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Focus on the Human Element 

Human resources-the most valuable asset of any enterprise

have become a focal point for industrial improvement in recent 

years. This trend can be clearly seen in the application of 

behavioral science findings to industrial management, in the 

use of quality circles to encourage employee participation, and 

in increased awareness of the importance of human factors in 

industrial machinery design and operation. Concern for human 

factors is especially evident in the nuclear power industry 

because that industry recognizes the role of the human element in the 1979 Three Mile 

Island accident. 

Prompted by the experiences at Three Mile Island, the nuclear utility industry 

formed the Institute of Nuclear Power Operations to establish operation and training 

standards and to monitor utility operations. The nuclear utilities also carried out intensive 

reviews that have resulted in substantial strengthening of operating practices and 

procedures. EPRl's efforts in the evaluation and application of human factors 

engineering were increased, both in design of control room equipment and in 

maintenance features of all nuclear power plant equipment. For example, a number of 

guides now available from EPRI provide human factors considerations for utilities, 

architect-engineers, and industry suppliers to use in the improvement of existing control 

rooms or the design of new control rooms. 

Improved control room instrumentation, including graphic display devices and 

diagnostic instruments, is another area being developed as a result of R&D by EPRI, 

individual utilities, and nuclear industry suppliers. For example, a safety parameter 

display system is now being tested that reduces key safety-related data to a single 

display with which an operator can locate trouble, access further information, and 

decide on the action to be taken. A more advanced computer-based diagnostic system, 

called a disturbance analysis and surveillance system, is also being readied for test. 

A computerized alarm-handling system developed in Norway is being considered for 
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application in U.S. plants. This system suppresses the many individual signals that can 

distract an operator during a major abnormal condition and activates only the most 

significant alarm. 

The implementation of these human factors improvements is in itself an 

important human factors issue. What might appear to be a significant operator aid to the 

design engineer might not prove to be so in the practical circumstances of an operating 

control room. The only person who can judge the true benefit of such an aid is the 

operator. Thus, proposed control room improvements must be thoroughly tested and 

accepted by operators, preferably in simulator trials, before EPRI considers its research 

complete. 

Most human factors improvements will be made in plants that are already in 

operation or well under construction. In the interest of continuing safety, a great deal of 

care must be taken to avoid mistakes in implementing improvements. Operators must 

be totally familiar with the new equipment so that its initial use does not cause confusion 

during actual operation. In short, operational continuity must be maintained. NRC 

recently recognized this need for continuity in establishing new regulations governing 

control room capability and emergency response. In implementing these new 

requirements, NRC is working with individual utilities to adjust to plant-specific features 

and establish modification schedules in order to permit orderly planning and the 

preservation of the continuity so essential to safe operation. 

The increased emphasis on human factors in design, operation, and regulation 

may well be the most important outcome of Three Mile Island. 

John J. Taylor, D irector 

Nuclear Power D ivision 
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Authors and Articles 

Knob shape, meter height, light inten

sity, alarm level, color code-each 

such characteristic in a power plant con

trol room says something to the opera

tors. Designing for Man: Advances in 
Control Room Operation (page 6) sur

veys research into these and other design 

details that influence plant operation and 

maintenance. W ritten by Nadine Lihach, 

the Journal's senior feature writer, the 

article draws on work by four research 

managers in three departments of EPRI' s 

Nuclear Power Division. 

David Cain, manager of diagnostic in

strumentation for the Nuclear Safety 

Analysis Center, has been with EPRI 

since August 1974. His most recent focus 

has been the safety parameter display 

system, which integrates hundreds of 

plant variables into a compact display. 

Cain previously worked in the Safety 

and Analysis Department. From 1971 to 

1974 he was with Westinghouse Electric 

Corp.'s naval reactors division. Cain is an 

electrical engineer with a BS from the 

University of California at Berkeley and 

an MS and a PhD from the University 

of Washington. 

Alexander Long, in the Safety and 

Analysis Department, is a program man

ager for analysis and testing require

ments. His major work concerns the 

disturbance analysis and surveillance 

system, an even more complicated on

line computer system for monitoring and 

analyzing safety and availability in nu

clear power plants. Before joining EPRI 

in August 1975, Long was at Argonne 

National Laboratory for six years, design

ing and running experiments related to 
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fast breeder reactor design. He has a BS 

in physics from Williams College and a 

PhD in nuclear engineering from the 

University of Illinois. 

John O'Brien has been with the En

gineering and Operations Department 

since November 1979, part of that time on 

loan to the Institute of Nuclear Power 

Operations but mostly in the System Per

formance Program, where his research 

specialty is human factors engineering. 

For five years before he came to EPRI, 

O'Brien was with the R&D Center of 

Westinghouse Electric Corp., where he 

was principal investigator in research in

volving man-machine interactions for 

nuclear power plant control. O'Brien 

holds BS, MS, and PhD degrees in indus

trial and engineering psychology from 

North Carolina State University. 

Howard Parris, also in the Engineering 

and Operations Department, has been an 

EPRI program manager since January 

1979. Before that he was with the Air 

Force Human Resources Laboratory in 

San Antonio, Texas, for 7 years. Earlier, 

Parris managed human factors engineer

ing for Lockheed Georgia Co. for 7 years, 

following a 22-year military career in the 

Air Force, most of that time also in R&D. 

He earned MA and PhD degrees in in

dustrial psychology at the University of 

Southern California and Ohio State Uni

versity, respectively. 

II 

B igger fuses take longer to act ... 

until now. Fault Protection for 
High-Current Distribution (page 1 4) 

reviews the development of a new de-

vice that can work very fast to protect 

even the larger equipment on today's 

heavily loaded electric systems. Jenny 

Hopkinson, Journal feature writer, wrote 

the article with the technical aid of Jo

seph Porter, a project manager in EPRI' s 

Washington, D.C., office. 

Porter has been with the Electrical 

Systems Division since June 1978, man

aging R&D associated with several pro

grams of the Transmission and Power 

Systems departments. He was previ

ously with General Electric Co. for 30 

years, becoming manager of the com

pany's high-power laboratory for circuit 

components and subsequently heading 

the development and introduction of 

new 15-kV switchgear. 

II 

C ollecting, storing, and distributing 

solar energy by the natural action 

of shape, materials, and exposures, pas

sive solar homes easily show 20 percen

tage points of space heat savings when 

compared with the results of more con

ventional energy conservation measures. 

Science writer William Nesbit's article, 

Evaluating Passive's Potential (page 

18), puts this finding into the broader 

context of a technology impact analysis 

managed by Gary Purcell of EPRI' s 

Energy Management and Utilization 

Division. 

Purcell has been associated with eval

uations of solar heating and cooling 

since he joined the Institute in August 

1977. Specializing in instrumentation 

for system control and measurement, he 

draws on the earlier experience of 14  



years at Lockheed Missiles & Space Co., 
where he was a thermodynamics engi
neer for design, test, and analysis of 
aerospace temperature control systems. 
Purcell is a mechanical engineering 
graduate of Oklahoma State University . 

• 

P olitics and the ministry are not tra
ditional qualifications for public 

utility regulatory work. But they both 
figure in the background of the man 
presented in this month's profile, Stan
ley York: Practicing the Public Interest 
(page 24). Because York is also a mem
ber of EPRI's Advisory Council, Ralph 
Whitaker, Journal feature editor, sought 
him out for the interview on which this 
article is based. 

Long 

Parris 

Purcell 

Cain 

O'Brien Porter 
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there was no established system for re
laying the criticism of either nuclear or 
fossil fuel operation and maintenance 
personnel back to the original designers. 
So subsequent design efforts got scant 
real-world guidance. And because of 
the average IO-year lead time in building 
nuclear power plants, a whole generation 
of plants were designed without the 
potential benefits of extensive operating 
experience. Nuclear plants also had a 
large part of their design directed at 
incorporating increasing numbers of 
hardware features required by govern
ment safety regulations, so limited fund
ing and time were left to optimize con
trol room design and plant maintenance. 
Plant designs evolved, but all too often 
the human in the system was left to 
manage as best he could. 

In 1979 the accident at Three Mile 
Island's Unit 2 precipitated a closer look 
at many aspects of nuclear power. Hu
man factors deficiencies were identified 
among the causes of the accident. A mis
leading indicator, an important gage 
located behind a control panel, compli
cated alarms, and procedures inadequate 
for that particular situation all contrib
uted to decision-making errors. This 
convinced the utility industry and NRC 
that the human component of the plant 
needed research just as much as the 
hardware did. 

The industry responded with in
creased research into human factors, 
including a significant effort sponsored 
by EPRI; NRC furthered the push with 
a post-TM! action plan whose recom
mendations included human factors 
reviews of all reactor control rooms and 
increased provision for decision-making 
aids for operators. Nuclear power plants 
have been the principal focus of most 
human factors work in the utility indus
try because of their greater complex-
ity and stringent safety criteria. But 
wherever humans worked, human 
factors problems turned up. Studies 
showed that fossil fuel plants presented 
opportunities for human error in such 
exacting operations as feeding fuel and 
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combustion air into boilers. Costly 
maintenance and opE;!ration errors were 
discovered at many fossil fuel plants. 
Even dispatch control centers had a hard 
time keeping operators constantly ap
prised of thousands of power distribu
tion details displayed on huge map
boards covering entire service areas. 

Inside the control room 

The painstaking self-examination began 
in the control rooms of nuclear power 
plants. Well before TMI, EPRI had 
commissioned a review of human fac
tors in five representative nuclear power 
plant control rooms. The review turned 
up definite human factors shortcomings. 
Since TMI, human factors oversights 
have also been confirmed by the Ke
meny, Rogovin, and other reports, as 
well as during NRC-recommended hu
man factors reviews of control rooms. 
Although not all control rooms were 
troubled by these discrepancies, it was 
also not unusual for many human-engi
neering discrepancies to be identified in 
a single control room. 

The types of human-engineering 
problems found by the five-plant EPRI 
review and by other industry reviews 
were varied. Control boards, for exam
ple, contained thousands of compo
nents. Many of the dials and switches 
were identical in appearance; many 
were not arranged into clearly iden
tifiable clusters of related elements. 
Closely related controls and displays 
were sometimes separated. In general, 
the operator had to integrate scattered 
bits of data and systematically relate 
them to plant control. Color codes on 
control boards were not always consis
tently applied; labeling was sometimes a 
problem. (In some plants, operators 
used tape and handmade labeling to 
improvise their own control board im
provements, delineating groups of con
trols and instruments or identifying 
functions.) Some meters were inade
quately marked, difficult to interpret, or 
markedly above or below eye level; glare 
and reflections were reported. Some-

times there was a lack of meter coding 
to help the operator quickly differentiate 
between normal, marginal, and out-of
bounds readings. 

The presence of these or similar dis
crepancies does not mean that the plants 
where they occur are dangerous to op
erate; it does mean that control room 
designs are not perfect. By correcting 
the discrepancies, safe and economic 
plant operation can be enhanced. 

Since utilities became aware of these 
human-engineering problems, efforts 
have been made to correct them. Many 
of the human-engineering discrepancies 
in existing plants can be-and have 
been-improved by a relatively inexpen
sive paint-tape-and-label effort. Simple 
design modifications can often be made 
in plants still on the drawing board. 
Other shortcomings are more difficult 
and costly to correct, and they may in
volve adding, removing, or moving 
instruments in existing or design-stage 
plants. 

Within EPRI's Nuclear Power Divi
sion, the Engineering and Operations 
Department under the direction of A. 
Rubio has launched a series of guide
books that utilities, architect-engineers, 
and vendors can use to correct human 
factors discrepancies. The full range of 
aids now available to utilities for revis
ing existing control rooms or designing 
new ones is cataloged by Program Man
ager Howard Parris. An anthropometric 
data base, assembled with help from the 
U.S. Air Force, provides design engi
neers with much-needed information on 
power plant personnel dimensions, such 
as reaching and viewing distances; an
other study offers general guidelines on 
methods for human factors control room 
design. More recently, a guide was pub
lished for enhancement of existing nu
clear control rooms. This fall, a detailed 
design guide for new or modified plants 
will be available. 

Another human factors study, focused 
not on nuclear plant control rooms but 
on dispatch control centers, is under 
way in EPRI's Electrical Systems Divi-



sion. Human factors problems have 
been identified in these centers, and 
improved control centers are now being 
designed. 

Equipped with these guides, the in
dustry can refurbish its control rooms 
as needed. The new enhancement guide, 
for example, gives complete directions 
on methods (such as taping) to segregate 
related controls from other controls; 
better use of labels to identify controls 
is also detailed. Meter banding, which 
lets operators see at a glance whether a 
reading is normal or abnormal, is de
scribed. The guide covers all generic 
human factors areas of the control room. 

More-recent studies spotlight specific 
human factors problem areas, such as 
alarm and communication systems. 
Alarm, or annunciator, systems consist 
not only of signal alarms and lights but 
also of controls for acknowledging, 
silencing, testing, and resetting the 
alarms. There are typically U00-2000 

individual alarms in a nuclear power 
plant control room. These systems are 
complex, and the hundreds of lights and 
alarms activated during emergencies 
may overload operators. 

A computerized alarm-handling sys
tem called HALO (handling of alarms 
with logic) is being developed at the 
Organization for Economic Cooperation 
and Development, Halden Reactor Proj
ect, Norway. This system suppresses 
multiple signals about a process condi
tion, showing only one alarm. EPRI's 
Nuclear Power Division is starting de
velopment of an improvement guide for 
alarm systems. With this guide, a plant 
can review its alarm system, deleting 
unnecessary alarms and adding needed 
ones, according to Project Manager John 
O'Brien. 

Internal plant communication is an
other troublesome area from the human 
factors standpoint. An EPRI survey of 
selected control rooms concluded that 
existing communication systems in 
some nuclear power plants may not be 
adequate for certain critical demands 
made on them. Expanded communica-

tion requirements, staffing beyond orig
inal design, and lack of integration 
among the various communication sys
tems have all compounded the problem. 

The survey deduced that the control 
room has many communication require
ments but not always enough communi
cation channels: mainly, limited tele
phone and paging systems. Some 
systems may need improved mainte
nance; communication procedures may 
need to be followed more consistently. 
A standard lexicon could minimize the 
possibility of errors. O'Brien recently 
began a project to write guidelines for 
improved communication systems at 
nuclear power plants. 

Not just equipment 

Operation problems are not restricted 
to control room equipment. Procedures, 
for example, can be improved, and vig
orous efforts are being made throughout 
the industry to upgrade them. One ap
proach, job performance aids, is offered 
by EPRI. These aids, or JPAs, modeled 
after Department of Defense aids, detail 
specific jobs with the help of simple, 
step-by-step, extensively illustrated 
texts. The aids are much more specific 
than conventional procedures and are 
available for operation as well as main
tenance procedures. Ten aids are now 
available, including initial loading and 
turbine startup. 

Operator training is another human 
factors area being revamped. For exam
ple, post-TM! studies concluded that 
operators should be given frequent 
refresher courses covering unusual 
emergency situations. The Institute of 
Nuclear Power Operations (INPO), 
formed after TMI to establish standards 
of excellence in the management and 
operation of nuclear power plants, is 
charged with setting criteria for training 
programs and instructors. INPO now 
evaluates operating practices at nuclear 
plants regularly. Emergency prepared
ness and human aspects of plant design 
are evaluated as well. EPRI and INPO 
coordinate their work in this area. 

Today, more training simulators are 
available than ever before-about 20, 
compared with fewer than 10 approxi
mately five years ago. More are on order. 
A crew of three operators can be tested 

I 
with training simulators. Each crew 
member has specific job responsibilities. 
An instructor initiates an event and ob
serves crew response, but it is difficult 
to keep accurate track of responses, and 
errors might be overlooked. A few sim
ulators record operator responses, but 
none analyze them. EPRI has developed 
a performance measurement system 
(PMS) that not only captures the oper
ators' second-by-second responses, but 
also analyzes the data and supplies the 
instructor with a list of any errors made. 
O'Brien reports that a variation of the 
PMS might someday be used to provide 
on-the-job feedback to operators. In the 
future, there may also be a trend toward 
smaller, more flexible simulators, or 
part-task trainers, which can focus on a 
specific job area at a lower cost than a 
full simulator. 

Better decision making 

Human-engineering improvements are 
necessary in control rooms, but new 
techniques for information organization 
and processing can also be an effective 
way of helping operators make deci
sions, particularly during emergency 
situations when rapid problem diagnosis 
and quick action are required. The in
dustry recognized this need before TMI 
and had begun to develop a disturbance 
analysis and surveillance system (DASS) 
through EPRI's Safety and Analysis 
Department, Nuclear Power Division. 
This computer model would alert oper
ators to any unusual events within the 
plant. Work on DASS was proceeding 
at the time of TMI; since TMI, NRC has 
recommended that operator decision 
aids, especially computer-based aids, be 
incorporated into nuclear control rooms. 
EPRI continued to develop the longer
term DASS, but also began research 
into a more near-term option called a 
safety parameter display system (SPDS). 
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Nuclear power plant operators rely on thousands of dials, dis-
plays, meters, and indicator lights to keep informed of what is 
happening inside the plant. Based on that information, opera-
tors must then activate a wide range of switches, knobs, and 
levers to run the plant. The job can be made easier, some-
times with low-cost modifications. An unimproved control 
board, for example (al, may be potentially confusing because 
of the similarity of its components and the lack of order 
among them, but simple tape borders can be applied (bl to 
delineate different control functions; color backgrounds (cl 
can achieve the same effect. 

In addition to enhancements of existing equipment, new 
operator aids can be added to the control room. Such aids, 
now under development, will keep operators apprised of plant 
status and will be particularly useful in emergencies when 
quick problem solving is required. Safety parameter display 
systems (di present a few basic safety indications distilled 
from hundreds of plant information points that an operator 
needs to monitor. EPRl's disturbance analysis and surveil-
lance system (el goes still further; this advanced computer 
model summarizes all major safety and availability functions. 



d 

e 
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EPRI's Nuclear Safety Analysis Center 
(NSAC) conducts the latter work. Other 
SPDSs are being developed by utilities 
and vendors. 

One SPDS recently tested by EPRI on 
a plant simulator is now being installed 
for field tests at an existing plant, ac
cording to NSAC Program Manager 
David Cain. This SPDS provides status 
reports on about 30 key safety param
eters, an impressive distillation of the 
hundreds of parameters that an operator 
otherwise has to monitor. Five major 
safety areas are covered: reactivity, 
primary coolant inventory, secondary 
coolant inventory, core heat removal, 
and containment integrity. With an 
SPDS, the operator can spot trouble, 
access further information, and make a 
decision on the appropriate action to be 
taken. 

SPDS is only an early step in the 
effective use of computers to help oper
ators diagnose and solve plant problems. 
DASS takes SPDS further: instead of 
being limited to monitoring critical 
safety functions, DASS is a more com
plex conceptual model of major fafety 
and availability functions. A limited 
DASS might be tested at a power plant 
early next year. DASS Program Manager 
Alexander Long and NSAC's Cain are 
working together to integrate their re
spective systems. 

The development of SPDS, DASS, 
and other computerized operator aids 
reflects a trend toward the use of com
puters and CRT screens and away from 
the older hardware of mechanical dis
plays and event recorders in control 
rooms. Yet the newer control rooms will 
merely be a different way of packaging 
existing information. The packaging 
must be well thought out, or problems 
comparable to those of conventional 
control rooms may be encountered. 

Other new ways in which nuclear 
power plant operators are being helped 
perform their jobs are the addition of a 
shift technical adviser and an on-site 
technical support center at each plant. 
The technical adviser is stationed in the 
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control room and backs up the regular 
operators in evaluating any problems 
that may arise. The technical support 
center, staffed by auxiliary operators 
and technicians during emergencies, is 
available to advise regular operators as 
needed. 

On to maintenance 

Although human factors reassessment 
began in control rooms, it does not end 
with plant operation. Power plant main
tenance needs work, too, as an EPRI 
overview study on maintainability con
ceded after examining a sample of five 
nuclear and four fossil fuel plants. Spe
cial concern for power plant maintain
ability is necessary not only for the 
safety of maintenance personnel but also 
for plant integrity and availability. 

According to the report, one of the 
biggest difficulties maintenance person
nel faced was access to the equipment 
they service. Some equipment and com
ponents were packed so closely that 
maintenance personnel could not easily 
maneuver themselves and their tools 
into working positions. Sometimes 
components were placed so that they 
were difficult to reach or visually in
spect. Frequently, special access provi
sions were inadequate; repairmen had 
to clamber over equipment or perch on 
it, possibly damaging it. Work platforms 
and ladders sometimes had to be built 
to avoid this problem. 

The report also noted that the mainte
nance environment in plants, particu
larly nuclear plants, was hostile in many 
respects. Personnel must be protected 
from radiation, high temperatures, 
steam leaks, and high noise. Yet some 
components were in highly radioactive 
areas where stay-time was strictly lim
ited and where design did not easily 
accommodate personnel equipped with 
protective garments, air bottles, and face 
masks. Maintenance personnel at fossil 
fuel plants were burdened with the same 
high temperatures, leaks, and noise; 
they also had coal dust and fly ash to 
contend with. Many operating plants are 

20 or even 30 years old and do not incor
porate modern design improvements. 

Many complaints centered on provi
sions for the movement of personnel 
and machinery. Sometimes plants of
fered passenger elevators where heavy
duty cargo elevators would have been 
more appropriate. Elevators frequently 
broke down under rigorous plant condi
tions. Additional crane coverage was 
also found to be needed in many cases. 
More widespread availability of pad
eyes for hoisting large pieces of equip
ment was indicated. Where a facility 
was not designed to allow forklifts or 
other transportation aids, crews had to 
move 600-pound barrels or 300-pound 
pumps themselves. 

Effective labeling and coding tech
niques were often underused in power 
plants. A common problem with labels 
was legibility; dirt, wear, corrosfon, and 
dim lighting could also make identifica
tion of components difficult. The wrong 
units were sometimes disassembled for 
repair. Multiunit plants are especially 
susceptible to maintenance errors of 
this type. 

Efforts are under way to improve the 
maintenance climate at power plants. 
EPRI's anthropometric data base has 
been distributed to plant designers, and 
many are using it. This may help avert 
such problems as tight repair squeezes 
and out-of-sight meters. In direct re
sponse to utility requests, EPRI has 
developed a guide for assessing and en
hancing nuclear power plant maintain
ability. "It's strictly a self-improvement, 
do-it-yourself checklist," explains Parris; 
it can replace a costly trip to a human 
factors consultant. The recently com
pleted guide outlines information-gath
ering techniques, such as structured 
interviews with maintenance personnel, 
and presents the pros and cons of vari
ous maintenance approaches. EPRI's 
step-by-step job performance aids also 
include such maintenance tasks as 
repairing respirators, maintaining circuit 
breakers, and replacing pump seals. 
Work has recently begun on develop-



ment and testing of a preventive main
tenance model. This model, when pro
vided with plant-specific data, can help 
a utility choose a cost-effective preven
tive maintenance program. 

To make maintenance easier, EPRI 
has developed a cool suit-16 pounds of 
water-filled compartments built into a 
two-piece repair suit that can be frozen 
to keep body temperatures at acceptable 
levels for up to two hours in high-heat 
areas of the plant. The suit can also be 
used in excessively warm areas of fossil 
fuel plants. An ergonomics guide, 
which examines alternative solutions 
to heat stress (such as rest cycles and 
worker screening), as well as other hu
man problems, is also being developed. 
Meanwhile, the Coal Combustion Sys
tems Division is conducting a study on 
boiler operation and maintenance in 
fossil fuel plants. Results from previous 
studies confirmed that most human 
errors in that area occur in maintenance, 
not operation, activities. Significant job 
activities are now being identified so 
that human factors improvements can 
be recommended. 

Proceed with care 

Human factors are getting increased 
attention and action, but because so 
much more research is required and so 
many improvements are still to be made, 
the effort must proceed carefully and 
systematically. Because few new nuclear 
plants are currently being built, many of 
the improvements will be retrofits in 
existing plants. "We're talking about 
changes in the equipment and proce
dures that are in use," emphasizes Nu
clear Power Division Director John 
Taylor. "If these changes aren't done in 
an orderly way, they can create the 
potential for trouble in plants that are 
now running." 

The problem of too quickly institut
ing changes has a high priority within 
the industry. When NRC recently sur
veyed nuclear power plant staffs about 
the potential safety consequences of 
NRC regulatory activities since TMI, 

Power plant maintainability is another area where human factors apply. 
One of the biggest d1fflcult1es maintenance personnel may encounter is 
access to the equipment they service. 

staffers replied that the pace and nature 
of regulatory action had indeed created 
a potential safety concern of unknown 
dimensions. 

To avoid precisely this problem, 
EPRI's human factors work emphasizes 
thorough validation of new techniques 
through simulators and mockups and 
enlists the help of real operators and 
INPO. "It's a very special challenge," 
concludes Taylor. But the rewards are 
wonderfully tangible. Just as all the 
mechanical parts of the plant can be 
synchronized to work together, so the 
human operators and maintainers of 
plants can work in synchrony with the 
plant. The reward is safer, more efficient 
power production. , • 

This article was written by Nadine Lihach. Technical 
background information was provided by David Cain , 
Walter Loewenstein, Alexander Long, John O'Brien, 
Howard Parris, A. David Rossin, and A.  Rubio, Nuclear 
Power Division. 

Further reading 

Human Factors Review of Nuclear Power Plant Control 
Room Design. Final report for RP501 , prepared by 
Lockheed Missiles & Space Co., Inc. , November 1976. 
NP-309 

U.S. Department of Defense. Human Engineering Guide 
to Eqwpment Design (rev.). Washington, D .C. :  Ameri
can Institutes for Research ,  1972. 

Nuclear Regulatory Commission. Nuclear Control Room 
Annunciators: Problems and Recommendations. Sep
tember 1981 .  NUREG/CR-2147. 

Human Factors Review of Power Plant Maintainability. 
Final report for RP1126 prepared by Lockheed Missiles 
& Space Co. ,  Inc. ,  February 1981 . NP-1567. 

Evaluation of Proposed Control Room Improvements 
Through Analysis of Critical Operator Decisions. Final 
report for RP891 prepared by Bolt Beranek & Newman, 
Inc., August 1981 . NP-1982. 

Summary and Evaluation of Scoping and Feasibility 
Studies for Disturbance Analysis and Surveillance 
Systems (DASS). Topical report for RP891-3, prepared 
by EPRI for DASS Technical Advisory Group, December 
1980. NP-1684. 

Evaluation of Safety Parameter Display Concepts. Final 
report for RP891-5, prepared by Westinghouse Electric 
Corp., February 1 982. NP-2239, Vol .  1 .  
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W 
henever a short circuit strikes 
an electrical system, the cur
rent increases rapidly and 

surges from the generating source or 
transformer along the line in rather the 
same way that water gushes from a 
breached dam. This wave of current, if 
uncontrolled, can exceed the thermal and 
mechanical capability of electrical de
vices and severely damage lines and 
equipment, as well as jeopardize power 
supply to utility customers. 

All types of electrical systems are vul
nerable to this problem, which can result 
from a number of causes, such as a break
down in conductor insulation or the over
heating of a transformer winding. But the 
risk of fault currents increases with the 
size, or capacity, of the electrical source
the transformer. Large urban areas like 
New York City and giant plant com
plexes that have their own distribution 
systems often have loads that require 
huge substations, drawing much more 
than 200 A. 

The increasing risk of high fault cur
rents is also a consequence of the present 
move toward uprating electrical systems 
in general. The rise in continuous current 
is often a result of extra power sources 
being added to a system, both to supply 
growing loads and to maintain system 
reliability. 

Circuit safeguards 

Electrical circuits need fast-working de
vices to protect them from abnormal cur
rent surges. Traditionally, the silver 
sand current-limiting fuse has f illed this 
role for normal continuous current up to 
200 A. This device works swiftly; a silver 
fuse melts in an enclosure of sand, inter
rupting the fault current within the first 
half-cycle of alternating current (ac), that 
is, in less than 8 ms. However, the higher 
the continuous current carried by a line, 
the larger the fuse must be in order not to 
melt under the heat of normal current. 
Unfortunately, the fuse's greater size 
means that it also takes longer to melt in 
the event of a fault current, giving that 
fault current time to rise to a higher level. 

For this reason, the fuse is ineffective as a 
circuit protector when it has to carry con
tinuous current over 200 A. 

In most cases, circuits rated above 200 
A and up to 3000 A are safeguarded by 
circuit breakers, which arrest fault cur
rent with current-interrupting devices 
that use oil, air, vacuum, or SF 6 gas. How
ever, in contrast to the current-limiting 
fuse, circuit breakers are relatively slow 
to take effect-between three and five ac 
cycles (at 16 ms per cycle) to interrupt 
current. During this period, fault current 
can inflict severe thermal and mechanical 
stresses on electrical apparatus. For in
stance, the heat at peak levels can burn 
overhead lines or underground cables, 
while electrodynamic forces can deform 
bus work and switches or expand the 
coils of transformers and reactors. 

The requirement, then, is to devise a 
circuit protector that can carry high nor
mal current day in, day out-up to, say, 
2000 A-yet still limit the magnitude and 
duration of fault current to less than 
15,000 A and well within the first ac cycle. 
Phoenix Electric Corp. and EPRI came up 
with an answer: a new concept combin
ing the "high-current-carrying capa
bilities of the circuit breaker and the 
extra-protective characteristics of the cur
rent-limiting fuse," as EPRI Project Man
ager Joseph Porter describes it. The result 
is the CLP, a compact 28 X 7-in cylinder of 
fiberglass that contains a copper bar con
ductor in parallel with a conventional 
silver sand current-limiting fuse. Being 
relatively lightweight, the CLP can be 
positioned on a pole, a wall, or almost 
any convenient structure on a line. It has 
low power losses (waste heat), compa
rable to a 20-30-W light bulb, so it is 
more economical than a common alter
native, the current-limiting feeder re
actor, which has losses between 3000 and 
4000 W. 

CLP function 

In normal operation, current predom
inantly runs through the CLP's copper 
bar conductor. But in the event of a 
fault current, a sensor-and-trigger mech-

anism f ires a series of chemical charges, 
which cut special, thin sections of the 
copper conductor in several places (for 
example, four cuts on a 15-kV line; fewer 
at lower voltages). The pressure of the 
gases given off by the charges bends 
these severed sections upward, creating 
gaps and diverting current into the par
allel fuse. The fuse then melts rapidly, 
generating an opposing voltage higher 
than the circuit voltage, which forces the 
current to zero even before the normal 
peak of fault current can be reached. (The 
deceleration effect of opposing voltage 
can be compared to that of reversing an 
engine.) This dual operation involving 
the conductor and the fuse causes the 
rapid and safe interruption of the fault 
current. 

The CLP can be set up to activate a 
device at the utility when the circuit is 
interrupted, signaling the need for the 
replacement of the CLP, a task that takes 
a few hours. 

The CLP's triggering sensor, a dough
nut-shaped element surrounding the cop
per conductor, consists of a current trans
former and a comparator that constantly 
measures the current level in the circuit 
and compares it with a set point limit in 
much the same way as a thermostat 
checks air temperature. At the instant the 
current exceeds the preset limit, say 10 
kA, the chemical charges are activated 
and the fault current is controlled. A bal
ance must be found in setting the sensor 
at current levels low enough to protect 
other apparatus downstream, yet high 
enough to avoid unnecessary operations. 
The standard devices already on the line 
should be able to cope with most fault 
currents, which are those at intermediate 
level. 

In addition to the CLP's ability to with
stand high continuous current, it has an
other advantage over the ordinary fuse 
that is related to the way alternating cur
rent is transmitted. The wavelike flow of 
ac is inherently uneven, so it is generated 
in three parts or phases, each phase dis
placed in time to produce a smoother 
power supply. The CLP can be triggered 
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How the CLP works 

The CLP houses a hefty copper conductor and a conventional 
s i lver sand fuse inside a 28 x 7-in f iberg lass cyl i nder, which can 
be mounted almost anywhere on a l i ne. When a current-sensing 
transformer connected to the CLP detects a l arge fault current, it 
tr iggers the f ir ing of a series of chemical charges, which rapidly 
cut special thin sect ions of the conductor. The fault current is 
immediately l imited and transferred to the fuse, wh ich melts, 
d issipating the current's energy and i nterrupt ing the fault. 

to interrupt all three phases of a circuit, 
while a fuse breaks only the one or two 
phases that have a fault. Removal of only 
one or two phases provides a rough power 
supply, and large motors that are designed 
to run on three-phase current can over
heat and become damaged when doing 
the same workload on reduced power. 
The CLP, by entirely interrupting all 
three phases, helps avoid such damage. 

In instances where old fuses function 
spuriously on circuits that have been up
rated to carry current close to the fuse's 
protective threshold, CLPs can be in
stalled to replace these fuses, as they can 
better withstand high continuous cur
rent. Whereas fuses are designed to melt 
at one particular current level, de
termined by the size of the fuse, the 
protective threshold of the CLP can be 
adjusted at any time, making it less likely 
to become obsolete. 
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Where existing circuit breakers give 
insufficient protection from the growing 
risk of fault current, the CLP can be in
stalled to precede them, indefinitely post
poning costly purchase and installation 
of new, larger breakers. The relatively 
low cost of a distribution-class CLP will 
allow its widespread application in 
branch circuits, where its guarantee of 
keeping fault currents to low levels will 
avoid the need for designing and manu
facturing heftier, more-expensive switch
gear and apparatus. 

Tests and savings 

Full short-circuit tests of the CLP have 
been successfully carried out on 4-kV to 
15-kV circuits (distribution class) at the 
General Electric Co.'s high-power labo
ratory in Philadelphia. Prospective short
circuit currents of 40,000 A rms (root 
mean square, or average continuous cur-

rent value of energy in one cycle, as op
posed to peak energy) were limited to less 
than 15,000 A (peak). 

Boston Edison Co. and Consolidated 
Edison Co. have both been instrumental 
in the development of the CLP. Boston 
Edison installed one CLP for in-service 
testing at its Woburn substation in Mas
sachusetts, and Consolidated Edison con
ducted field trials on Staten Island with a 
CLP installed on overhead lines. Consoli
dated Edison expects to add 10 CLPs a 
year to its system in 1983 and 1984. 

Because the capital cost of a CLP is 
only about 10% of the cost of the alter
native, the current-limiting feeder re
actor, Consolidated Edison will benefit 
from the cost differential: $15,000 to in
stall a CLP against $150,000 to install a 
reactor. Savings are also evident when 
operation and maintenance of the two 
devices are compared: service and fuse 



replacement for a single CLP cost about 
$2400 a year, whereas reactor power 
losses (waste heat) amount to $6000 a 
year. 

Because the CLP can be adapted to 
monitor almost any continuous current 
level, it is conceivable that a custom-built 
CLP could be developed for direct appli
cation on a generator bus. The very high 
operating speed (in the present model, 25 
µs from sensing to cutting the conductor, 
75 µs for the fault current to transfer to 
the fuse, and another 100 µs to melt the 
fuse) would ensure complete security of 
equipment connected directly to the gen
erator terminals. 

Phoenix Electric is working on a proj
ect with DOE to develop fault current 
protection of large auxiliary power trans
formers connected directly to generator 
buses. As Thomas F. Clark, president of 
Phoenix Electric, points out, "Transfor-

mer failures result in expensive repairs 
and long outages. Our objective is to 
develop a device similar to a CLP that will 
protect equipment connected to the gen
erator against fault currents of several 
hundred thousand amps." 

At the other end of the scale is the 
concept of a small, 4 X 5-in CLP, which 
Hussein E!Badaly, manager of electrical 
power systems research at Consolidated 
Edison, is discussing with Phoenix Elec
tric. This distribution-class CLP would 
protect a 480-V circuit and would have to 
be small enough to fit in the same space 
as the 5000-A fuse it would replace. 

The new principle of joining two ap
parent electrical opposites-a solid con
ductor and a fuse-is a paradox, yet thor
oughly practical. Further, different sizes 
of the generic device may answer a wide 
range of fault current problems. Porter 
comments, "When used in applications 
that call for its unique characteristics, the 
CLP can provide effective system pro
tection and also reduce distribution sys
tem capital costs and losses." • 

This article was written by Jenny Hopkinson. Technical 
background information was provided by Joseph Porter, 
Washington Office. 
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Evaluating 
Passive's Potential 

A f lexible computer program compares the costs and thermal 
performance of passive solar homes with a convent ional 

house and a wel l- insulated energy conservation home. Several 
uti l it ies are now using the model to explore the potent ia l  impact 

of passive solar design in their service areas. 

Conventional home 



Energy conservation home 

I 
nterest in passive solar has increased 
significantly in the United States in 
recent years as one response to higher 

energy prices and the widespread popu
larity of virtually all solar technologies. 
Yet although a large number of new 
homes and other buildings incorporating 
passive solar design have been con
structed, little work of a rigorous nature 
has been done to determine the effect 
these buildings have on electric utilities 
and the economic benefits, if any, they 
might offer utility customers in terms of 
energy savings. 

To fill this gap, EPRI-in conjunction 
with JBF Scientific Corp.-has produced 
a computer methodology that simulates 
and compares the relative thermal per
formance of passive solar homes with a 
conventional home having limited insu
lation and with a very well insulated 
energy conservation home. The method
ology then aggregates these results to 
assess homeowner energy use and costs 
and to predict the economic impact large 
numbers of each type of home would 

Passive solar home 
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Options for Passive 

Passive solar systems rely on structural des ign rather than mechanical means to manipulate the sun's energy for heat ing  
or cool ing.  For heat ing,  large windows or  glass doors admit the  sun  for d irect gain of  heat on interior surfaces. Concepts 
that use storage wal ls  and sunspace, on the other hand, are based on ind irect gain, as when a wall heated by d i rect 
sunl ight radiates that heat into the house interior. Passive cooling techniques, which have generally been less effective 
than passive heat ing ,  work by avoiding a house's d i rect gain of heat or by moving the heat from the indoors to the 
outdoors. Avoiding di rect gain essentially amounts to shading-eaves with carefu l ly calcu lated overhangs shade win
dows from the high summer sun. There are two basic ways to move heat to the outdoors. One,  ventilation, involves the 
removal of heat by a stream of cooler outside air. The other, earth contact, involves heat loss to a cooler earth mass bui lt  
up on an outside wal l .  Benefits of these heating and cool ing techniques are largely additive, so a combination of options 
is normally used in  the design of passive solar houses. 

Passive Heating 

Direct Gain Thermal Storage Wal l  Sunspace 

Passive Cool ing 

Shading Ventilation Earth Contact 
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have on a given utility in terms of changes 
in kWh use, system load, fuel costs, and 
generation reliability. 

"One seldom thinks that individual 
homes can influence a utility system, but 
it's true," says EPRI Project Manager 
Gary Purcell. "If a large number of one 
type of building is constructed within a 
utility's service area, this would certainly 
affect the utility." 

In addition to modeling housing types, 
the computer program has the capability 
of simulating and comparing the perfor
mance of alternative and advanced elec
tric heating and cooling systems. These 
include unitary and central air condition
ing, central fans, evaporative coolers; 
heat pumps, resistance heating strips, 
and their controls. "We believe this 
broad base and flexibility to look at a 
range of single-family housing effects 
on utilities is a real strength of the pro
gram," comments Purcell. "In addition to 
gauging the impact of passive solar build
ing design on a system, we can separately 
predict the effect of specific energy con
servation measures, for example, or of 
heat pumps, or of evaporative coolers 
versus central air conditioning." 

With this information, utilities can 
judge the extent of these heating and 
cooling alternatives, and advanced build
ing designs could be employed within 
their service areas to help ease capacity 
and energy shortages. In turn, they can 
identify and quantify potential incentives 
to use in influencing home builders and 
homeowners to select the alternative that 
will provide the most efficient use of 
energy. 

The program has already been tested 
by using utility data and was recently 
given to three utilities for independent 
assessment. It is scheduled to be intro
duced more broadly later this year. 

Although tentative at this point, find
ings do indicate that passive solar build
ings can offer potentially significant sav
ings to both utilities and their customers 
in some areas of the country. "As might 
be expected," Purcell says, "the passive 
solar and the energy conservation houses 

consistently outperform the conventional 
house. Beyond this, the passive home 
seems to show the lowest life-cycle en
ergy cost in areas where a heating load 
dominates and where there is an ade
quate amount of sunshine. This would 
include portions of the West, the South
west, and many areas in the North." 

Passive solar defined 

Passive solar systems are those that col
lect, store, and distribute the sun's energy 
by natural, nonmechanical means. As 
such, they are based more on design than 
on technology and are easier to adapt in 
new construction than in retrofit appli
cation. 

Key passive solar design elements in
clude proper building orientation, large 
areas of south-facing windows, and 
building construction with heat-storing 
materials, such as concrete, brick, adobe, 
and water. Nearly everywhere in the 
United States, south-facing windows 
admit more heat than they lose; once 
brought into a house this heat can be 
trapped and held for use in cooler hours 
of the day. 

Energy conservation measures are also 
integral to effective passive solar design. 
"You can't have a passive home without 
having a conservation home," explains 
Mark Schiff, a partner in the architectural 
firm of Edward Mazria & Associates, Inc., 
in Albuquerque, New Mexico. "It's an 
additive process. From a conventional 
home you go to a conservation home and 
then to a passive home." 

Among an array of passive solar design 
options, direct gain, indirect gain, and 
isolated gain (or sunspace) are the pri
mary heating concepts, and ventilation, 
ground contact, night radiation, and 
shading are the primary cooling con
cepts. These elements must be finely 
matched to climate and site. If they are 
not, systems can become costly in rela
tion to the improved comfort and energy 
savings they offer. Quantifying this 
trade-off is one aspect of the EPRI pro
gram. 

Because of resource and thermody-

namic constraints, passive cooling is 
difficult to achieve, especially in areas of 
high humidity. Passive heating, on the 
other hand, is better understood and 
more widely practiced, with the direct
gain option-the simplest and least ex
pensive-the one most commonly used. 

In terms of potential for energy sav
ings, passive solar heating can contribute 
20% or more toward meeting the heating 
requirements of a building. Thus, while 
conservation can reduce the amount of 
energy used for heating in conventional 
homes by 50-60%, it is estimated that 
passive solar design can increase this 
to 80% in the Northeast and up to 90% 
in areas of the Southwest and West. 

Cost for this added increment of en
ergy savings varies appreciably because 
of the climate- and site-specific nature of 
passive systems and the wide variety of 
design options. However, a rough aver
age would be approximately $4 a square 
foot of building floor area, or about 
7-10% of the purchase price of a new 
home. 

T he EPRI program 

EPRI' s program to assess passive solar' s 
impact on utilities began with an analysis 
of heating and cooling degree-days, solar 
radiation, cloud cover, temperature, and 
humidity patterns throughout the coun
try. Seven distinct climatological regions 
were defined in this analysis, and inter
ested utilities within each were subse
quently asked to participate in the pro
gram. 

As a further step to add specificity 
to the work, an analysis site was selected 
within each participating utility's service 
area to serve as a location for the con
ceptual houses to be modeled in the com
puter program. 

Participating utilities and conceptual 
sites included Boston Edison Co. at Bos
ton; Pennsylvania Power & Light Co. 
at Harrisburg; Alabama Power Co. at 
Montgomery; Public Service Co. of New 
Mexico at Albuquerque; Salt River Proj
ect at Phoenix, Arizona; Pacific Gas and 
Electric Co. at Fresno, California; and 
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Comparing the Costs 

A homeowner's yearly costs for heating and cool ing are generally dependent on two factors, costs of equ ipment bu i lt i nto 
the house during construction (broken i nto yearly increments for the lifetime of the house) and costs paid yearly to the 
uti l ity for service. The uti l ity costs are based on energy costs (fuel) and demand costs (uti l ity equ ipment plus operation 
and mai ntenance). A comparison of annual heating and cool ing costs for five houses on Publ ic Service Co. of New 
Mexico's system demonstrates how an in it ial larger investment in  energy-saving options can be of sign ificant long-term 
benefit to the homeowner-the conservation house and all three passive designs show lower l i fe-cycle costs than the 
conventional design.  Although this outcome is generally the rule, the magnitude of the benefit is h igh ly  site-spec ific, and 
figures will vary, depending on the passive options used. In the New Mexico examples, Passive 1 employs d i rect gain and 
a thermal storage wall for heating and natural ventilation for cool ing;  Passive 2, which shows the lowest cost, uses d i rect 
gain and mechanical ventilation; Passive 3 incorporates di rect gain, a thermal storage wal l ,  and evaporative cool ing .  

Homeowner equ ipment costs 

Util ity energy costs 

Util ity demand costs 

Conventional 

Energy-Conserving 

Passive 1 

Passive 2 

Passive 3 
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Pacific Power & Light Co. at Medford, 
Oregon, and Casper, Wyoming. 

As a next step in developing program 
methodology, Mazria in Albuquerque 
and Massdesign Planners and Archi
tects, Inc., in Boston were retained as 
architectural consultants to design ref
erence building structures for each re
gion that would be representative of 
mass-market homes likely to be built 
there through 1995. Mazria designed for 
the western locations, and Massdesign, 
the eastern locations. In addition, before 
beginning the designs, each firm per
formed market analyses within its as
signed areas to establish local building 
trends and consumer preferences and to 
select the most representative building 
types. 

Following review by a panel made up 
primarily of representatives of participat
ing utilities, these designs were computer 
modeled as four different types of 
homes: the conventional home with lim
ited insulation; the very well insulated 
energy conservation home; and two pas
sive solar homes, one a basic, direct-gain 
design and the other a more aggressive 
design-that is, one incorporating sup
plemental thermal storage capability. 

"We and the other participating utili
ties provided projections of our load 
growth and generation mix and of the 
number, size, and type of houses we ex
pected to be built in our areas over about 
the next 15 years," explains Michael 
Lechner of Public Service Co. of New 
Mexico. "This included information on 
the type of heating these houses would 
use and how many air conditioners, heat 
pumps, and evaporative coolers we ex
pected. In essence, we gave EPRI some 
baseline conditions to project the effect 
on our systems of all the houses we 
expect will be built over these coming 
years." 

Program results 

Passive solar impact assessments were 
performed for the four conceptual houses 
in Montgomery (Alabama Power Co.), 
Fresno (Pacific Gas and Electric Co.), 

Harrisburg (Pennsylvania Power & Light 
Co.), and Albuquerque (Public Service 
Co. of New Mexico). Montgomery and 
Fresno are cooling-load-dominated sites, 
and Harrisburg and Albuquerque are 
heating-load-dominated sites. 

The energy conservation and passive 
solar homes significantly outperformed 
the conventional home at each of the 
four sites and in each of the four compar
ison areas: kWh use, system load, fuel 
costs, and generation reliability. Looked 
at separately, the best passive solar house 
was seen to perform incrementally better 
than the energy conservation house on 
the heating-load-dominated systems. On 
the cooling-load-dominated systems, the 
best passive house performed roughly 
equivalent to the energy conservation 
house. 

In addition, at both heating- and cool
ing-load-dominated sites, passive solar 
reduced heating loads but increased cool
ing loads. At the heating-load-dominated 
sites this increase in the cooling load 
was not sufficient to cancel savings real
ized in heating. At the cooling--load
dominated sites it was, but only by a 
small margin. 

An important mitigating factor in these 
comparisons is the present poor outlook 
for any appreciable amount of new home 
construction in the near future. As a con
sequence, passive solar's primary impact 
near term may be only on the individual 
home or subdivision level. 

The computer model also projected a 
comfort index in terms of room tempera
ture, humidity, and wall temperature to 
contrast the energy-conserving house 
and the passive solar houses with each 
other and with the conventional option. 
In this, the conventional home proved 
the least comfortable, while the passive 
home was seen to be roughly equivalent 
to the energy conservation home in the 
summer and slightly more comfortable 
in the winter. Life-cycle costs for both 
utilities and homeowners were also com
pared, with passive solar emerging as the 
preferred design on heating-load-domi
nated systems in regions with adequate 

sunshine. But again, this finding was ex
tremely climate- and utility-specific. 

"Our results clearly indicate that in 
some locations of the country, passive 
design should be a preferred option," 
affirms EPRI contractor Peter F. DeDuck 
of JBF Scientific. "But the detailed con
clusions are extremely climate- and util
ity-specific, and in this regard, the bene
fits of passive designs vary considerably." 

T he next step 

As the next step in program develop
ment, both the methodology and the 
model have been given to Kansas City 
Power & Light Co., Pacific Gas and Elec
tric Co., and Carolina Power & Light 
Co. for their independent assessment on 
an experimental basis. Later this year, 
follow-up will be conducted to under
stand how the program was used, how 
useful it was, and where improvement 
is needed. 

Beyond this, introduction of these 
tools to all EPRI member utilities is 
scheduled for later this year at two work
shops, one to be held in the East and one 
in the West. 

"An important bottom-line aspect of 
this study is that by using this method
ology, utilities will be able to come up 
with some answers that are not intui
tively obvious," comments Purcell. "It 
can be used to look at a number of heat
ing and cooling aspects of the residential 
housing sector and to analyze this sector 
from a number of different points of 
view. In this manner, it could well prove 
a powerful predictive tool in determining 
how a changing housing stock may im
pact a given utility at a given point in 
time." • 

This article was written by William Nesbit, science writer. 
Technical background information was provided by Gary 
Purcell, Energy Management and Utilization Division. 
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Stanley York: 
Practicing the Public Interest 

S
itting at the long, shiny table, 
Stanley York is at ease. The board 
room of Milwaukee's Good Sa

maritan Medical Center is a familiar set
ting. Y ork has been a hospital board mem
ber for 11 years, and the quarterly board 
meeting will begin in just two hours. But 
for now he is considering his newer role 
as a member of EPRI's Advisory Council. 
Asked why he accepted it nearly three 
years ago, he replies, "In 1979 I had also 
just been appointed chairman of Wis
consin's Public Service Commission 
[PSC] . Research and development is an 
issue in rate cases-a formal question in 
our proceedings- and we need to under
stand whether or not it is legitimate for 
utility ratepayers to pick up the tab for 
R&D. I thought serving on the EPRI 
Council would be a good way of getting 
that information." 

Today, Y ork still holds the PSC post as 
his full-time job, and together with the 
other 24 members of the Council, he is 
working to strengthen their advice to 
EPRI's Board of Directors. The timing is 
right because events outside the electric 
utility industry are reshaping the indus
try's role and calling for new approaches 
(often involving R&D) to many of its 
tasks. It can't be said that York is the only 
person for the time and place, but his 
background, much of it far from tradi
tional for regulatory work, is both a pow
erful motivator and a source of useful 
skills. 
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Practicing what he preached 
Y ork is best characterized as a public 
servant, although he has not played con
sistently visible roles. During the 1960s 
he was twice elected to two-year terms as 
a Republican assemblyman in the Wis
consin legislature. In the 1970s, before 
coming to the PSC, he held three ap
pointive state offices under both Repub
lican and Democratic governors. In be
tween times, he was executive director of 
the state Republican party for three years 
and executive director of the Wisconsin 
Association of Homes for the Aging for 
four years. 

But something else colors Y ork's ac
tions wherever he works. After gradua
ting from Beloit College in 1953, he went 
on to Andover Newton Theological 
School; and for 13 years before 1970, he 
was a Congregational minister (United 
Church of Christ). His transition (in the 
strict vocational sense) to public service 
was gradual: York served his two legis
lative terms while he was pastor of the 
UCC Congregational Church at River 
Falls in western Wisconsin. 

How the ministry influences Y ork's 
work is evident partly in the affiliations 
he has chosen, such as the Good Samar
itan board, the state Office of Emergency 
Energy Assistance, the Association of 
Homes, even the PSC. "One thing," he 
says, "is a sensitivity to how events affect 
people. Individuals. You can visit only so 
long with elderly folks on very limited 

incomes before their problems become 
your problems. In dealing with utility 
matters, that's very much a part of 
things." 

Pressures from many sides, high and 
conflicting expectations, are also a fun
damental part of utility regulation today. 
Y ork invokes a pulpit phrase to explain 
how he keeps his sanity. "You might say I 
have a very highly developed sense of 
original sin! A lot of people have very 
high expectations of human institutions 
and human interactions that I just don't 
share." 

That observation gently and wryly pro
claims that everyone's actions are some
where flawed, including his own. Y ork is 
thus pragmatic in his approach to PSC 
casework. "I don't believe there are any 
right answers to the questions I face. I'd 
go so far as to say there aren't any an
swers at all. There are just the best 
judgments we can make, given the 
limited information we have today 
about the circumstances and the alter-
natives." 

With this view of his responsibility, 
Y ork feels no need to defend the absolute 
"rightness" of what he does. Instead, he 
describes his decisions as "those that 
other ratepayers would make if they sat 
where I sit and had access to the infor
mation I have." His words closely parallel 
a classic expression of what economic 
regulation is supposed to achieve: It con
strains the business monopoly as the 



Even when there is no single right answer, there is stil l a best judgment to be made, says this 
former minister and state legislator. The principle serves him today as chairman of Wisconsin's 

Public Service Commission and member of EPRl's Advisory Council. 
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marketplace would do if the marketplace 
were free to act. 

York is in charge of the economic reg
ulation of nearly all Wisconsin utilities: 
electric, gas, telephone, water, and some 
sewer. In electricity service alone, this 
means 13 investor-owned companies and 
88 municipal agencies. Only the rural 
cooperative organizations are exempt 
from PSC regulation. 

Y ork's position has become widely 

"A lot of people have very high 

expectations of human institu

t ions and human interactions 

that I just don't share." 
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familiar, influential, even controversial to 
a degree that wasn't foreseen when he 
accepted it just three years ago. Imported 
oil costs even then had been pushing 
nationwide electricity rates upward for 
six or seven years. But only more recently 
have economic inflation and unemploy
ment combined to make household util
ity bills the subject of alarm and outright 
resistance that we had earlier seen at 
gasoline pumps. 

How did York end up in this inherently 
unpopular position? He says it's basically 
a matter of practicing what he preached. 
"For years I said to people in the parish, 
'You can't change the circumstances that 
govern your lives just by sitting back and 
yelling.' Part of what I believe about our 
role as citizens is that we should go do 
those things that we can do. And I had 
that kind of opportunity." 

Improving the advisory role 

York's insightful practice of what is de
sirable and possible in public service is 
augmented by other interests. He calls 
himself a technology nut, humbly add
ing, "Knowing nothing about it, I enjoy 
all the gimmickry. Get me anywhere near 
any of it, and I'll ask all sorts of dumb 
questions!" 

But something other than mere fas
cination with technology made possible 
his EPRI advisory connection. He became 
a member of the National Association 
of Regulatory Utility Commissioners 
(NARUC) when he took office on the 
Wisconsin PSC. NARUC, in turn, soon 
proposed his name for one of the seven 
utility regulator seats on the EPRI Ad
visory Council. 

EPRI's management and Board of Dir
ectors gain special guidance from the 
Council because its members are drawn 
from a wide range of U.S. businesses, 
professions, and interest areas, such as 
education, science, labor, communica
tions, environmental affairs, medicine, 

economics, and utility regulation. Regu
latory commissioners also come from 
many interest areas in their home states, 
so the 7 nominated by NARUC blend in 
with their 18 Council colleagues. Yet they 
bring a useful familiarity with the special 
constraints that go with utilities' monop
oly status. 

The Advisory Council is a window into 
EPRI and its technology decision making, 
a window specified in the Institute's cor
porate architectural plan. The intent is 
for outside viewpoints to flow inward 
through it. But as with all windows, light, 
sound, and air can pass in either direc
tion. For a number of years, while EPRI 
was the expression of a still-new concept 
of industrywide coordination, there was 
an understandable tendency for EPRI to 
explain itself, its technologies, and its 
industry to what was almost a captive 
audience. 

This is changing, and York is among 
the Council members who are bringing 
things around. "The question isn't one of 
carrying weight," he cautions, speaking 
of executive power and influence. "The 
question is, Are we giving advice-are 
we being advisory?" 

The Council's feeling, as York ex
presses it, was that it was being indoc
trinated. EPRI was thereby missing the 
opportunity to learn what others thought 
of the electric power technology commu
nity and what they wanted from it. "Part 
of the need," says York, "is to pose ques
tions in the framework in which we are 
interested, not the framework in which 
EPRI deals with its own life." 

York is understandably pleased that 
Council members have good one-on-one 
relationships with the EPRI staff mem
bers. "That wasn't the problem. The prob
lem was, EPRI wasn't getting the inter
action that would come if Bob Georgine 
as a labor leader [AFL-CIO Building and 
Construction Trades Department pres
ident] and I as a regulator were to attack 



a problem from two different perspec
tives. That interaction is different from 
what any of us alone can give EPRI. And 
that wasn't happening." 

Now it can happen. Since the summer 
of 1981 the organization and conduct of 
Council affairs have changed. Ad hoc 
issue groups and subcommittees now 
exist to meet on other occasions, develop 
subject matter, and come to Council meet
ings prepared to lead discussion. Issues 
may be suggested by the Council or by 
EPRI staff. York seizes on a hypothetical 
example, the adoption of new technology 
by the utility community. "That's an 
issue the Advisory Council can help 
with," he says. And the thought releases 
a flood of related questions. 

"Is the process taking place fast 
enough? What's the regulatory commun
ity's influence on it? What are regulators 
saying to utilities about using new tech
nology? What message are utilities get
ting? Is it correct? For that matter, is EPRI 
hearing the correct story? Will this or that 
specific development stand the test of 
being put to the regulatory community?" 

York pauses, then summarizes. "We 
are curious about and interested in the 
technology that EPRI develops. But the 
Advisory Council's main concern is, How 
effectively does this R&D organization 
interface with a world that has only the 
barest passing interest in what chemical 
you put on a tree to keep it from growing 
up into the wires?" 

Moving technology along 

Some of the obstacles to rapid adoption 
of technology are subtle. For example, a 
utility applies the results of EPRI re
search to some portion of its system and 
appears to realize benefits and cost sav
ings accordingly, but then reports those 
savings very conservatively in its public 
references. 

In EPRI's view, such a case history 
speaks well for the using utility and en-

courages other utilities to seek the same 
benefit. But the using utility seems ap
prehensive that such best-case savings 
might be taken out of context and that its 
state regulatory body would immediately 
call for systemwide adoption of the same 
item. Such a prospect is alarming to the 
utility when existing equipment has not 
yet served its planned economic life and 
returned its cost. 

York acknowledges the power of reg
ulators. "The utility can-or must-do 
only what its regulators prescribe. But 
the preponderance of regulation retards 
the purchase of new equipment. The util
ity doesn't work on a competitive basis, 
where it has to come out with new tech
nology in order to keep ahead. The util
ity has a responsibility to keep obso
lescence at a minimum. 

"Look at utility management," York 
adds. "Is there any more conservative 
group in the country? These are not risk
takers. We won't let them take risks." 

There probably are occasions of mis
placed or premature regulatory pressure, 
York admits. "You get commissioners 
who don't really understand their job or 
the job of the utility. And, people ride 
hobbyhorses; that is, if they have a par
ticular interest in something they think is 
right, they do what they can to see that all 
the utilities do it." 

When utilities seem slow to effect 
change, it may be partly rooted in habit 
or preference, York notes. Then, he says 
with fine irony, 'Tm not surprised when 
they use the commission as an excuse for 
not doing something that they don't want 
to do anyway. We had an instance where 
a utility was in financial trouble, and we 
moved up its rate case to try to deal with 
the problem. Meantime, the utility had 
an annual stockholders' meeting, and the 
president reported, 'We're in trouble be
cause the commission isn't processing 
our case fast enough.' Commissions are a 
natural scapegoat," York concludes. 

Technology transfer is also influenced 
by EPRI's dual relationship with its mem
bers: utilities are both its owners and its 
clientele. Can EPRI avoid spoonfeeding 
only what members want to hear? York 
acknowledges that human nature is at 
work here. "I mean, you figure out who is 
paying your salary and you try to give 
him what will make him happy." 

But he seems equally certain that util
ities expect EPRI to have a life of its own, 

"The need is to pose questions 

in the framework in which we 

are most interested, not the 

framework in which EPRI deals 

with its own l ife." 
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an independence of judgment and exper
tise. "Just because they are both EPRI's 
owners and its market doesn't mean that 
they have all wisdom." York uses an an
alogy to describe his thinking. 

"Say you retain an attorney on a tax 
matter. You want him to accomplish a 
result. But you expect him to have, or 
develop, some expertise in the matter 
that doesn't come directly from you. He'll 
go to some tax workshops, for example; 

"The preponderance of regula

tion retards the purchase of 
- -- -

new equipment. The util ity has 

a responsibi l ity to keep 

obsolescence at a minimum." 
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he'll look for what's been done else
where." 

York emphatically includes the Advi
sory Council among the resources that 
utilities expect EPRI to use. "They expect 
EPRI to be seeking knowledge elsewhere. 
Not just specific technology; not just say
ing to a contractor, 'Develop a better coal 
gasification plant,' but also turning to the 
Council to explore just where and how 
technology R&D for utilities should fit 
into the total universe of things." 

There is another aspect, York notes. 
"Utilities are very parochial-very, very 
local. They have very different sets of 
problems, depending on their generation 
mix, their geography, their regulatory 
climate." He thus seems certain that at 
least some of EPRI's R&D results are 
bound to be disputed (or at least found 
inapplicable) by some of its members. 

York senses that EPRI constantly sells 
its members, its owners, on the validity 
of what it is doing. "And with that sell
ing, EPRI is buying some flexibility, some 
freedom to try things. But if you're not 
failing part of the time, you're not doing 
R&D, in my judgment. If everything 
works, you're not asking tough enough 
questions." 

The utility that pays the bill probably 
wants a higher percentage of success than 
the researcher back in the laboratory, in 
York's opinion. He calls it a dynamic 
situation, even a balancing act, and says 
he has exactly the same experience. "I'd 
like to think utilities have some respect 
for the manner in which I administer the 
work of the commission. But if they say it 
nicely in public, I'm in trouble. If the 
utilities aren't complaining, then the con
sumer groups think I'm not doing my 
job!" 

Finding the public interest 

In the course of ranging through York's 
three years as a utility regulator and EPRI 
adviser, many observations, ideas, and 

conclusions pop up, some from the con
text of discussion, others just in passing. 
For example, because investor-owned 
utilities earn their profit basically as a 
return on plant investment, is it true that 
they have a single-minded motivation to 
build? "They used to, but they don't any 
more. Now it costs more to build power 
plants than it does to irtstall energy-sav
ing equipment and run conservation pro
grams. It's because of interest costs, con
struction costs, that kind of thing." 

Does the public know this? "No," says 
York flatly. Going on quickly, he adds, 
"It's an interesting split. On the service 
side, the public sees the utility as totally 
reliable, totally dependable, and a good 
neighbor. But on the financial side, when 
it comes to rates, they see him as the bad 
guy, a rip-off, greedy." 

York points out that the contradiction 
can be personally embittering, par
ticularly for the people now in utility 
management. "Until the mid-1970s, a 
guy moved up the ladder in the company, 
and at the same time he moved toward 
more and more community acceptance 
and leadership. But his world turned up
side down in the late 1970s. He dis
covered that because he was at the top of 
the ladder, he was now the bad guy. It's 
been tough." 

The contradictory perceptions of elec
tricity dependability as good and elec
tricity rates as bad can be at least partly 
resolved, York believes. He has come to 
realize that it is no longer true that all 
customers want fully available electricity 
at all times, regardless of the cost. "There 
are real differences in demand for avail
ability at the point of delivery. I want a 
whole lot higher level of availability for 
my refrigerator than I do for my water 
heater, a lot better for my color TV than 
for my air conditioner." 

This tells York, as a regulator, that 
customers have more flexibility than pre
viously thought, more variety in their in-



terest and economic options. He sees in
dividual on-off controls, remotely pulsed 
by the utility, sometime in the future, 
with lower rates for the interruptible elec
tricity. "We don't necessarily have to go 
the single route of building power plants 
to meet demand growth. We can use eco
nomic means to slow it, to reduce the 
peaks." 

York reflects a bit on what he has said. 
"You know, one of the advantages of 
coming into utility regulation from the 
outside is that I'm not encumbered with 
the baggage of history. It's a bigger dis
advantage than advantage," he admits, 
"but sometimes it is an advantage. Be
cause I don't have background in the 
industry, perhaps I am able to see this 
idea of customer flexibility a little more 
quickly than others." 

His work in utility regulation has 
honed York's sense of what is and what is 
not the public interest; but it has not 
made the definition or its acceptance any 
easier. "There isn't any objective set of 
words. And it's not like saying you mix 
some metals together and you come up 
with a certain alloy, and that's the public 
interest. 

"The public interest is where all the 
special interests converge. But it may not 
be a position satisfactory to any one of 
them." York suggests the example of a 
utility that claims it must have an 18% 
return on equity to survive, while a con
sumer group contends that 13% is plenty. 
"If the matter were in a law court," says 
York, "a judge or jury would have to 
select either 18% or 13%. But a public 
interest consideration may arrive at IS% 
or 16%, taking into account stockholders, 
ratepayers, and society as a whole." 

Process versus pronouncements 

York reminds us that regulatory com
mission decisions don't routinely win 
popularity contests. A highly politicized 
Wisconsin example comes to his mind, 

the cancellation of the Koshkonong nu
clear power plant. "We said the utility had 
prudently planned the plant, but that cir
cumstances had thereafter changed. So 
our commission decision provided for 
the utility to get back what it had spent 
for the planning process. Antinuclear 
people were very happy to see the plant 
canceled, but some of them were very 
unhappy because of our decision on the 
planning costs." 

Not just in regulatory work, but for 
any government decision maker, it is 
quickly apparent that people with the 
minority viewpoint on an issue are look
ing for a statesman, someone who will 
rise above politics and provide leader
ship. People on the majority side, of 
course, want someone who will be truly 
representative, responsive to the public 
will. Inevitably, York has his own opin
ions. What does he do with them? For the 
most part, he relies on the public process, 
rather than on his private pronounce
ments, to illuminate issues. 

"The legislature tells me what my job 
is, and I think that's appropriate. As a 
regulator, I ought to be bound by the law. 
I don't think appointed people ought to 
be setting themselves above it. 

"For example," York goes on, "I am 
preempted by federal law from dealing 
with nuclear power safety questions. 
That's an NRC matter and I keep my nose 
out of it." 

York says he is accused of drawing 
lines around a little legal box as a way of 
staying out of trouble. But, he observes, 
any time he inadvertently sticks his toe 
outside that so-called box, he can get 
taken to court. "There's a perpetual prob
lem of trying to do your assigned task 
within your little box." 

And here York returns to the matter of 
making the best judgment possible with 
the information that is available. "I bear a 
serious responsibility for the decisions I 
make. They're the ones that other rate-

payers would make if they sat where I 
sit. . . .  " York is a little wistful as he 
concludes, "It makes me a consumer rep
resentative, though nobody describes 
me that way." • 

This profile was written by Ralph Whitaker and is based 
on an interview with Stanley York. 

"If you're not fai l ing part of the 

time, you're not doing R&D. If 

everything works, you're not 

asking tough enough 
- - -- -- -

questions." 
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WASH I NGTON REPORT 

OSTP: Advice 
to the President 

The Off ice of Science and Techno logy 
Pol icy g ives gu idance to 

the president on issues of envi ronmental and 
energy-related pol icy, as we l l  as on 

nat ional secu rity and bas ic research .  

C 
onfronted daily with the need to 
make decisions that have far
reaching policy implications, the 

president must draw on the expertise of 
many Washington advisers. For advice 
on scientific and technical subjects, the 
president's primary resource is the Office 
of Science and Technology Policy 
(OSTP). 

This office has origins in the Office of 
Science and Technology (OST), created 
as an advisory office to President Ken
nedy in 1962 to augment the position 
of science adviser established earlier by 
President Eisenhower. Dissatisfied with 
the function and contributions of the 
science office, President Nixon abolished 
it in 1973; President Ford reestablished 
the office through the Presidential 
Science and Technology Advisory Or
ganization Act of 1976. 

With strong congressional support, 
OSTP was established to fulfill certain 
scientific advisory roles considered 
integral to the welfare, security, and 
economic well-being of the nation. As 
authorized by the 1976 legislation, the 
director serves concurrently with the 
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president as his science adviser. In the 
Reagan administration, OSTP is directed 
by George Keyworth, formerly director 
of the Laser Fusion Division of the Los 
Alamos Scientific Laboratory. 

In its present form, OSTP provides the 
president, as well as Congress, with 
analyses of selected issues to assist in 
the executive decision-making process. 
The office also provides information for 
the review, analysis, and coordination of 
all federal R&D programs and budget 
items with the president and the director 
of the Office of Management and Budget. 
At the request of Congress, OSTP pro
duces an annual report and a five-year 
outlook on science and technology. 

Office Organization 

OSTP is divided into five major func
tional groups-National Security and 
Space, International Affairs, General 
Science, Life Science and Institutional 
Relations, and Energy and Natural Re
sources. Each of the five areas is headed 
by an assistant director. 

With only 6-10 employees assigned to 
each of the five divisions, the OSTP staff 

is relatively small. However, OSTP relies 
on loaned employees and ongoing or 
completed studies from other federal 
groups to assist in the completion of its 
work. Frequently an assistant director 
will form a working group of members 
of his staff and staff from other agen
cies to examine an issue of particular 
relevance. By acting in a management 
or oversight capacity and by avoiding 
duplication of work already in progress, 
the OSTP is able to fulfill its duties with 
a small number of permanent staff. Ac
cording to John Marcum, assistant direc
tor for Energy and Natural Resources, 
"By minimizing our operational respon
sibilities, we avoid getting involved in 
coordinating agency activities. We are 
very pleased with the current size and 
structure and are able to provide the 
president and other senior staff members 
with advice on issues that involve R&D 
science and technology questions." 

Of the five divisions, Energy and Nat
ural Resources is the group that deals 
with the policy questions of most rele
vance to the utility industry-oil, coal, 
and gas supplies; alternative energy 



sources; nuclear power; and environmen
tal issues. Marcum comments, "Our 
function is to be sure the president and 
his advisers are aware of opportunities 
where they exist and of problems when 
they arise. In addition, they need to be 
advised in a timely and comprehensive 
manner on issues with scientific and 
technical ramifications to assist them in 
arriving at sound policy decisions." 

Because of the scope of these objec
tives, the energy issues Marcum's staff 
is principally investigating have involved 
a mix of critical technologic, scientific, 
economic, and political issues. The divi
sion is heavily involved in the Reagan 
Administration's efforts to restructure 
the energy program, including the legis
lative proposal to dismantle the Depart
ment of Energy, and is responsible for 
preparing scientific and technical inputs 
for the FY 1981, 1982, and 1983 budgets. 
In these capacities, Energy and Natural 
Resources is working with 0MB and 
DOE on all key energy R&D issues, in
cluding alternative energy technologies, 
fast breeder reactors, coal issues, and 
synthetic fuels. 

In some areas, the Energy and Natural 
Resources staff deals with policy ques
tions that have a direct effect on the elec
tric utility industry. For example, in two 
studies that examine the overall U.S. 
energy situation and appropriate federal 
role, Marcum's staff is currently looking 
at possible federal initiatives involving 
the electric utility and nuclear power in
dustries; two other areas of emphasis in
volve the state-of-the-art research prog
nosis for atmospheric carbon dioxide and 
acid precipitation. These four issues are 
of particular significance to the industry. 

Power Industries 

In the first study, the Energy and Natural 
Resources staff is interacting with a work
ing group of President Reagan's cabinet 
council to study the factors affecting the 

Marcum 

electric utility industry's financial health. 
The group will make recommendations 
relating to the resolution of the financial 
problems and consider the regulatory 
measures that should be instituted, the 
problems that are within the purview of 
the utility industry itself, and the extent 
to which the federal government should 
be involved in resolving the problems. 
This working group will provide a com
plete analysis of these issues for cabinet 
council review. 

In a parallel effort, another panel is 
looking at the underlying problems ham
pering the growth of the nuclear power 
industry. "This office has been, and will 
continue to be, intimately involved in 
questions relating to nuclear power, 
especially with regard to the initiatives 
that President Reagan directed last July 
and October. The first area deals primar
ily with the international side of nuclear 
power, specifically nonproliferation and 
export-related questions. The second 
issue deals with domestic nuclear power 
and the steps needed to encourage a 

nuclear industry recovery," Marcum 
explains. 

As one of several steps planned to 
restore nuclear power as a viable source 
of energy, President Reagan directed the 
secretary of DOE and the director of 
OSTP to report to him by September 30, 
1982, on the obstacles impeding the in
creased use of nuclear power and what 
is needed to remove them. Consultations 
were initiated last February with Vice 
President Bush, DOE Secretary Edwards, 
Commerce Secretary Baldridge, OSTP 
Director George Keyworth, and key rep
resentatives of the electric utility indus
try, nuclear power supply companies, 
investment firms, regulatory commis
sions, and the university community to 
discuss the constraints on the nuclear 
industry. Some key questions discussed 
related to how competitive our nuclear 
power industry is with those abroad and 
what financial incentives could stimulate 
greater competition. The results of these 
meetings, along with subsequent meet
ings and analyses from other studies, will 
be the basis for the September report to 
the president. 

Exploring Specific Issues 

The two studies just described were ini
tiated in response to a presidential re
quest; however, OSTP also undertakes 
reviews at the behest of Congress. For 
example, in the Energy Security Act of 
1980, Congress required OSTP to under
take a comprehensive study of the envi
ronmental effects of the buildup of car
bon dioxide in the atmosphere. 

As mandated in the act, OSTP, 
through the Energy and Natural Re
sources group, is working in conjunction 
with the National Academy of Sciences 
(NAS) to assess this problem, to examine 
the quality and effectiveness of current 
federal carbon dioxide research efforts, 
and to recommend ways in which na
tional and international research pro-
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grams can be structured to be of most 
benefit to government policy makers. 

The study, being conducted by the 
National Research Council of NAS with 
joint OSTP, DOE, and National Science 
Foundation (NSF) funds, will provide a 
basic source document for OSTP's forma
tion of policy. "This program illustrates 
the type of work-study OSTP can man
age, basically under our direction and 
oversight, without excess staff participa
tion. Of course, no matter where the 
study group is housed," explains Mar
cum, "we will objectively consider its 
findings and incorporate them into our 
advice and recommendations to the pres
ident." 

At the request of the Council on En
vironmental Quality, the Environmental 
Protection Agency, and the departments 
of State and Energy, OSTP is also di
recting the work of a scientific panel of 
experts on acid precipitation. However, 
unlike the carbon dioxide study, OSTP 
is conducting the acid precipitation study 
in-house because of the sensitivity of the 
issue. As its primary function, this panel 
is undertaking a comprehensive peer re
view of all research documents that have 
been generated under the joint United 
States-Canada Task Force, pursuant to 
presidents Reagan and Trudeau's Mem
orandum of Intent (the U.S.-Canada 
Transboundary Agreement of August 
1980). 

This peer review, with NAS and NSF 
support and advice, will provide the basis 
for subsequent policy discussions be
tween the two countries. Marcum 
explains, "There will be frequent con
sultations between our panel and its 
counterparts in Canada. By the end of the 
study, we will be in a better position 
to understand the realities and the scien
tific and technical dimensions of the acid 
precipitation problem and to assess the 
recommendations that should be given 
for policy decisions." The panel is ex-
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pected to begin its review of the docu
ments within the next two months. 

White House Advisory Council 

In addition to other federal departments 
and agencies, OSTP has another resource 
on which to rely for information and ad
vice: the White House Science Council 
(WHSC). The 13-member council was 
established in 1981 to play a role similar 
to that of the President's Science Ad
visory Council (PSAC), now disbanded. 
According to Marcum, "PSAC was a 
group of very senior, competent people, 
who reported to the president, essentially 
through the science adviser. However, 
they frequently acted independently and 
were much less focused in terms of on
going policy directions. In this role, 
PSAC received criticism that contributed 
to President Nixon's decision in 1973 to 
abolish the OST." 

In contrast to PSAC, George Keyworth 
established WHSC to function as an ad
visory appendage of OSTP. It reviews 
issues that are selected by Keyworth and 
reports to OSTP, rather than to the pres
ident. Composed of distinguished mem
bers of the academic, industrial, and 
scientific communities, the council meets 
every few months to review complex 
science and technical questions and, 
where necessary, to form ad hoc panels 
to look at specific issues in greater de
tail. Marcum comments, "We see it as a 
valuable institution in that it provides the 
president with additional advice from a 
group of high-level members of the pri
vate sector and the academic community, 
who often have a more diverse range of 
viewpoints than can be gathered solely 
through the OSTP and other agency 
staff." 

Among its many reviews, WHSC is 
currently undertaking a study to define 
the role and mission of the national lab
oratories. The council's goal is to show 
how the laboratories can be strengthened 

and streamlined to meet current R&D 
needs. Two questions the council will 
examine are whether the laboratories are 
functioning as originally planned and 
whether they have outlived their original 
mission. It will also discuss ways in 
which to improve technology transfer 
from the research institutions to the in
dustrial sector. Other WHSC studies 
cover such diverse topics as civil air 
transport and military technology issues. 

OSTP seeks input not only from 
WHSC but also from other federal, pri
vate, academic, and scientific resources 
to provide a sound and knowledgeable 
basis for the advice it is called on to 
provide to the president. Marcum 
stresses, "We need to ensure that gov
ernment programs facilitate, rather than 
impede, closer cooperation with our re
search institutions, national laboratories, 
and academic communities. The more 
direct the interaction between industry 
and these research centers, the more 
quickly we can inject results into the 
marketplace. In this regard, we work 
with the private sector to ensure that 
the federal role is properly focused in 
areas where it is really needed. During 
this decade, the investment required of 
the private energy sector as a whole is 
anticipated to be about $2 trillion. Our 
role is to ensure that the far smaller 
federal R&D budget is effectively util
ized in long-term, high-risk technology 
and in facilitating the private investment 
needed in the energy sector. This admin
istration is therefore attempting to create 
a better economic environment through 
tax and patent policies, investor incen
tives, and science and technology initia
tives that will help the energy and utility 
industry meet this tremendous capital 
requirement." • 

This article was written by Ellie Hollander, Washington 
Office. 



AT THE I NSTITUTE 

AFBC Plant Begins 
Operations at TVA 

Operat ion of a $68 m i l l i on p i lot fac i l ity 
marks the most s ig n if icant effort to date toward 

develop ing AFBC for u t i l ity use .  

T
ennessee Valley Authority's 20-
MW atmospheric fluidized-bed 
combustion (AFBC) boiler pilot 

plant began full operations in June, kick
ing off four years of tests to be performed 
under joint EPRI-TVA sponsorship. 

Start of the operational test phase 
wraps up a two-year preparatory effort 
that involved operator training and the 
development of computer systems and 
test procedures. 

The plant, located at TVA's Shawnee 
Steam Plant Reservation near Paducah, 
Kentucky, is the final developmental step 
before the design and construction of 
one or more 100-200-MW commercial 
AFBC demonstrations, already in initial 
planning stages. The test program will 
run through mid-1986 and is expected to 
cost $28.5 million. 

AFBC is a concept whereby fuel is 
burned in a limestone bed that is sus
pended by air fed into the bottom of the 
boiler at atmospheric pressure. The air 
causes the limestone particles to perco
late like a liquid, hence the term fluid
ized bed. 

Although AFBC technology itself is 
not new (numerous AFBC boilers are in 

operation worldwide), utility application 
of the concept is relatively recent. Re
search now indicates that AFBC could be 
a major advance in coal combustion for 
utilities for a variety of reasons. 

For one, the AFBC process produces 
far fewer emissions than conventional 
boilers, eliminating the need for much of 
the expensive air quality control equip
ment typically used. The limestone bed 
reacts with sulfur dioxide to produce cal
cium sulfate, which is removed from the 
boiler and disposed of as a solid. In ad
dition, because of the relatively low op
erating temperature of the boiler (about 
ISS0°F; 843°C), far less nitrogen oxide 
is produced. 

The lower operating temperature also 
has a positive impact on plant perfor
mance and reliability because 1550°F is 
well below the temperature at which coal 
ash melts. The lower temperature elimi
nates the ash slagging and fouling prob
lems that currently limit fuel flexibility 
in pulverized-coal and stoker-fired fur
naces. In fact, because the AFBC boiler 
operates below the ash fusion tempera
ture, its design is essentially independent 
of the ash properties of the fuel. As a 

result, AFBC offers fuel flexibility not 
possible with standard boilers. 

The TVA pilot plant is designed to 
burn inexpensive, high-sulfur Kentucky 
No. 9 coal, but plans call for testing other 
fuels, such as lignite and subbituminous 
coals. The plant could potentially burn 
other low-grade fuels as well (e.g., coal
washing residues, coal-mining wastes, 
refinery wastes, wood wastes, and refuse
derived fuel). 

The first two years of testing at the 
Paducah plant will be devoted to eval
uating various methods for feeding coal 
and limestone into the process and en
hancing the automatic process control 
capabilities so that AFBC can be used for 
cycling and shifting, as well as for base
load applications. The plant's computer
ized data acquisition and control system 
will enable researchers to evaluate plant 
performance with an eye toward scale
up of the concept to commercial size. 

A utility group, organized by TVA and 
EPRI, is reviewing the test program and 
advising researchers on the direction of 
the worl�. On-site participation in the 
testing by utility engineers and plant 
operators is being planned. • 
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Electricity 
Book Revised 

The revised, updated edition of Electricity: 
Today's Technologies, Tomorrow's Alterna
tives is now available. The book, first 
published in 1981, is a readable survey 
of the critical technical issues that relate 
to the supply and demand for electric 
power. A teacher's guide keyed to the 
new edition is also available to help edu
cators put the book to work in high 
school and junior college classrooms. 

Produced by EPRI staff on behalf of 
the electric utility industry, the book pro-
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vides a complete yet simple and under
standable introduction to the problems 
associated with the production and use 
of electric energy in the modern world. 
It is authoritative and up-to-date, pre
senting facts to help readers make in
formed judgments about basic energy 
issues that affect the quality of their 
lives. 

The major premise of the book is that 
electricity is the fastest growing energy 
form in the United States. Today, about 
one-third of our energy is converted to 
electricity before it is used. By the turn 
of the century, as much as half of our 

total energy may be produced in the 
nation's electric utility power plants. 
Descriptions of technologies for produc
ing and delivering electricity and discus
sions of related energy issues show how 
we will get from today's forecasts to 
tomorrow's realities. 

Specific topics covered in the book in
clude energy use, demand, and supply; 
principles of electric power generation; 
present and future generating options; 
electricity storage and delivery; envi
ronmental concerns; and planning for 
the future. Prices for Electricity are as 
follows. 



Quantity Price per Volume 

1-4 $7.95 
5-99 5.50 

100-999 4.50 
1000-4999 3.50 

5000 and up Prices on request 

Teacher's guides are $1 each; one will 
be provided free with each classroom 
order of 30 copies. Orders may be placed 
with William Kaufmann, Inc., 95 First 
Street, Los Altos, California 94022. • 

Culler Named to 
Federal Advisory Board 

Secretary of Energy James B. Edwards 
has appointed EPRI President Floyd L. 
Culler to fill a vacancy on the Energy 
Advisory Board, created in 1978 to ad
vise the secretary on R&D programs and 
provide guidance on long-term scientific 
policy issues. 

Culler, a recognized expert in the f ield 
of nuclear energy, has wide experience 
in management and application of R&D, 
having served 30 years at Oak Ridge 
National Laboratory before joining EPRI 
in 1978. His scientific honors and awards 
include the International Atoms for 
Peace Award, the E. 0. Lawrence Me
morial Award, election to the National 
Academy of Engineering, and appoint
ment as a fellow in the American Nuclear 
Society. 

Secretary Edwards noted that Culler's 
appointment "further enhances the ex
pertise in electric utility-related R&D 
available to the Department of Energy." 
He added that Culler's "broad technical 
knowledge in energy-related matters will 
maintain the board's balance of experi
ence, expertise, and points of view repre
sented." Other members of the 22-
member board have backgrounds in 
conservation, energy production, envi
ronmental protection, law, economics, 
medicine, and research management. • 

CCTF Dedication 

About 70 people were on hand June 10 
for the formal dedication of EPRI's Coal 
Cleaning Test Facility, the nation's new
est, most advanced coal-cleaning re
search, development, and demonstration 
plant ("Cleaner Coal for Power Plants," 
EPRI Journal, June 1982, p. 24). Located 
in Homer City, Pennsylvania, the multi
million-dollar plant is being sponsored 
by EPRI, Pennsylvania Electric Co. (Pen
elec), New York State Electric & Gas Corp. 
(NY SEG), and Empire State Electric En
ergy Research Corp. (Eseerco). 

The dedication, which included a tour 
of the facility, was held in connection 
with a series of Coal Combustion Sys
tems (CCS) Division advisory meetings. 
The industry advisers received special 
recognition during the ceremonies for 
their important role in the facility's suc
cessful development. 

Kurt Yeager, director of EPRI's CCS 
Division, welcomed participants in the 

dedication at a luncheon meeting, and 
S. Robert Hart, vice president for Re
search and Development at Southern 
Company Services, Inc., and chairman of 
the CCS Division Committee, spoke on 
the importance of CCTF to the utility 
industry. Talks were also given by Rob
ert Wise, vice president for Generation 
Engineering and Support at Penelec; 
George Watkins, executive director of 
Eseerco; and Frank Carney, vice presi
dent for Research and Development at 
NY SEG. 

Industry studies show that cleaning 
coal before combustion can substantially 
reduce air pollutant emissions and in
crease power plant performance and re
liability. An increase of just 1% in avail
ability for a 1000-MW power plant could 
result in an estimated cost savings of 
about $1.5 million a year. CCTF will be 
used to help develop and demonstrate 
optimal coal-cleaning equipment and 
processes and will also offer training for 
operators and engineers. • 

Speakers at the Coal Cleaning Test Facility dedication (from left): S. Robert Hart, George Watkins, Frank 
Carney, and Robert Wise. 
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Updated Transmission 
Line Reference Book 

An updated, expanded edition of the 
Transmission Line Reference Book, 345 kV 
and A bove, was recently published by 
EPRI. The 625-page book, widely known 
as the red book, is a data source for the 
electrical design of EHV and UHV trans
edition represents a substantial expan
sion in the technical content of each of 
the topics covered in the first edition 
(published in 1975). New electrical de
sign items have also been introduced. 
mission lines up to 1500 kV. This second 

Richard Kennon, program manager for 
Overhead Transmission Lines in EPRI's 
Electrical Systems Division, explains that 
the broader scope of the new edition will 
make the reference book more valuable 
to the beginning engineer, as well as to 
the experienced line designer. 

Four major design areas are treated: 
insulation design, corona performance, 
electric and magnetic fields, and circuit 
performance (including conductor char
acteristics). In each area, a common set 
of base case circuits is analyzed to help 
the design engineer understand and be
come sensitive to the items affecting 
design. The means of measuring each 
performance factor are also explored. 

According to Kennon, "The red book 
has become the most widely used trans
mission line reference book in the in
dustry. The new edition is better as it 
includes five years of new test results." 

The addition of a new chapter that 
summarizes the book and introduces line 
design in a tutorial way also contributes 
to the second edition's effectiveness. "In 
fact," Kennon stresses, " Anyone who has 
not had extensive experience with the 
first edition should start the new edition 
by reading the summary chapter." 

The book, priced at $55.00, may be 
ordered through the Research Reports 
Center. • 
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CALENDAR 

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

AUGUST 

25-27 
Incipient Failure Detection for Fossil 
Plant Components 
Hartford , Connecticut 
Contact: Anthony Armor ( 415) 855-2961 

25-27 
Solar and Wind Power, 1982 Status and Outlook 
Providence, Rhode Island 
Contact: Edgar A De Meo ( 415) 855-2159 

SEPTEMBER 

8-10 
Workshop: Steam Turbine Bearings and 
Rotor Dynamics 
Detroit, Michigan 
Contact: Tom McCloskey (415) 855-2655 

14-15 
Performing Power Plant Reliability and 
Availability Analyses 
Palo Alto, California 
Contact: Jerome Weiss (415) 855-2495 

20-22 
International Conference: Compressed
Air Energy Storage and Underground 
Pumped Hydro 
San Francisco, California 
Contact: Robert Schainker ( 415) 855-2549 

21-22 
Seminar: Cathodic Protection of Bare Copper 
Neutral Conductors on URD Cables 
Kansas City, Missouri 
Contact: Thomas Kendrew (415) 855-2317 

OCTOBER 

3-7 
2d International Workshop: Impact 
of Hydrogen on Water Reactor Safety 
Albuquerque ,  New Mexico 
Contact: Loren Thompson (415) 855-2964 

7-8 
Cooling-Tower Plume Prediction 
Chicago, I l l inois 
Contact: John Bartz (415) 855-2851 

12-13 
Workshop: Evaluation of Small-Hydro Sites 
Chicago, I l l inois 
Contact: Charles Su l l ivan (41 5) 855-8948 

13-14 
Seminar: Cathodic Protection of Bare Copper 
Neutral Conductors on URD Cables 
Arlington, Virg in ia 
Contact: Thomas Kendrew (415) 855-2317 

13-15 
Transmission Line Grounding 
Atlanta, Georgia 
Contact: John Dunlap (415) 855-2305 

13-15 
Seminar: Fuel Supply 
St. Lou is, Missouri 
Contact: Jeremy Platt (415) 855-2628 

14-15 
Seminar: Cooling Lake Multiple-Use 
Assessment 
Chicago, I l l inois 
Contact: Robert Kawaratan i  ( 415) 855-2969 

18-20 
Substation Grounding 
Atlanta, Georgia 
Contact: John Dunlap (415) 855-2305 

25-26 
Seminar: Turbine Missile Effects in Nuclear 
Power Plants 
Palo Alto, California 
Contact: George Sl iter ( 415) 855-2081 

25-27 
7th International Conference on 
Fluidized-Bed Combustion 
Phi ladelphia, Pennsylvania 
Contact: Shelton Ehrl ich (415) 855-2444 

27-28 
11th Semiannual Meeting: ARMP Users Group 
Omaha, Nebraska 
Contact: Walter Eich (415) 855-2090 



R&D Status Report 
COAL COMBUSTION SYSTEMS DIVISION 
Kurt Yeager, Director 

CYCLING EFFECTS ON 
POWER PLANT COMPONENTS 
An increasing number of large fossil-fuel
fired generating units are being operated in 
a cycling mode. This operating strategy has 
developed because of the increase in 
nuclear-powered baseload capacity and 
rising oil prices. However; cyclic duty 
causes thermal stress cycles on major boiler 
and turbine components, which can result in 
distortion, fatigue, and/ or high-temperature 
damage, significantly reducing unit reliabil
ity and service lifetime. EPR/ research has 
identified the critical factors and compo
nents controlling cyclic operation and has 
developed starting, loading, and shutdown 
procedures and control techniques tor im
proved cycling unit reliability, efficiency, and 
service life. 

During startup and load changing ,  steam 
power plant components are subjected to 
rapid temperature changes that result from 
heat transferred from the steam. The metal 
sections in modern h igh-pressure, large
capacity un its are very thick, which causes 
large internal-temperature g radients and, in 
turn, h igh thermally induced stresses. At ful l  
operating temperature, the materials are 
subject to creep or permanent deformation, 
and the imposition of thermal stress cycles 
may cause repeated irreversible deforma
tion called rachetting and low-cycle fatigue .  
Units designed for  baseload operation may 
have only l imited capacity for absorbing 
such damage and normally are not able to 
start qu ickly. 

Limited starting and loading rates impose 
economic penalties and h inder system flex
ibi l ity. More and more util ities, therefore, 
control un its by computer systems that read 
critical temperatures and rates of tempera
ture change and choose between min imum 
economic penalty and acceptable thermal 
stress. Further, boiler manufacturers are 
incorporat ing superheater and reheater by
pass systems, which , together with variable-

pressure turbine operation, seek to min imize 
thermal stresses. 

Computer control system design relies on 
the ability to mathematically model plant 
thermoelastic behavior, so that a relatively 
few measurements permit comprehensive 
evaluation of component states. The major 
plant vendors have developed such models, 
which have been val idated to a g reater or 
lesser degree by d i rect measurement. D i rect 
data from rotating elements are l imited , how
ever, as is the range of startup conditions 
under which al l data have been obtained. 

Almost al l  European fossil-fuel-fired, re
heat un its, includ ing supercritical un its, are 
designed for load cycl ing to satisfy the i r  sys
tem load requ i rements. This has resulted in  
d ifferent design and operating phi losophies, 
including spiral-wound, variable-pressu re 
boilers ,  fu l l-arc admission turbines, and tur
bine bypass systems. EPRI is studying the 
European operating practices in conjunc
tion with U .S .  cycl ing operation procedures 
and control techn iques, EPRI research is 
investigating ways to provide improved 
mathematical models and evaluation of ret
rofit technology for uti l ity use. Five major 
investigations are studying existing base
load un its, existing cycl ing un its, un iversal 
pressure boilers, control systems, and tur
bine bypass systems. 

One project (with Tennessee Valley 
Authority) has examined cycl ing of h igh
pressure steam generating un its with d rum 

boilers a t  its Widows Creek plant (CS-
2340). This work identified and quantified 
cycling operation factors that contribute to 
loss of reliabil ity and useful life and deter
mined operating procedures and/or control 
techn iques that might min imize these detri
mental effects. 

The objectives of this project were the 
following .  

o Identify critical components of d rum-type 
baseload design un its subjected to severe 
thermal stresses during cyc ling operation 

and determine by field tests realistic bound
ary conditions that produce these stresses 

o Assess existing  operating  or control 
strategies or develop new ones that optimize 
the trade-off between the un it reliabil ity and 
service life losses and the system energy 
costs associated with cycl ing 

The most s ignificant result of th is research 
effort was the development, validation, and 
documentation of a mathematical model of 
the study boiler's transient behavior during 
startup, load regulation, and shutdown. Be
fore the model was validated by actual test 
data, it was used to evaluate the proposed 
test program. The orig inal test program rec
ommended 1 8  cycl ing tests to provide data 
necessary for analysis. These test scenarios 
were run on the boiler model and indicated 
that only 3 tests would be necessary to 
satisfy the project data needs, sign ificantly 
reducing project cost and concerns of the 
operating department. 

The model, validated by the data obtained 
from the cyclic tests of the study boiler, was 
used to determine which metal parts are 
subjected to severe thermal stresses and the 
times stresses occur during typical start
up operations. These components for a 
boiler of this design were found to be the 
economizer in let header, superheater platen 
outlet header, and superheater horizontal 
outlet header. The boiler model was used 
in conjunction with the tu rbine manufactu r
·er's start ing and loading charts (which yield 
the corresponding fraction of turbine life 
used per start) to obtain an optimal boiler
turbine starting and loading procedure for 
operator use. Results of this project clearly 
demonstrate that models can be very cost
effective tools for analyzing real-world op
erational as well as design problems. 

A second project (with Westinghouse 
Electric Corp.) tested cycl ing of Common
wealth Edison Co.'s Coll ins station Un it 5 to 
improve the re l iability and economics of 
un its designed for cyclic operation (RP91 1 ) .  
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The scope included a substantial instrumen
tation effort, analytic model development, 
and cyclic test ing .  The study also developed 
specific cyclic operating recommendations 
for the Coll ins station Un it 5 and generic 
cycl ing guidel ines for util ity use. 

During cyclic testing at the Coll ins station 
an unattended data acqu isition system con
t inuously monitored 249 variables and 
stored the data on magnetic tapes for a 
period of 1 5  months. A series of data reduc
tion programs provided summaries of the 
operation on a daily and a complete project 
basis. The analysis techniques used to pre
dict turbine component temperatu re distri
butions were validated by using measure
ments of both stationary component and 
rotor metal temperatures. The rotor bore 
measurements were obtained by using radio 
telemetry, the fi rst time such measurements 
had been taken on an operat ing steam tur
bine. These temperatu re d istributions were 
used as the basis for thermal stress analy
sis of cyclic operation .  The data were ana
lyzed by using various computerized heat 
conduction programs. Heat transfer coeffi
cient correlations agreed well with mea
su red data. The comparison between calcu
lated and measured fi rst-stage rotor bore 
temperature is shown in Figu re 1 .  Both 
thermocouples showed excellent agreement 
with calcu lated results up to the time the 
tu rbine reached rated speed. 

In addition ,  a boiler model was developed 
for studying transients in cyclic operation .  
The model was extensively detailed for the 
boiler components but simplified for the tu r
bine and feedwater system. This model ing 
and validation data collection effort repre
sented a sign ificant step toward successfu l  
transient model ing of  cyclic d uty boilers. 

A series of eight cyclic operation tests 
were conducted to examine various opera
tion strategies. The cyclic life expenditure of 
the turbine and boiler was estimated for 
these transients either from d i rect tempera
ture measurement or from calcu lations. The 
fuel flows of these tests were also compared 
to identify major variations du ring test start
up and loading phases. Based on transient 
analysis and on a combination of economics, 
cyclic l ife expenditure, and plant operat ing 
preference, a recommended operating pro
cedure for the Col l ins station un it was devel
oped. These recommendations attempted to 
maximize the advantages of the equ ipment 
in the station. 

The experience gained from the Col l ins 
station Un it 5 tests and additional calcu la
tions were the basis for a series of operat
ing recommendations developed for the uti l
ity industry. These recommendations are 
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Figure 1 Comparison of calculated and measured high-pressure rotor temperatures. Both thermocouple 
temperature measurements validated the calculated measurement until the machine reached rated speed. 
At this time, one thermocouple (black) illustrated speed sensitivity. 
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broad in scope and attempt to define fac
tors that should be considered when design
ing a cyclic duty plant or when convert ing 
an existing plant to cyclic duty. The vali
dations of the temperature distribution anal
ysis technique, the boiler model ing effort, 
and the cyclic operation test experience pro
vide an excellent basis for analyzing cyclic 
operation at any plant. 

The test and data analysis program at 
Col l ins station Unit 5 has demonstrated that 
improvements in the re l iabil ity and econom
ics of cyclic plant operation is possible. The 
data developed in this program are avail-
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able for independent analysis by the indus
try; the final report is being prepared and 
wil l be available later this year. There are 
several important conclusions to this study. 

o Reliable cyclic operation does not requ i re 
a compromise with operating efficiency. The 
hybrid operat ing mode should be employed 
at as many plants as possible. Rapid load 
following may require s ingle-valve, s l id ing 
pressure operation .  

o Dua l  pressu re combined with hybrid oper
ation can be advantageous for startup and 
shutdown . 



a Good train ing,  maintenance, and opera
tor-control interface greatly influence cyclic 
operation and should be emphasized. 

a Temperature control du ring loading is ex
tremely difficult. However, more flexible con
trol systems can reduce this p roblem. 

a Rotor thermal stresses can be predicted 
with modern computer techniques and the 
heat transfer analysis techniques validated 
in this program. 

A th i rd project (with Babcock & Wilcox 
Co.) studied a universal pressure boiler 
(CS-2438). This project was directed at 
identifying boiler system modifications that 
wi l l  a l low existing once-through ,  subcritical 
B&W boilers to satisfy utility system cycl ing 
requirements. 

There were two specific objectives. One 
was to evaluate the cycl ing performance of 
a 380-MW, 2400-psi (1 6 .5-MPa) un it at Bos
ton Edison Co. 's New Boston station in the 
operating modes of cold start, hot start after 
overnight shutdown, boiler-fired on bypass 
operation with turbine off-line, hot restart 
after trip, and load maneuvering from 20% 
to full load. The second objective was to 
determine boiler and/or steam generating 
system design changes that would permit 
daily on/off cycling with rapid response to 
system load demands. 

Analysis of the test data demonstrated 
difficu lties in control l ing the rate of tempera
ture change in boiler pressure components 
and in maintain ing tube-metal and f lu id tem
peratures with in design limits in all cycl ing 
modes of operation except load changes 
above 40% load. Startup times were also 
prolonged because of water quality l imita
tions. 

Study un it design modifications to mini
mize cycling capability l imitations resulted 

in recommendations for three levels of cy
cl ing service. Level 1 is load cycling from 
40% to full load; level 2 is load cyc ling from 
20% to full load; and level 3 is daily on/off 
cycling over the ful l-load range. In a l l  cases 
the study unit would be capable of rapid re
sponse to load demand.  

Level 1 recommendations, which are pri
marily for operational ease and flexibil ity and 
require no system or equipment design 
changes, are redundant valves in c ritical by
pass system areas, a flame monitoring sys
tem, en larged computer capability for moni
toring tube-metal temperature, and new 
burners and controls for better fuel in put 
turndown capabil ity. Level 2 recommenda
tions include level 1 but also requ i re design 
changes to upgrade the bypass system to 
the current contractor standard . Level 3 rec
ommendations include level 1 but requ i re 
extensive design changes, such as spiral 
furnace design and full p ressu re separators, 
including a recirculation pump, to replace 
the present bypass system. 

These recommendations are applicable to 
the study un it boiler and other subcritical 
and supercritical boilers of similar design, 
depending on the util ity cycling require
ments for the specific un it. This project 
demonstrates that once-through steam gen
erator system design options capable of sat
isfying the study unit cycling performance 
requ i rements are presently available. 

A fourth project (with The Analytic 
Sciences Corp.) compared control system 
technology used in fossil-tuel-fired generat
ing plants with current state-of-the-art con
trol system technology (CS-1 71 8) .  A signifi
cant finding of this study, supported by 
observations during the cycling tests per
formed under RP1 266.-13 and RP1 034, is 
that when a unit is operated as a baseload 
plant, existing control systems have proved 
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adequate. However, when a plant is required 
to operate in a cycl ing mode, existing control 
systems have been found to be inefficient 
and unreliable-adequate only with oper
ator intervention and manual control. 

The fifth project (with Power Dynamics, 
Inc.) ,  which is sti l l  under way, assesses tur
bine bypass systems (RP1 878). The overal l  
objectives are to  identify, classify, and as
sess the relative benefits and costs associ
ated with turbine bypass systems and to 
develop technical and economic methods 
for evaluating their installation and use in 
new and retrofit situations. Specific objec
tives are the following. 

a Assess the various classes of cu rrent fos
sil un its for cyclic operat ing parameters, 
such as the units' abil ity to sustain a fu l l  
or  partial load rejection without tripping,  the 
time requ i red to retu rn to fu l l  load following 
a trip, and the time requ i red to reach full 
load after an overnight or weekend shut
down 

a Assess the techn ical and economic bene
fits of achieving better load rejection capa
bil ity, shorter restart and reloading times, 
fast-valving capabil ity, and reduced hard
particle erosion 

a Identify and assess various means of 
achieving improved performance through 
the application of partial- and fu ll-capacity 
bypass systems 

a Provide sound guidelines for utility eco
nomic trade-off studies of the application of 
turbine bypass systems 

This work wi l l  result in an economic as
sessment guideline utilities can use to ana
lyze their individual economic benefit 
and cost factors . Project Managers: John 
Parkes and John Dimmer 
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Electrical interference on power lines 
Distribution and transmission l ines are de
signed to conduct electric power at 60 Hz. 
These l ines also conduct and radiate har
monics and other electrical noise that are 
generated by both utility and customer equip
ment. Such harmonics and noise are poten
tial sources of interference with digital com
munications and control systems. Typical 
victims of interference are transmission and 
distribution l ine carrier systems, control and 
switching equipment, and substation SCADA 
equipment. In addition, this radiation is an 
interference to radio and television receiv
ers, military radar, railroad control systems, 
communication receivers, and ship and 
airborne navigational systems. A project 
funded by EPRI (RP2017) should provide 
new baseline data to both utilities and manu
facturers that can be used as guidel ines for 
designing electrical and electronic equip
ment to minimize harmonics and noise. Inter
ference measurements will be made on 1 00 
feeders located across 10 util ity systems 
in the United States. Project Manager: 
William Blair 

Impact of lightning surges 
on distribution transformers 
A project started in 1980 to determine why 
properly protected distribution transformers 
fail during l ightning storms is now approach
i ng an end (RP1532). The objective of the 
research was to determine under what con
ditions a surge arrester would not protect a 
transformer that was in good condition and 
to find out how and why transformer insula
tion might deteriorate to the point where it 
could no longer be protected by conven
tional practice. Consequently, experiments 
were performed to determine the following.  
o The voltage distribution in primary and 

secondary coils 
o The influence of turn and layer geometric 
relationships to impulse strength, and how 
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the impulse strength is affected by contam
inants in the oil 

o The degradation of insulation dielectric 
strength from load cycl ing,  age, and stress 

These investigations were performed on 
either full-scale coi ls or special model coils 
designed for the purpose, but emphasis was 
placed on simulating real-world conditions. 
Impulse studies, for example, were performed 
with a variety of waveshapes that could be 
expected to occur natural ly- not simply with 
the standard waveshape. 

The results of the above studies played a 
key role in selecting test parameters for sub
sequent experiments with ful l-scale trans
formers. These results pointed to the range 
of worst-case conditions, thereby reducing 
the number of inherently expensive full-scale 
tests required. Full-scale transformers were 
used in impulse tests to confirm findings of 
the model tests on voltage distribution in the 
coils and on aging effects. The protective 
characteristics of surge arresters discharg
ing nonstandard waves were also investi
gated. 

All the work in this project did not start at 
ground zero; a literature search disclosed 
considerable past work on the subjects of 
voltage distribution , aging and life charac
teristics, and the results of field investiga
tions. With such results as starti ng points, 
we were able to use our resources to expand 
our knowledge without duplicating past 
efforts. 

One of the most significant f indings was 
that modest surges entering the secondary 
winding of some transformers can induce 
high-magnitude voltages in the center of the 
primary winding that the high-side surge 
arrester cannot protect against. This phenom
enon was described in a paper presented 
at the 1982 IEEE Winter Power Meeting.  

For further insight into the anomalous fail
ure of transformers, a number of util ities 
saved and dismantled transformers that failed 
during storms. Thei r reports are still being 

categorized, and the results wi l l  be i ncluded 
in  the final report. The effects of design 
changes that were tried in  order to improve 
the surge characteristics of distribution trans
formers wil l also be discussed in the final 
report, which is expected to be published in 
October 1982. Project Manager: Herbert 
Songster 

Tree growth control 
The cost of clearing trees from electric distri
bution l ines is a sizable portion of a utility 's 
distribution maintenance budget. Substan
tial savings in tree trimming operations are 
possible by extending present trimming cycles 
by one to three years. Since 1 97 4 the U.S. 
Department of Agriculture's Nursery Crops 
Research Laboratory at Delaware, Ohio, has 
been working under an eight-year agree
ment with EPRI to develop effective woody 
species growth regulators to retard growth 
(RP214). Encouraged, guided, and assisted 
by a growing nucleus of interested util ity 
foresters, the researchers have established 
a good basis for commercialization and effec
tive application of tree growth retardant 
chemicals. 

Specific accomplishments during the 
course of this project are fundamental to 
meeting industry objectives. 

o A l ightweight portable injection system has 
been developed to deliver an exact amount 
of chemical growth retardant at each i njec
tion point. 

o EPA supplemental registration labels have 
been obtained to i nject Slo-Gro, Royal Slo
Gro, and Atrinal into trees. (Specific tree 
species and dosages are l isted for each.) 

o Field trials have demonstrated that tree 
regrowth following trimming can be sign ifi
cantly reduced by trunk injection of the growth 
control chemicals. 

o Experimental procedures that can be used · 
by util ity foresters for evaluating the regrowth 
of species not yet l isted have been estab
l ished. 



o Line-clearing contractors have been 
i nvolved in the research process and the 
field trials. Four such companies wi l l  offer 
thei r services to those uti l ities wanting to 
apply this technology on their systems. 

Over the past few years, particularly over 
the last four years, a growing number of 
uti l ity foresters and tree service company 
representatives have attended EPRl 's an
nual project review meetings. As a result ,  
new participants joined the f ield experimen
tal tr ials, and in the two years since the 
supplemental registration of the chemicals, 
a number have expanded their use. At a final 
review meeting held March 17-1 8 ,  1 982, 
representatives from 1 7  util ities, ? l ine-clearing 
contractors, and 3 chemical companies par
t icipated in an overall review of the project. 
Thei r desire to proceed on a commercial 
scope with application of this technology 
was evident: Virtual ly all are wi l l ing to per
form the experimental work necessary to 
expand the l ist of species that can be effec
tively controlled. 

Interim Report EL-1 1 2  is  avai lable , cover
ing the first five years of this work. A final 
report will be avai lable in the fal l of 1 982. 
Project Manager: Robert Tackaberry 

Wood pole decay 
Obtain ing the longest possible service l ife 
from wood poles is of considerable interest 
to the utility industry. A project that was com
pleted in 1980 by Oregon State University's 
Forest Research Laboratory developed an 
effective means of treating in-service poles 
with the fumigants Vapam and chloropicrin 
(RP212). During that project, internal decay 
was arrested in Douglas fir and western red 
cedar poles, and reinfestation was prevented 
for 10 years. Following the completion of 
RP212 ,  EPRI i nitiated a project to demon
strate the effectiveness of these fumigants 
in southern pine poles (RP1471). 

Investigators at the College of Environ
mental Science and Forestry, State Univer
sity of New York at Syracuse, established the 
fol lowing experimental p rocedures to ac
complish the objectives set by EPRI. 

o Identify the associated fungi and deter
mine their toxicant sensitivities, decay ca
pacities, roles, and decay patterns in 33 
poles located on Western Electric Co. 's pole 
farm. These poles represent a wide range of 
years in service and were treated with penta 
or creosote. 

o Compare several methods for detecting 
decay in poles. 

o Determine the effectiveness of Vapam and 
chloropicrin to arrest decay development. 

o Identify the major decay fungi associated 
with various decay types and patterns in a 
large regional sample of treated pine poles in 
service in the eastern United States. 

Work under the first objective has been 
completed. As many as 255 fungi were found 
in the Western Electric g roup of poles. They 
have been identified and classified i nto three 
groups: hymenomycetous decayers (1 0 spe
cies), soft rotters (9 species), and microfungi 
( 1 5  species). An analysis of when and where 
these fungi appear in the sample poles i ndi
cates that both outside-in and inside-out inva
sion patterns occur. Toxicant and fumigant 
sensitivity tests have been conducted on the 
major pole-inhabiting fungi .  I t is sign ificant 
that some soft rotters are more tolerant to 
creosote, penta, Vapam, and chloropicrin 
than are the hymenomycetous decayers. Lab
oratory data and anatomical studies indicate 
that soft rot fungi are commonly present i n  
pine poles and that their actual roles and  the 
damage they cause may be more important 
than previously thought. This needs fu rther 
assessment. 

Tests under the second objective, compar
ing the decay detection methods of electric 
resistance, sonic probe, needle penetration, 
and X-ray, have been completed. Capabil
ities and l imitations of each have been 
detai led. 

Field tests on the effectiveness of the fumi
gants (Vapam and chloropicrin) to control 
various stages of decay have been estab
lished under the th i rd objective. Based on 
one-year (chloropicrin) and two-year (Vapam) 
reisolation data, both compounds in it ia l ly ki l l  
a l l  the fungi in poles. Additional t ime is needed 
to determine thei r respective protective peri
ods and any fungal reinvasion patterns. 

Isolations from pole samples obtained from 
a variety of uti l ities throughout the southern 
pine pole usage area are cont inu ing.  Many 
of the same decay fungi found in the Western 
Electric sampl ing are appeari ng. 

No such detailed investigations and analy
ses of the fungi population in poles were 
made prior to this project. The study of the 
reinvasion patterns wil l establish the time 
and position of each segment of the ult imate 
total population as it reappears. Consistent 
resu lts in this study will permit schedu l ing a 
time to re-treat poles before total fungal pop
ulation reappears. Project Manager: Rob
ert Tackaberry 

TRANSMISSION SUBSTATIONS 

EHV current transducer 
Under EPRI sponsorsh ip  a dig ital-based EHV 
electronic current transducer (ECT) has been 

developed by West inghouse Electric Corp. 
(RP560). The target specification for the trans
ducer was to meet meter ing, relaying ,  and 
fault-recording requ i rements with one unit .  
The frequency response, specified at 10 kHz 
min imum, should be adequate for future cur
rent l imiter control systems and u ltrahigh
speed relays as wel l .  Digital techn iques were 
specified for the conversion and signal trans
mission system of the ECT in order to gain 
experience with a design that could be directly 
interfaced with future digital protective relays. 
Fiber-optic l i nks were specified for the com
munication system. 

When last reported (EPR/ Journal, Apri l 
1 980, p. 48), the ECT was operating in a 
Bonnevi lle Power Administration 500-kV sub
station, having been installed in August 1978. 
BPA ended collection of field data in July 
1 981 , and the ECT itself was removed from 
service in January 1 982. Removal of the ECT 
was performed by a normal uti l ity crew, tak
ing only min imal precautions. No problems 
were encountered and no optical fibers were 
damaged. 

Since the last report, one of the 300-m 
optical fibers that ran from the substation 
yard to the control house fai led. The fail u re 
took the form of slow degradation in l ight 
throughout, such as might result from propa
gation of a crack in the optical fiber. The 
cable has been returned to the manufacturer 
to determine the actual cause of fa i l u re .  An
other latent design defect was also discov
ered and corrected: It was found that i nade
quate filtering on the optical receiver power 
supply generated false parity error counts 
on the fiber-optic l ink .  Thus, the actual par
ity error rate may be lower than previously 
reported. 

One of the redundant encoder un its at l ine 
potential also failed just p rior to removal of 
the ECT from service. Later inspection 
revealed a failed analog-to-digital converter 
and power supply regulation transistor. This 
is the first encoder fai lure in six and a half 
years, which matches the five-year rel iabi l ity 
prediction for the encoder unit very wel l .  

With in the accuracy of  the data acquisi
tion system used by BPA, no degradation has 
been detected in the accuracy of the ECT. 
BPA is considering a laboratory test on the 
operational half of the device. 

The experience gained in this project has 
shown that fiber optics are qu ite feasible for 
use in substation environments. The state of 
the art in this field has also advanced signifi
cantly since this system was designed. 
Today's fiber-optic system can therefore be 
expected to perform even better than the 
tested system did. Project Manager: Stig 
Nilsson 
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Reduction of fault duration 
The problem of l imit ing fault cu rrent is very 
diff icult if action is to be i n itiated during the 
first loop of fault current. Not only is the t ime 
available to sense the fault very short but the 
task of inserting a suitable impedance before 
the peak of the f irst current loop is extremely 
diff icult and costly. 

If the first major loop of fault current could 
be tolerated, however, l imit ing the remain ing 
fault current would be relatively easy. This 
can be done in  one of two ways. One is to 
install a high-speed switch in parallel with a 
current-limiti ng reactor so that when a fault 
occurs, open ing the switch will insert the 
reactor at the first current zero and l imit the 
current. Another way is to use high-speed 
conventional breakers in substation power 
source circu its; when a fault occurs ,  high
speed sequential tripping can be used to 
remove sufficient source circuits to reduce 
the fault cu rrent to a level that the protected 
breakers can handle. 

Either of these current-l imiting schemes 
will subject the substation equipment to one 
major loop of fault cu rrent before the current 
is l imited. This made it necessary to deter
mine the effects of the reduced fault dura
tion on the transmission substation compo
nents, and in 1 979 EPRI let a contract to 
Stanford University to study this problem 
(RP1498). 

A series of workshops were conducted to 
gather information from industry experts who 
represented the electrical equipment manu
facturers and the uti l it ies. A review of the 
l iterature was also a part of the effort . The 
workshops permitted selected electrical 
equipment design experts to describe how 
equipment behaves when subjected to high
magnitude fault cu rrents and to assess the 
expected behavior when faults are of short 
duration . 

The util ity representatives came from uti l i 
ties that have a strong i nterest in  current 
l imiting ,  and they provided fault data to help 
determine the probability, frequency of occur
rence , and severity of certain faults. They 
also suggested the cu rrent levels and volt
ages at which current l imiting would be bene
ficial ,  discussed the acceptability of non
disabl ing damage, and recommended the 
use of special operat ing procedures. 

Analysis of the i nformation provided some 
very encouraging results. Some equipment, 
such as disconnects and bus structures, can 
be expected to benefit sufficiently from 
reduced fault duration to permit an increase 
in tolerable fault current levels ( i . e . ,  unt i l  the 
fault current passes through the first current 
zero, F igure 1 ). Power transformers, how
ever, will need careful consideration be-
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Figure 1 EPRl's studies show that by limiting the duration of a severe fault to a single m ajor loop, it is likely 
that most apparatus can accommodate the increased fault with no disabling damage. I l l ustrated is a plot of 
bus response. 

Conventional protection 

''"" '""'"' I ;/\/\/\/\/\; 

Response (bus displacement:

a

;

l
t be

gi

n

s.,....., � 

First current-zero interruption 

Fault current 

Response 

cause the method of establ ishing momen
tary ratings has changed and older un its 
may be marginal ly rated. However, in instal
lations where bus fault cu rrents are in
creased because of load-side paral le l i ng ,  
the transformer through-fault current is gen
eral ly reduced, so these cu rrent- l imit ing 
schemes may be safely appl ied. 

The power circuit breaker was of great
est concern . How would the contact struc
tures behave in the closed position when 
subjected to the excessive fault current? Ana
lytic procedures were developed to establish 
the magnitude of current requ i red to pop 
breaker contacts, but some testing was 
needed toverifythese values. Circuit breaker 
interrupters, representing six different con
tact structures, were provided by cooperat
ing uti l ities and tested in the closed position 
at currents up to 200% of the peak momen
tary rati ng .  As had been predicted by indus
try experts and computer analysis, finger
cluster-type contacts performed wel l ,  whi le 
butt-type contacts popped at their rating .  
There were no cases of contact weldi ng ,  and 
even on contacts that popped, damage from 
the test series was moderate and not dis
abl ing. Tests were not made to establ ish the 
behavior of breakers being closed into a 
fault above their rat ing because it is believed 
that operating procedures can be established 
to avoid this possibi l ity. 

The study of industry fault cu rrent data 
reveals that the probability of the worst
case fault occu rring is so low that the l ike
l ihood of damage to the equ ipment when 

these schemes are used is very smal l .  
The equipment necessary to  provide the 

benefits of fault- l imit ing protection can be 
developed with today's technology. A high
speed or one-cycle breaker is adequate for 
this service . It is sign ificant that such a device 
can have the reliabil ity requ i red for fault
current-l imit ing applications. The final report 
on this project will provide considerable back
g round information and serve as a guide in 
making these applications. Program Mana

ger: Narain G. Hingorani 

Testing to detect PCBs in oil 
The util ity industry has about 20 mi l l ion 
oil-fil led transformers that need to be tested 
to determine if the oil is contaminated with 
PCB. To test every transformer suspected to 
be contaminated with PCB could represent 
over a bi l l ion dollars in cost to the industry. 
Among the different approaches being de
veloped by EPRI to help reduce this cost, a 
screening method has emerged through a 
research project with General Electric Co. 
and Salt River Project (RP1 713). 

A commercially avai lable desktop instru
ment, Model MESA 200, manufactured by 
Horiba Instrument Co. ,  can readily measure 
chlorine content in an oil sample. This simple 
and i nexpensive test method can be used to 
screen out any oil samples that have a low 
enough chlorine content to be considered 
free from PCB contamination .  The oi l sam
ples with significant (20-30 ppm) chlorine 
and above, however, must be retested on a 
conventional electron-capture gas chromato-
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graph to determine the actual PCB content. 
Not a l l  oil samples with a high ch lorine read
ing necessari ly have a PCB contamination 
problem. For example, a high ch lorine con
tent can be detected if the oi l  sample con
tains other contaminants such as chlori
nated solvents or tr ichlorobenzene. 

In an average eight-hour workday, from 
80 to 1 25 oil samples can be tested with this 
instrument. Other than pouring a small quan
tity ( 1-2 cc) of oi l  into a sampl ing cup and 
loading the cup i nto the instrument, no spe
cial sample preparation is required. The instru
ment, after a two- or five-minute test se
quence, prints out the chlorine content on 
a paper tape and is then ready for the next 
sample. While an oi l  sample is under test, the 
operator can be preparing the next sample 
cup and logging in the chlorine reading on 
the p receding test. The operation does not 
require any special ski l l ,  and an average 
technician or l ineman can be expected to 
conduct the tests . 

To assess the instrument's performance 
and its value as a screening too l ,  EPRI spon
sored preliminary tests at General Electric to 
establish a correlation between chlorine read
ings and possible PCB content; the instru
ment was then mounted in a station wagon 
and has been evaluated by eight different 
util ities located across the country (Figure 
2). Salt River Project has assumed the role of 
lead uti l ity and has been the focal point of 
this field evaluation. 

In  genera l ,  our experience shows that this 
instrument is very easy to use and offers an 
extremely cost-effective screening method. 

Only two utilities have arrived at a marg inal 
economic justification,  but in these cases 
the screening test called for a retest because 
of excessive contamination from either chlo
r inated solvents or too much sulfur in the 
transformer oils under test. Chlorinated sol
vents give a positive error, resulting in exces
sive retesting ,  and high sulfur in o i l  requ i res 
d i lution and retest , shifting the economic 
equation. As stated earlier, however, the over
all experience has been very favorable, show
ing good economic justification for any uti l ity 
having a large number of o i l  samples in need 
of PCB analysis. Also, as the test program 
does not requ i re special expertise in chem
istry, most people on the uti l ity payroll can 
operate this instrument. To i l lustrate the expe
rience, a summary of a report prepared by 
James Henderson of the Arkansas River 
Power Authority (ARPA) follows. 

The Horiba instrument was transported for 
hundreds of miles by station wagon over 
publ ic roads to six different cities with eleva
tions ranging from 61 85 to 3622 ft. During 
transportation, the Horiba instrument was 
subjected to large fluctuations in ambient 
temperatures. The calibration of the instru
ment appeared to be unaffected by changes 
in elevation ,  fluctuations in  ambient temper
atures (which ranged from below freezing to 
room temperature), or by the normal jars and 
jolts associated with transportation in a sta
tion wagon . The Horiba instrument might be 
characterized as a rugged instrument, capa
ble of withstanding the normal rigors of trans
portation without periodic recal ibration. 

ARPA's experience indicated that almost 

Figure 2 Mounted in the rear of a station wagon, the Horiba MESA 200 chlorine content analyzer has survived 
transport over hundreds of miles of road, elevations above 6000 ft, and wide fluctuations in temperature. Its 
simplicity offers an extremely cost-effective screening test of PCB content in power equipment oil insulation. 

anyone could operate the i nstrument. The 
instrument operators ranged from people with 
very l imited educational backgrounds to engi
neers with college degrees. Since in many 
locations the instrument was used 24 hours 
around the clock, approximately two dozen 
people operated the Horiba instrument. 

Most of the oi l samples ARPA had tested 
were taken from pole-mounted d istribution 
transformers, requ i ring a bucket truck with a 
th ree-man c rew. By using a systematic 
block-by-block approach, samples could be 
drawn in less than 1 0  minutes, with only a 
general notice given to the publ ic stating that 
power would be interrupted . Under these 
circumstances, the cost of taking a sample 
was estimated to be $12 ,  assuming a bank of 
three pole-mounted transformers. A more 
normal approach would have requi red giving 
specific notice to each customer, resulting in 
much longer travel time. 

Repeated testing of the same oi l  samples 
with the Horiba instrument yielded consis
tent results. This was true when the tests 
were run for 30 seconds. Increasing the 
length of analysis time often reduced the 
standard deviation but usually did not signif
icantly affect the chlorine count. Generally, 
increasing the length of analysis time yielded 

more consistent results. 
The Horiba instrument is capable of giving 

fast, accurate, and useful results. The instru
ment is extremely simple to set up and oper
ate. The instrument was effective in deter
mining that approximately 62% of the oi l  
samples contained less than 50 ppm chlorine. 

Henderson concludes by saying, "In my 
opinion, use of the Horiba i nstrument could 
be economical ly j ustified by any uti l ity hav
ing a large number of oil samples . ' '  Project 
Manager: Vasu Tahi/iani 

Paper insulation for transformers 
The development of improved, yet economi
cally effective, electrical insu lation for use in 
transformers represents a formidable chal
lenge to thetransformer industry. One reason 
is that the property requ i rements for the in
sulation differ, depending on the voltage rat
ing and the specific application within the 
transformer. As described in an earl ier EPRI 

Journal article (March 1 981 , p. 4 7) ,  modi
fied papers have been used in transformers 
in the past, but manufacturers have not per
formed sign ificant R&D on improved papers 
in recent years. A need exists not only to 
further u pgrade thermal properties (so the 
insulation can withstand hot spot tempera
tures) but to impart superior d imensional 
stabil ity, improve mechanical strength, and 
reduce the insu lation's tendency to absorb 
moisture. Such improvements must be 
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achieved without degrading the material's 
dielectric properties. EPRI has brought to
gether a team consisting of a transformer 
manufacturer (McGraw-Edison Co.), a paper 
manufacturer (Riegel Products Co.), and the 
paper research institute ( Institute for Paper 
Chemistry) to focus on this area (RP1 71 8) .  

The I nstitute for Paper Chemistry has per
formed extensive R &D on papers, but very 
little R&D has been performed for trans
former applications. To this end, the institute 
will conduct a l iterature survey of R&D by 
others on the thermal and electrical proper
ties of papers. 

McGraw-Edison has started to focus on 
modification of kraft papers, employing com
mercially available materials; i f  successf.ul ,  
Riegel wil l  evaluate processing variables i n  
the papermaking process. Later in 1982, 
specific modified papers wi l l  be selected for 
combined electric and thermal test ing. 
Project Manager: Bruce Bernstein 

ROTATING 
ELECTRICAL MACHINERY 

Electrochemical machining 
The trend toward the use of tougher turbine 
and generator rotor materials has led to sig
nificant increases i n  residual machin ing 
stress; th is ,  i n  turn, has prevented manu
facturers from obtain ing the desired rotor 
surface finish because of the d ifficulty i n  
blend ing successive cuts i n  the mi l l ing pro
cess. This is evidenced by such problems as 
tears , metal lurgical transformation at the sur
face, and gall ing of the rotor. Tougher rotor 
materials also cause premature cutter fail
ures during the machin ing operations. Fortu
nately, the development of electrochemical 
machin ing (ECM) allows for machining both 
today's rotor material and the tougher mate
rials that wi l l  be used on advanced gener
ator designs; it also offers undisturbed mate
rial and surface properties, more un iform 
rotor slots, the abi l ity to machine to close 
tolerances, and a method to machi ne more
complex slot geometries. In aggregate, these 
advantages could expand the design flexib i l
ity of rotor -slot geometry and offer the poten
tial for improved generator performance. 

EPRI therefore sponsored a project to 
define and evaluate a rotor-slot machin ing 
technique for machin ing tougher material 
without causing surface stress (RP1823). A 
secondary goal of this project was to enhance 
the quality of machin ing the more con
ventional rotor alloys and to i ncrease the 
flexibi l ity of rotor-slot design .  Addressed as 
a part of this project was a detailed study of 
past ECM development, particularly from the 
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standpoint of problems encountered with the 
creation of surface i rregularities. 

This 1 8-month project is  now complete 
and has demonstrated the feasibility of 
machini ng complex rotor slots in conven
tional turbine generator materials, such as 
Ni-Mo-V (ASTM 469-Class 5) and Ni-Cr-Mo
V (ASTM 4 70-Class 7), and in an advanced 
metallurgical alloy, lnconel 706. Metal lurgi
cal examination and mechanical test results 
of materials machined by ECM compare favor
ably with those for materials finished by con
ventional machin ing techniques. The pro
cess of ECM also resu lts in shorter elapsed 
times to finish-machine a rotor slot. 

Tool costs are at a min imum because no 
ECM tools are consumed in the machin ing 
process. ECM offers unique capabilities for 
overcoming machin ing l imitations not only 
for the present generation of rotor materials 
but especially for future rotor materials. The 
ECM technique offers the possib i l ity of pro
ducing complex, f in ished rotor-slot geome
tries that can be effectively applied to the 
electrical and mechanical design of rotors. 

Before this technology can be introduced 
to the manufacturing environment, however, 
it wi l l  be necessary to evaluate its use in 
each ind ividual situation . The results of this 
project provide the necessary background,  
machin ing experience, and reference for the 
manufacturing community to effectively eval
uate the merits of ECM before it is used on a 
widespread basis. Project Manager: James 
S. Edmonds 

Superconducting generator 
The project to develop and bui ld a 300-MVA 
superconducting generator that was started 
in 1979 is moving along as expected, and a 
prototype unit should be shipped and installed 
during 1985. This un it is designed to be 
driven by an existing steam turbine, and the 
host util ity, the Tennessee Valley Authority, 
expects to install the un it for continuous 
operation in its Gallatin plant. The benefits 
attributed to this innovative design were thor
oughly described in the March 1980 issue of 
the EPA/ Journal, p. 47, (RP1473). 

During the two years of intensive engi
neering design work and concept testing 
that have taken place since the beginn ing of 
the project, the feasibi l ity of bui lding a highly 
reliable superconducting generator has been 
confirmed and the design configuration and 
specifications are complete (Figure 3). 

Three sign ificant accomplishments mark 
the progress of this project thus far. 

o Successful completion of the heat transfer 
experiment produced the required hel ium 
characteristic data that were previously un
available from other industry research .  

o The largest melt of the superalloy lnconel 
706 has produced two acceptable i ngots, 
one of which was successful ly extruded for 
h igh-strength rotor components and several 
experiments to be conducted in 1982. 

o An improved stator air gap winding design 
has been developed to take full advantage of 

Figure 3 The final design of the superconducting generator rotor was confirmed by the successful operation 
of the heat transfer experiment. 
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Figure 4 Modular test setup for 32-ft active section of any H POF cable rated 1 38-345 kV, now installed at 
the Phelps Dodge EHV laboratory. 

30 ft 

Temperature recorder 

Voltalit 
plug-in joint 

the spi ral pancake geometry and to provide 
a more reliable configuration than is cur
rently in use on conventional generators. 

The project is now in the early stages of 
manufacturing, and continued successful 
development should result in a reliable ma
chine capable of passing rigorous factory 
and field tests and, of course, cont inuous 
power plant operation .  Project Manager: 
James S. Edmonds 

UNDERGROUND TRANSMISSION 

Cable breakdown study 
Present-day high-pressure oil-fi l led (HPOF) 
pipe-type cable systems rated 1 38-345 kV 
are considered to be highly re l iable, yet 
breakdown data under ac i mpulse and 
switching surge conditions are either scant 
or nonexistent. Extruded dielectric cable 
systems in the 1 1 5-138-kV class, with less 
certain reliability and history, have a simi lar 
lack of breakdown data. 

This dearth of data exists despite the fact 
that industry specification groups requ i re this 
information in order to write i ntel l igent and 
less conservative standards. The lack of sta
tistically val id breakdown data does not re
sult from industry lethargy, but largely from 
the cost of test ing.  For example, a single 
breakdown point on EHV cable, obtained by 
using conventional techniques and equip
ment in an EHV test ing laboratory, wi l l  cost 
$30,000 to $40,000. 

What are the proper design levels ( i .e . ,  
insulation thicknesses) for  cable? The an
swer can only be obtained by having sta
tistical ly valid breakdown data. To acqu i re 

Controller 

Oi l  pressure 
recorder 

Voltalit live end 

these data, EPRI and Empire State Electric 
Energy Research Corp. (Eseerco) have co
funded a study on the breakdown of HPOF 
and extruded dielectric cable, with Under
ground Systems, Inc . ,  as prime contractor 
(RP7879-1 ). Most testing wi l l  take place at 
Phelps Dodge Cable & Wire Co. 's EHV lab
oratory in Yonkers, New York. 

A unique modular test setup for HPOF 
cables, using a plug-in active sample via a 
Voltalit joint, live end, and permanent riser 
cable and terminator, reduces testing cost 
and time considerably (Figure 4) . Three such 
setups have been fabricated, al lowing a pro
duction l i ne concept of sample installation ,  
treatment, condition ing ,  test, and removal. 

The scope of the project entails the defini
tion of the breakdown test program and sam
ple characterization tests; evaluation and pur
chase of improved modular test equipment; 
performance of al l  breakdown tests, sample 
characterization tests, and sample dissec
tions after breakdown; and reporting of 
results. Approximately 1 50 breakdown tests 
are planned in this 311,-year project. A 

comprehensive analysis and correlation of 
the acqui red data can be a follow-on effort. 
Project Manager: John Shimshock 

POWER SYSTEM 
PLANNING AND OPERATIONS 

Bulk transmission 
system reliability evaluation 
The reliability level of a power system has a 
direct impact on the quality of service that 
customers receive and the rates they pay. 
Electric util ities, therefore, are under pres-

sure to evaluate system reliability in terms of 
the trade-off between cost and associated 
benefits. 

A two-year project with Power Technolo
gies, Inc . ,  recently completed , developed a 
probabilistic method to assess bulk trans
mission system steady-state reliabil ity 
(RP1 530). The contractor developed ad
vanced mathematical models for computing 
reliability indexes that take into account fre
quency, duration of power interruptions, and 
amount of load not served. 

The models and solution methods devel
oped in this project enable a util ity to com
pute the quantitative system rel iabi l ity, 
including consideration of such system prob
lems as c i rcuit overloads, abnormal voltages, 
and system separation. 

The contractor developed a prototype 
computer program capable of computing re
l iabi l ity indexes for systems with up to 1 50 
buses. Work is under way in a new project 
to expand th is computer program to 1 500 
buses. The project final report and the pro
gram documentation should be ready for 
publication later this year. Project Mana
ger: Neal J. Batu 

Optimization of 
VAR sources in system planning 
VAR optimization is concerned with the loca
tion , control, size, and type of reactive power 
sou rces installed throughout an electric uti l
ity's system so that an acceptable voltage 
level can be maintained under all operating 
conditions. A number of methods have been 
proposed in the past for VAR optimization, 
but serious shortcomings have prevented 
them from ful ly exploiting the VAR and volt
age control capabilities of currently avai l
able devices; further, existing methods do 
not have the capability to compute solutions 
for large-scale (1 500 buses or more) uti l ity 
systems. 

A 20-month project with Scientific Sys
tems, Inc . ,  initiated in November 1 981 , focuses 
on the development of advanced optimiza
tion methods for VAR allocation in large
scale utility systems (RP21 09). The methods 
should be suitable for both system planning 
applications and the voltage control require
ments of system operations. 

A prototype computer program i ncorpo
rating the advanced optimization methods 
will also be developed as part of this project. 
The methods and the prototype program wi l l  
be tested and val idated by analyzing the 
performance of representative large-scale 
utility systems. 

The prototype computer program should 
be completed by August 1 983. Project Man
ager: Neal J. Batu 
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SURE FINDINGS 
AND CONCLUSIONS 
Seven years after planning work begtln, 
EPR/'s $8 million Sulfate Regional Experi
ment (SURE) has provided an exceptionally 
clear picture of the day-by-day variation of 
concentrations of suspended sulfate parti
cles over the northeastern United States. 
The major findings and implications of this 
research project are summarized here. De
tailed results are presented in several avail
able or forthcoming EPA! reports (EA-1900 
through EA-1914). 

The original impetus for SURE came from 
two propositions advanced by EPA in the 
early 1 970s: (1 ) airborne concentrations of 
acidic su lfate particles observed during air 
pollution episodes produce sign ificant health 
effects; and (2) elevated-sulfate episodes 
are associated with sulfur dioxide (S02) 

emissions over large regions and with multi
ple-day, long-range atmospheric transport. 

If verified, these propositions could have 
led quite naturally to regional , multiple
source control of S02 emissions. As the 
single largest emitter of S02 , the U.S. elec
tric power industry had a very considerable 
stake in this situation. Thus, through EPRI ,  
the industry in itiated the SURE project with 
the goal of describing regional nonurban 
S02 and sulfate (S04-) distributions more 
completely and precisely than the data avai l
able in 1 975 permitted. A reevaluation of 
the Commun ity Health and Environmental 
Surveillance System (CHESS) data on which 
the EPA health effects assessments had 
been based was also undertaken (EA -450). 

SURE was designed to investigate the 
behavior of airborne sulfur oxides and 
associated substances over the greater 
northeastern United States . The study area 
(Figure 1 )  extended from the Mississippi 
River to the Atlantic seaboard and from mid
Alabama to southeastern Canada, an area 
approximately 2400 by 1 000 km . 

An examination of the few data available 
before 1974 led to the speculation that pol-
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lution from sulfates in the greater northeast
ern United States is regional in nature. The 
concept of regional air pollution applies to 
situations of intensified pollution covering 
distances of 1 000 km and lasting more than 
two days. Because there are many S02 

sources in the Northeast, the distribution of 
atmospheric sulfur oxides could be the re
sult of localized accumulation; it could also 
involve the transport of pollution over great 
distances. Because systematic measure
ments of sulfur oxides and associated sub
stances were limited, it was not possible to 
determine the extent of regional-scale phe
nomena and appropriate control options. 

In preparation for the full-scale SURE proj
ect, historical air quality observations were 
examined to determine the apparent pollu-

• Class 1 1  stations 
o Weather stations 

Figure 1 The SURE region, showing Class I and 
Class II m onitoring stations and National Weather 
Service stations. The nine Class I stations were in
strumented to m easure S02 , ozone, nitrogen oxides, 
hydrocarbons, and total suspended particles; they 
were operated continuously from July 1 977 through 
October 1 978. The 45 Class I I  stations, which m ea
sured SO, and particulates only, were operated for 
six 30-day periods during the project. The weather 
stations provided relevant meteorologic data. 

tion climatology of the SURE region and the 
temporal and spatial distribution of all emis
sion sources in the region. This design study 
indicated that certain meteorologic condi
tions were most conducive to the bui ldup 
of atmospheric sulfates. It also indicated that 
during periods of sulfate bu i ldup over an 
area stretching from the Ohio River valley to 
the Atlantic seaboard , the maximum sulfate 
concentrations occurred 1 00-300 km north
east (or downwind) of the major S02 emis
sion areas. An analysis of data from other 
regions in the Un ited States indicated zones 
of maximum influence that were simi lar in 
scale. The design study also found that the 
highest atmospheric su lfate concentrations 
occurred during a period of several days i n  
summer over areas influenced by  marine 
tropical air masses. SURE was implemented 
to extend the l imited data base and then 
use the data to address various issues about 
the occurrence and origins of atmospheric 
sulfu r oxides. 

Project activities 
To accomplish these objectives, three major 
activities were undertaken and coordinated 
in the SURE project. First, a 54-station net
work of poll utant monitors was established 
over the northeastern Un ited States (Figure 
1 ) .  This network was operated from July 
1 977 through October 1 978. The data ac
quired were subjected to extensive error 
checks and precision analysis. They were 
then archived for analysis and for use in 
model development. In addition, two to five 
aircraft were flown during selected periods 
to measure pollutant distributions from near 
the ground to an altitude of 3 km (1 0 ,000 ft) 
above mean sea level .  Al l  relevant meteo
rologic data were acqu i red from the National 
Weather Service. 

Second, an updated sou rce inventory of 
S02 , n itrogen oxides, total emitted particles, 
and three reactivity classes of hydrocarbons 
was prepared on the basis of known source 
distributions (area and point). In addition, 
hourly estimates of S02 emissions from all 
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power plants with a rated capacity greater 

than 50 MW were made for six selected 30-

day periods du ring 1 977-1978. 

Third , an analysis and regional modeling 

program was conducted to interpret the data 

acquired by SURE. Major efforts were de

voted to meteorologic and statistical analy

ses of the data and to developing an im

proved regional air quality model. 

As a result of these activities, the SURE 

project acquired a data base of  approxi

mately 30 million entries that reflects the 

daily concentrations of primary (S02 ) and 

secondary (SO;;--) pollutants over an area of 
2.4 m i l l ion km2 (890,000 mi2 ) .  Fu rther, the 

accuracy and precision of the aeromatic 

data base have been carefully determined .  

Major SURE results 
The most valuable result of SURE to date 

is the provision of an accurate, reliable , and 

detailed description of the day-by-day varia

tion of sulfur compound concentrations over 

the northeastern Un ited States.  The h istory 

of sulfur emissions and the resultant expo

sures to S02 and sulfates in nonurban areas 

is now known in unprecedented detail and 

with unprecedented reliability. The degree 

of detail poss ible with these data is shown 

in Figure 2, which plots the frequency with 

which any g iven value of SO;;-- concentra
tion was exceeded during the SURE period. 

Data ind icating the chronological sequence 
of episodic maximum SO;;-- levels and back

ground levels , coupled with measurements 

of S0
2 

source variability and meteorologic 

processes, enable the assessment of sulfate 

exposure and causes of sulfate formation.  

These data reveal that sulfate levels were 

considerably lower than had been expected. 

As shown in Figure 2, the level of 25 µg / m3 

was exceeded less than 5% of the t ime. 

A second major result of SURE is the dem

onstration of a clear geographic association 

between sulfate concentrations and major 

source areas of S02 . Both the day-by-day 

patterns of sulfate concentration and the 

patterns during elevated-sulfate episodes 

show this association unmistakably. These 

patterns also ind icate , but do not define 

exactly, a zone of influence for major S02 

source areas. This zone normally extends 

1 00-300 km downwind but may on rare 

occasions extend beyond 500 km. The pri

mary evidence for restricted zones of in

fluence is de rived from statistical analyses 

of the SURE data. However, a g raphic repre

sentation of the geographic association be

tween major S02 source areas and elevated 

SO;;-- concentrations is achieved by plot

t ing SO;;-- concentrations exceeded 1 0% of 

the time (Figure 3). The patte rn of elevated 

Figure 2 Sulfate concentrations (24-hour average) measured during SURE and their frequency. The 1 5-month 
data are for August 1 977-0ctober 1 978. The six-month data are for August and October 1 977 and January, 
April, July, and October 1 978 (i.e., one month of each season during SURE). As shown here, concentrations 
above 25 /lg/m' occurred very infrequentiy. 
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Figure 3 Elevated sulfate concentrations and major SO, source areas. The colored lines demarcate areas in 
which the 24-hour average sulfate concentration (given in /lg/ m3) exceeded the indicated value 10% of the 
time during SURE. The shaded boxes indicate areas in which SO, emissions for summer 1 977 exceeded 
1 000 Mt/d. 
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levels clearly su rrounds major S02 sou rce 
areas in the Ohio River bas in .  

It is very tempting to dwel l on th is geo
g raphic association between S02 sources 
and elevated su lfate concentrations and 
conclude that reductions in S02 emissions 
will mitigate sulfate exposure, should that 
be required. However, such a conclusion 
would be prematu re and could lead to inef
fective control requ i rements. Elevated sul
fate levels are associated primari ly with 
weather conditions and pollutant mixes con
ducive to photochemical activity, and sev
eral of the pollutants involved (e .g . ,  hydro
carbons) emanate from sources other than 
power plants. It is conceivable that the total 
conversion of S02 to sulfates is determined 
by the oxidant levels established through 
photochemical reactions, not by the total 
S0

2 
present. Because the photochemical 

production of oxidants is independent of 
S02 concentrations, the reduction of S02 

loadings alone may be ineffective in lowering 
su lfate levels. Thus the question is whether 
it would be more cost-effective to control 
those pol lutants that play a key role in  estab
l ishing oxidant levels. Further research is 
requ i red to answer this question . 

A thi rd result of the SURE project is the 
demonstration of the level of accuracy and 
rel iabi l ity that can be expected from the cur
rent generation of regional a i r  qual ity mod
els. In verifying the SURAD model against 
measured three-hour average su lfate con
centrations, for example, it was found that 
the model tended to overestimate the aver
age and min imum concentrations and to u n
derestimate the maximum concentrations; 
however, a majority of the calcu lated values 
fell with in  a factor of two of the observed 
values. Model calcu lations that consistently 
fall with in  a factor of two of the observed 
values and that show no systematic bias 
toward under- or overestimation are ap
proaching useful l imits of precision for appli
cation to regionwide assessments of air 
quality-for example, determin ing the total 
loading of su lfates in the lower atmosphere 
over the entire SURE region.  These models 
also demonstrate some ski l l  in differentiat ing 
interregional pollution concentrations and 
again are useful for determin ing exposures 
over substantial areas and longer t ime 
averages. 

The cu rrent generation of reg ional a i r  
quality models general ly fa i l  to provide use
ful estimates when applied to the dai ly evolu
tion of elevated-su lfate events, the problem 
area of g reatest importance in  today's regu
latory cl imate. When the models are applied 
to ind ividual events, the errors and uncer
tainties in their calcu lations exceed the ex-
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peeled changes in  poll utant concentrations 
that would be associated with realistic emis
sion control scenarios. Regional air quality 
models wi l l  not produce useful results for 
the evaluation of proposed emission control 
strategies until they are precise enough to 
differentiate reliably between realistic sce
narios. Agai n ,  further research is requ i red. 
SURE has set the stage for meeting that 
need. 

Implications and future research 

The h igh l ights of the SURE findings may be 
summarized as follows. 

o Annual average nonurban concentrations 
of su lfates in  the northeastern Un ited States 
were observed to be ::c:; 8  µg / m3 , approxi
mately one-half to three-quarters of u rban 
su lfate levels. 

0 On the average, 5-1 0% of the S02 emitted 
in  the Northeast is converted to dry (non
precipitation) suspended .sulfate particles. 
The balance of the sulfur is either deposited 
or transported out of the region.  

o Episodes of elevated su lfate concentra
tions (>40 µg/ m3 ) were observed, and the 
concentration patterns were clearly asso
ciated with major S02 sou rce areas. 

o The zones of influence of major S0
2 

source areas during su lfate episodes were 
generally l imited to 1 00-300 km , but on 
some occasions they may have exceeded 
500 km. 

o Major su lfate events are associated with 
specific meteorologic conditions (stagnation 
and ducting) that are readi ly p redictable. 

o The model accuracy necessary to dis
t ingu ish uti l ity contributions to ambient sul
fate levels has not yet been achieved. The 
necessary research on model development 
is being cont inued under EPR l ' s  Regional 
Air Quality Studies (RAOS). 

The impl ications of the SURE findings are 
varied and complicated when considered in 
the context of regional a i r  quality research 
and air qual ity management. However, a few 
conclusions readily emerge. 

o An extensive, h igh-quality data base on 
temporal and geographic variations of S02 

and su lfate concentrations is now avai lable 
for use in  assessin g  environmental impacts 
when appropriate damage functions are 
avai lable. 

o The association between elevated su lfate 
levels during pollution episodes and major 
S02 source areas is unmistakable, but the 
impact of selective or blanket reductions in 

S02 emissions on regional su lfate concen
trations is not yet clear. 

o Regional su lfate models have been ad
vanced to the stage where the root mean 
square erro r  is around 50%. These models 
are useful for estimat ing various regional 
impacts, but they do not yet have the ac
curacy and precision requ i red for reliable 
estimates of air qual ity changes associated 
with realistic emission control scenarios. 

o SURE has provided a solid base of infor
mation that can be extended to other re
g ional air qual ity problems, such as acid 
p recipitation and visibi l ity impairment. How
ever, because SURE did not address these 
problems d irectly, further specialized re
search is required. 

SURE has made a s ign ificant and last ing 
contribution to our  u nderstanding of re
gional air qual ity processes, part icu larly as 
they relate to the behavior and fate of sulfur 
compounds. The ful l  impact of SURE wil l  not 
be known for several years, but in addit ion 
to shedding much l ight on the su lfate issue, 

it has also set the stage for expanding re
search into the related regional problems 
of nitrogen compounds, the wet and d ry 
deposition of acidic materials, and visibi l
ity impairment. It has pointed the way to a 
broader understanding of regional a i r  quality 
variations and their causes, an understand
ing that is essential to a balanced approach 
to regional air qual ity management. EPRl 's 
cont inu ing research in  the area of reg ional 
air quality (as outl ined in EA-1 650-SR) is 
firmly g rounded in  the SURE project. Proj
ect Manager: Glenn R. Hilst 

RESIDENT IAL END-USE 
ENERGY FORECAST ING 
A unique type of residential end-use energy 
consumption and load-forecasting model 
has recently been developed that integrates 
the major features of both the econometric 
approach and the engineering end-use ap
proach to energy forecasting (RP121 1 ). The 
model can be used to examine how such 
actions as government tax incentives and 
utility conservation programs affect over
all residential energy consumption, as well 
as the consumption patterns of specific 
groups. Originally developed for application 
at the national level, the model has been 
modified to facilitate calibration to an arbi
trary regional or utility level. This procedure 
is currently being demonstrated through 
several test cases, the first for the North
west region in cooperation with the Pacific 
Northwest Utilities Conference Committee 
(RP1918). The model is also being used in a 



study of the cost-effectiveness of utility con

servation programs (RP1587). 

Forecasting methods 
Methods of forecasting energy demand have 
increased considerably in number and com
plexity over the past decade in response to 
rising uncertainties about potential demand 
g rowth rates. These methods go beyond 
simple extrapolation of historical g rowth 
trends. The most commonly used approach 
is aggregate econometric model ing .  

Aggregate econometric models for the 
res idential sector have the advantage of be
ing derived directly from widely accepted 
economic theories of consumer behavior. 
They are particu larly useful for test ing the 

sensitivity of energy demand g rowth to en
ergy prices and income. They behave es
sentially as black boxes, however, predicting 
how much consumers adjust their energy 
consumption in response to changes in 
price and income without describing what 
form these adjustments take. Thus for the 
analysis of a number of important nonmar
ket factors, such as federal and state tax 
incentives, appliance efficiency standards, 
and utility conservation programs, aggre
gate econometric models have l imited use. 

The need to determine how energy con
sumption is affected by conservation pro
g rams targeted at specific end uses has 
motivated the development of end-use mod
els of energy demand ,  the fi rst being the 
residential model developed at Oak Ridge 
National Laboratory. Such models have 
strong appeal because they clearly asso
ciate energy consumption with specific ap
pliance activities in f ine detail. They also 
have major l imitations, however, in that they 
requ i re extensive information about pro
jected appliance market penetration and 
util ization rates, and they often represent 
end-use energy consumption by engineer
ing est imates rather than by actual con
sumption in practice. 

In 1 978 EPRI in itiated a major project with 
Cambridge Systematics, Inc .  (CSI), to de
velop a new state-of-the-art model of resi
dential energy demand by integrating sign ifi
cant elements of both the econometric and 
engineering end-use approaches (RP1 21 1 ) .  
The model explicitly considers the major 
appliance end uses and projects their mar
ket penetration and energy usage rates. 
These projections are based on d isaggre
gate econometric relations that are d rawn 
from a theory of consumer choice and that 
are sensitive to energy costs , the techno
logic and performance characteristics of al
ternative appliances, and household attri
butes. The behavioral parameters of these 
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relations are est imated statistically from 
household survey data. Thus the forecasting 
system exhibits the structural detail that is 
the strength of the more traditional end-use 
approach, whi le maintain ing firm behavioral 
foundations in  consumer choice theory and 
actual data on household decisions. In fore
cast ing,  the model simu lates decisions re
garding appliance choice, efficiency, and 
util ization for a representative sample of 
households. 

Model structure 
Information flow in the simulation model is 
shown in Figure 4. The model predicts three 
categories of energy-related decisions-ap
pliance choices, annual energy consump
tion ,  and electricity loads-in a recu rsive 
manner. Appliance choice is dependent on 
housing characteristics, energy consump
tion is dependent on housing and appliance 
holdings, and electricity loads are depen
dent on appliance holdings and total con
sumption. 

Appliance choices are treated explicitly 
in the model because of their central role 
in determin ing total household energy con-

Sample of household, dwelling, 
and appliance characteristics 

Appliance investment decisions 
(new installations and retrofits) 

by end use and fuel type 

Appliance efficiency and utilization; 
annual energy consumption by 

end use and fuel type 

Daily and seasonal 
electricity loads 

Figure 4 Information flow in the EPRI-CSI residential 
model, which combines econometric and engineering 
end-use techniques to forecast appliance choices, 
energy consumption, and electricity loads in the resi
dential sector. The model can be used to evaluate 
the impacts of such activities as tax incentives and 
conservation programs on all households or on spe
cific types of households. 

sumption and load patterns. The d i rect mod
eling of these investment decisions enables 
the evaluation of various conservation mea
sures aimed at new housing construction, 
where investment choices are made. 

The model's appliance investment com
ponent forecasts the purchase and owner
ship of energy-using household devices and 
their characteristics for six major end-use 
categories (space heating ,  water heat ing,  
air condition ing ,  cooking ,  d ishwashing ,  and 
other/ res idual) and three fuel  types ( elec
tric ity, natural gas, and other fossil fuels). 
It also distinguishes between 29 categories 
of dwell ings in terms of structu re type, size, 
and age. To g ive an example of end-use de
tai l ,  space heating is divided into electric 
heat pumps and fuel-specific forced-air, hy
d ronic, and noncentral systems. The addi
tion of appliances for other end uses, such 
as refrigerators and freezers, is planned. 

The appliance uti l ization component of 
the simulation model forecasts appliance 
and bui lding energy efficiency and annual 
energy consumption by major fuel and end
use categories, given the type of household 
and dwel l ing and the appliance portfol io. 
For al l  appliances, efficiency choice de
pends on energy prices and household and 
dwel l ing characteristics. G iven efficiency, 
energy consumption is determined by the 
utilization of the appliance. Uti l ization rates 
are calculated as a function of energy prices 
and household and dwel l ing characteristics. 
Seasonal and daily electricity loads are cal
culated on the basis of annual energy con
sumption and appliance hold ings. 

A key feature of the model is the method 
used to derive total or average household 
behavior for specific population g roups or 
for all households. Because the component 
behavioral equations represent individual 
household behavior and are typically non
linear in the explanatory variables, an aggre
gation problem exists. Average values of 
the explanatory variables are insufficient to 
forecast average energy consumption. In
formation on the joint d istribution of those 
variables is required . That information is pro
vided in the model by a representative sam
ple of households. ( In uti l ity-level applica
tions, data necessary to characterize the 
sample can be obtained by typical household 
appliance saturation surveys . )  A method of 
sample enumeration is then used in which 
each sample household's energy decisions 
are predicted on the basis of the model 's 
behavioral relations and the household 's 
characteristics. Total consumption is fore
cast by multi plying the ind ividual predictions 
by their respective sample weights and add
ing the results. This mic roanalytic simulation 
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method is a powerful tool that provides the 
capability to examine distributional as well 
as total impacts of such factors as conserva
tion programs. 

Model results 

One type of forecast information produced 
by the model is shown in Table 1 for a base 
case run. Average electricity consumption 
for various categories of households (as de
fined by the presence or absence of major 
electrical end uses) is presented, as well as 
average electricity and energy consumption 
for all households. It is interesting to note 
that while average household energy con
sumption falls by 21 % over the 20-year fore
cast period (from 1 30 to 103 mi l l ion Siu) , 
average household electricity consumption 
increases by 1 2% (from 9.0 to 10.1 MWh). 
However, an examination of the category 
averages shows that the increase is due al
most entirely to the changing composition 
of households (e.g . ,  increased penetration 
of central a ir  conditioning and electric heat
ing). Nearly all the individual categories 
show declines in electricity consumption , 
undoubtedly as a result of h ig her electricity 
prices. Project Manager: Steven Braithwait 

FUEL PLANNING AND MANAGEMENT 

In the past decade, obtaining fuel supplies 
for electricity generation has become in
creasingly complex, expensive, and un
certain . Fuel acquisition decisions have 
long-term implications for utility planning 
and have a bearing on many aspects of util
ity business. Among the considerations in
volved are electricity demand, fuel mix, plant 
performance, boiler design, plant siting, coal 
cleaning, scrubbing equipment, plant con
version, off-system power purchases, and 
fuel inventories. Not least is the impact on 
revenues and rates. 

The Supply Program's research in fuel plan
n ing and management has the following 
objectives. 
o Provide tools for improved fuel planning 
under uncertainty 
o Develop technical information critical to 
the design of fuel acquisition procedures 
o Promote technical information exchange 
among util ity fuel planners and managers 

The bases for these objectives are the po
tential payoffs to utilities in reduced fuel 

Table 1 
AVERAGE HOUSEHOLD ELECTRICITY CONSUMPTION 

BY TYPE OF SPACE HEATING, WATER HEATING, AND AIR CONDITIONING 

Percent of Electricity 
Households Consumption (MWh) 

1 977 1 985 1 995 1 977 1 985 1 995 

Nonelectric space heating, 
nonelectric water heating, 
noncentral air conditioning 49 36 27 5.8 5.2 4.4 

Nonelectric space heating, 
electric water heating, 
noncentral air conditioning 1 3  9 6 9.7 7.9 6.5 

Nonelectric space heating, 
nonelectric water heating, 
central air conditioning 1 7  27 34 9.8 9.8 9.6 

Nonelectric space heating, 
electric water heating, 
central air conditioning 5 7 7 1 4 .1 1 3 .0 13.3 

Electric space heating, 
noncentral air conditioning 9 9 8 1 4. 9  13.9 13.0 

Electric space heating, 
central air conditioning 7 12 18 16.2 1 7. 5  18 .5 

All households* 9.0 9.5 10.1 

*Average energy consumption for all households (10' Btu): 1 977, 130;  1985, 114; 1 995, 103.  Electricity 
was evaluated at 3412 Btu/kWh. 
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costs , improved fuel quality and rel iabi l ity, 
flexib i l ity to handle contingencies, reduced 
exposure to cost escalation, and improved 
communication with management and with 
regulatory commissions. A clue to the mag
nitude of only a small percentage in cost 
savings is given by the fact that util ities 
burned $1 7 bi l l ion of coal in 1 980. 

Four research projects i n itiated last year 
are aimed at attain ing these objectives. 
Broadest in scope is a series of five-day 
workshops on applications of decision anal
ysis to util ity fuel planning and management 
(RP1 947-1 ) .  These workshops demonstrate 
the usefulness of techniques of decision 
analysis in portraying the various conse
quences and risks associated with such de
cisions as opening a coal mine, securing oil 
supplies, contracting for u ranium enrich
ment, and setting coal inventory levels. In 
each case, the decision maker is faced 
with incomplete information, uncertainties 
in costs and prices, many possible delays, 
changes in regulations, and uncertainties in 
electricity demand. 

By sorting out the risks and uncertainties 
from the perspective of the techniques dem
onstrated i n  the workshop, the participants 
can see how seemingly intractable problems 
can be systematically analyzed. Opportuni
ties where an investment to obtain more 
information may be worthwhi le can be iden
tified. Decision analysis is shown to be a 
valuable tool complementing the skil ls and 
technical information available to the util ity. 
A casebook contain ing examples of deci
sions and the methodology wi l l  be published 
in 1 982 . 

Two other research projects are d i rected 
at developing tools to address specific fuel 
plann ing' problems: responding to potential 
coal supply shortages (RP1 947-2) and deter
mining a coal supply contract mix (RP1 921 ) .  

In both these projects, decision analy
sis provides a means for structu ring the 
problem and evaluating the risks and prob
able consequences associated with d iffer
ent choices. The tools are designed for 
utility applications, having been developed 
through working closely with util ities on ac
tual decisions. 

A number of util ities are presently reas
sessing their coal inventory levels. To assist 
them , an EPRI project is enhancing and 
transferring a coal purchasing model i n itially 
developed by Carolina Power and Light Co. 
(RP1 94 7-2). This model can help util ities de
termine when to purchase coal in spot mar
kets , while d rawing down coal inventories 
during shortages; yet the CP&L model also 
has broader dimensions (Figure 5). Compli-
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Figure 5 Cost trade-offs in setting coal inventory levels. The costs of coal inventories are based on some 
fixed-cost minimum and a relatively constant additional cost per ton; those costs are relative to the market
place. When coal inventories are low, a utility has two choices: to purchase coal on the spot market, where 
prices are likely to be high, or to cover its generation shortages with costly purchased power. Costs are mini
mized in the vicinity of the intersection of the two curves. 

Contract 
policy 

Inventory 
policy 

Size of Inventory 

Contract 
purchases 

Spot 
purchases 

Figure 6 A simplified influence diagram, showing some of the factors that bear on the contract mix decision 
(spot market purchases versus contract purchases). The contract mix and inventory policies are controlled by 
the util ity, whereas the other factors, such as the amount of coal burned and its price, are variable and u npre
dictable. The uncertain outcome is the total cost of energy to the consumer over time. 

eating factors include the availability and 

costs of both spot market supplies and pur

chased power. utility regulations, and the 

utility's attitude toward risk. Two case study 

applications are being pursued with Georgia 

Power Co. and TVA. 

At the same t ime, this project includes 

an examination of several alternative ap

proaches for weighing the trade-offs be
tween holding coal in inventory and facing 

coal shortages. These approaches and the 

CP&L model were reviewed at a recent 

workshop. 
The second tool under development con

cerns the longer-term strategic fuel supply 

issue of how much coal to buy on the spot 

market, how much on term contracts, and 

how to schedule those contracts (RP1 921 ) .  
This decision involves weigh ing a host of un

certain factors (Figu re 6) and is l inked to 

the inventory policy, corporate financial con

side rations, coal price outlook, and many 

additional issues, such as the range of ac

ceptable coal specifications, transportat ion 

costs, and the structure and details of the 

coal contracts. 

A utility advisory group has been formed 

to focus this project on issues of current 

concern and general applicability and to aid 

in the selection of a util ity case study as 

a basis for developing the planning tool. 

Among the utilities serving on this g roup are 

Consumers Power Co. ; Houston Lighting & 

Power Co. ; New England Power Service Co . ;  

Pennsylvania Power & Light Co . ;  Southern 

California Edison Co. ;  The Southern Co. ; 

and TVA. The Southern Co. is serving as the 

case study. 

A fourth project examines the crit ical tech

nical information needed to design a coal 

supply acqu isition program (RP1 367- 3) .  The 

basis of this project was a workshop held 

in Austin, Texas, in November 1 981 on ap

plied coal geoscience and the electric util

ities. This workshop took a broad look at the 

strengths and weaknesses of the technical 

coal supply information normally available to 

utilit ies; examined the rationale behind d if

ferent utilities' approaches to obtaining the 

technical information required in developing 

their fuel strategies; and demonstrated sev

eral state-of-the-art techniques as yet not 

widely used but helpful in obtain ing better 
information about coal supplies and risks.  

Timely communication is important to all 

the work in fuel planning and management. 

The Supply Program issues the newsletter 

" Fuel Supply Analysis" to supplement the 

d i rect exchange of information at workshops 

and seminars . Project Managers: Jeremy 
Platt and Stephen Chapel 
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R&D Status Report 
ENERGY MANAGEMENT AND UTILIZATION DIVISION 
Fritz Kalhammer, D i rector 

SMALL-HYDRO ACTIV ITIES 
Hydroelectric generation was introduced 
100 years ago this year when a 12-kW plant 
with a 10-ft (3-m) head began operation in 
Appleton, Wisconsin. Following several dec
ades of declining enthusiasm for small-hydro 
generation, this year's centennial, Fox Valley 
Festival of Lights, at Appleton marks what 
could be the start of a new era for sma/1-
hydro. In 1981, 1800 project permit applica
tions were filed with the Federal Energy Reg
ulatory Commission, up from only 12 in 
1975. Utilities, local governments, and pri
vate developers have enthusiastically sought 
sites for development. However, high devel
opment costs suggest that only 20-25% of 
the 8 700 MW of potential small-hydro ca
pacity (1-15 MW) can be economically de
veloped. Compounding this problem are 
the delays associated with interfacing this 
source of energy with the utility grid and 
with meeting regulatory and environmental 
requirements. Helping utilities and others to 
evaluate sites and reduce costs has become 
a major objective of the Energy Storage and 
Hydroelectric Generation Program. 

In 1 980 EPRI i n itiated an extensive review 
with util ity industry representatives and oth
ers to identify the c rucial hydro R&D issues 
and establish the priorities for EPRI efforts 
in hydroelectric R&D. An R&D workshop 

was held with util ity, architect-engineer, 
government, consultant, and suppl ier repre
sentatives in June 1 980 at Di l l i n ,  Colorado, 
to establish the critical issues. The results of 
this workshop were incorporated in a ques
tionnaire that solicited an identification of 

the relative priorities for EPRI efforts to ad
dress the respective issues. EPRI analyzed 
the questionnaire responses (50 in al l) from 
a cross section of the hydro commun ity simi
lar to that represented at the workshop. The 
responses indicated the highest priority R&D 
category was reducing small-hydro costs, 
followed by improving operation and main
tenance and reducing forced outages in 
large hydro installations. Small-hydro's re
newed popularity results from several fac
tors: there are many potential sites; costs 
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are attractive for th i rd-party ventu re capi
talists; opportun ities exist for R&D; and in
centives have been provided by various fed
eral and state actions. 

Based on the results of the workshop and 
questionnaire ,  EPRI has in itiated small-hydro 
R&D efforts that emphasize the following.  

o Site screening. EPRI supported the devel
opment of a manual, Simplified Methodology 
for Economic Screening of Potential Low

Head, Small-Capacity Hydroelectric Sites 
(EM-1 679), which describes step-by-step 
procedures to estimate a site's power and 
energy output, evaluate the probable cost 
of developing a potential site, and perform 
prel iminary economic design. Three semi
nar-workshops, centered on th is manual, 
transferred to 200 participants the methods 
to identify and evaluate possible sites; ana
lyze thei r  potential; ran k  them in order of 
technical, economic, and institutional feasi
bility; and select those most attractive for 
continued investigat ion. 

o Development experiences. DOE and EPRI 
are cooperating on documenting and trans
ferring the actual experiences encountered 
during site development. DOE is funding 20 
small-hydro demonstrations that represent 
a great diversity of ownership,  site condi
tions, and geographic locations. These and 
other projects wi l l  be reviewed with empha
sis on licensing and cost documentat ion. 
DOE and EPRI have issued an RFP for this 
work. 

o Cost reduction. Capital cost may be sig
nificantly reduced by R&D aimed at modular
izing and standardizing small-hydro plants, 
using submerged screen intakes with siphon 
penstocks constructed with low-cost mate
rial ; standard prefabricated metal bui ld ings 
for powerhouse superstructures with simple 
mass concrete foundations; standard indus
trial vertical pumps used as tu rbines (PATs) ;  
standard induction motors used as  genera
tors; and standardized auxil iaries, including 
electrical circuits, existing switchgear, sen
sors, and programmable controller. 

Typical small-hydro plants will cost about 

$2000 / kW, although costs vary substantial ly 
from site to site (the standard deviation 
for the capital cost is around $600 / kW). 
The major cost items are the civil features 
(1 5-45%), turbine generator (1 8-39% ), and 
indirects (30%). When standardized and 

prefabricated, the components described 
above should significantly lower site de
velopment costs. Similar approaches ap
plied to minihydro ( <1 MW) showed that 
development costs could be reduced by 
$800-$1 ooo I kW. 

An assessment of cost reduction potential 
for small-hydro sites was in itiated earlier this 
year by Acres American ,  Inc. (RP1 745-6). 
The objective of this project is to establish 
accurate costs of a standardized and pre-

Figure 1 Ingersoll-Rand vertical pump tested as a 
turbine: 32-ft (10-m) head; 55 ft3/s (1 .56 m'/s). The 
testing produced near-peak efficiencies, 85%, at 
heads from 30 to 60 ft (9-18 m). The test pump is a 
one-third-scale model of the largest pump that is 
currently part of the Ingersoll-Rand line; so the test 
results can be applied for flows up to 600 ft3/s. 



fabricated energy delivery system,  consist
ing of the components described above, for 
two actual s ites as example applications. 
Such a system could increase the number 
of feasible sites and help uti l it ies expedite 
small-hydro development plans. 

Pumps have been used in reverse as tur
bines since at least 1 924, and more recently 
their performance has been tested under a 
DOE contract with Ingersoll-Rand Research, 
Inc. Many major pump manufacturers have 
also col lected data on their own pumps' 
operation as turbines, and based on speci
fic head and flow conditions , will recom
mend a specific pump for such a turbine 
application .  PATs have significant advan
tages. 

o They are less costly and less compli
cated than turbines. 

o They are simpler to operate and main
tain . 

o PATs are not custom-made but have been 
designed and therefore are more quickly 
manufactured and delivered. 

o They can be del ivered prefabricated and 
ready for installation. 

o The installation is simple, requir ing only 
a mounting plate. 

o The bearings require on ly water for lubri
cation ,  not a pressurized lubrication system. 

PATs are also an economic choice at sites 
where pumped storage is planned. Figu re 1 
shows a typical pump that has been tested 
for turbine service. 

At nonpower dams, penstock installation 
can be a large portion of the power devel
opment cost. A siphon penstock (Fig u re 2) 
can reduce that cost and maintain dam in
tegrity. (At least three are currently operat
ing in the world.) The principal l imitation of 
the siphon penstock is that it can only raise 
water over the top of the dam to a height 
equal to the local barometric pressure 
(34 ft maximum). Siphon penstocks have 
three major advantages-they lower the 
cost of installation on sites at which the dam 
does not have acceptable penetrations; the 
dam integrity is not compromised; and they 
are accessible for examination .  

Conventional synchronous generators 
are large and expensive. Induction motors 
used as induction generators can be less 
expensive, and they have been successfu l ly 
applied to hydro systems for at least 30 
years. The size and cost of induction gen
erators decrease as the operatin g  speed 
increases, which can be accomplished by 
adding a speed increaser at the generator 
input side. One restriction is that the i nduc-

Figure 2 The Wasdell Falls siphon penstock system. This prefabricated hydroelectric power station 
incorporates a 6-ft (1.8-m) inner diameter siphon penstock operating with a net head of 12 ft (3.7 m). The 
siphon has a steel intake trash-rack screen (top) and is supported on the surface of the dam (bottom) as it 
proceeds to the powerhouse. Although the site is 93 mi (150 km) north of Toronto, icing problems have not 
been experienced. 

tion generator must be operated within a 
range above its synchronous speed but 
within l imits set by its connection to the 
grid. However, the siphon vacuum control 
could possibly be used to regulate the flow 
and satisfy this requ i rement. Induction gen
erators have two major advantages-they 
do not require a de exciter, synchronizing ,  
or complex regulating systems for  voltage 
and speed; the h igher-speed induction gen
erators are smal ler, less costly, more effi
cient , and have a better power factor. 

Acres American wi l l  also study small
hydro sites that could incorporate these sys
tems and wi l l  estimate equipment perfor
mance, reliability, operation ,  maintenance, 
and cost. Cost-risk and investment analysis 
for the system will be compared with that of 
conventional turbine generator equipment. 
The project wi l l  examine the feasibility of 

standardizing equipment for a wide range of 
head and flow at different small-hydro sites 
and propose standardized equ ipment and 
plant design ,  including automated control 
and auxiliary systems. 

Two case studies wi l l  be evaluated for 
capital cost, cost uncertainty, performance, 
reliabi l ity, operation ,  and maintenance. In 
both studies the complete new system 
wi l l  be compared with conventional ap
proaches. Performance wi l l  be based on site 
hydrology, head conditions, and equipment 
effic iencies. These studies will be used to 

determine relative total costs of the two con
cepts. 

Acres American wi l l  develop an easy-lo
use reference manual for equipment appli
cation and cost-effectiveness. The manual 
wil l include basic techn ical data, perfor
mance curves, and costs of all equ ipment 
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investigated in this project. Proposed stan
dardized designs for auxiliary systems, in
cluding automated control systems, wi l l  be 
presented, as well as simulation computer 
programs for both PAT and conventional 
turbine design curves. The document wi l l  
also examine reliability and cost-risk effects 
on investment analysis. Acres American wi l l  
prepare a development plan for a ful l-scale 
field test, including site selection ,  layout, 
equipment selection,  cost, and program 
schedule. 

The project is scheduled to conclude Feb
ruary 1 983 and the final report wil l  be pub
lished shortly thereafter. EPR\ is considering 
a ful l-scale field test if economics of the stan
dardized energy delivery system are suffi
ciently attractive. Utilities interested in cost
sharing and hosting  this test should contact 
the project manager. Project Manager: 
Charles Sullivan 

LOAD MANAGEMENT 
AND CONSERVAT ION 
Systems Control, Inc. , has developed a com
puter program that can simulate the effects 
of residential customer- side energy man
agement strategies on utility system loads 
(RP1 833-1). The program-LOAOSIM-is 
an engineering model of the electric power 
demand patterns of various types of resi
dences. It accepts demographic informa
tion, appliance saturation statistics, weather 
patterns, and building characteristics. It also 
predicts hourly load shapes in response to 
such load management strategies as air 
conditioning cycling and hot water heater 
control and such conservation measures as 
passive solar technology and weatherized 
homes. In addition to load shapes, the pro

gram predicts parameters, such as indoor 
humidity and temperature, that determine 
customer comfort level. To date, LOADSIM 
has been calfbrated and tested by four util
ities to verify its reliability and accuracy. 

Energy management pilot programs 
Since 1 978 the number of uti l ity-sponsored 
pilot programs for testing energy manage
ment strategies has approximately doubled 
every two years. These pilot programs are 
designed to estimate the effect of many new 
energy management strategies on utility 
systems. They are important tools in deter
mining whether or not a particu lar load man
agement or conservation strategy wi l l  pro
duce the desired results. However, testing a 
large number of control strategies is im
practical and requires a long time (two heat
ing and/or cool ing seasons for each strat
egy) to obtain reliable results. In addit ion, 
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pilot programs measure effects only at the 
time the program is conducted, and they 
cannot take into account future changes in 
system conditions, such as changes in ap
pliance stock, appliance efficiencies, or cus
tomer living patterns. Moreover, these pro
grams can be very expensive, especially 
if a large number of data points are mea
sured to provide confidence in the results. 
LOADS\M complements pilot programs and 
can help utilities develop needed informa
tion by addressing these problems. It can 
simulate a large number of energy manage
ment strategies and select a few preferred 
ones to be later confirmed by a pilot pro
g ram. Also, it can predict the long-term 
effects of energy management programs, 
taking into account demographic changes, 
improvements in appliance stocks and effi
ciencies, and changes in housing construc
tion standards. 

LOADSIM program quality can be vali
dated by field data collected by util ities in 
pilot energy m anagement programs. This 
process consists of two tests: the fi rst to 
verify that the program can correctly pre
dict load-shape changes that result from 
energy management programs at the cus
tomer household level and the second to 
verify that it can predict diversified load
shape changes at the utility system level. 

Host utilities 
Early in program development it became 
apparent that to be of value to util ities, 
LOADS\M would have to be verified by field 
data. Consequently, util ities were asked to 
participate. The Detroit Edison Co. offered 
to provide its extensive in-house load re
search data collected th rough a system
wide water heater control program and a 
substation-level air conditioning cycl ing ex
periment. 

The LOADS\M program test on the Detroit 
Edison system had four goals. 

o To prove that LOADSIM could accept typi
cal util ity load research data 

o To establish that it could be cal ibrated 
to yield sufficiently reliable load-shape pre
dictions when checked against field data 

o To confirm that its output could be inte
g rated with util ity system planning and cor
porate planning computer programs, which 
perform economic evaluation of energy man
agement alternatives 

o To ensure that LOADSIM would provide 
sufficient confidence for utility management 

to rely on its predictions as the basis for ma
jor corporate decisions on energy manage
ment programs 

Detroit Edison used LOADSIM to evaluate 
its electric water heater load management 
control efforts , and each of the fou r goals 
was accomplished. The results have been a 
key input to Detroit Edison's plan to revamp 
its water heater control program. 

To increase confidence in  LOADSIM 's ap
plicability and usefu lness, three additional 
host utilities were asked to participate in its 
evaluation. Pacific Gas and Electric Co. 
agreed to evaluate the model in simulating 
its air conditioning control strategies. South
ern Company Services, Inc . ,  and Gulf Power 
Co. offered to compare resu lts of their smart 
thermostat pilot programs with the model's 
simulated results. United Power Association 
put forward its field data on heat storage ex
periments for evaluation. In addit ion, Detroit 
Edison continued testing LOADSIM against 
field data obtained from its air condit ioning 
cycl ing experiments. 

Analysis of each of these programs is on
going ,  and valuable results, in terms of both 
LOADSIM application and the need for pro
g ram refinements, are evolving.  A more ex
tensive user's guide has been requested be
cause the program requ i res the user to have 
rather detailed knowledge of bui lding and 
HVAC engineering.  Utilities have also indi
cated that although the model provides ac
curate simulation of heat balance and appli
ance characteristics, it cannot adequately 
simulate a random user's living pattern. 
Moreover, comprehensive computer pro
g ram documentation is necessary, including 
test runs to check that the program is func
tioning properly. Host util ities have indicated 
that LOADSIM 's principal advantage is that 
it can be used as a plann ing tool for load 
management and conservatio n  efforts. They 
also noted its usefulness in forecasting fu
ture changes in electricity demand and en
ergy use as a result of conservation and 
load management policies. 

In response to these suggestions, a com
prehensive computer program documenta
tion and a user's guide are now being devel
oped. The program is being further refined 
with utility help, especially the subroutine 
dealing with aggregation of electricity de
mand from the household level to t he system 
level. Both tasks are expected to be com
pleted shortly. 

A workshop to present the model and to 
share host uti l ity experiences will be sched
uled later this year. The program is expected 
to have sufficiently matured for di rect trans
fer to util ities. EPRI wi l l  continue to support 
upgrading the program and , if there is suffi
cient interest, will help in itiate an industry
supported users group. Project Manager: 
Timothy Yau 
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SEQUOYAH PLANT 
AVAILABILITY ANALYSIS 
The recent emphasis on nuclear plant prob
abilistic risk assessment has resulted in ex
panded activities in system analysis. EPRI 
and the Tennessee Valley Authority are co
sponsoring a project (RP 1842) to develop 
and demonstrate a state-of-the-art probabi
listic system analysis technique to serve as 
an alternative to the WASH- 1400 technique. 
In this project the GO methodology is being 
used to characterize plant availability and 
reactor safety for TVA 's Sequoyah nuclear 
plant. This report describes the GO method
ology and its application to a full-scale avail
ability assessment of the Sequoyah plant. 

The GO methodology was adapted from the 
defense industry and has been further re
fined to incorporate some power plant mod
eling requirements. The methodology, in  
contrast to fault/event tree analys is ,  i s  a 
success-oriented system analysis technique 
and employs inductive logic to model system 
performance (NP-765, -766 , and -767). 

A GO model, which is composed of a set 
of GO symbols, represents the engineering 
function of a component, subsystem , or sys
tem. It can be constructed directly from 
engineering d rawings by replacing engineer
ing elements, such as valves and switches, 
with the equivalent GO symbols. (There are 
1 7  types of GO symbols.) These GO sym
bols are then l inked together according to 
engineering system performance definitions 
to form the GO model. The GO computer 
code uses the model to determine all pos
sible system response modes, both suc
cesses and failures, and to quantify sys
tem performance. 

The methodology has the ability to evalu
ate system reliabil ity and availabi l ity, iden
tify system fault sequences, construct sta
tistical inferences from the results, and rank 
the importance of a system's constituent 
elements to its performance. Certain un ique 
features of the GO methodology are useful 
in model ing complex system performance. 

o Model ing system interaction effects. A GO 
system model contains the engineering re
lationships of the components and subsys
tems of that system. Interactions between 
these constituents and between systems are 
part of GO model output. 
o Model ing engineering common cause and 
common mode effects . Engineering com
mon causes and modes are introduced be
cause of the sharing of system boundary 
conditions. Certain systems-for instance, 
station electric power systems, control and 
service air systems, and various cooling
water systems-define the boundaries of al l 
other systems in a nuclear plant. The GO 
model can integrate these common systems 
into a total plant model and can analyze 
the effects of this commonality on plant 
performance. 
o Modeling of the man-machine interface 
and external events . Special dummy GO 
symbols can be introduced into the GO 
model to represent extraneous events, such 
as human maintenance errors, manufac
turer design errors, and location-dependent 
failu res (e.g . ,  fire or flood). 

The GO modeling technique has been 
used in many different applications, such as 
analyses of fossil fuel plants and geothermal 
plants. It appears to be more cost-effective 
and easier to communicate than other prob
abilistic system analysis techniques. 

In  the fu ll-scale GO availability analysis 
of the Sequoyah plant, some 65 power
production-related systems are being mod
eled to predict plant availabil ity at 1 00% 
rated power operation. These systems are 
classified into three general categories: 
main process systems (e.g . ,  main feed
water, reactor coolant, reactor control, neu
tron monitor); plant support systems (e.g . ,  
communication, l ighting, primary water 
makeup, lube oil); and plant auxiliary sup
port systems (e.g . ,  ac/dc power, control 
and service air, essential raw cooling water, 
component cooling water) . The systems are 

modeled at various levels of detail to deter
mine all possible success and fai lure modes 
of plant operation. 

The prel iminary Sequoyah GO availability 
model, which consists of approximately 
9000 GO symbols, has been exercised by 
the GO computer code to quantify plant 
availabil ity, to identify critical plant design 
features and potential weaknesses, and to 
rank the importance of various systems to 
plant avai labil ity. The preliminary analysis 
shows the overall plant availability at 1 00% 
rated power to be approximately 0 .5 .  This 
value should not be taken literally, however, 
because the GO model is not yet fully devel
oped and because the data base used in the 
evaluation is generic, not plant-specific for 
Sequoyah. 

Qualitatively, the prel iminary results indi
cate a lack of balanced system design .  The 
unavai labilities of various systems d iffer by 
several orders of magnitude. For example, 
the main feedwater system has an unavail
abil ity of 0.2 and the electric power systems 
have unavailabilities of less than 0.001 . The 
application of cost-benefit techniques to im
prove the balance of system design may be 
worthwhi le from an economic standpoint. 

The Sequoyah nuclear plant probabilistic 
study has demonstrated that the GO meth
odology can be effectively applied to plant 
availabil ity analysis. Several preliminary 
quantitative results have indicated that 
nuclear power plant availabil ity may be en
hanced by improving some of the non-safety
related power production systems. The ful l 
scale GO analysis of the Sequoyah plant is 
continuing; final results are expected to be 
available at the end of the year. Project 
Manager: Boyer B. Chu 

SPEAR FUEL PERFORMANCE CODE 
Zircaloy-clad LWR fuel rods have seen ser
vice for 25 years, having been introduced at 
the Shippingport reactor in 1957 Following 
a rash of problems in early commercial power 
reactors, successive refinements have led to 
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Figure 1 Predicted versus observed fuel failures (failed assemblies as a percentage of total assemblies) for (a) the FCODE mechanistic model and (b) the SPEAR 
hybrid system. Each data point represents 212 assemblies. SPEAR's superior prediction capability results from the linking of FCODE to a statistical model. 
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a generally satisfactory level of performance 
by this key reactor component. Nevertheless, 
the fuel rod remains a complex device whose 
design life is spent in a harsh chemical, 
mechanical, and radiation environment. Fi
nancial incentives for higher burnups, load
following operation, and the alleviation of 
power-maneuvering restrictions continue to 
draw utilities toward operating regimes in 
which they have limited experience. These 
incentives have provided the impetus for a 
national fuel research program, in which 
EPRI is participating. An important part 
of EPRl's effort is the development of the 
SPEAR code for predicting fuel performance. 

In connection with the national fuel research 
effort, irradiation results from DOE and EPRI 
programs in more than 26 power and test re
actors around the world are input to the 
computerized National Fuel Performance 
Data Base. Much of the experience gained 
in this research has been incorporated into 
EPRl 's SPEAR fuel performance code sys
tem. By making inexpensive SPEAR com
puter simulation runs, util it ies can take ad
vantage of this experience before risking 
f inancial and hardware resources on a new 
design or a different operating regime. A 
new version of SPEAR, designated the BETA 
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version, has recently been released through 
the Electric Power Software Center. 

SPEAR is an example of what systems 
analysts term a hybrid predictive system be
cause it contains both mechanistic (fi rst prin
ciples) models and statistical (empirical) 
models. The models are interl inked in such 
a way that predictions produced by the com
plete SPEAR system are superior to the com
bined predictions of its mechanistic and sta
tistical parts. 

SPEAR's central mechanistic model is 
called FCODE. In the recently released ver
sion of SPEAR, FCODE has been improved 
by extending its submodels to cover phe
nomena up to a fuel center l ine temperature 
of 2000 ° C. (The previous limit had been 
1 400 ° C.)  Thus the model now covers the 
range of normal power reactor fuel operat
ing temperatures. 

FCODE can be used by itself for such 
tasks as fuel temperature and cladding creep 
strain analysis. A study for EPRI by Science 
Applications, Inc., has concluded that FCODE 
exhibits errors in centerl ine temperatu res of 
about 200 ° C-a magnitude of error that is 
expected in codes of this type and that is 
tolerable in most applications. 

For more difficult predictive chal lenges 
than fuel temperatures, SPEAR's hybrid 
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• 
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capabilities can be beneficially exploited. To 
estimate whether a given fuel assembly wi l l  
fa i l  in service ( i .e . ,  wi l l  be found, on radio
chemical s ipping, to leak fission products), 

the user fi rst simu lates assembly operation 
with the mechanistic FCODE module. 

FCODE's fai lure predictions are of little 
d i rect value to the user because they exhibit 
highly random scatter when compared with 
actual fai lure observations (Figure 1 a). This 
randomness results from evident deficiencies 
in the model's treatment of the fai l u re phe
nomena. It has been found, however, that the 
file of FCODE output data does contain pre
dictive information about the fai lure status
for example, the amount of hot working to 
which the Zircaloy cladding is subjected 
during reactor power cycling and the amount 
of fission gas released during an upward 
power ramp. This file can be passed through 
SPEAR'S statistical module,  PATMAT, which 
combs it for such information .  The hybrid 
FCODE-PATMAT model has been demon
strated to be a good fai lure predictor. As 
shown in  Figure 1 b, its predictions about 
percentages of assemblies that will fail are 
close to the observed percentages. 

A similar situation results when the SPEAR 
system is used to predict fission gas release 
from U02 pellets during operat ion. Used 
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Figure 2 Predicted versus observed fission gas release (amount of gas released as a percentage of gas produced) for (a) FCODE and (b) SPEAR. Again SPEAR 
shows superior prediction capability. 

a 1 00 

• • • • • • • • • • 1 0  

• 
� ' ·  • • . .  • •• • • • • • • . . . . • • • 

I • l . . • • • .. . -.·. · -
� 

0.1 

• 
• • • • 

:;s • 
• , .  
� • • • • • • • 
-

.. ...... 

b 1 00 

1 0  

e:. 
Q) 

Q) 

Q) 

"O 
Q) 
ti 
'6 I • 

0.1 

. .. . 

• 

I • • •  

/ 
• • • 

t. -�- · •fll; :-c7 • • 

. . •• 
• • • • • • . .  

.i;;i • • • • • 

0.01 � ---�----�---��---� 0.01 �---�----�----�---� 
0.01 0.1 

Observed Release (%) 

alone, the FCODE module produces predic
tions that show a high degree of random 
scatter when compared with observations of 
fission gas release (Figure 2a). When combed 
by the statistical module PATMATF, however, 
FCODE's output data file yields substantial 
information about fission gas release in fuel 
rods. Among the features of the file that have 
predictive value are (1 ) the cumu lative axial 
shift of the peak burnup position on the rod, 
and (2) the maximum lifetime value of the 
quotient of l inear heat generation rate and 
fission gas release per un it area of cladding. 
Predictions by the hybrid FCODE-PATMATF 
system , as compared with observations, ex
h ibit much less scatter than the FCODE pre
dictions (Figure 2b). 

The analyses performed in preparing the 
statistical models PATMAT and PATMATF 

1 0  1 00 0.01 

have yielded some new insights into the phe
nomena associated with cladding fai lu re and 
fission gas release. For example, the results 
suggest that a certain level of lifetime cumu
lative plastic strain (along with other condi
tions, such as adverse internal rod chemistry) 
is necessary for the in itiation of cladding 
fai lure .  Earl ier theories had suggested only 
that a certain level of peak lifetime stress 
(plus adverse internal rod chemistry) was 
necessary. 

Another interesting finding was that fis
sion gas release is affected to a sign ificant 
degree by details of the power-t ime history 
(e.g . ,  ramp rates) experienced by a fuel rod . 
Earlier models have assumed fission gas 
release to be determined by a fuel rod's 
temperature-time history and to be unaf
fected by the power-t ime history. 

0.1 1 0  1 00 
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SPEAR is being installed in the BWR ver
sion of the power shape monitoring system 
(PSMS), where it wi l l  provide utilities with 
an on-line capability for fuel reliability mon
itoring and prediction.  In a recent on-line 
test simu lating conditions du ring cycle 8 at 
the Oyster Creek reactor, PSMS predicted 
that one to three failed bundles would be 
found among the 484 bundles analyzed. The 
number of failed bundles actually found by 
sipping was two. In another study, Systems 
Control, I nc . ,  wi l l  look at fuel reliability as a 
problem of control and wil l  examine how 
SPEAR-PSMS might be used to achieve 
reliabil ity in a more cost-effective manner. 

A version of PSMS that inc ludes SPEAR is 
scheduled for release by the Electric Power 
Software Center in August 1 982. Project 
Manager: S. T. 0/dberg 
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New Contracts 

Contractor/ Contractor I 
Funding EPRI Project Funding EPRI Project 

Number Title Duration ($000) Manager Number Title Duration ($000) Manager 

Advanced Power Systems Electrical Systems 

RP1 1 96-2 Rotary Separator- 6 months 1 25.0 Utah Power & RP1095-15 Galloping Control by 34 months 48.7 Aluminum Co. 
Turbine Field Test at Light Co. Detuning of America 
Milford, Utah E. Hughes P Landers 

RP1 654-1 4 Gasification- 2 years 30.0 Philadelphia RP1 352-3 Cost-Effectiveness 1 1  months 46.6 Stanford 
Combined-Cycle Dem- Electric Co. Evaluation of Environ- University 
onstration Plant, Oper- J. McDaniel mental Loading Re- P Landers 
ations Test Planning quirements for Prob-
Support ability-Based Design 

RP21 01-1 Gas Turbine Control 26 months 1 281 . 8  General Electric RP1 605-1 Development of Helical 1 9  months 1 77.4 Kinnan & 
System Reliability Co. Foundation Associates 
Analysis and Verifica- A Dolbee P Landers 
tion 

RP171 2-3 Power System Security 3 months 37.7 ESCA Corp. 
RP2147-4 Influence of Hydrogen 1 8  months 1 35.0 Rockwell Analysis and Demon- C. Frank 

Bonding on Liquefac- International stration Work Plan 
tion L. Atherton 

RP7801-37 Waltz Mill ± 600-kV DC 9 months 405.6 Westinghouse 
RP2147-5 Reaction Mechanisms 6 months 38.0 SRI International Cable Installation, Electric Corp. 

in Coal Liquefaction L. A therton Phase I l l-Task Agree- J. Shimshock 
men! 

Coal Combustion Systems 
Energy Analysis and Environment 

RP1266-29 Study to Optimize the 8 months 32.0 Babcock & 
Combustion Efficiency Wilcox Co. RP1050-6 Seminar: Cogeneration 6 months 62 .5 Synergic 
of an Oil-Fired Multiple- J. Dimmer Resources Corp. 
Burner Utility Boiler L. Williams 

RP1400-11 Coal Cleaning Test 4 months 221 .0 Science Applica- RP1431-2 Intermediate-Term 3 months 1 00.0 ICF Incorporated 
Facility, Development lions, Inc. Coal Supply Con- J. Platt 
of Test Plans F. Karlson straints-Coal Price 

RP1 867 - 5  1 0-MW High-Sulfur 27 months 525.7 Southern Com-
Sensitivity 

Coal Fabric Filter Pilot pany Services, RP1 630-26 Field Studies in Con- 1 0  months 46.9 Battelle, Pacific 
Plant, Operation and Inc. junction with the U.S. Northwest 
Maintenance W. Piulle EPA June 1 982 Dry Laboratories 

Deposition Intercom- R. Patterson RP1872-3 Site Verification of 1 year 93.7 Bechtel Group, parison Study 
Scrubber Component Inc. 
Failure Data Sheets T Morasky RP1 743-4 Analysis of Water Re- 8 months 32 .7 KVB, Inc.  
and Model Develop- sources Research R. Brocksen 
ment 

RP1987-2 Decision Framework 1 0  ;nonths 1 63.0 Systems Control, 
RP1891-02 CEGB Experience in 5 months 38.1 Central Electricity for New Technologies, Inc. 

Slagging and Fouling Generating Considering Size and S. Mukherjee 
of Pulverized-Coal Util- Board Location 
ity Boilers J. Dimmer 

RP2040-2 Electric Fields Decision 3 months 29.2 Decision Focus, 
RP1961-3 Continuous Emission 25 months 299.0 Kilkelly Framework Inc. 

Monitor: Development Environmental L. Rubin 
and Evaluation, Phase I Associates, Inc. 

RP2046-2 Framework for the 8 months 50.9 Tetra Tech, Inc. C. Dene 
Complementary Use of R. Kawaratani 

RP2214-1 Assessment and Eval- 2 years 297.5 Tetra Tech ,  Inc. Mathematical Models 
uation of Cooling- J. Bartz and Microcosm Experi-
Water Intake Systems ments 
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Number Title Duration 

Energy Management and Utilization 

RP11 36-16 Electric Vehicle Con- 6 months 
ference 

RP1 276-1 2 Electric Power for 5 months 
Industrial Parks, Pre-
liminary Study 

RP1 745-2 Pump Turbine Model- 1 3  months 
Prototype Correlation 
Survey 

RP1791-10 Compressed-Air Energy 20 months 
Storage, Technology 
Transfer Analysis 

RP1 832-3 Economic Feasibility 1 5  months 
of Energy Storage for 
Small Utilities 

RP2033-6 Hydronic Heat Pumps 1 year 

R P2034-2 R&D Needs in Man- 7 months 
agement of Lighting 
Energy 

Nuclear Power 

RP347-2 Development of a New 1 3  months 
Physically Based Cor-
relation for LWR Cool-
ing-Pump Performance 
Under Two-Phase 
Conditions 

RP495-2 Two-Fluid Modeling of 22 months 
Flow Instability in BWRs 
and Steam Generators 

RP959-3 Assessment of Rewet- 1 8  months 
ting and Boiloff Data 
and Models for LWR 
Applications 

RP1 557-7 Radwaste Dose Rate 9 months 
to Curie Conversions 

RP1 557-8 Vitrification of Low- 9 months 
Level Radioactive 
Wastes 

RP1637-3 Seminar: Human Fae- 4 months 
tors Design Guidelines 
for Nuclear Power 
Plants 

RP1842-4 Sequoyah Nuclear 3 months 
Power Plant Availability 
and Risk Assessment 

RP1 842-5 Development of Mod- 5 months 
u larized Generic GO 
Reliability/Availability 
Safety System Models 

RP1 845-6 ATHOS Analysis of 6 months 
GEST-GEN Stearn 
Generator 

Funding 
($000) 

30.0 

21 .4 

96.9 

1 75.0 

1 43.8 

1 84.4 

25.0 

98.6 

81.1 

1 31 .2 

58.9 

45.0 

29.2 

316.9 

52.8 

33.9 

Contractor/ 
EPR/ Project 
Manager 

Electric Vehicle 
Council 
J. Mader 

Energy Conver-
sion Associates 
0. Hu 

Southern Com-
pany Services, 
Inc. 
C. Sullivan 

Reynolds, Smith 
& Hills, Inc. 
R. Schainker 

Burns & McDon-
nell Engineering 
Co. 
T. Yau 

Batte/le, Colum-
bus Laboratories 
J. Calm 

Pacific Gas and 
Electric Co. 
A. Lannus 

Tetra Tech,  Inc. 
J. Kim 

Arizona State 
University 
S. Katra 

University of 
California at 
Berkeley 
B. Sun 

NWT Corp. 
M. Naughton 

Battelle, Pacific 
Northwest 
Laboratories 
M. Naughton 

Essex Corp. 
H. Parris 

Pickard, Lowe 
and Garrick, Inc. 
B. Chu 

Energy 
Incorporated 
B. Chu 

CHAM of North 
America, Inc. 
G. Srikantiah 

Contractor/ 
Funding EPRI Project 

Number Title Duration ($000) Manager 

RP1 845-7 RETRAN Analysis of 7 months 50.9 Energy 
Steam Generator Tests Incorporated 

L. Agee 

RP1 930-2 BWR Hydrogen Addi- 9 months 1 99.4 Commonwealth 
tion-ln Situ CERT Research Corp. 
Testing and Equipment M. Fox 
Evaluation 

RP2007-1 Advanced Overpres- 1 3  months 207.0 Westinghouse 
sure Protection for Electric Corp. 
PWR Plants B. Brooks 

RP2009-4 Guidelines for Internal 1 1  months 90.3 General Physics 
Plant Communications Corp. 

J. O'Brien 

RP201 2-3 Characterization of 5 months 1 34.2 Science Applica-
TMl-2 Coolant System tions, Inc. 
Contamination K. Winkleblack 

RP2061-4 SPEAR Code Devel- 4 months 31 .1 Entropy Limited 
opment, Maintenance, T. 0/dberg 
and Support 

RP2061-5 Analyze SPEAR- 5 months 28.6 Battelle, Pacific 
ECODE-BETA Northwest 

Laboratories 
T. 0/dberg 

RP2061-7 Fuel Failure Control in 3 months 50.6 Systems Control, 
the BWR Inc. 

T. 0/dberg 

RP21 1 7-1 Removal of Radio- 27 months 930.5 Battelle, Colum-
nuclides by Water bus Laboratories 
Pools Under Severe R. Oehlberg 
Accident Conditions 

RP21 64-2 Radiographic lnspec- 8 months 74.0 Schonberg 
tion for TMl-2 Debris Radiation, Inc. 
Location M. Lapides 

RP2166-1 Development and Test 1 8  months 309.0 Pickard, Lowe 
of a Preventive Main- and Garrick, Inc. 
tenance Model H. Parris 

RP2171-2 Quality Assurance 8 months 74.9 Energy 
Approach for LWR Incorporated 
Probabilistic Risk D. War/edge 
Assessment 

RP2172-2 Concrete Containment: 1 0  months 232.0 Construction 
Structural Element Technology 
Tests Laboratories 

G. Sliter 

RP21 79-1 Hold-Down Bolt 5 months 30.2 Sigma Research, 
Inspection by Acoustic Inc. 
Resonance; A Proof- S. Liu 
of-Principle Test 

RP21 81-1 Improved Stress Cor- 2 years 329.6 Babcock & 
rosion Resistance of Wilcox Co. 
High-Strength, Age- A. Mc/free 
Hardenable Ni-Cr-Fe 
Alloys (Phase II) 

RP21 84-1 Development of a 1 year 1 20.0 Oak Ridge 
Colorgraphic Display National 
System Guide Laboratory 

J. O'Brien 

RP2230-1 Feedwater Heater R&D 5 months 28.0 Mollerus 
Planning Study Engineering 

N. Hirota 
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New 
Technical 
Reports 

Each issue of the Journal includes summaries of 
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; (415) 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. Research Reports Center will send 
a catalog and complete price list (including 
foreign prices) on request. 

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 10412, Palo Alto, 
California 94303. 

Microfiche copies are available from National 
Technical Information Service, P.O. Box 1 553, 
Springfield, Virginia 22151 . 

ADVANCED POWER SYSTEMS 

300-Btu Gas Combustor 
Development Program: Phase 2 
AP-2221 Final Report (RP985-3); $16.50 
This report presents the Phase 2 results of an ef
fort to develop and test a gas turbine combustor 
capable of meeting EPA NO

x 
requirements when 

operated on medium-heating-value coal-derived 
gas without the use of water injection. Two lean
premix combustor designs were evaluated in Phase 
2; the objectives were to improve the ease of fab
rication and to extend the operating range of 
the Phase 1 designs. The contractors are United 
Technologies Corp. and Pratt & Whitney. EPRI 
Project Manager: L. C. Angello 

Transient Phenomena in Coal-Fired 
MHD Generators: Electrical Effects 
of Slag in a Diffuse-Mode Generator 
AP-2290 Final Report (RP468-3); $16.50 
This report describes an analytic and experimental 
investigation of the effects of coal slag on mag
netohydrodynamic (MHD) channel current and 
voltage distributions among electrodes. A numer-
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ical code is described that solves the governing 
electrical equations and the slag energy and thick 
ness equations for a two-dimensional, periodic
electrode-pair slagging MHD generator. The ana
lytic and experimental results are compared. The 
contractor is Stanford University. EPRI Project 
Managers: A. C. Dolbee and Andrew Lowenstein 

Workshop on Evaluation of Engineering 
Opportunities in Inertial Confinement Fusion 
AP-231 7 Proceedings (RP1971-1 ); $1 0.50 
This report documents an EPRI workshop held in 
November 1981 in New Orleans to evaluate engi
neering opportunities in inertial confinement fu
sion (ICF) in existing and planned facilities. The 
workshop brought together the ICF community 
and the experimental facilities community to de
fine and rank experiments important to the engi
neering development of ICF. The contractor is 
Westinghouse Electric Corp. EPRI Project Man
ager: K. W. Billman 

High-Reliability Gas Turbine Combined
Cycle Development Program: Phase 2 
AP-2321 Final Report (RP1187-2); Vol. 1 ,  $28.50; 
Vol. 2, $36.00 
This report documents work performed under 
Phase 2, the preliminary design phase, of a pro
gram to develop a gas turbine design with suf
ficient reliability to be considered for baseload 
service in a combined-cycle plant. Volume 1 de
scribes a new centerline combustion turbine en
gine design and a combined-cycle plant com
ponent design . It also presents the results of a 
reliability, availability, and maintainability analysis 
and a cost-of-electricity analysis. Volume 2 pre
sents a glossary and nine supporting topical re
ports. The contractor is Westinghouse Electric 
Corp. EPRI Project Manager: P. S. Zygielbaum 

Effect of Liquefaction 
Processing Conditions on 
Combustion Characteristics of SRC 
AP-2328 Interim Report (RP1412-9); $16.50 
Solvent-refined coal (SRC) solids produced by 
three liquefaction process variations (involving 
pressure filtration de-ashing, antisolvent de
ashing, and critical solvent de-ashing) were fired 
under laboratory and pilot plant combustion con
ditions to study their combustion characteristics. 
The extent of carbon burnout of the SRC fuels 
under simulated utility boiler conditions was as
sessed, as well as fuel preparation techniques 
required to minimize NO

x 
emissions while main

taining high combustion efficiency. The contrac
tor is Combustion Engineering, Inc. EPRI Proj
ect Manager: W. C. Rovesti 

Plastic and Coking Behavior 
of Coals at Elevated Pressure 
AP-2337 Final Report (RP1654-1 ) ;  $10.50 
A newly developed high-pressure microdilatom
eter was used to study the thermoplastic behavior 
of selected caking coals at high pressure. First, 
tests were conducted to demonstrate the device's 
performance over a range of gas pressures, heat
ing rates, and coal particle sizes and to deter
mine standard conditions for further testing. Then 
experiments were run with three coals over an 
elevated pressure range. The effect of mineral in
clusions was also investigated. The contractor is 
Pennsylvania State University. EPRI Project 
Manager: John McDaniel 

Survey of Electric Utility Gas
and Oil-Fired Boiler Population 
AP-2342 Interim Report (RP141 2-5); $15.00 
This survey identified the size and location of the 
utility market for synthetic boiler fuel, as well as 
the characteristics of combustion equipment hav
ing the potential for deployment of these fuels . 
According to the survey, the dependence of util
ities on natural gas and fuel oil is expected to 
continue for a number of years. The contractor is 
KVB, Inc. EPRI Project Manager: W. C. Rovesti 

Evaluation of Materials for Use in Letdown 
Valves in Coal Liquefaction Systems 
AP-2356 Final Report (RP779-1 7); $9.00 
This report describes jet impingement- type tests 
conducted to evaluate the wear characteristics 
of letdown valve trim component materials. Nine 
advanced ceramic materials were assessed. Re
sults of laboratory wear evaluations and service 
trials of letdown valves are presented. The con
tractor is Battelle, Columbus Laboratories. EPRI 
Project Manager: John Stringer 

Proceedings of the 
First Annual EPRI Contractors' 
Conference on Coal Gasification 
AP-2394 Proceedings (WS81-199) ; $30.00 
This report contains the technical papers pre
sented at the first annual EPRI contractors' con
ference on coal gasification ,  which was held in 
October 1981 in Palo Alto, California. The con
ference sessions addressed pilot plant studies, 
commercialization prospects, process dynamics 
and control studies, and bench-scale studies. 
EPRI Project Manager: G. H. Quentin 

Conceptual High-Performance, 
High-Specific-Output Silicon 
Photovoltaic Systems 
AP-2408 Final Report (RP1348-3); $9.00 
This report reviews development efforts and the 
current status of high-performance, high-specific
output silicon photovoltaic (PV) solar systems. 
Three system concepts are covered: (1 ) high
intensity irradiance from individual concentrators 
directly onto individual PV cells, (2) the redirec
tion of sunlight by a large dish concentrator into a 
cavity receiver lined with cells, and (3) the redi
rection of sunlight by a large dish concentrator 
into a thermophotovoltaic receiver. Key issues, 
technical risk, and estimated performance are dis
cussed for each system. The contractor is Black 
& Veatch Consulting Engineers. EPRI Project 
Manager: R. W Taylor 

COAL COMBUST ION SYSTEMS 

Coal-Oil Mixture as a Utility Boiler Fuel 
CS-2309 Final Report, Vol. 1 (RP1 455-2); $18.00 
This report provides guidelines to the electric util
ity industry for the evaluation of coal-oil mixtures 
(COMs) as a replacement fuel in boilers designed 
to fire oil. The technical and economic information 
presented is based on an analysis of four exist
ing oil-fired boilers that represent COM conver
sion candidates. This volume covers a COM firing 
performance analysis, boiler and plant modifica
tions required for COM conversion, a detailed con
version cost and economic analysis for the four 
study boilers, and a generalized cost estimation 



methodology for COM conversion application. The 
contractor is Atlantic Richfield Co. EPRI Project 
Manager: R. K. Manfred 

Cycling of High-Pressure Steam 
Power-Generating Units With Drum Boilers 
CS-2340 Final Report (RP1034-1 ); $19.50 
Cycling tests were conducted on a 500-MW high
pressure power-generating unit with a drum
type boiler, and an analytic model of transient 
boiler operation was developed. Cycling problems 
and methods to reduce them are summarized, 
and a suggested procedure for optimizing cy
cling operation of the test unit is presented. The 
contractors are the Tennessee Valley Authority; 
Combustion Engineering, Inc.; and Mechanical 
Technology, Inc. EPRI Project Manager: J. P. 
Dimmer 

Dowa Process Demonstration 
CS-2359 Final Report (RP1033-2); $25.50 
A prototype-scale (10-MW) Dowa flue gas desul
furization system was evaluated at the EPA test 
facility at the Tennessee Valley Authority's coal
fired Shawnee steam plant. The Dowa process is 
an aluminum-based dual-alkali process that uses 
limestone and forced oxidation and produces a 
gypsum by- product. This demonstration exam
ined the process's feasibility and S0

2 
removal 

efficiency, as well as critical design parameters 
for a full-scale application. The contractors are 
TVA and UOP, Inc. EPRI Project Manager: 
C. E. Dene 

Plant Monroe Sulfur Meter Evaluation 
CS-2365 Final Report (RP1 030-17); $16.50 
The performance of an apparatus for the contin
uous measurement of the sulfur content of power 
plant feed coal was evaluated at a 3000-MW sta
tion. The device, called a sulfur meter, nonde
structively examines a sidestream of coal by using 
prompt neutron activation analysis. Sulfur meter 
measurements were compared with those ob
tained by traditional ASTM chemical techniques; 
agreement was satisfactory. The contractor is 
Bechtel Group, Inc. EPR/ Project Manager: 
0. J. Tassicker 

Acoustic Emission 
Monitoring of Steam Turbines 
CS-2367 Final Report (RP1266-14); $12.00 
This report describes work to develop a method 
for the on-line detection of crack growth in steam 
turbine rotors based on acoustic emission (AE) 
monitoring. It outlines a systematic study to evalu
ate the potential for the detection and correct 
identification of crack growth AE signals during 
various turbine operating conditions. P reliminary 
turbine testing, monitoring equipment selection, 
rotor material laboratory testing, on-line source 
location and characterization, and stress analysis 
are described. The contractor is Rockwell Interna
tional Corp. EPRI Project Manager: A. F Armor 

Feasibility of a 100-MW Wellman-Lord/Resox 
FGD Demonstration Plant 
CS-2405 Final Report (RP1258-2); $15.00 
This study determined the feasibility of demon
strating a Wellman-Lord/Resox regenerable flue 
gas desulfurization system at the 100-MW size. 
Using the Arthur Kill station of Consolidated Ed ison 
Co. of New York, Inc ., as a potential site, the study 
covered site evaluation, preliminary design, capi-

tal cost estimating, and scheduling. The contractor 
is Stearns-Roger Engineering Corp. EPR/ Proj
ect Manager: Dorothy Stewart 

ELECT RICAL SYSTEMS 

Phase 2: Frequency Domain Analysis 
of Low-Frequency Oscillations 
in Large Electric Power Systems 
EL-2348 Final Report (RP744-1); 5 vols. 
(priced per vol.) 
This report describes the development of a full
scale production program for the study of os
cillations in large power systems. Volume 1 pre
sents the basic concepts, mathematical models, 
and computing methods of the program, called 
AESOPS. Volume 2 covers data preparation in
structions and program reference materials; Vol
ume 3, studies of a large-scale system with 1 33 
synchronous machines and two de lines; Volume 
4, three reports on linear system models; and Vol
ume 5, studies of a 296-generator system. The 
contractor is Westinghouse Electric Corp. EPRI 
Project Manager: J. W. Lamont 

Array and Parallel 
Processors in On-Line Computations 
EL-2363 Final Report (RP1355-2); $10.50 
This report classifies parallel processors and dis
cusses previous EPRl-sponsored work indicating 
that the array processor holds special promise 
for use in power system simulation problems. A 
complete ac power flow code was developed for 
an array processor and its host computer. Using 
this optimized code, the processor was able to 
solve the IEEE standard 118-bus power flow in less 
than 2.5 ms. On the basis of this work, an array 
processor can reasonably be expected to solve a 
1000-bus flow in less than 0 .5  second. The con
tractor is Cornell University. EPRI Project Man
ager: J. V. Mitsche 

Phototransistor Switch 
for Breaker Applications 
EL-2395 Final Report (RP1511-1 ) ;  $12.00 
An effort to develop a high-power light-driven 
transistor was undertaken with a view toward in
stalling it in parallel with a mechanical circuit 
breaker to relieve stresses inherent in opening 
mechanical breakers under high-power fault con
ditions. This report describes the development of 
a process suitable for fabricating high-voltage 
transistors and presents the results of experiments 
on prototype devices. The contractor is General 
Electric Co. EPRI Project Manager: Gilbert Addis 

Detection of High-Impedance Faults 
E L-2413 Final Report (RP1285-1); $15.00 
This report describes a statistical algorithm for de
tecting high-impedance faults that is based on 
changes in sequence current unbalance. Staged 
fault tests were combined with measurements of 
unfaulted system operations to evaluate the algo
rithm. The contractor is Power Technologies, Inc. 
EPRI Project Manager: H. J. Songster 

HVDC Transmission Line Research 
E L-2419 Interim Report (RP1282-2); $21.00 
This report presents the results of work on the 
corona- and 'insulation-related performance of 
HVDC transmission lines. Tests of two different 

conductor geometries on a bipolar test line were 
conducted to evaluate audible noise, radio inter
ference, corona loss, electric field , and ion per
formance. In the area of insulation, research 
focused on parameters that influence the flash
over strength of contaminated insulators and of 
air gaps. The contractor is General Electric Co. 
EPRI Project Manager: J. H. Dunlap 

Transmission Line Reference Book, 
345 kV and Above: Second Edition 
E L-2500 (RP68); $55.00 
This book is intended to serve as a source of 
technology and data for the electrical design of 
EHV and UHV transmission lines up to 1500 kV. 
Much of the information was developed at Project 
UHV over the past 20 years. Four major design 
areas are treated: insulation, corona performance, 
electric and magnetic fields, and circuit perfor 
mance (including conductor characteristics). In 
each area, a common set of base case circuit 
designs is analyzed to highlight items affecting 
design. The contractor is General Electric Co. 
EPRI Program Manager: Richard Kennon 

ENERGY ANALYSIS 
AND ENV IRONMENT 

Residential Demand for Energy 
EA-1572 Final Report, Vol. 1 (RP1098); $1 6.50 
This research describes, updates, and improves 
the residential demand models developed in 
RP431 that are currently used in EPRl's Demand 
80/ 81 Model. Aggregate econometric models of 
residential demand for electricity, natural gas, and 
fuel oil were estimated by using time series data 
by state. Technical problems caused by declining
block pricing of electricity and natural gas were 
accounted for. The contractor is Data Resources, 
Inc. EPR/ Project Manager: S. 0. Braithwait 

Integrated Forecasting 
Model Synthetic Fuels Study 
EA-2358 Final Report (RP1 10 8-1-4); Vol. 1 ,  
$1 5.00; Vol. 2 ,  $21.00 
The Integrated Forecasting Model (IFM) was used 
to assess the future of the U.S. synthetic fuels in
dustry, with particular emphasis on the conse
quences for the electric utility industry. Volume 1 
presents an overview of the model, the study, and 
the findings. Volume 2 describes the nature of the 
IFM , including its basic conversion process, de
pletable resource process, and network structure. 
The input data are also detailed. The contractor 
is Decision Focus, Inc. EPRI Project Manager: 
L. J. Rubin 

Feasibility of Liming as a Technique 
to Mitigate Surface Water Acidification 
EA-2362 Interim Report (RP1 109-14); $1 2.00 
This report presents a feasibility study of the use of 
liming to mitigate surface water acid ification. The 
study addressed the application of calcium-based 
alkaline materials to lakes and waterways. Experi
mental and operational liming programs and tech
niques are discussed .  Also covered are types and 
combinations of alkaline materials; input location; 
delivery modes; costs; and assessments of poten
tial chemical, physical, and biological changes 
resulting from lime application. The contractor is 
General Research Corp. EPRI Project Manag
ers: R. W. Brocksen and R. K. Kawaratani 
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Evaluation of Terrestrial 
Microcosms for Assessing 
Ecological Effects of Utility Wastes 
EA-2364 Interim Report (RP1224-5); $ 16 .50 
This report presents the results of the first two 
years of a research effort to develop and evaluate 
a microcosm methodology for determining the ef
fects of fly ash deposition on agricultural eco
systems. The three major parameters studied 
were crop yield (productivity), nutrient stripping 
(loss in soil water), and trace element fate (uptake 
in plant tissues). Microcosm results on net pri
mary productivity and the uptake of 1 6  potentially 
toxic trace elements are compared with results 
from field plots. The contractor is Battelle , Colum
bus Laboratories. EPRI Project Manager: R. W. 

Brocksen 

Analysis of Residential 
Response to Time-of-Day Prices 
EA-2380 Final Report (RP1363); $27.00 
This report contains several related papers on 
modeling time-of-day electricity demands for the 
residential sector. Data from the Arizona and 
Wisconsin time-of-day pricing experiments, as well 
as (to a lesser extent) data from the Connecti
cut experiment and the National Time Allocation 
Study, were used in estimating a variety of empiri
cal models of these demands. The contractor is 
the University of Michigan. EPRI Project Man
ager: S. D. Braithwait 

EPRI Automated Telephotometer 
EA-2386 Final Report (RP1630-1 O); $13 .50 
This report describes the development and field 
testing of a prototype automated telephotometer, 
a device for monitoring atmospheric visibility. This 
effort included the development of color discrim
ination capabilities and of computer software for 
the routine conversion of observed target and sky 
ra�iances into measurements of visual range, tar
get color impairment, and target modulation depth 
(texture). The contractor is SRI International. 
EPRI Project Manager: G. R. Hilst 

Load Management 
Strategy Testing Model 
EA-2396 Final Report (RP1 485); $13 .50 
This report describes the Load Management Strat
egy Testing Model, a computer code for use in 
demand-side planning. The model provides a 
quanrnative framework for evaluating the costs 
and benefits of load management strategies, in
cl�ding time-of-use pricing, direct load control, 
and conservation. It is fully documented and user
tested. The contractor is Decision Focus, Inc. 
EPRI Project Manager: E. V. Niemeyer 

Planning Workshop on Solute 
Migration From Utility Solid Wastes 
EA-2415 Proceedings (RP1 620-7); $13.50 
A workshop to identify research needed to predict 
the fate of solutes released from utility solid wastes 
was held in Nashville, Tennessee, in November 
1981 . Participants represented the utility industry, 
the academic community, and government. They 
cited six major research activities necessary for 
the development of methods for predicting the re
lease, migration, and attenuation of solutes. A rec
ommended research plan is summarized in this re
port. The contractor is Science Applications, Inc. 
EPRI Project Manager: I. P. Murarka 
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Load Management: 
Issues, Objectives, and Options 
RDS-100 Final Report; $15 .00 
This report summarizes the findings of the Rate 
Design Study, a nationwide load management re
search effort undertaken in response to requests 
by the National Association of Regulatory Utility 
Commissioners. The research was carried out by 
EPR I under the sponsorship of the American Pub
lic Power Association, the Edison Electric Insti
tute, and the National Rural Electric Cooperative 
Association. The report examines load manage
ment policies, costing for ratemaking, load man
agement equipment, customer perspectives, and 
cost-benefit analysis. Executive Director: Rene 
Males 

NUCLEAR POWER 

Effects of Shutdown 
Chemistry on Steam Generator 
Radiation Levels at Point Beach Unit 2 
NP-860 Interim Report (RP825-2); $9.00 
A refueling shutdown chemistry test was con
ducted at Point Beach Unit 2 to study the rela
tionship between shutdown chemistry and steam 
generator radiation fields. Detailed analyses per
formed on the reactor coolant samples taken dur
ing cooldown are described, and data are pre
sented that correlate chemical and radioisotopic 
releases into the coolant with plant operation and 
coolant conditions during shutdown. The contrac
tor is Westinghouse Electric Corp. EPRI Project 
Manager: R. A. Shaw 

Steam Plant Surface 
Condenser Leakage Study Update 
NP-2062 Final Report (RP1 778-1 ) ;  $1 2 .00 
This project, a supplement to an earlier study on 
the reliability of steam plant surface condensers, 
addressed (1 ) condenser materials for which lim
ited data were previously available, and (2) cer
tain aspects of condenser design, operation, and 
maintenance to which considerable industry at
tention has been directed in recent years. Topics 
covered include condensers in cooling-tower ser
vice, the performance of titanium and AL-6X stain
less steel tubes, the condenser drain collection 
system, and deaeration in condensers. The con
tractor is Bechtel National, Inc. EPRI Project 
Manager: T M. Law 

Effective Use of Plant 
Betterment Funds: Generation Availability 
NP-21 67 Final Report (RP1 391-2); $1 5 .00 
This report presents analytic methods applicable 
to data generally available from electric power 
plants through their reports to NERC's Generating 
Availability Data System (GADS) and their in-house 
work order systems. It describes the use of the 
data and of availability engineering concepts to 
develop options regarding plant improvements, 
system planning, and new plant design and pro
curement. The report is designed as a practical 
guide to data usage in availability engineering. 
The contractor is The S. M. Stoller Corp. EPRI 
Project Manager: J. M. Huzdovich 

Power Plant Availability Engineering 
NP-21 68 Final Report (RP1446-1 ); $42.00 
This report presents the basic techniques of avail
ability engineering and describes the applica-

tion of probabilistic methodologies in this field. 
The fundamentals of probabilistic theory are re
viewed, and a basic model developed to imple
ment availability engineering in power plant de
sign, construction, and operation is detailed. Many 
examples based on actual field experiences in 
availability engineering are presented. The con
tractor is Pickard, Lowe and Garrick, Inc . EPRI 
Project Manager: J. M. Huzdovich 

SPEAR-BETA Performance Code System 
NP-2291 Final Report, Vol. 1 (RP700-3, 
RP971-1 , RP971-2); $19.50 
This volume provides a general description of the 
SPEAR-BETA fuel reliability code system. The 
methodology employed and the structure of the 
code system are summarized. Details are provided 
on major system components: data preparation 
routines, the mechanistic fuel performance model, 
the mechanistic cladding failure model, and the 
statistical failure model. The contractor is Entropy 
Limited.  EPRI Project Manager: S. T. Oldberg 

Fluid and Thermal Mixing in a Model 
Cold Leg and Downcomer With Loop Flow 
NP-2312 Interim Report (RP347-1); $21 .00 
This report describes a three-month series of fluid
mixing experiments performed at atmospheric 
pressure in a 1 /5-scale transparent model of the 
cold leg and downcomer of typical PWRs. Facil
ity geometry, instrumentation, and testing proce
dures are detailed. Data are presented in tabular 
and graphic form, and photographs of the mixing 
phenomenon that highlight the flow structure are 
included. The contractor is Creare, Inc. EPRI 
Project Manager: K. H. Sun 

Component Development for Duplex Tube 
Steam Generator for Large LMFBR Plant 
NP-2316 Final Report (RP1704-13); $15.00 
This report presents the results of a project to de
velop technology for double-walled ( duplex) tubes 
and the Foster Wheeler-type tubesheet for large 
LMFBR steam generators. Mechanically bonded 
duplex tubes fabricated under various manufac
turing conditions were evaluated. The contractor 
is FW Energy Applications, Inc. EPRI Project 
Manager: R. K. Winkleblack 

Solution Methods for 
Simulation of Nuclear Power Systems 
NP-2341 Final Report, Vol. 1 (RP1381 ); $10.50 
This volume (together with NP-1928) describes 
work performed from 1979 to 1981 to develop 
methods for reducing computer time and cost for 
the numerical solution of large nonlinear initial
value problems, with application to the dynamics 
of nuclear power systems. This work involved 
techniques for partitioning dynamic systems 
according to time-scale considerations and for 
solving dynamic equations by multirate integra
tion methods. The contractor is the University of 
Arizona. EPRI Project Manager: P. G. Bailey 

Liquid Carry-Over and Entrainment 
in Air-Water Countercurrent Flooding 
NP-2344 Final Report (RP1160-1 ); $1 8.00 
Countercurrent flows of air and water were studied 
experimentally under atmospheric conditions in 
single-tube and contraction-plate-in-tube test sec
tions. The results are presented primarily in terms 
of liquid carry-over rates as functions of gas in
jection rates. The contractor is the University of 



California. EPR/ Project Managers: Meir Toren 
and K. H. Sun 

TOAFEW-V Code and Library of 
1 54-Group-Processed ENDF /B-V Fission
Product and Actinide Cross Sections 
NP-2345 Interim Report (RP975-2); $10.50 
This report describes the reduction of the exten
sive neutron data of ENDF / B-V to a more man
ageable data base useful for calculations with 
core physics, inventory (burnup), and summation 
codes like those of the EPRI ARMP collection. 
This was accomplished by processing the detailed 
cross-section representations with the NJOY code 
to produce thermal, resonance-integral, and 154-
group values. The library of processed cross 
sections is furnished, along with a flexible cross
section collapsing code (TOAFEW-V). The con
tractor is the Los Alamos National Laboratory. 
EPRI Project Manager: Ode/Ii Ozer 

Instability Predictions for 
Circumferentially Cracked Stainless 
Steel Pipes Under Dynamic Loading 
NP-2347 Final Report (RPT118-2); Vol. 1, $9.00; 
VoL 2, $28.50 
This report presents methods to predict margins 
of safety for circumferentially c racked type-304 
stain less steel pipes that are subjected to applied 
bending loads. Volume 1 provides an overview of 
the technical approach, results, and conclusions. 
Volume 2 contains nine appendixes that detail the 
results. The contractor is Battelle, Columbus Lab
oratories. EPRI Project Manager: D. M. Norris 

Nonlinear Soil-Structure 
Interaction Analysis of SIMQUAKE I I  
NP-2353 Final Report (RP810-2); $13.50 
This report describes a method of modeling soil
structure interaction for nuclear plants in earth
quakes and its application to analyses of the 
SIMQUAKE II field test. The analytic approach can 
be used to simulate a three-dimensional structural 
geometry, nonlinear site characteristics, and arbi
trary input ground shaking. The method incorpo
rates STEALTH, an explicit finite difference code. 
The contractor is Weidlinger Associates. EPR/ 
Project Manager: H. T. Tang 

Water-Level Measurements Using 
Ex-Core Neutron Detectors at Farley Unit 1 
NP-2354 Final Report (RP1611 ); $18.00 
This report documents water-level measurement 
tests at Unit 1 of Alabama Power Co.'s Farley nu
clear plant. Measurements were made during a 
normal plant outage by using an ex-core neutron 
detector system placed on top of the reactor ves
sel head. The system was able to indicate when 
the water level in the vessel approached to within 
approximately four feet of the top of the reactor 
core. Two-dimensional computer calculations sim
ulating the experiment agree well with the mea
sured data. The contractors are National Nuclear 
Corp. ;  Science Applications, Inc. ;  and Technology 
for Energy, Inc. EPRI Project Manager: P. G. 
Bailey 

Nuclear Power Plant 
Perimeter Intrusion Alarm Systems 
NP-2355 Final Report (RP1173-1 ); $24.00 
This report presents the results of a study of nu
clear plant perimeter security systems conducted 
to provide guidance to electric utilities for plant-

specific application of various available systems 
or combinations of systems. Regulatory require
ments and cost-effectiveness evaluations are con
sidered. The contractor is E-Systems , Inc. EPRI 
Project Manager: B. P. Brooks 

Human Factors Methods for Assessing 
and Enhancing Power Plant Maintainability 
NP-2360 Final Report (RP1126-1 ) ;  $28.50 
This study-a follow-on effort to NP-1567, a hu
man factors review of nine power plants with re
spect to maintainability-provides data-gathering 
tools for use by utilities in reviews of their own 
plants . These tools, which are applicable to both 
nuclear and fossil fuel plants, include an illustrated 
checklist; a structured interview; task analysis for
mats; communications, illumination, and safety 
surveys; and potential accident and damage anal
yses. Enhancement opportunities and strategies 
are discussed. The contractor is Lockheed Mis
siles & Space Co., Inc. EPRI Project Manager: 
H. L. Parris 

Descriptive Evaluation of RELAP-5 
NP-2361 Final Report (RP1938-2); $9.00 
This· basic hydrodynamic model chosen for the 
RELAP-5 code development effort is evaluated. 
The report examines the basic assumptions used 
in developing the field equations , the major pro
cess and constitutive models, and the numeri
cal solution algorithm. Current applications of 
RELAP-5 are listed. The contractor is Practical 
Analysis & Computing, Inc. EPRI Project Man
ager: L. J. Agee 

Marviken Full-Scale Critical Flow Tests 
NP-2370 Final Report (RP956-1 ); 35 vols . 
(priced per vol.) 
This report documents the full-scale critical flow 
tests performed at the Marviken power station in 
Sweden. The volumes can be divided into three 
groups. Volumes 1-3 are survey reports; Volumes 
4-8 cover the test facility, measurement instru
mentation, computer system, calculation meth
ods, and data accuracy; and Volumes 9-35 pre
sent detailed results for each test. The contractor 
is the Marviken Project EPRI Project Manager: 
Avtar Singh 

Condenser Retubing Criteria Manual 
NP-2371 Final Report (TPS79-763); $13.50 
This report provides engineering assistance to 
utilities involved in retubing steam surface con
densers with corrosion-resistant materials, such 
as titanium and the recently developed high-alloy 
pit-resistant steels . Engineering problems ad
dressed are tube joint strength, roller expansion 
and flare, uplift forces on the condenser, vibration, 
and increased tubesheet and water-box corro
sion. The contractor is Stone & Webster Engineer
ing Corp. EPRI Project Manager: T. M. Law 

Model Pump 
Performance Program: Data Report 
NP-2379 Interim Report (RP347-1 ); $27.00 
A 1 /20-scale model of a reactor coolant pump 
was tested under single- and two-phase flow con
ditions to obtain information on two-phase pump 
performance and flow regime effects throughout 
three quadrants of pump operation. Extensive data 
from low-pressure air-water and high-pressure 
steam-water steady-state tests , cavitation tests, 
and transient blowdown tests are presented. The 

REPORTS 

contractor is Creare, Inc . EPRI Project Manager: 
K. H. Sun 

Techniques for Efficient Storage 
and Retrieval of Industrial Radiographs 
NP-2383 Final Report (TPS79-766-5); $12.00 
This study investigated techniques to improve the 
efficiency of industrial radiograph storage and re
trieval. The storage techniques considered were 
digital storage on magnetic disk or tape and ana
log storage on video tape, 33-mm film, or optical 
video disk. Image enhancement and data com
pression techniques investigated included optical 
image processing, analog signal processing of 
a scanned image, and digital enhancement and 
image coding techniques. The contractor is Sci
ence Applications , Inc. EPRI Project Manager: 
M E  Lapides 

Decentralized Data Systems: 
Results and Recommendations 
NP-2384 Final Report (RP1319-3); $34.50 
This report describes a survey of decentralized 
data systems that are potential sources for the 
information system for generation availability 
(ISGA), which is under development. It also ex
amines methods of integrating such sources into 
ISGA. Details of the surveyed utility, industry, and 
regulatory decentralized systems are provided, 
along with a matrix of data elements and formats 
that allows a comparison of the systems. The con
tractor is the Southwest Research Institute. EPRI 
Project Manager: J. M Huzdovich 

Implicit STEALTH: 
Special Version of STEALTH 
for Low-Speed Fluid Flow Analysis 
NP-2385 Final Report (RP965-5); $9.00 
This report describes a version of the STEALTH 
computer code designed for the calculation of 
problems involving low-speed fluid flow. The ver
sion employs an implicit finite difference technique 
to solve one- and two-dimensional equations of 
motion for both incompressible and compressible 
fluids. The contractor is Science Applications, Inc. 
EPR/ Project Manager: H. T. Tang 

HITCH Computer Code: 
Chemistry and pH Estimates 
of Concentrating Aqueous Solutions 
NP-2388 Computer Code Manual (RP404-1 ); 
$12.50 
This manual describes the code HITCH, devel
oped to calculate solution composition and high
temperature pH of faulted aqueous environments 
during concentration by high-temperature boiling. 
The code covers hydrogen, hydroxyl, ammonium, 
sulfate, bisulfate, bicarbonate, chloride, sodium, 
magnesium, and calcium ions , as well as ammonia 
and carbon dioxide. It is formulated in two versions 
applicable to steam generator waters. The bulk 
model applies to bulk water converted to steam 
as it rises in the steam generator. The isolated
cavity model applies to solutions in heated crev
ices. The contractor is NWT Corp. EPRI Project 
Manager: C. E Shoemaker 

Turbine Chemical Monitoring at AN0-1 
NP-2390 Final Report (RP1124-4); $15.00 
Trace contaminant chemistry was characterized 
throughout the secondary system at Arkansas 
Nuclear One Unit 1 (AN0-1) during normal and 
transient operation as part of a project addressing 
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low-pressure turbine corrosion. Because of the 
low-contaminant concentrations during normal 
operation, ion-exchange preconcentration tech
niques were employed over sampling periods of 
several days at up to 1 0  sample locations simul
taneously. Impurity mass transport relations were 
developed, with emphasis on sodium, chloride, 
sulfate, iron, and copper. The contractor is NWT 
Corp. EPRI Project Manager: T. 0. Passel/ 

Secondary-System Water 
Chemistry Program for AN0-1 
NP-2391 Final Report (RP1124-3); $1 8.00 
Trace impurity monitoring of the steam and water 
from various points around the secondary system 
at AN0-1 during full-power operation and during 
a cooldown is described, and characteristics of 
once-through steam generators are highlighted. 
Preliminary plant studies, equipment and proce
dures, sample analysis , and data analysis are de
tailed. The contractor is Babcock & Wilcox Co. 
EPRI Project Manager: T. 0. Passel/ 

Multidimensional 
Thermal-Hydraulic Reflood 
Phenomena in a 1 692-Rod Slab Core 
NP-2392 Interim Report ,  Vol. 1 (RP1 1 1 8-1 ) ;  
$ 10 .50 
This report presents the results of an examination 
of the physical processes governing the thermal
hydraulic reflooding behavior of a multipin PWR 
bundle. It describes the experimental apparatus 
and reviews the test · runs, which used varying 
initial rod temperatures, reflood rates, and sub
cooling temperatures. Multidimensional aspects 
of flow distribution are discussed, and heat trans
fer data are provided. The contractor is the Uni
versity of California at Los Angeles. EPRI Project 
Manager: R. B. Duffey 

Chemical Impurity Monitoring 
in the Turbine Environment at AN0-1 
NP-2397 Final Report (RP1 124-1 ); $10.50 
An overview is presented of three independent 
investigations of trace impurities in the secondary
side water and steam of AN0-1, a PWR with a 
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once-through steam generator. Monitoring took 
place in 1978-1979 between two turbine-disk
cracking incidents. Measurements were made 
near the point of first condensation in the low
pressure turbines; emphasis was placed on so
dium, chloride, and sulfate. The primary source 
of contamination was found to be the condensate 
polishing system. The contractor is NUS Corpora
tion. EPR/ Project Manager: T. 0. Passel/ 

Analysis to Predict 
the Shapes of Growing Stress 
Corrosion Cracks in BWR Piping Welds 
NP-2399 Final Report (RPT11 8-7); $12.00 
A model was developed to predict the shape dur
ing growth for stress corrosion cracks in BWR 
piping, with emphasis on large-diameter recircu
lation piping. The results of sensitivity studies per
formed with the model are presented. 11 was found 
that for the ranges of variables examined, the 
primary influence on crack shape is stress distri
bution. Somewhat smaller effects result from the 
absolute stress magnitude and from changes in 
growth kinetics and in initial flaw geometry. Life
time-to-failure estimates were also made, and the 
way each variable affects this parameter was ex
amined. The contractor is Aptech Engineering 
Services. EPRI Project Manager: R. L. Jones 

High-Temperature Thermodynamic 
Data for Species in Aqueous Solution 
NP-2400 Final Report (RP1 167-1 ); $16.50 
This report summarizes the results of experimental 
and theoretical research on the high-temperature 
thermodynamic properties of aqueous species im
portant to nuclear reactor water chemistry. Meth
ods of predicting thermodynamic functions are 
presented for electrolytes up to 300 °0 for use in 
supplementing experimental data. The report in
cludes tables (up to 300°0) of (1) important equi
librium constants for 78 reactions encountered in 
corrosion and precipitation in nuclear reactors, 
and (2) free energy functions for 56 individual 
species. The contractor is San Diego State Uni
versity Foundation. EPRI Project Managers: 
Daniel Cubicciotti and T. 0. Passel/ 

Turbine Chemical Monitoring at AN0-1 
NP-2404 Final Report (RP11 24-2); $13.50 
A project to assess steeple and disk rim cracking 
at AN0-1 is described. The report summarizes 
AN0-1 and its history, the secondary ion mass 
spectrometry analysis of cracked disk steeples, 
the continuous analysis of steam and water, and 
three grab sampling studies. The contractor is 
Westinghouse Electric Corp. EPR/ Project Man
, ager: T. 0. Passel/ 

BWR Environmental Cracking 
Margins for Carbon Steel Piping 
NP-2406 Final Report (RP1248-1 ) ;  $31.50 
Results are presented from a three-year experi
mental program comprising fatigue tests, con
stant extension rate tests, constant load tests, and 
electrochemical studies of plain carbon steel 
specimens in a range of high-temperature oxygen
ated water environments. The combinations of 
loading, temperature, and dissolved oxygen con
tent leading to pronounced, environmentally 
assisted cracking effects are identified, and two 
approaches are outlined for providing additional 
margin for environmental degradation in carbon 
steel piping design. The contractor is General 
Electric Co. EPRI Project Manager: R. L. Jones 

PLANNING AND EVALUATION 

Technical Assessment Guide 
P-2410-SR Special Report; $10.00 
This guide was compiled for the use of EPRI staff 
and contractors to provide a common basis for 
evaluating electric energy R&D alternatives. The 
guide has two sections. The first presents a brief 
summary of the economic methodology (the reve
nue requirement technique), data on fuel price pro
jections, and cost and performance information on 
transmission and generation technologies. The 
second presents a more complete explanation of 
the methodology and a series of sample problems. 
EPRI Project Manager: George App/egren 
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