes information on 
EPRl's recently published reports. 

Inquiries on technical content may be directed 
to the EPRI project manager named at the end of 
each summary: P.O. Box 1 041 2, Palo Alto, Cali
fornia 94303; (41 5) 855-2000. 

Requests for copies of specific reports should 
be directed to Research Reports Center, P.O. 
Box 50490, Palo Alto, California 94303; (415) 
965-4081 . There is no charge for reports re
quested by EPRI member utilities, government 
agencies (federal, state, local), or foreign 
organizations with which EPRI has an agree
ment for exchange of information. Others in the 
United States, Mexico, and Canada pay the 
listed price. Overseas price is double the listed 
price. Research Reports Center will send a 
catalog of all EPRI reports on request. Micro
fiche copies are also available from Research 
Reports Center, at the address given above. The 
price per volume of  $6.00 in the United States, 
Canada, and Mexico and $12.00 per volume 
overseas includes first-class postage. 

Standing orders for free copies of reports in EPRI 
program areas or Technical Summaries of reports 
for each EPRI technical division may be placed by 
EPRI member utilities ,  libraries of U.S. federal, 
state, and local government agencies, and the 
official representative of any foreign organization 
with which EPRI has an information exchange 
agreement. For details ,  write to EPRI Technical In
formation Division ,  P.O. Box 1041 2 ,  Palo Alto , 
California 94303. 

ADVANCED POWER SYSTEMS 

Evaluation of Synthetic Fuel Character 
Effects on Rich-Lean Stationary 
Gas Turbine Combustion Systems 
AP-2822 Final Report (RP1 898-1 ), Vol. 2; $13 .00 
This volume describes full-scale testing to deter
mine the effects of synthetic fuel characteristics 
on rich-lean stationary gas turbine combustion 
systems. Evaluations conducted with a 1 0-in-diam 
burner are discussed, and the results are com
pared with those from tests that used a similar but 
smaller burner. The contractor is United Technol
ogies Corp. EPRI Project Manager: L. C. Angello 

Performance of Coal Gasification
Reheat Combustion Turbine 
Power Cycles Using Dry Cooling 
AP-2839 Final Report (RP2029-3); $1 4.50 
A study was conducted to explore the near-term 
performance potential of coal gasification-com
bined-cycle systems with reheat combustion tur
bines and dry cooling. Cycles using the Texaco 
and British Gas Corp.-Lurgi gasifiers were ana-

lyzed. The conditions and assumptions of the 
study are described, and the results are summa
rized. The contractor is Westinghouse Electric 
Corp. EPRI Project Manager: B. M. Louks 

Point-Contact Silicon Solar Cells 
AP-2859 I nterim Report (RP790-2); $13 .00 
A new type of silicon photovoltaic cell called the 
point-contact cell is under development. This re
port descr'1bes the cell and an analytic model 
developed for use in design optimization .  Nec
essary future cell development work is discussed. 
The contractor is Stanford University. EPRI Proj
ect Manager: R. W Taylor 

Systems Analysis and Ranking 
of MHD Power Consolidation Circuits 
AP-2942 Final Report (RP642-4); $25.00 
This report evaluates a number of proposed 
current consolidation systems for magnetohydro
dynamic (MHD) power generators . For each 
system circuit action is described, performance 
analysis equations are developed, and digital com
puter solutio ns are documented. A performance 
specification for a large-scale consolidation sys
tem is proposed, and an equivalent circuit is de
scribed that represents a limited portion of an MHD 
channel for either digital or  analog studies. The 
contractor is General Electric Co. EPRI Project 
Manager: R. J. Ferraro 

Occurrence and Role of 
Organometallics in Coal Liquefaction 
AP-2980 Interim Report (RP1 696-2); $20.50 
Nine solvent-refined coal (SRC) samples were 
produced under varied operating conditions and 
examined for trace metal content and species. 
Liquefaction reactions were performed to deter
min e  the impact of coal, reaction time, atmo
sphere, temperature, coal pretreatment, SRC post
treatment, and process solvent on conversion and 
trace metals. This report presents the results and 
discusses the nature of trace metals and their role 
in coal liquefaction .  The contractor is Virginia 
Polytechnic Institute and State University. EPRI 
Project Manager: L. F Atherton 

Workshop on Environmental 
Control Technology for Coal Gasification 
AP-3006 Proceedings (WS81 -241 -01 ); $46.00 
This report contains the proceedings of an EPRI 
workshop on coal gasification environmental con
trol technology held in July 1982 in Palo Alto, 
California. The papers presented cover a broad 
range of topics and represent the work of inter
ested groups in the United States, India, South 
Africa ,  and the Federal Republic of Germany. A 
summary discussion by the workshop planning 
committee is included. The contractor is Oak 
Ridge National Laboratory. EPRI Project Man
ager: W S. Reveal 

COAL COMBUSTION SYSTEMS 

Proceedings: Electrostatic Precipitator 
Technology for Coal-Fired Power Plants 
CS-2908 Proceedings (RP533-5); $43.00 
This report presents 39 papers given at an EPRI 
conference on electrostatic precipitator (ESP) 
technology for coal-fired power plants. The confer
ence was held in July 1982 in Nashville , Tennessee. 

Information on ESP fundamentals , the upgrading 
of conventional ESPs, two-stage electrostatic col
lect'1on systems, sizing and troubleshoot'1 ng ,  and 
operation and maintenance is included. The con
tractor is Southern Research Institute. EPRI Proj
ect Manager: R. F. Altman 

6-by-6-11 AFBC Development Facility and 
Commercial Utility AFBC Design Assessment 
CS-2930 I nterim Report (RP71 8-2); $28.00 
Data generated from the 6-by-6-ft atmospheric 
fluidized-bed combustion (AFBC) development 
facility are presented. This report summarizes the 
first two years of testing, during which the facility 
was used to develop a performance data base with 
respect to these process parameters: coal type 
and feed size, limestone feed size , bed tempera
ture and depth, coal feed point spacing, fly ash 
recycle, and excess air. The contractor is Babcock 
& Wilcox Co. EPRI Project Manager: C. J. Aulisio 

Modular Modeling System 
Validation: Transients in 
Fossil and Nuclear Power Plants 
CS/NP-2945 I nterim Report (RP1 1 84-2, 
RP1 1 63-1 ); $23.50 
This report presents the results of work to validate 
the modular modeling system (MMS), a computer 
code package developed to simulate the dynamic 
performance of power plants, plant subsystems, 
and components. The accuracy, ease of use, and 
required computer resources of M MS are eval
uated, and the use of MMS to simulate test tran
sients at fossil fuel and nuclear power plants 
is described. The results are compared with 
plant test data. The contractor is Bechtel Group, 
Inc. EPRI Project Managers: A. F Armor, S. M. 
Oivakaruni, S. P. Kalra, and A. B. Long 

Limestone FGD Systems Data Book 
CS-2949 Final Report (RP1 857-1 ) ;  $50.50 
This guidelines manual highlights the design and 
operating parameters of limestone-based SO, 
scrubbing systems. Information is provided on the 
design ,  specification ,  installation ,  and operation 
of a limestone flue gas desulfurization (FGD) sys
tem. The important process differences between 
lime and limestone FGD systems are also dis
cussed. The contractors are Black & Veatch Con
sulting Engineers and Radian Corp. EPRI Project 
Manager: C. E. Dene 

Current Cathodic Protection 
Practice in Steam Surface Condensers 
CS-2961 Topical Report (RP1 689-3); $1 1 .50 
A survey was conducted to determine current 
practice regarding the implementation of cathodic 
protection in the water boxes of steam surface 
condensers. The important components of a con
denser cathodic protection system are discussed, 
as well as the principal design factors governing 
component selection .  The report also summarizes 
periodic surveillance procedures, typical mainte
nance problems, and the use of protective coatings 
in conjunction with cathodic protection. The con
tractor is Ocean City Research Corp. EPRI Proj
ect Manager: B. C. Syrett 

Metallurgical Investigation of a 
Cracked Low-Pressure Steam Turbine Shaft 
CS-2984 Final Report (RP?00-4); $1 0.00 
This report documents the metallurgical failure 
analysis of a low-pressure steam turbine shaft that 
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NEW TECHNICAL REPORTS 

cracked at two locations in approximately 15 years 
of utility service. The investigation included exami
nations of the shaft surface, fractographic studies, 
metallographic examination, tensile tests , and 
chemical analysis. The contractor is Battelle, 
Columbus Laboratories. EPRI Project Manager: 
Ramaswamy Viswanathan 

Modular Modeling System: 
Overview and General Theory 
CS/NP-2989 Final Report (RP1 1 84-2, 
RP1 1 63-1 ) ;  $1 7.50 
This report discusses the theoretical basis of the 
modular modeling system (MMS), a computer 
code for simulating the dynamic performance of 
fossil fuel and nuclear power plants. Each code 
module is described, and code validation and test
ing are reviewed. The contractors are Babcock & 
Wilcox Co. and Bechtel Group, Inc. EPR/ Project 
Managers: A. F. Armor, F. K. L. Wong, S. M. 
Oivakaruni, and J. P. Sursock 

ELECTRICAL SYSTEMS 

Diagnostic Program Document: 
Program Extensions 
EL-1 104 Final Report (RP670-2), Vol. 4; $19.00 
This volume describes the fine-tuning of algorithms 
used by transient stability computer programs. 
In addition ,  the implementation of a partitioned 
approach is discussed, and test results are given .  
The contractor is Boeing Computer Services, Inc.  
EPRI Project Manager: J.  W Lamont 

Electric Generation 
Expansion Analysis System 
EL -2561 Final Report (RP1 529-1 ); Vol. 3, $34.00; 
Vol. 4, $35.50; Vol. 5, $29.50 
Volume 3 of this six-volume report presents the 
user's manual for the electric generation expan
sion analysis system (EGEAS), a modular, state
of-the-art capacity expansion software package. 
Volume 4 is the programmer's manual and Volume 
5 the validation manual. The contractor is Stone 
& Webster Engineering Corp. EPRI Project Man
ager: N. J. Batu 

Measurement and Characterization 
of Substation Electromagnetic Transients 
EL-2982 Final Report (RP1 359-2); $31.00 
A new approach was developed for measuring 
and characterizing electromagnetic interference 
caused by substation transients. A data acquisition 
system was designed and constructed for field 
use. Measurements were taken from staged opera
tions in high-voltage substation environments, and 
the resulting data were analyzed by specialized 
computer programs developed for this project. 
The contractor is Texas A&M University. EPRI 
Project Manager: S. L. Nilsson 

Railroad Electrification on Utility Systems 
EL-3001 Final Report (TPS81 -796); $1 6.00 
This report documents a study of the impact of 
railroad electrification on utility systems. The effort 
entailed a literature review, discussions with rail
roads and electric utilities having electrification 
experience, a review of available computation 
tools , and quantitative illustrations of the impact of 
railroad loads on utility systems. The contractor is 
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Power Technologies, Inc. EPRI Project Manager: 
N. J. Batu 

Methodology for Integration of 
HVDC Links in Large AC Systems, 
Phase 1 :  Reference Manual 
EL-3004 Final Report (RP1964-1 ) ;  $28.00 
This reference manual presents a comprehensive 
methodology for evaluating HVDC alternatives in 
utility transmission planning. 11 provides bac k 
ground information on existing HVDC systems, de
scribes the types of studies and the system model
ing required, and discusses potential problems. 
The importance of proper control of the de sys
tem is emphasized, and examples of previously 
used control systems are described. The con
tractor is Ebasco Services, Inc. EPRI Project 
Manager: N. J. Batu 

Examination of Distribution Cables 
for Chemical and Physical Changes 
Upon Aging in the Field and Laboratory 
EL-301 1 Final Report (RP1 357-3); $1 0.00 
Several traditional polymer characterization tools 
were used to compare distribution cables aged 
under accelerated conditions with similar cables 
recovered from the field and with one cable manu
factured many years ago but never energized. In 
addition, methods were investigated that might 
be useful in evaluating cross-linked-polyethylene 
cable insulation .  The contractor is the University 
of Connecticut. EPRI Project Manager: B. S. 
Bernstein 

Design Optimization of Metallic Shield
Concentric Conductors of Extruded 
Dielectric Cables Under Fault Conditions 
EL-3014 Final Report (RP1 286-2); $1 6.00 
Laboratory tests were conducted to determine 
maximum metallic shield withstand temperatures 
under short-circuit conditions for cross-linked
polyethylene-insulated cables with round wire and 
flat strap shields. A mathematical model and com
puter program were developed for predicting 
shield temperature for a given fault current and 
interruption-rec lose sequence. The results of tests 
on 27 cable constructions are presented. The con
tractors are Pirelli Cable Corp. and Georgia Power 
Co. EPRI Project Manager: H J. Songster 

Distribution Fault Current Analysis 
EL-3085 Final Report (RP1 209-1 ) ;  $26.50 
This report documents work to provide an accu
rate description of the magnitude and character
istics of fault currents experienced on electric util
ity distribution systems. It describes extensive 
system measurements and analyses for 50 distri
bution feeders belonging to 1 3  utility systems. 
Actual and calculated tault current magnitudes 
are compared. The contractor is Power Technol
ogies, Inc. EPRI Project Manager: H. J. Songster 

PWR Modeling for Long-Term 
Power System Dynamics Simulations 
EL-3087 Final Report (RP764-4); Vol. 1 ,  $ 14 .50; 
Vol. 2 ,  $23.50 
This report discusses the development of a PWR 
model for incorporation into a computer code for 
analyzing long-term system dynamics. Volume 1 
is an executive summary. Volume 2 presents de
tails of the high- and low-order dynamic models. 
The contractor is the University of Tennessee. 
EPRI Project Manager: J. W Lamont 

ENERGY ANALYSIS 
AND ENVIRONMENT 

Plume Conversion 
Rates in the SURE Region 
EA-1 498 Final Report (RP860-1 ), Vol. 3; $1 3.00 
This volume describes modeling studies of chem
ical transformations in plumes from fossil fuel 
power plants during the first several hours of plume 
transport. The work involved the development and 
application of a two-dimensional photochemical 
plume model, as well as further analysis of aerosol 
data from an earlier EPRI plume study. The con
tractor is Battelle, Pacific Northwest Laboratories. 
EPRI Project Manager: Charles Hakkarinen 

Time Variability of Elemental 
Concentrations in Power Plant Ash 
EA-2959 Final Report (RP1 620); $1 7 .50 
In a pilot study at a southwestern power plant, coal 
and coal ashes were analyzed chemically for 1 4  
inorganic elements, and the data were statistically 
analyzed to estimate the time variability of the 
chemical composition of coal ashes. The results 
show that time, sampling, sample preparation, and 
sample analysis contribute to the total variability 
of ash composition. The contractors are Stanford 
University and Radian Corp. EPR/ Project Man
ager: I. P. Murarka 

Proceedings: Fuel Supply Seminars 
EA-2994 Proceedings (RP1981 -1 1 ); $31 .00 
This report contains papers given at the EPRI fuel 
supply seminars held in St. Louis in October 1982. 
The papers present an up-to-date assessment of 
critical issues affecting fuel supply and utility fuel 
planning. The chief topics are coal, oil and gas, 
uranium, and coal conversion. Ongoing EPRI re
search is summarized, and recent oil and gas 
supply and demand forecasts are reviewed. The 
contractor is Atlantis, Inc. EPRI Project Man
ager: Jeremy Platt 

Selected Papers on Fuel 
Forecasting and Analysis 
EA-3015  Proceedings (RP1981 -1 , -2, -3); $23.50 
This report presents selected papers from an EPRI 
seminar on fuel forecasting and analysis held in 
December 1981 in Memphis, Tennessee. The 
papers cover coal, uranium, oil, and gas issues 
and related EPRI research projects. Two additional 
papers prepared for this volume address the use of 
coal supply forecasting models and the relation
ship between coal and oil prices. The contractors 
are Pennsylvania State University and Atlantis, Inc. 
EPRI Project Manager: Jeremy Platt 

ENERGY MANAGEMENT 
AND UTILIZATION 

Roughness Evolution and 
Dendritic Growth in Zinc 
Electrodeposition From Halide Electrolytes 
EM-2937 Final Report (RP1 198-3); $1 6.00 
This report describes a comprehensive model for 
roughness evolution in electrodeposition. The 
model takes into account the effects of transport 
by diffusion and convection, reaction kinetics, and 
surface energy. Critical overpotentials for rough
ness initiation and propagation are determined. 



The contractor is Case Western Reserve Univer
sity. EPRI Project Manager: 0 L Douglas 

Issues in Residential Load Management 
EM-2991 Final Report (RP2035-1 ); $ 10 .00 
This report discusses the current status of resi
dential load control equipment and program im
plementation. Emphasis is on local control sys
tems-nonstorage options that give the customer 
partial control over the managed e lectric load. The 
project involved interviews with equipment sup
pliers and developers and a workshop where 
equipment suppliers, utility representatives, and 
researchers could exchange information and iden
tify unresolved issues in residential load manage
ment The contractor is Strategies Unlimited. 
EPRI Project Manager: V A Rabi 

Evaluation of Thermal Energy Storage 
Materials for Advanced CAES Systems 
EM-2999 Final Report (RP1699-2); $13.00 
Four thermal storage media-iron oxide pellets, 
Denstone pebbles, cast-iron balls, and Dresser 
basalt rock-were evaluated to determine the 
most desirable material for use in adiabatic and 
hybrid advanced compressed-air energy storage 
(CAES) systems. Bench-scale laboratory tests 
were conducted to investigate the materials' ther
mal cycling durabiltty, particulate formation, and 
corrosion resistance. The contractors are Battelle, 
Pacific Northwest Laboratories and Fluidyne En
gineering Corp. EPR/ Project Manager: R B. 
Schainker 

Utility Impacts Assessment of 
Residential Passive Solar Systems 
EM-3092-SY Summary Report (RP1 666-1 ); $8.50 
This report summarizes work to provide the elec
tric utility industry with a tool for analyzing the 
advantages and disadvantages of passive solar 
residential construction within a service area. The 
resulting methodology is discussed, as well as the 
results of tests conducted with seven cooperating 
utilities. The contractor is  JBF Scientific Corp. 
EPRI Project Manager: G. G. Purcell 

NUCLEAR POWER 

VIPRE-01: A Thermal-Hydraulic 
Analysis Code for Reactor Cores 
NP-251 1 -CCM Computer Code Manual 
(RP1 584-1 ) ;  Vol. 1 ,  $22.00; Vol. 2 ,  $46.00 
Volume 1 details the mathematical modeling of 
the VIPRE code, which was developed for nuclear 
power utility thermal-hydraulic analysis applica
tions. 11 describes the theoretical development of 
the general equations, constitutive relationships, 
correlations, and numerical solution techniques. 
Volume 2 is the user's manual for VIPRE and its 
auxiliary programs. 11 presents input data require
ments and sample problems. The contractor is 
Battel le, Pacific Northwest Laboratories. EPRI 
Project Manager: J. A Naser 

Design and Testing of Laboratory Gamma
Ray Densitometer for Two-Phase Flow 
NP-281 9 Final Report (RP248-1 ) ;  $1 0.00 
This report describes the development of a scan
ning, narrow-beam gamma-ray densitometer for 
measuring void profiles during reflood. The design 

principles, details of construction, and calibration 
experiments are discussed. The contractor is the 
Un iversity of California at Berkeley. EPRI Project 
Manager: Loren Thompson 

Role of Electrochemistry 
in Causes and Measurement 
of Corrosion in PWR Steam Generators 
NP-2962 Final Report (RPS1 91 -2); $ 1 1 .50 
This report is primarily a digest of recent work 
examining the possible uses of electrochemical 
test methods in monitoring corrosion of the engi
neering alloys in PWR steam generators. The gen
eral principles of electrochemistry as applied to 
corrosion are presented. The contractor is D. A 
Jones. EPRI Project Manager: J P. N. Paine 

Investigation of 
Phosphate-Sludge Interactions 
NP-2963 Final Report (RPS1 58-1 ); $1 3.00 
This report documents a study of the interactions 
between sodium phosphate and artificial steam 
generator sludge or sludge constituents. It in
cludes the results of tests conducted to determine 
the effect of temperature on the initiation of these 
interactions. The contractor is Westinghouse Elec
tric Corp. EPRI Project Manager: J P. N. Paine 

Weld Residual Stress 
Redistribution Near Growing Cracks 
NP-2964 Final Report (RP603-3); $ 1 1 .50 
This report presents a numerical analysis of inter
granular stress corrosion cracking in a residual 
stress field of the heat-affected zone of a girth
butt weld. A complete circumferential crack grow
ing radially outward in a 1 0-cm schedule 80 recir
culation line was modeled; the elastic properties 
of BWR type-304 stainless steel were used. The 
results show that the axial extent of the in itial resid
ual stress field has little influence on stress intensi
fication and crack arrest for an extent greater than 
three pipe wall thicknesses. The contractor is 
Science Applications, Inc. EPRI Project Man
agers: R. E Nickell and O M Norris 

Main Coolant Pump Shalt Seal Guidelines 
NP-2965 Final Report (RP1 556-1 ); Vol. 1 ,  $1 1 .50; 
Vol .  2, $10.00; Vol. 3, $8.50 
This report presents information, guidelines, and 
recommendations developed in EPRI studies of 
main coolant pump shaft seal failures in nuclear 
power plants. This work was directed toward im
proving pump availability. Volume 1 presents main
tenance manual guidelines for pump shaft seals, 
Volume 2 operational guidelines, and Volume 3 
specification guidelines. The contractor is Borg
Warner Corp. EPRI Project Manager: F E 
Gelhaus 

Examination of 
Mechanical Snubbers From TMl-2 
NP-2966 Final Report (RP1 544-2); $1 3.00 
This report describes the testing and examination 
of five mechanical snubbers removed from the re
actor coolant systems in TMl-2 about three years 
after the accident It focuses on four snubbers 
from the decay heat removal line, which showed 
evidence of severe overloading in both tension 
and compression. Possible causes of the over 
loading are outlined. The contractor is Interna
tional Energy Associates, Ltd . EPRI Project Man
ager: R. K. Winkleblack 

I\JE\/\i 

Evaluation of Surrogate 
Boilers for Steam Generators 
NP-2967 Final Report (RPS1 1 1 -2) ; $1 0.00 
This report examines surrogate boilers-model 
boilers that could operate in parallel with a utility 
steam generator to permit periodic inspection 
for prototypical corrosion damage. The potential 
benefits of such boilers are described, as well as 
several conceptual boiler design alternatives. 
Costs for fabricating such systems are estimated. 
The contractor is NWT Corp. EPRI Project Man
ager: M J Angwin 

Primary-Side Deposits on 
PWR Steam Generator Tubes 
NP-2968 Interim Report (RP825-2); $1 1 .50 
Analyses were conducted to determine (1 ) the 
chemical nature of oxide deposits on the primary 
side of steam generator tubes, and (2) the radio
isotopes incorporated in those deposits. Radio
chemical, chemical, scanning electron micro
scope, and energy dispersive X-ray techniques 
were used in analyzing tube samples from eight 
nuclear power plants. Also, in-core crud data were 
compared with values calculated by a mathemati
cal activity transport model. The contractor is 
Westinghouse Electric Corp. EPRI Project Man
ager: R. A Shaw 

Hydrazine Usage for 
Corrosion Control in PWR Plants With 
Powdered-Resin Condensate Polishers 
NP-2969 Final Report (RPS132-8); $8.50 
This report documents testing performed at North 
Anna-2 to obtain data for determining the optimal 
amount of hydrazine to use-and the optimal in
jection point-for oxygen control in PWR units 
with condensate polishing demineralizers. Con
clusions and recommendations are presented. 
The contractor is Westinghouse Electric Corp. 
EPRI Project Manager: R L Coit 

Residual Stresses In LP Turbine Disks 
NP-2970 Final Report (RP1 398-8); $8.50 
Bulk and residual stresses were determined for 
low-pressure turbine disks retired from service. 
Bulk stresses were measured on four disks by the 
sectioning method, and surface residual stresses 
were measured on nine disks by the X-ray diffrac
tion technique. The results confirm that both bulk 
and residual stresses are generally compressive. 
The contractor is Southwest Research Institute. 
EPRI Project Manager: M J Kolar 

On-Line Use of Chelants in Nuclear 
Steam Generators: Feasibility Study 
NP-2973 Final Report (RPS1 66-1 ); $1 7.50 

This report describes a test program to determine 
the feasibility of the on-line application of chelants 
to stop or prevent denting in n uclear steam gener
ators. Tests involving a recommended chelant are 
described, and the applicability of the results to the 
field situation is discussed. The contractor is Wes
tinghouse Electric Corp. EPRI Project Manager: 
C. S. Welty, Jr. 

Secondary Water Chemistry at Millstone-2 
NP-2974 Topical Report (RPS1 70-1 ); $13.00 
This report summarizes secondary-system chem
istry and steam generator corrosion observations 
at the Mil lstone-2 PWR. A review of plant design 
characteristics, construction materials, and his-
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torical water chemistry performance is included. 
The contractor is NWT Corp. EPRI Project Man
ager: C. S. Welty, Jr. 

Review of Condensate 
Demineralizer Regeneration Procedures 
NP-2975 Topical Report (RPS167-1 ); $1 0.00 
The performance of deep-bed demineralizers for 
sodium chloride removal from condensate was 
evaluated in the laboratory for several d ifferent 
regeneration procedures. Sodium and chloride re
moval efficiency, sulfate throw, and resin analysis 
results are presented. The report includes con
densate polisher design and operating guidelines 
that emphasize good resin separation-identified 
as the factor responsible for positive laboratory 
results. The contractor is NWT Corp. EPRI Proj
ect Manager: C. S. Welty, Jr. 

Chemical Cleaning 
Solvent and Process Testing 
N P-2976 Final Report (RPS127-1 ); $23.50 
This report documents laboratory and pilot plant 
investigations conducted to develop and qualify 
chemical cleaning solvents, procedures, analysis 
methods, and monitoring techniques to safely 
remove magnetite, copper, and copper oxide 
sludges from the secondary side of nuclear steam 
generators. The work included candidate solvent 
screening and optimization testing, process moni
toring technology development, and tubesheet 
crevice side-effects testing and evaluation .  The 
contractor is Babcock & Wilcox Co. EPRI Proj
ect Manager: C. S. Welty, Jr. 

Evaluation of Secondary-System Layup 
and Cleanup Practices and Processes 
NP-2977 Final Report (RPS1 1 3-1 ); $1 3.00 
A study of PWR secondary-system layup and 
cleanup practices was undertaken to evaluate cur
rent and proposed methods of corrosion-product 
control associated with extended plant outages. 
The report describes a field survey of 1 4  represen
tative PWR plants, an extensive literature search, 
and an evaluation of corrosion-product transport 
data. Recommendations for layup and cleanup 
processes are presented, along with system de
sign information. The contractor is Westinghouse 
Electric Corp. EPRI Project Manager: C. S. 
Welty, Jr. 

State-of-the-Art Evaluation 
of Condensate Polisher Performance 
N P-2978 Final Report (RPS1 63-1 ); $29.50 
This report describes a detailed survey conducted 
at 1 42 operating power plants to determine the 
capabilities and limitations of condensate polisher 
systems. Results indicate that condensate pol
ishers can be (and are being) designed and oper
ated to produce the high-quality feedwater re
quired in today's power plants. The contractor is 
Babcock & Wilcox Co. EPRI Project Manager: 
C. S. Welty, Jr. 

Diffusion and Hideout in Crevices 
NP-2979 Final Report (RPS146-1 ); $1 7.50 
This report describes work to identify the important 
variables that control contaminant hideout in (and 
return from) support plate crevices in steam gen
erators. The work entailed a literature review and 
the estimation of diffusion coefficients for electro
lytes in hot water; an experimental study of diffu-
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sion rates through simulated crevice packing; a 
study of contaminant hideout rates as a function 
of applied heat flux; and the development of a 
mathematical model. The contractor is Westing
house Electric Corp. EPRI Project Manager: 
C. E Shoemaker 

Condensate Polisher Resin Leakage 
Quantification and Resin Transport Studies 
NP-2981 Topical Report (RPS1 63-1 ); $20.50 
A study was conducted at nine operating PWR 
power plants to quantify the resin released to the 
secondary loop from the condensate polisher sys
tems and to determine resin transport throughout 
the secondary loop. The results indicate that both 
the powdered-resin and deep-bed polisher sys
tems release some resin; the quantity is largely a 
function of flow transients on an individual polisher 
vessel. The contractor is Babcock & Wilcox Co. 
EPRI Project Manager: C. S. Welty, Jr. 

Steam Generator Chemical Cleaning 
Demonstration Test No. 3 in a Pot Boiler 
N P-2983 Topical Report (RPS1 28-1 ); $1 4 .50 
This project is part of an effort to develop a process 
for chemically removing corrosion products from 
the secondary side of PWR steam generators. In 
this report the demonstration testing of one pro
cess in a four-tube boiler is summarized. The re
sults indicate that corrosion products generated 
under prototypical conditions can be effectively 
removed with generally acceptable corrosion to 
steam generator construction materials. The con
tractor is Combustion Engineering, Inc. EPRI 
Project Manager: C. S. Welty, Jr. 

Evaluation of Techniques to 
Predict Flow-Induced Tube 
Vibrations in a Preheat Steam Generator 
NP-2986 Topical Report (RPS1 54-2); $1 3.00 
This report presents a mathematical modeling 
methodology for combining steam generator ge
ometry and operating conditions with structural 
and fluid dynamics in order to predict the location 
and severity of flow-induced tube vibration dam
age in a preheat generator. The three-step mathe
matical technique is described, and predictions 
are compared with laboratory data trends and field 
observations of damage. The contractor is Jaycor. 
EPRI Project Manager: C. L. Williams 

Chemical Cleaning Process Evaluation: 
Westinghouse Steam Generators 
NP-2987 Final Report (RPS1 50-3); $1 4.50 
A generic chemical cleaning process for the sec
ondary side of PWR steam generators has been 
developed. In this project, that development work 
was evaluated to determine the applicability of the 
process to Westinghouse steam generators. Rec
ommendations are made regarding methods for 
transferring the generic process to a plant-specific 
application. Chemical cleaning corrosion guide
lines for the construction materials in Westing
house steam generators are also presented. The 
contractor is Westinghouse Electric Corp. EPRI 
Project Manager: C. S. Welty, Jr. 

Ultrasonic Enhancement of Chemical 
Cleaning of Steam Generators 
N P-2997 Final Report (RPS1 85-1 ); $23.50 

The use of ultrasound to enhance the chemical 
cleaning of steam generator tube support plate 

crevices was investigated. The effort focused on 
the coupling of transducers to the wrapper plate, 
the transmission of sound through the tube bundle, 
and the determination of cavitation threshold lev
els. The testing demonstrated that ultrasonics is an 
effective means of enhancing crevice cleaning if 
sound levels sufficient to cause cavitation can be 
transmitted to the crevices. The contractor is Anco 
Engineers, Inc. EPRI Project Manager: C. S. 
Welty, Jr. 

Steam Generator 
U-Bend Eddy-Current NOE 
NP-301 0 Final Report (RPS202-1 ); $1 1 .50 
This project addressed the problem of inspecting 
row 1 U-bends in Westinghouse Series 51 steam 
generators. 11 investigated the use of conventional 
eddy-current inspection data to estimate tube 
ovality in the opposite-side transition region. The 
test results corroborate earlier results, which found 
no discernible correlation between the eddy
current inspection signal and tube ovality. The 
project also investigated the pancake array coil 
probe as a means of improving primary-side crdck 
detection in the U-bend region. This coil proved 
superior to the conventional bobbin coil probe. 
The contractor is J. A. Jones Applied Research 
Co. EPRI Project Manager: S. T Oldberg 

Tube-to-Tubesheet Joint Test 
NP-301 3 Final Report (RPS1 19-2); Vol. 1 ,  $1 3.00; 
Vol. 2 ,  $25.00 
This report documents the development of an opti
mal and qualified flushing procedure for removing 
concentrated chemical solutions from steam gen
erator tubesheet crevices. Volume 1 describes 
testing that examined crevice concentration and 
flushing; it also covers tubesheet joint thermal and 
hydraulic testing. Volume 2 presents data from five 
tests: bare tube, concentric crevice, eccentric 
crevice, partially rolled joint hideout, and mag
netite injection. The contractor is Westinghouse 
Electric Corp. EPRI Project Manager: D. A. 
Steininger 

INFORMATION SERVICES 

Research Results and Applications 
RA-2732-SR; $1 5.00 
This report presents 70 examples of EPRI research 
that have been beneficially adopted by electric util
ities, have interested suppliers , or have extended 
and improved original products. 11 also describes 
1 1 5 products ready for utility, vendor, manufac
turer, or architect-engineer application. Examples 
cover fuel processing, electric power generation, 
transmission and distribution, energy storage and 
management, energy analysis, and environmental 
assessment and control. EPRI Program Man
ager: W H.. Seden 

EPRI Research and Development Projects 
Tl-3000-SR Special Report; $5.00 
This report lists all EPRI research projects and 
organizes them according to technical division, 
department, and program. For recently authorized 
projects and for ongoing projects, the research 
objectives are described, contractors are identi
fied, and reports are listed. EPRI Contact: Emily 
Breese 
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