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Making the Transfer Work 

Technology transfer is a very popular concept these days. 

Universities study it; corporate departments are created to foster 

it; consultants offer services to promote it. And during the past 

several years, technology transfer has become an increasingly 

important topic for EPRI management. This month's lead article 

describes some of the approaches currently being explored to 

ensure that the ever-increasing number of results from EPRl's 

research programs are quickly and broadly applied to benefit 

the electric utility industry and its customers. I stress currently because, within EPRI, 

technology transfer is a dynamic, constantly changing process. 

The article does not prescribe a set of rigid procedures that spell out with 

precision how one goes about transferring a new product (hardware, software, or 

information) from the laboratory to the user. It would be convenient if such a formula 

existed, but it doesn't. At EPRI, research is oriented toward its applications from the 

beginning: the needs of the electric utility industry are clearly identified by the industry 

advisory committees, the research programs are developed with the active involvement 

of the member utilities, and the vendors that will be responsible for providing the services 

or products are active participants in the research effort. But even with these 

advantages, technology transfer from EPRI to the utility industry is very complex. This 

complexity is the result of the many different types of research products involved, the 

diversity of EPRl's member utilities, and the challenge of providing the information to the 

right person within a given utility. 

There are literally hundreds of products being developed by EPRI, ranging 

from small circuit breakers to large power generation systems and from environmental 

data bases to computer programs for three-dimensional stress analysis. In designing 

ways to accelerate the use of these products, each category of results must be handled 

according to its unique characteristics. The next consideration is the wide range of 

needs and capabilities that exists within the utility industry. EPRI members range from 
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small distribution utilities with limited in-house technical capability to large generating 

systems that do all their own architect-engineering work. Information on research results 

must be prepared in such a way that it is useful across this entire spectrum. The final 

challenge concerns the difficulty of getting information on important research results 

from EPRI into the hands of the specific utility engineers who need it. The 

communications network within each electric utility is typically complex, dynamic, and 

unique. It is, therefore, important that EPRI understands and is sensitive to personnel 

communication routes within its member utilities. 

The key to successful technology transfer lies not in procedures but in people. 

For EPRl's transfer efforts to succeed, all the participants must be aware of their 

responsibilities and actively involved in the process. EPRI project managers must be 

aware that their responsibility for a given project does not end with the publishing of 

a final report but continues until the product is successfully applied on a utility system 

and is commercially available. EPRI management must be willing to try innovative ways 

of ensuring that information on R&D results is understandable, application-oriented, and 

available to the people who need it. And the management of each utility must ensure 

that an appropriate system exists for getting the research results to the part of the 

organization that can use them; utility management must also make it clear that the utility 

is committed to promoting the widespread and early use of new research results on 

its system. 

Richard L. Rudman 

Director 

Information Services Group 
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Authors and Articles 

T echnology transfer sounds straight
forward enough-almost too much 

so: as if an item is delivered and signed 
for and that's the end of it. In fact, the 
phrase refers to a great variety of tasks 
and communications between research 
and the everyday use of its results. 

Technology Transfer: The Ultimate 
Measure of R&D (page 6) explains how 
EPRI is identifying and organizing those 
tasks and communications so the paths 
are clearer and shorter. The author, sci
ence writer John Douglas, draws his ex
amples from many EPRI activities, most 
of them in the newly formed Informa
tion Services Group, directed by Richard 
L. Rudman. 

Rudman, once associated with IBM as 
a consultant on engineering computing, 
came to EPRI in March 1973 as assistant 
to the president. He organized an R&D 
planning staff a year later, and for the last 
two years he headed the Policy Planning 
Division. Rudman' s new responsibilities 
encompass the Institute's communica
tions, technical information, and member 
services. Rudman graduated from the 
University of California at Los Angeles 
and also earned an MS in nuclear engi
neering there. 

• 

N eed for a computer software system 
that can simplify the manipulation 

of complicated nuclear engineering data 
bases has been growing. Richard Karl-

4 EPRI JOURNAL November 1981 

gaard describes such a system in DATA
TRAN for Easy Access (page 14), which 
he prepared from material provided by 
several sources. 

Robert Whitesel, now with General 
Public Utilities Corp., was a project man
ager for the Code Development and 
Validation Program of EPRI's Nuclear 
Power Division. Whitesel, along with 
John Lamont, a project manager for the 
Power Systems Planning and Operations 
Program in the Electrical Systems Divi
sion, wrote a technical paper in 1980 on 
DATATRAN. 

G. A Mortensen, G. A Cordes, and 
R. K. House, staff members of Inter
mountain Technologies, Inc., wrote 
another paper on the DATATRAN sys
tem's use for the widespread communi
cation and manipulation of engineering 
data among utilities, manufacturers, and 
researchers. To round out the picture, 
Karlgaard also interviewed Harold J. 
Kopp of Technology Development of 
California, who worked on the develop
ment of DATATRAN when he was at 
Knolls Atomic Power Laboratory. 

• 

I gnorance in the mid-1960s and alarm 
in 1975 have been replaced in 1981 

by knowledgeable confidence about the 
causes and cures of cracks that have 
shown up in some piping of boiling water 
reactors. BWR Crack Control (page 18), 
by science writer Richard Immel, ex-

plains the special circumstances that pro
duce intergranular stress corrosion crack
ing (IGSCC), the mechanisms involved, 
and the variety of metallurgic, fabrica
tion, assembly, and field remedies that 
are now flowing from concerted industry 
R&D efforts. 

Two leaders of those efforts are Karl 
Stahlkopf, director of the Systems and 
Materials Department in EPRI's Nuclear 
Power Division, and Joseph Danko, man
ager of EPRI's program in IGSCC, pre
dominantly funded by electric utilities of 
the BWR Owners Group. Stahlkopf has 
specialized in material and process phe
nomena at the pressure boundary of nu
clear power systems since he joined the 
Institute in November 1973. He was 
previously a research fellow at the Uni
versity of California at Berkeley while 
earning an MS and a PhD in nuclear en
gineering. Stahlkopf was a naval officer 
for seven years, involved in the con
struction and operation of submarine 
propulsion systems. 

Danko came to EPRI in October 1978, 
having been in the nuclear technology 
department of General Electric Co. for 
seven years as manager of material and 
process development. His work there in
cluded methods to detect and prevent 
stress corrosion cracking. Between 1956 
and 1971, Danko worked in thermionic 
and other advanced power developments 
for Westinghouse Electric Corp. and 
General Electric. A graduate of Carnegie-



Mellon University in metallurgical engi
neering, he earned an MS and a PhD in 
the same field at Lehigh University. 

• 

W 
atchwords from the man who 
chairs EPRI's Advisory Council 

are offered in the profile Robert Sproull: 

Seeking the R&D Target (page 24). 

Stahlkopf 

Sproull has taught physics, planned and 
conducted research, obtained funding for 
R&D, managed a research laboratory, di
rected a federal R&D agency, and now 
combines nearly all those practices in the 
administration of a university. Ralph 
Whitaker, feature editor of the Journal, 

wrote this article after an interview with 
Sproull at the University of Rochester. 

Rudman 

Danko 
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TECHNOLOGY TRANSFER 
EPRl's challenge is to find R&D solutions to the technical pr 

But in the final analysis, that challenge ha 
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A
steady stream of useful products 
and processes are now being 
produced by EPRI' s R&D pro

gram. The variety is great, ranging from 
new commercial products to technical 
handbooks, and such results represent a 
savings to utilities of hundreds of mil
lions of dollars. However, the task of 
transferring this technology from EPRI 
to the specific utility personnel who can 
put it into practice has always been 
difficult. As EPRI's research programs 
have matured, the quantity of informa-

tion involved has grown rapidly, and 
more resources must be devoted to 
move these practical systems to where 
they are needed in utility systems. In 
recognition of this need, EPRI manage
ment is now working with utilities to 
find new avenues for technology trans
fer. The immediate goal is to make each 
member utility aware of what is avail
able. 

"What we are trying to do," says R. L. 
Rudman, director of EPRI's Information 
Services Group, "is to use the increased 



ltimate 
'ems being faced by the utility industry and its customers. 

ot been met until the technology is on-line. 

flow of research results as an opportun
ity to explore alternative methods of 
technology transfer and to assess their 
effectiveness." 

Passing highly technical information 
from a research setting to individuals in 
many disciplines scattered through 
many utilities, architectural and engi
neering firms, and vendor companies is 
very complex indeed. The task can per
haps best be understood through an il
lustration. Suppose the manager of a 
utility substation is getting complaints 

! from the local town council about trans
former noise. If the matter is serious 
enough, he initiates a request for a solu
tion that begins working its way through 
the company's various communications 
channels. 

Meanwhile, someone in the utility 
should have received at least two tech
nical reports and other supporting mate
rial from EPRI about a new and inexpen
sive method to control transformer noise 
by acoustically tuned enclosure panels. 
So the key question of technology trans-
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fer is this: Is there some mechanism 
within the company that can link a tech
nical problem with its solution in time 
to avoid much more expensive alterna
tives? Bonneville Power Administration 
took advantage of just such a connec
tion in 1980 and eliminated a capital in
vestment of $4.3 million by installing 
tuned panels at its Mcloughlin station. 

The process of technology transfer in
volves several steps. Information from a 
research project must be prepared for 
transmittal from EPRI; appropriate audi
ences must be identified; and once the 
information has been received by a util
ity, it has to be routed to the individuals 
who can act on it most quickly. Unused 
research results represent an unafford
able expense, but making this final in
ternal connection can also be costly
utility officials report having to spend 
increasing amounts of time on handling 
the internal flow of technical informa
tion. 

The size of the task was revealed in 
the results of a recent survey conducted 
at a major utility. A list of EPRI results 
was presented for evaluation on applica
bility, and utility personnel were asked 
which of the research results they were 
aware of. Although more than half of the 
items were judged "presently applica
ble" to the utility's operations, the in
dividuals surveyed had been aware of 
only about half of those results judged 
applicable. 

Meeting the challenge 

This situation is far from unique. Bottle
necks to technology transfer occur in 
every industry that depends on a steady 
stream of R&D results. Lack of support 
from manufacturers may delay introduc
tion of a technology. Failure to foresee 
the need for supplementary technology 
may cause rejection of a basically sound 
idea. And failure by research-oriented 
personnel to effectively communicate 
with the ultimate decision makers can 
hinder adoption of a technology. 

Such problems must be expected
technology transfer is a practical matter 

! and thus carries with it powerful real
world limitations. The biggest hurdle is 
the quantity of information. In the il
lustration given above, it would obvi
ously be impractical for the manager of 
the substation with the noisy trans
former to receive all EPRI reports. Nor 
could EPRI' s technical staff be expected 

1 to anticipate all the utility personnel 
that might profit from receiving a par
ticular report. Improved technology 
transfer must therefore involve estab
lishing adequate procedures within the 

1 
recipient companies for channeling in
formation to those who can use it. 

A related concern is complexity. No 
one can be an expert in all the technical 
fields related to his industry. Many in
dividuals, representing a wide range of 
needs and abilities, are involved in tech
nology transfer. The originator of tech
nical information must therefore provide 
a variety of communication channels 
and present the information at different 
levels of complexity to suit multiple 
audiences, including some outside the 
industry primarily concerned. 

There is a need for feedback. Direct 
personal links must be established be
tween the scientists and engineers at a 

I research institution and the users of 
their research results. This would allow 

! the information recipients to ask ques
tions and provide EPRI' s technical staff 
with an opportunity to gain operational 
field experience and thus fine-tune a 
technology to meet a utility's specific 
needs. Such contacts can range from 
quick phone calls to formal workshops 
or extensive joint projects. 

To meet these challenges, EPRI and its 
member utilities have already devoted 
considerable effort to technology trans
fer. Each utility can nominate represen
tatives to serve on the industry task 
forces and advisory committees that 
work closely with the Institute's techni
cal staff. Each utility also appoints its 
own technical information coordinator, 
who is responsible for making EPRI re
ports available to other utility personnel. 

For its part, EPRI provides a variety of 



media to supplement technical reports. 
These include the EPRI Journal, which 
has a circulation of 30,000; the Executive 

Report, which provides top utility man
agement with summaries of research 
results; and Video Memos, which are IS
minute videotape presentations on vari
ous aspects of EPRI R&D. Research re
sults that utilities could apply in the near 
term are reported annually in EPRI' s Re

search Results and Applications. One-page 
"Technical Application" sheets address 
specific problems facing utilities, review 
the research initiated to find a solution 
to a problem, and report how the prod
uct of that research is being applied in 
utility systems. Each of these vehicles 
represents a communications shortcut 
compared with the laborious task of 
reading detailed technical reports. Their 
aim is to consolidate information and 
make it more accessible to a broad 
audience. 

Additional opportunities for technol
ogy transfer through direct contact are 
provided by various personal networks. 
EPRI's member services representatives, 
for example, work directly with utility 
personnel to help them make use of the 
Institute's resources. All have technical 
training and act as EPRI's ombudsmen, 
as well as provide the Institute with 
feedback from their network of utility 
contacts. The three utility industry trade 
associations also have several special
interest networks, such as the EEI Engi
neering and Operations Committee, that 
monitor EPRI work of specific interest to 
their areas and report their findings 
through established liaison systems. 
And utilities interested in the develop
ment and early application of a particu
lar technology-fuel cells, for example
have begun establishing users groups, 
with EPRI support. 

R&D payoff 

These technology transfer mechanisms 
have already helped electric utilities 
throughout the United States apply the 
results of EPRI research, and such appli
cations represent an immediate payoff 

on the industry's R&D investment. A 
few examples can illustrate just how 
valuable this technology transfer has 
been to some individual utilities. 

One of the messages EPRI constantly 
receives from the industry is that the life 

i of present equipment needs to be ex
tended. One research response has been 
the development of several devices that 
detect incipient failures in turbines and 
generators before they cause major 
breakdowns. The savings that can be 
realized from using such devices became 
clear when prototype monitors detected 
abnormal arcing in two generators at the 
Martin Lake station of Texas Utilities 
Generating Co. in 1979. The company 
estimates it saved $500,000 that year 
alone in repair costs, and the monitors 
may have prevented single-event arc
related failures that would have cost as 
much as $18 million. 

When equipment must be replaced, 
other near-term EPRI research has pro
vided utilities more efficient or less 
costly equipment to upgrade their sys
tems. In some cases, fundamentally new 
technology has been developed. One 
important example is the new two-phase 
transformer that will soon begin to re
place PCB-insulated units in confined 
spaces where fire protection is at a pre
mium. The manufacture of nonflamma
ble PCB liquids is now forbidden, and 
oil-filled transformers sometimes re
quire extraordinary precautions for fire 
prevention. The new system uses a fluo
rocarbon liquid that vaporizes inside the 
transformer. Consolidated Edison Co. 
has installed and successfully operated 
a scaled-up, 6000-kVA version of the 
transformer at its Ravenswood generat
ing station. 

Improved procedures and handbooks 
can also be extremely useful. For ex
ample, as rights-of-way for transmission 
lines become more difficult to obtain, 
many companies are looking for ways to 
send more power over existing corridors. 
EPRI has published the Transmission Line 

Reference Book, 115-138-kV Compact Line 

Design to show how the voltage in cir-

coal blending 
with the aid of a continu
ous nuclear assay system 
is being used at Detroit 
Edison Co.'s 3000-MW 
Monroe station to econom
ically meet sulfur dioxide 
emission standards. 
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Georgia 
Power Co. has prolonged 
the useful life of transmis
sion line conductors by 
coupling in-service 
inspection with dampers 
on lines subject to aeolian 
vibration. 
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cuits can be doubled without the need to 
expand a right-of-way. By using this 
book as a guide to upgrade an existing 
69-kV line to 138 kV, Utah Power & 
Light Co. realized a savings of about 
$4500 per mile. 

A very different sort of technology 
transfer is involved when utilities need 
information to correct generic design 
deficiencies or to evaluate alternative de
signs of a proposed piece of equipment. 
Boiler feedpumps, for example, have 
been one of the major causes of forced 
outages in large fossil fuel power plants. 
To help utilities select the most reliable 
pumps for their particular circum
stances, EPRI studied the operating his
tory of over a thousand feedpumps to 
determine the leading causes of failure. 
The information, passed to utilities, in
dicated that reliability may vary more 
than SO% among the various designs 
available. In the case of one utility, 
Tampa Electric Co., this knowledge en
abled engineers to select a feed pump de
sign expected to save approximately 35 
hours of plant downtime per year. 

Demonstration of a technology on the 
facilities of a member utility provide a 
rich opportunity for direct transfer of 
technology. To avoid building expensive 
flue gas scrubbers to meet sulfur dioxide 
emission standards mandated by the En
vironmental Protection Agency, many 
utilities are trying to blend various 
grades of coal. Until recently, however, 
equipment was not available to optimize 
the use of expensive low-sulfur coal in a 
blend. EPRI' s solution was to develop a 
system for the continuous on-line nu
clear analysis of coal (CONAC). A pro
totype sulfur meter, a CONAC device, 
monitors the sulfur content of coals by 
bombarding them with neutrons and 
analyzing the returning radiation spec
trum. Detroit Edison Co. estimates that 
by installing a CON AC system at its 
3000-MW Monroe station, it realizes an 
annual savings of $13 million, compared 
with alternative methods for sulfur 
dioxide control. 

A
hotel conference room at the Dal
las, Texas, airport was the setting 

last summer for an important inquiry 
into technology transfer. In a two-day 
workshop, six of EPRI's member util
ities explained their practices and 
shared ideas for the transfer process. 

This was no evaluation of low-NO, 
burners, solid-state surge arresters, or 
induction heating methods. Instead, it 
was a review of how a few utilities 
handle the traffic of R&D information 
flowing from EPRI (and elsewhere) so 
that the technology content itself is 
sure to be seen and evaluated for ap
plication. 

The workshop participants were 
Bobby Barnes of Carolina Power & 
Light Co.; Ashby Baum of Virginia 
Electric and Power Co.; Joseph Credit 
of Colorado Ute Electric Association, 
Inc.; Edward Gastineau of Central and 
South West Corp.; David Jopling of 
Florida Power & Light Co.; and Joseph 
Legate of Nashville Electric Service. 
These men share a single character
istic: each is his organization's official 
or functional coordinator of EPRI in
formation in whatever form it is made 
available-reports, summaries, films, 
workshops, data sheets, newsletters, 
computer programs, seminars, data 
bases, and even this magazine. 

Otherwise, the coordinators are 
strikingly different in their back
grounds and in their company roles. 
Credit, for example, has been a utility 
engineer for 33 years (28 of them in 
New England). Now in charge of engi
neering and construction for Colorado 
Ute, he is one of three vice presidents 
who guide the rural cooperative util
ity's immediate operations. Credit's 
recommendations on R&D matters 
can get chief executive attention over a 
weekend-in hours, when necessary. 

Barnes, in contrast , was a civil engi
neering professor at North Carolina 



TRANSFER ON THE UTILITY SIDE 

State University only two years ago. 
Now, as CP&L's liaison to EPRI, he is 
one of three professionals working 
closely with an in-house R&D steering 
committee that guides seven special
ized working groups. These groups 
identify research needs, monitor de
velopments in their areas of interest , 
and act as conduits for passing EPRI 
research results back to the operating 
level. 

Like the coordinators themselves, 
the utilities represented at the work
shop share one characteristic: they are 
among the most actively inquisitive 
EPRI members. It would therefore 
have been easy to conclude that the 
ideas shared at the workshop would 
be most beneficial to the less-active 
utilities. There was easy assent to the 
analogy of a preacher who disarmingly 
insists, "Now, my message today is 
really for the folks who aren't here." 

EPRI' s approximately 630 members 
represent more than 70% of annual 
U.S. electricity generation. And be
tween 700 and 800 utility professionals 
serve on EPRI's many advisory com
mittees, task forces, program commit
tees, working groups, and project 
review teams. Still, as Rudman ob
served, more than 450 members have 
named no one to coordinate the EPRI 
research summaries now being mailed 
at a two-a-day dip-about 750 a year. 

A conclusion thus becomes appar
ent-the technology transfer process, 
like other effective communication, 
requires constant effort to get and 
hold attention, as well as to transmit 
information. What this means is that 
commitment from utility management 
is essential, both as an example to 
others and as an instrument of active 
guidance. 

There was discussion of how EPRI 
might aid utility managements in this 
phase. One approach would be to 

frame guidelines for R&D coordina
tion in utilities of different sizes-out
lining the skills, organization, budget, 
time, authority, responsibility, and 
procedures that have been found use
ful. Also, by studying the market po
tential of new technologies as part of 
their projects, EPRI research managers 
can build in the steps needed to carry 
R&D results to a larger utility audi
ence. Thomas Crawford, director of 
the Institute's Technical Information 
Division, suggested that EPRI's mail
ing lists to utilities might be expanded 
and more precisely coded to put the 
right material in the right hands at the 
right level, that is, where the technol
ogy decisions are made. 

The consensus here, as in other 
parts of the two-day Dallas meeting, 
was that the variety of utility sizes, 
ownership circumstances, service con
ditions, technology needs, organiza
tion forms, and management styles 
preclude most steps EPRI could take 
toward more specialized or insistent 
initiatives. At different times, Florida 
Power & Light's Jopling and Central 
and South West's Gastineau pointed 
out that leading a horse to water does 
not make him drink. Vepco' s Ashby 
Baum was specific about a utility's 
role. "We have an obligation to par
ticipate in the R&D that is likely to 
touch us-to express our interests and 
needs, to take advisory roles, and to 
review the work as it goes on." 

Baum was equally emphatic when 
he added, "When projects are done 
and the reports come to our doorstep, 
it's up to us to distribute them to the 
right people and to decide whether 
and how Vepco can benefit from the 
R&D findings. EPRI shouldn't have to 
force the results on us. We're the ones 
to do our own recommending." The 
remark does much to distinguish 
EPRI's role from that of a consultant. 

EPRI is a member-supported clearing
house of technology options and the 
information to support them. A con
sultant has a more direct responsibil
ity to recommend specific courses of 
action to a client. 

The specialized R&D communica
tion that everyone acknowledged to 
be effective is the good old standby, 
one-to-one conversation. Carolina 
Power & Light's Barnes said he simply 
telephones someone he knows at 
EPRI, describes his problem, and asks 
for the staff member who works in the 
subject area. Barnes's approach is now 
possible for anyone who calls a new 
hot line into EPRI: (415) 855-2411. This 
number is more than a directory ser
vice. For cases satisfied by references 
to published sources, it eases what 
could otherwise quickly become an 
intolerable volume of telephone traffic 
for the Institute's technical staff. 

Jopling and Florida Power & Light 
carry the process of direct contact still 
further by encouraging that utility's 
professionals to be active in the many 
EPRI advisory groups. In this way, 
they are privy to the R&D that inter
ests them, they can be sure that their 
questions are answered in the course 
of the research, and they develop a 
familiarity that makes eventual appli
cation of the R&D much smoother for 
Florida Power & Light. 

Differences in utilities, especially in 
their communication networks and 
decision channels, are the key factors 
that EPRI and its members must ac
commodate in the technology transfer 
process. R&D information must be 
varied in level, length, format, and 
medium so as to be useful to members 
with different needs. EPRI can push 
the availability of technology widely, 
but utilities ultimately must pull the 
transfer media and technology options 
they themselves select. D 

EPRI JOURNAL November 1981 1 1  



Pototype 
radio frequency monitors 
installed on two genera
tors of Texas Utilities 
Generating Co.'s Martin 
Lake station have 
detected abnormal arcing 
early enough to prevent 
major damage. 
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Field-testing new technology 

Technology transfer through the use of 
EPRI-sponsored test facilities is another 
important aspect of EPRI's program. 
This can best be illustrated by progress 
being made at two major new evaluation 
and test facilities. The Nondestructive 
Evaluation (NDE) Center, dedicated in 
Charlotte, North Carolina, earlier this 
year, provides the industry with a testing 
ground to ensure that NDE procedures 
and equipment developed through 
EPRI's research program are field
qualified. In addition, the center pro
vides training to utility personnel and 
their service contractors in the skills 
necessary for the application of NDE 
techniques. 

Construction of the Battery Energy 
Storage Test (BEST) Facility has been 
completed, and it will soon begin opera
tion as the focal point for joint industry
government work on advanced battery 
development. These batteries will be 
used to store electric energy generated at 
night to help meet midday demand 
peaks, thus avoiding operation of much 
more expensive oil-fired generators. By 
the mid-1980s, battery systems in the 
5-10-MWh range will be tested under 
conditions expected for commercial op
eration. Personnel from participating 
utilities can receive hands-on experience 
in operating such systems and will be 
able to evaluate directly which systems 
are most suitable for their needs. 

Transforming research results into 
practical applications by joint ventures 
is likely to become even more important 
as major new power generation tech
nologies are introduced. The search for 
new ways to burn coal in a more effi
cient, environmentally benign manner is 
particularly critical. One of the most 
promising new technological options is 
the atmospheric fluidized-bed combus
tion (AFBC) steam generating system, 
such as the one used in the 20-MW (e) 
pilot plant nearing completion at Ten
nessee Valley Authority's Shawnee 
steam plant near Paducah, Kentucky. In 

this combustion process, sulfur dioxide 
emissions are controlled by burning coal 
in a fluidized bed of limestone at about 
1550°F (843°C), a temperature that also 
minimizes the formation of harmful 
oxides of nitrogen. The need for costly 
postcombustion gas pollutant cleanup 
devices is therefore eliminated. EPRI is a 
major participant in TVA's 20-MW (e) 
pilot plant project, and TVA plans to fol
low this effort with a 100-200-MW (e) 
AFBC demonstration plant, operational 
in the late 1980s. 

New approaches 

Successful as these technology transfer 
efforts have been, EPRI' s maturing re
search program requires that new ap
proaches be tried. New policies and pro
cedures are being established to enable 
the technical staff to assume transfer 
responsibilities that go beyond simply 
publishing research results. In particular, 
technical support in the utilities' first use 
of new equipment or computer codes is 
the responsibility of EPRI' s technical di
visions and, ultimately, the program or 
project manager. This person is uniquely 
qualified to aid first users of a new tech
nology in adapting the products of re
search to a utility environment. 

A recent example of such work is the 
two-year collaboration of EPRI person
nel with Soyland Power Cooperative on 
the design, construction, and operation 
of a 220-MW compressed-air energy 
storage (CAES) plant. EPRI worked 
closely with Soyland in its formation of 
a coordinating committee of contractor 
representatives, preparation of engineer
ing specifications, evaluation of vendor 
qualifications, and preparation of a list 
of bidders. In addition, EPRI furnished 
current technical information, coordi
nated engineering-economic studies, 
and developed acceptance test criteria 
for the plant. 

An in-house technology transfer com
mittee has been established to act as an 
information clearinghouse for EPRI. 
The committee is chaired by Wayne 



Seden, manager of the Research Appli
cations Program, which also prepares 
the annual Research Results and Applica

tions. The committee includes represen
tatives of each of the Institute's technical 
divisions, as well as staff members re
sponsible for contracts, licensing, com
munications, technical information, 
member services, and research applica
tions. The committee has four major 
responsibilities: to bring together mem
bers of various divisions for routine dis
cussions of technology transfer; to iden
tify and define pertinent policy issues 
for consideration by EPRI management; 
to share perceptions on various ap
proaches to technology transfer; and to 
review recent experiences. 

Continuing efforts are being made to 
include vendors in the sponsorship of 
joint research and demonstration proj
ects. Willingness of a manufacturer to 
commit funds to a project is a good indi
cation that the company seriously in
tends to bring the technology in question 
to market, once commercial feasibility 
has been established. 

Renewed emphasis will be placed on 
using EPRI research facilities, such as 
NDE and BEST, as centers for technol
ogy transfer, since they represent the 
final, proof-test phase of R&D. The in
tent here is to minimize technical and 
economic risks associated with the com
mercial introduction of new technology. 

In addition, field tests offer an oppor
tunity for moving a technology quickly 
into widespread use. As an example, 25 
instrumented racks of Polysil* insulators 
are now being field-tested in utility sys
tems all over the United States. 

Utility initiative 

One of the most important new initia
tives, which will require close collabora
tion between EPRI and individual utili
ties, is to make the position of technical 
information coordinator more effective. 
New approaches to this important task 

*Polysil is an EPRl trademark. 

were the focus of a recent workshop in 
Dallas. An idea often heard in discus
sions of the coordinator's job is that he 
must be able to act as a technology bro
ker within his company. Such a role re
quires intimate familiarity with a util
ity's problems, as well as its people, so 
that R&D results can be matched with 
pressing company needs. 

A good coordinator is likely to be in 
midcareer, having spent a number of 
years with the company but not yet sad
dled with the heavy responsibilities of, 
say, a senior vice president. He should 
have some technical background, but he 
must be management-oriented. That is, 
the coordinator must be able to take a 
broad perspective of the company's 
needs, not a narrow, technical view. 

Experience indicates that the best use 
of EPRI research has been made by utili
ties that have a well-structured system 
of internal communication to identify 
current problems and match them with 
appropriate technical solutions. The 
technical information coordinator is a 
key element of this system. Other im
portant elements include the following. 

o Commitment from top utility man
agement in expecting technical staffs to 
monitor EPRI results and put the most 
promising new technologies into prac
tice in a timely manner 

o Active involvement in the industry 
advisory structure, as members of ad
visory committees are likely to be the 
first to know of coming developments 

In a recent speech to the Pacific Coast 
Electric Association, EPRI President 
Floyd Culler emphasized the importance 
of technology transfer in helping utilities 
meet their most pressing needs: "The 
demand for electricity must increase to 
sustain the necessary increased eco
nomic activity in the United States. Elec
tric power will certainly form the basis 
for the nation's reindustrialization. We 
will meet this demand if we match a 
well-deserved industry reputation for 
reliability with a new determination to 

accelerate technical progress. Research is 
the key; applying it is the challenge. I 
hope the utilities will find that EPRI 
R&D is their most important renewable 
resource. It can be, if research results are 
moved quickly to the power system. For 
EPRI programs to be successful they 
must be broadly applied throughout the 
electric utility industry." • 

This article was written by John Douglas, science writer, 
from information provided by Richard L. Rudman, di
rector of EPRl's Information Services Group, and 
Wayne Seden, Member and International Relations De
partment. The material on the Dallas workshop was 
written by Ralph Whitaker. 

Installation of SF. 
puffer breakers for 230-
kV fault isolation will mean 
significant savings and 
reduced maintenance for 
Carolina Power & Light Co. 
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DATATKAN fo 

E
arly in 1975 the staff of EPRI's Nu
clear Power Division began look
ing for a data base management 

system that could host utility nuclear 
engineering computations. The need for 
such a system had already been recog
nized by other segments of the nuclear 
power industry. For instance, in the field 
of nuclear reactor engineering, com
puter codes are frequently used to make 

Engineers often have to rumma 
on several d ifferent computers to 

engineering calculations. A s  
helps the user quickly pick this info 

Such data manipulation implies sophis
ticated computer programs and program
ming. Yet the engineer who needs to 
access data rarely has time to do complex 
computer programming. A computer sys
tem is needed that can not only handle 
large amounts of complex scientific data 
but also build on an engineer's general 
knowledge of FORTRAN-the computer 
language commonly used in scientific 
work. The ideal system would allow the 
engineer to perform FORTRAN input 
and output painlessly. It would also be 
advantageous if the system's application 
programs could be easily moved and 
adapted to other computer systems. 

"What was needed was a better high
way to move data," says Harold Kopp of 
Technology Development Corp. of Santa 
Clara, California. Kopp draws an analogy 

engineering calculations that involve between data manipulation and traveling 
large amounts of data; but to use data in 
this way, one must have the means to 
store and document the data so they can 
later be traced, retrieved, and manipu-

,. elated. Managing such large data bases 
has been a complicated and time-con
suming procedure. Fortunately, com
puter systems exist today that can handle 
vast amounts of scientific data efficiently 
and at high speeds. 

across America in a car: travel would be 
slow if the only way to cross the con
tinent was by a series of dirt roads. The 
driver would have to be a skilled map 
reader to always take the proper turns. 
But with a superhighway, the driver can 
go much faster and needs only basic 
map-reading skills. Kopp concludes that 
although a superhighway does not im
prove the inherent speed of the car, it 



Easy Access 
rough a number of data bases 
1e information needed for complex 
3.I computer software package 
ion out of a tangle of i rrelevant data. 

lets the car and the driver perform at top 
speed. 

DATATRAN is a computer program 
that performs the role of a superhighway. 
DATATRAN was developed by Kopp in 
1966 at Knolls Atomic Power Laboratory 
(KAPL) under the sponsorship of the 
Naval Reactors Program. At KAPL the 
need was to organize a data base for nu
clear reactor calculations, to link compu
tation programs to the data base and to 
each other, and to simplify the process of 
developing the input required to run 
these programs. By 1971 DATATRAN 
was used widely at KAPL. Even engi
neers with little computer training found 
they could access information and per
form computations that previously could 
be done only by sophisticated computer 
programmers. 

System function 

DATATRAN is a computer software 
package-a language that can be inte
grated into the computer's regular FOR
TRAN language and give the computer 
system a more efficient means of manag
ing large data bases. The DATATRAN 
language interpreter can translate simple 
DATATRAN statements into complex 
FORTRAN instructions, and by use of 

-� · � I  

! 

these DATATRAN statements, entire 
data bases can be constructed. The data 
can later be retrieved, and a series of pre
viously written FORTRAN programs can 
be executed to sort, list, plot, or mathe
matically manipulate the data , all at great 
speed. 

Exactly how DATATRAN works is 
viewed differently by engineers, pro
grammers, and computer room operators. 
To the engineer, it is a system for orga
nizing, storing, and retrieving data. The 
engineer can also specify the flow of com
putations needed to perform a specific 
engineering analysis without knowing 
the FORTRAN language. To the pro
grammer, DATATRAN is a user-oriented 
operating system. It is an extension of 
FORTRAN that can be used to manipu
late lists of data into and out of a data 
pool. To the computer operator, the 

�j. I �  JI .___. l 
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DATATRAN system looks just like any 
other computer job. At most engineering 
computing centers, a procedure has been 
devised in which only two or three pro
gram control instructions are necessary 
to run a DATATRAN job on the com
puter; to perform the same job with 
FORTRAN, several dozens of control in
structions are needed. 

"DATATRAN reduces the skill level 
required to use large computer pro
grams," comments Kopp. "Engineers can 
link programs together with DATA
TRAN. Normally you need a program
mer to do this." This linking capability 
gives DATATRAN the potential for 
handling most of the engineering com
putations performed by utility engineers. 
How fully this potential is realized de-

torily completed, a two-day user-training 
seminar is given on DATATRAN. The 
students first learn to program DATA
TRAN and the matching FORTRAN 
statements and then practice saving and 
recalling data with DATATRAN com
mands. The classes are concluded when 
the students are able to link sets of data 
by DATATRAN. 

One of the early users of DATATRAN 
was King House of Intermountain Tech
nologies, Inc. Under a contract with 
EPRI, House used DATATRAN in the 
two-phase-pump performance studies by 
Combustion Engineering, Inc. The objec
tive of this project was to obtain single
and two-phase-pump performance data 
over a wide range of steady-state and 
transient conditions. The test was done 

pends in part on how widespread DATA- on a %-scale model of a reactor coolant 
TRAN's use becomes throughout indus
try-like any language, DATATRAN's 
effectiveness is tied to its popular use. 
Kopp identifies the potential users as 
utility engineering staffs, equipment 
vendors, consultants, and contractors. 
For these people, DATATRAN would 
make possible an efficient exchange of 
data, the linking of codes developed at 
dispersed sites, and a uniform system for 
archiving different types of data-design, 
operating, and experimental. Use of 
DATATRAN would also mean a longer 
useful life for computer codes and re
quire less effort to keep them up to date. 

Installing DATATRAN on a computer 
system can take from a few days to a few 
months, depending on the system. It took 
Kopp only a few days to install DATA
TRAN on the CDC computer at the Uni
versity of California at Berkeley because 
Kopp's experience with CDC equipment 
goes back to his KAPL days. For IBM 
computers and the advanced vector com
puters, the installation process takes 
much longer. When installation is com
plete, DATATRAN is thoroughly evalu
ated by a series of test calculations to 
ensure that DATATRAN itself is func
tioning and is interacting properly with 
the particular computer system on which 
it is installed. When all tests are satisfac-
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system primary circulation pump. The 
data were then used to develop an ana
lytic method of describing pump per
formance for off-design conditions-the 
kind usually encountered in reactor cool
ant system analysis. Nearly 100 steady
state test points and 16 transient tests 
were ultimately conducted in the project, 
and about 10,000 pages of data were 
produced. The sheer bulk of these data 
reduced their usefulness. To simplify the 
analysis, the data were entered into a 
DATATRAN data base by giving each 
list of data a unique DATATRAN name 
that mnemonically documented and 
described it. The named lists were thus 
translated into DATATRAN data sets 
and were stored through the DATA
TRAN system as a part of the data base. 

In the sense that FORTRAN is a lan
guage, DATATRAN is like a set of abbre
viations, or acronyms, that can be used 
to streamline FORTRAN. For example, 
writes House, the name D.CE.PMPl/5. 
JUL79.EN.SCAN.P.SI5 was given to one 
list of steady-state data. The name ele
ments indicate these data (D) were pro
duced at Combustion Engineering (CE) 
during the Y

5
-scale pump performance 

tests (PMPl/5) and entered into the data 
base in July 1979 (JUL79). The data, ex
pressed in English engineering units 

(EN) and recorded on the data scanner 
(SCAN), are pressure data (P) from the 
suction instrument spool (515). 

The result of this unique DATATRAN 
name is that engineers who want to access 
the data from the two-phase-pump proj
ect need only know the number of the 
magnetic tape on which the information 
is stored and the unique data set name of 
the area of interest. The DATATRAN 
system handles the entire FORTRAN in
put and output by one DATATRAN 
statement. That is, the engineer does not 
need to know how many pieces of data 
are in the data set, how many records of 
data exist, where on the magnetic tape 
the data are written, or what the appro
priate FORTRAN retrieval statements 
are. 

System development 

EPRI's interest in DATATRAN began in 
1975, when the Nuclear Power Division 
began to speculate on how software and 
data base gathering projects might be 
carried out in the future. At that time, 
computer programs were being devel
oped by one contractor, while data were 
being gathered and organized by a 
second. Moreover, both the software and 
data were often needed by third parties, 
such as utility engineers, other con
tractors, or EPRI staff. A way was needed 
to make the data and software transfer
able to and among all parties. The sys
tems existing in 1975 that seemed to meet 
EPRI requirements were DATATRAN at 
KAPL and JOSHUA at Savannah River 
Laboratory. 

In late 1975 EPRI began a pair of proj
ects to investigate the adaptation of 
DATATRAN and JOSHUA to a utility 
environment. In a study performed at 
Rensselaer Polytechnic Institute, DATA
TRAN proved to have more advantages. 
Not only could DATATRAN codes be 
moved from one CDC to another, but 
also from CDC to IBM and back to CDC. 

Key to the acceptance of DATATRAN 
by utilities was that DATATRAN would 
not interfere with other utility computer 
use. Having participated in the porta-



bility study at Rensselaer, the New York 
State Power Pool volunteered as a host 
site for testing an applications program. 
The Arizona Public Service (APS) load 
flow program was chosen as a test proj
ect. These tests were carried out dur
ing 1979 and early 1980. The objective 
was achieved; DATATRAN functioned in 
a nondisruptive manner at the utility 
computation center even though many 
programming changes were made to the 
APS load flow program in order to create 
a DATATRAN version. These changes 
were necessary to move data between the 
computer memory and the data pool. Al
though only 25 DATATRAN statements 
were used in the 9500 lines of modified 
APS program segments, many lines of 
FORTRAN programming had to be 
changed. This was easily done, in spite 
of the fact that the staff consisted of first
time DATATRAN programmers, who 
were given no more than the standard 16-
hour training seminar. A preliminary 
DATATRAN version of the APS program 
required only half as much computer 
memory time and a quarter as much 
actual computer use time as the original 
version for a 450-bus electrical model. 

In addition to the amount of time saved 
on the computer, DATATRAN's ability 
to move the data easily from one com
puter to another is quite valuable. "You 
have to understand the difficulty of get
ting on and off a computer to really ap
preciate DATATRAN," comments John 
Lamont, project manager in EPRI' s Elec
trical Systems Division. Lamont, who is 
considering the use of DATATRAN in 
several electrical systems applications, 
says that with DATATRAN a user can 
move data around-within a computer, 
within a company, and even from utility 
to utility-providing each utility has 
DATATRAN on its computer system. 
When the original data are needed, one 
can easily retrieve them in the exact form 
in which they are wanted. Nothing is lost 
or has to be reprogrammed. 

With data so easy to access, it be
comes practical for utilities, contractors, 
and EPRI to share computer programs, 

thus saving everyone time and effort. 
"But," says Kopp, "in today's environ
ment that doesn't happen as much as 
it could. The programmer today often 
can't use two programs without wad
ing through irrelevant data." Extolling 
DATATRAN's ability to link data from 
one program to another, Kopp tells about 
a programmer at Yankee Atomic Electric 
Co. who had the job of organizing nu
clear cross-section data from numerous 
computer programs. The programmer 
had been working on this for several 
months. DATATRAN offered him the 
structure he needed, and in one after
noon he completed the job he had been 
struggling with for months. This kind of 
data linking can also be done between 
different utilities as more of them install 
DATATRAN. 

Brian Kirschner, a corporate planner at 
Yankee Atomic, agrees that utilities are 
in need of a concept like DATATRAN. 
"The ideal situation is to have a system 
like DATATRAN by which computer 
programs can talk to each other through 
a common data base structure." 

Present and future use 

Testing of DATATRAN in a utility com
puting center is under way at Yankee 
Atomic, Florida Power & Light Co., 
Virginia Electric and Power Co., North
ern States Power Co., and the New 
York Power Pool. In this testing phase, 
EPRI is seeking to determine DATA
TRAN's usefulness for normal in-house 
engineering computer jobs and the kinds 
of interaction that occur between DATA
TRAN and utility computer centers. 
FP&L, Vepco, NSP, and NYPP have IBM 
computers, while Yankee Atomic has a 
CDC computer. 

DATATRAN continues to be used by 
EPRI staff and contractors for data base 
applications, such as the CE 1/s-scale 
pump tests, BWR turbine trip and stabil
ity tests, and PWR transient tests. Proj
ects are being planned to reorganize 
pump data and critical flow data into 
DATATRAN lists and to provide a sim
ple interface to some of EPRI's nuclear 

reactor safety analysis programs (e.g., 
RETRAN). 

DATATRAN's usefulness in the elec
tric utility industry will depend greatly 
on the results of tests being done at the 
four utility sites. Although DATATRAN 
has been installed at several locations, 
two unknowns still exist. One is the pre
cise amount of manpower and time re
quired to adapt DATATRAN to indi
vidual computer systems. The other is 
the extent of support and maintenance 
expertise required by users. In addition, 
the users need a mechanism for provid
ing feedback both to DATATRAN's de
velopers and to EPRI. 

In response to these needs, EPRI has 
plans for work on a documentation clear
inghouse and maintenance function. As 
computer technology evolves, it will be 
necessary to modify DATATRAN to in
teract with new systems; as new pro
grams are written, it will be prudent to 
review the documentation of these pro
grams in order to maintain consistency 
in form. The benefit of such a clearing
house function is that any DATATRAN 
user will be able to quickly determine 
what a particular computer program 
does, what it must have as input, and 
what it produces as output. EPRI plans to 
support these functions. 

DATATRAN will become important to 
the electric utility industry only if the 
library of DATATRAN programs grows. 
The KAPL experience showed that large 
engineering computer programs are 
more easily used by writing DATATRAN 
program statements to prepare input 
from a more engineering-oriented data 
list. DATATRAN's future will be deter
mined by usefulness of this kind, and by 
how cheaply it can be maintained on the 
variety of computers used by the utility 
industry. • 

This article was prepared by Richard Karlgaard, science 
writer, from a paper by Robert Whitesel, General Public 
Utilities Corp . ,  and John Lamont, EPRI, and a paper by 
G. A. Cordes, R. K. House, and G .  A. Mortensen, 
lntermountain Technologies, Inc. 
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Stress corrosion cracking i n  reactor pi p ing has been a headache for BWR owners for 

over a decade. Cooperative research by EPRI and the Boi l i ng Water Reactor Owners 

Group is providing the remed ies to bring th is problem under contro l .  

D
uring September 1974, a moni
toring system at the Dresden-2 
nuclear power plant at Morris, 

Illinois, recorded an increase in water 
leakage into the dry well that seals the 
reactor vessel from the rest of the con
tainment building. The plant, owned by 
the Commonwealth Edison Co., was 
promptly shut down, and subsequent in
spection revealed two cracks in the 4-in 
stainless steel piping of the recirculation 
bypass loop. The defective pipes were re
placed, and Dresden-2 was put back on
line. 

There was no hazard associated with 
the leak at Dresden-2, but General Elec
tric Co., designer of the reactor, routinely 
alerted operators of similar facilities, and 
the Nuclear Regulatory Commission 
(NRC) ordered additional piping inspec
tions. Nevertheless, the shutdown of 
Dresden-2 marked the beginning of a 
series of events that eventually would 
bring about the organization of the Boil
ing Water Reactor Owners Group and 
the establishment of a $43.8 million joint 
EPRI- BWROG research effort. 

Stress corrosion cracking, the kind that 
occurred at Dresden-2, was not particu
larly unusual in BWRs-at least, not in 
older plants. But Dresden-2 was a new 
design, and the plant was only four 
years old. Moreover, a crack was found 
in piping at Dresden's sister plant, 
Quad Cities-2, only a few days after the 
Dresden-2 shutdown. 

In October 1974 piping cracks were 
found at two Japanese BWR facilities. By 
the end of January 1975 cracks had been 
reported at three other plants, and the 
number of cracks found at Dresden-2 
had risen to 12, some of which were in 
the core spray loop system. 

In 1978 several large cracks were found 
in piping at the Duane Arnold nuclear 

power plant in Palo, Iowa, and there were 
further instances of stress corrosion 
cracking in Japan and Germany. 

By the middle of 1978 a total of 132 
corrosion cracks had been found in 
BWRs throughout the world. Stress cor
rosion cracking-increasingly trouble
some and expensive-had become a 
high-priority research item. 

Corrosion cracking 

Intergranular stress corrosion cracking 
(IGSCC) had been a problem to metal
lurgists and corrosion engineers even be
fore it started to show up in BWRs in the 
mid-1970s. Stress corrosion cracking oc
curs primarily at welded joints of type-
304 stainless steel, a standard grade of 
stainless that is in wide industrial use. 
IGSCC was not uncommon outside the 
nuclear power industry; however, in 
other applications the affected pipes were 
relatively easy to repair or replace, and 
there was less incentive to determine 
causes and find remedies. 

A. David Rossin, formerly director of 
research for Commonwealth Edison and 
chairman of the BWROG Technical 
Committee, who is now director of 
EPRI's Nuclear Safety and Analysis 
Center, elaborates, "Pipe cracks had 
previously developed in power plants, 
refineries, and laboratory equipment. 
So when cracks were found in piping 
at Commonwealth Edison's Dresden-I 
plant in the late 1960s, there was little 
concern within the industry." Dresden-I 
was the second large nuclear power plant 
to be built in the United States and the 
first to start commercial operation (1960). 
"We fixed the cracks at Dresden-I by re
placing the piping with a different grade 
of stainless steel," Rossin reports. At that 
�ime there was nothing to indicate that 
corrosion cracking was going to become a 

contributing factor in the downtime of 
many nuclear power plants in the United 
States and abroad. 

Stress corrosion cracks are microscopic 
cracks that originate in stainless steel im
mediately adjacent to a weld. Unlike 
fatigue cracking, which is a result of re
peated mechanical stresses, IGSCC is a 
result of electrochemical processes that 
break down the protective film on stain
less steel. This phenomenon occurs prin
cipally in an area referred to as the heat
affected zone, an area that is sensitized 
by the welding process. The cracks start 
on the inside wall of the pipe and gradu
ally lengthen and radiate outward, fol
lowing the grain boundaries of the metal 
in the sensitized area; in severe cases, the 
cracks penetrate the pipe wall, causing 
leaks. 

In BWRs the cracking occurs mainly in 
piping associated with the recirculation 
system. (PWRs are not subject to IGSCC 
becd use their water chemistry inhibits it.) 
The recirculation system pumps 1000-psi 
(6.9-MPa) water into the reactor core, 
where it is heated and converted to 
steam. "The cracks are very small and 
very tight, and they do not occur in the 
weld itself," explains Joseph Danko, 
EPRI-BWROG program coordinator. 
Danko states that about 35% of crack in
cidences manifest themselves as leaks; 
the rest are detected with ultrasonic test
ing equipment. 

Corrosion cracking is not considered a 
hazard. The affected piping is located 
within the reactor containment building, 
and it has been determined that the de
fective pipes always leak before they 
break, thus ensuring detection and re
pairs before a safety problem can de
velop. But stress corrosion cracking of 
BWR pipes burdens the utilities in other 
ways. For example, the potential radia-
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tion exposure of repair personnel is in
creased, and the cost of unscheduled 
shutdowns is high-as much as $1 mil
lion a day just for replacement power 
from oil-fired plants. 

Although cracking is not a frequent 
occurrence (about 1% of the welds crack), 
neither the welds most apt to fail nor the 
time when failure is most likely to occur 
can be predicted. Some welds crack a few 
weeks after installation, others several 
years later. 

The EPRI-BWROG response 

The 1974 leak (subsequently attributed 
to IGSCC) in the recirculation bypass line 
at Commonwealth Edison's relatively 
new Dresden-2 unit, as well as the rapid 
succession of other reported leaks, pro
vided the impetus for an industrywide 
effort to resolve the IGSCC problem. 

EPRI began a number of projects de
signed to isolate the basic causes of stress 
corrosion cracking, and General Electric 
Co., designer of all BWRs in the United 
States, undertook a comprehensive study 
of its own. The General Electric investi
gators concluded that unusual residual 
weld stresses were a key factor in the 
stress corrosion cracking that was being 
encountered. Because the cracks were 
limited to small pipes ( diameters of 10 in 
or less) and because repair times were 
relatively short (two or three weeks), the 
utilities decided to handle the cracking 
problems as they occurred at operational 
facilities. However, steps were taken to 
provide fixes at plants under construc
tion that were committed to using con
ventional stainless steel. 

At this point, considerable knowledge 
had been gained about stress corrosion 
cracking, and the first remedies were be
ginning to take shape. It was known, for 
example, that three conditions had to be 
present before IGSCC could occur; more
over, the absence of any one of the three 
would prevent IGSCC. The conditions 
are tensile stress in the welded joint, 
sensitized metal adjacent to the weld, 

limited to pipes with diameters of 10 in 
or less. 

Unfortunately, the corrosion cracking 
problem was soon to become more com
plicated, its potential consequences more 
severe, and thus its solution more urgent. 
Two 12-in-diam pipes-one in Japan and 
one in the United States-developed 
stress corrosion cracks. Even worse news 
came out of Germany. Both ends of 
a 24-in recirculation line in a KRB unit 
in Gundremmingen were found to be 
severely cracked. Although the German 
reactor was an old one (similar in design 
to the Dresden-I plant), the report was 
disturbing because pipes with diameters 
larger than about 10 in had previously 
appeared to be free of IGSCC. 

The implications of the cracking of 
large pipes were serious. It was bad 
enough to take a plant off-line for two or 
three weeks to make emergency repairs 
to a 4-in line, but the replacement of 
larger pipes could shut a plant down for 
several months. Besides the enormous 
cost of an extended shutdown and the in
creased radiation hazard for repair per
sonnel, there was concern about public 
response to a technical and economic 
problem that the media were portraying 
erroneously as a safety issue. "Nuclear 
power is a controversial technology," 
comments Rossin. "We have enough 
real problems without adding fictitious 
ones." 

More than any of the other instances 
of stress corrosion cracking, the German 
incident served to unify the group of 
BWR owners. "It told us that instead of 
getting our group together periodically to 
exchange information, we had to move 
decisively to solve the cracking prob
lem," Rossin reports. BWROG was or
ganized by 24 U.S. utilities in October 
1979. (Later, 11 others from Sweden, 
Switzerland, Finland, Italy, Spain, 
Taiwan, and India would join.) Even be
fore that date, however, the BWR owners 
had negotiated with EPRI for help in put
ting together the basic structure of an ex-

and an environment conducive to crack- tensive research program that would 
ing. It was also thought that IGSCC was promise effective control of a problem 
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I I 
Three conditions must exist s imu ltanE 
ously for stress corrosion cracking to 
occur: sensitization of the material 
(generally through welding), stress, 
and an interactive environment. 

Remove any one of the three condi
tions and the cracking problem is el ir 
inated. Remedies are thus tai lored to 
these conditions. 

REMEDIES 



Sensitized Material 

Solution heat treatment 

Corrosion-resistant 
cladding 

Use of type-304 and type-316 nuclear
grade stainless steel 

Stress 

Induction heat ing 
stress improvement 

Heat-sink welding 

Last-pass heat-sink 
welding 

Stress 

Environment 

Environment 

Reduction or removal of impurities 

Oxygen reduction 
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that was becoming increasingly im
portant to the industry. 

The research project that was needed 
would cost more than EPRI could support 
by itself, but in anticipation of formal ties 
with the owners group, EPRI boosted its 
spending on IGSCC research from $3 
million in 1978 to $10.9 million in 1979. 
Once the four-year, $43.8 million joint 
EPRI-BWROG program was formally 
started in 1980, EPRI' s commitment was 
cut back to $3 million a year. 

Research objectives 

The EPRI-BWROG project had three 
objectives: to determine the causes of 
the stress corrosion cracking, to develop 
remedies, and to get those remedies into 
the field. 

Stress corrosion cracking in stainless 
steel pipe was known to occur when 
combinations of stress, water conditions, 
and sensitization of the steel near welds 
work together to cause cracks to grow. 
The key to the problem-resolution phase, 
drawn from earlier work at EPRI and 
elsewhere, was the development of a 
model of these three conditions. The re
lationship can be illustrated by three 
overlapping circles; cracking is likely to 
occur only when all the conditions are 
present-where all three circles overlap. 
It follows that eliminating one of the ele
ments or reducing it below some critical 
threshold would inhibit or prevent cor
rosion cracking. 

It should be noted, of course, that the 
model is an oversimplification of a com
plex relationship; for example, the rela
tive sizes (the importance) of the circles 
would not always be the same, but would 
vary from situation to situation. Karl 
Stahlkopf, director of the EPRI Nuclear 
Power Division's Systems and Materials 
Department, notes that those circles are 
not nearly as precise a representation of 
the problem as they might appear. "They 
look nice in a model, but in the real world 
those lines are not so clear. In fact, they 
are very, very fuzzy," he explains. 

Because sensitization characteristics 
can be controlled to some extent by 
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changing the chemical composition of 
the alloy, sensitization was the first of the 
three corrosion cracking conditions to be 
attacked. 

It is chromium that makes austenitic 
stainless steel "stainless," or more accu
rately, resistant to corrosion. When steel 
is welded, however, the heat imparted 
by the welding process causes some of 
the chromium atoms to migrate and form 
clusters of chromium carbide, thus ef
fectively reducing the chromium content 
from about 17% to less than 12% at grain 
boundaries. This leaves small areas
sensitized areas-of chromium-depleted 

metal near the weld that are susceptible 
to corrosion because their chromium 
content is below the effective minimum. 
It is important to note that once begun, 
the sensitization process may continue 
at a very slow rate for a long time (per
haps as long as 10 years), driven by 
nothing more than the heat from normal 
reactor operations. 

Sensitization problems can be virtually 
eliminated in the case of newly manu
factured pipe by slightly lowering the 
carbon content of the steel and adding 
nitrogen. The resultant alloy, called nu
clear-grade stainless, is available in both 

Residual stresses in welded joints can be 
relieved by converting tensi le stresses on the 
i nterior of the pipe wall to compression 
stresses. Three methods of altering these 
stresses are heat-sink welding, last-pass heat
s ink welding, and induction heating stress 
improvement. Residual stresses decrease as 
pipe diameter increases. 
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type-304 and type-316. 
There are at least two ways of desensi

tizing new pipe (after manufacture but 
before installation) or used pipe that has 
been disassembled. In one process, called 
solution heat treating, the welded area is 
desensitized by placing the welded joint 
in a furnace and heating it to 1950° F 
(1065 ° C). This dissolves the chromium 
carbide particles back into the metal 
grain. The second technique, application 
of corrosion-resistant cladding, involves 
putting a lining of weld metal inside the 
pipe before the joint is welded. 

Tensile stress, another of the necessary 
conditions, has also been attacked in sev
eral ways. Because a weld bead contracts 
as it cools, a residual stress is created 
on the edges of the welded metal. Re
sidual stress was a well-known phenom
enon, but the magnitude of those tensile 
stresses and the ways in which they could 
interact with the other two corrosion con
ditions (sensitization and environmental 
conditions) had been less clearly under
stood. 

There are several ways of relieving re
sidual stresses in welded joints, all based 
on the principle of converting tensile 
stresses on the interior of the pipe wall 
to compression stresses-that is, causing 
the stresses to act in a direction that tends 
to press the joint together rather than 
pull it apart. 

Heat-sink welding (running cooling 
water inside the pipe while the joint is 
being welded) and a variation of that pro
cess, last-pass heat-sink welding (in 
which the cooling water is used only on 
the last welding pass), both alter the re
sidual stresses as described above. A 
third method, induction heating stress 
improvement (IHSI), has been developed 
by the Japanese. In this method, which is 
used after the welding is complete, the 
exterior of the pipe is heated while cool
ing water flows through the inside. Al
though IHSI is a more expensive process 
than either of the heat-sink methods, it is 
the only method developed so far that 
can be used on installed piping in an 
operating nuclear plant. 

All these sensitization and welding
stress remedies were introduced last year 
and are being used by the utilities. NRC 
has stimulated interest in using the new 
alloys by extending its required inspec
tion cycle from 80 months to 120 months 
for facilities in which the new approved 
materials are used. Eighteen utilities have 
shifted to the new alloys, and two that 
are building new plants scrapped the 
standard type-304 stainless piping that 
had been bought and replaced it with 
nuclear-grade metal. Sixteen others are 
using corrosion-resistant cladding tech
niques and solution heat treatment. 
These last two desensitization methods 
have been completely accepted by NRC, 
and credit for relief of augmented in
service inspection provided. The heat
sink welding remedies have not yet re
ceived this credit. 

The third corrosion condition (opera
tional environment) has proved to be the 
most difficult of the three to alter. Unlike 
PWRs, which use extensive water treat
ment, BWRs operate with high-purity 
water. It has been found that at BWR 
operating temperatures, as little as 200-
300 parts per billion of dissolved oxygen 
in the water can act as a corrosion catalyst 
if sensitization and tensile stresses are 
present. Ways of eliminating the dis
solved oxygen are being developed here 
and abroad (e.g., adding hydrogen to 
combine with the oxygen to form water), 
but none of them is operational. In addi
tion to the dissolved-oxygen problems 
there are other water contaminants that 
must be dealt with-chlorides leaking 
from the coolant side of the condenser 
system (often seawater) and resin, which 
sometimes migrates from the water puri
fication system itself. 

Research results 

By April 1981 the total count of cracking 
incidents at BWR facilities had increased 
to 254. But the EPRI-BWROG program 
is nearing the end of its second year, 
and containment of the problem seems to 
be at hand. Moreover, the remedies al
ready developed hold the promise of ful-

filling another objective, that of provid
ing repairs that will last the 40-year life 
projected for nuclear power plants. In 
addition, advanced testing procedures 
will soon make it possible for utilities 
to predict which welds are most likely 
to fail and to estimate their remaining 
service life. For example, EPRI is com
pleting work on an automated, micropro
cessor-controlled ultrasonic testing sys
tem called the adaptive learning network. 
This system will make it possible to de
tect and measure interior cracks more 
accurately and to reduce substantially the 
radiation exposure time of repair person
nel. The first field model of the adaptive 
learning network is scheduled for testing 
before the end of the year, and the unit 
should be available to utilities in 1982. 

A portion of EPRI's newly completed 
$4 million Nondestructive Evaluation 
(NDE) Center in Charlotte, North Caro
lina, has been reserved for pipe-remedy 
applications and technology transfer ac
tivities related to the BWROG project. 
The prime objective of the NDE facility 
is to put research results to work at the 
utilities as soon as possible. 

The nuclear power industry has come 
a long way since the 1974 incident at 
Dresden-2. Rossin expresses what the 
program means to the owners, "The main 
thing from the owners' point of view is 
that even though they will still have some 
occurrences of pipe cracking, they know 
the cracks are not a safety problem. Out
ages can be minimized and repairs can be 
made with a high degree of confidence 
that the same kind of problem won't 
occur again." 

Summing up for EPRI, Karl Stahlkopf 
comments, "We feel we understand the 
problem and we know how to mitigate 
it." But he adds, "We still have a lot of 
confirmatory research going on; we want 
to make sure we don't have an unfore
seen problem that will show up five or six 
years down the road." • 

This article was written by Richard Immel, science writer. 
Technical background information was provided by Karl 
Stahlkopf and Joseph Danko, Nuclear Power Division. 
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S
omething is revealed about the 
city, the institution, and the man 
when Robert Sproull picks up a 

visitor at the Rochester, New York, air
port, drives to the nearby campus, and 
leads the way -two steps at a time and 
talking over his shoulder-to his second
floor office as president of the University 
of Rochester. 

This is an informal man, an energetic 
man, a man of many interests living and 
working in an institution and a commu
nity large enough to challenge him but 
small enough for his responses to be visi
ble during his time. 

Robert Sproull has been at Rochester 
for 13 years: 2 as vice president and pro
vost, 5 as president, and 6 more as both 
president and chief executive officer. 
Sproull's time with EPRI is over 4 years, 
the period of his service on the Institute's 
Advisory Council, which he now chairs 
during a I-year extension of his 4-year 
term. The 25 Council members are drawn 
from a wide range of U.S. businesses, 
professions, and interest areas. They are 
appointed by the Board of Directors, not 
to represent specific constituencies, but to 
bring many viewpoints to bear on the 
energy issues seen by EPRI's directors, 
management, and members. 

The need for perspective 

Sproull emphasizes that the Council's ad
vice doesn't extend into the substance of 
R&D programs and their direction; that 
is the province of another group, the Re
search Advisory Committee. He finds a 
metaphor useful in distinguishing the 
two groups' roles and capabilities. For 
Sproull, the methodical planning, con
duct, and evaluation of R&D represent 
EPRI' s brain at work, fully attentive to its 
tasks. "But what decides whether you're 
going to put attention on this or that? 
What gives the brain its perspective? 
That's the mind. And the Advisory Coun
cil serves to some extent as EPRI's mind, 
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Robert Sproull: 
Seeking the R&D Target 

The question of where to focus R&D attention is just as important 
as how well the work is done. Useful perspective is often provided 
by those outside one's own field or institution, says this university 
president and physicist, who now chairs EPRl's Advisory Council. 



in the sense that we can tell EPRI, 'Look, 
this is a terribly important subject.' It's a 
question of where the Institute' s attention 
is, not how the R&D is handled or what 
the final answer turns out to be." 

As he considers technical subjects to
day, especially the energy issues he de
liberates with his Advisory Council col
leagues, Sproull is harsh in assessing his 
own qualifications. "I'm just not that 
much of a professional any more. I used 
to be, but I'm not now. My contribution 
is to stand off a little bit and look at all 
sides." For example, Sproull recalls a 
Council meeting where EPRI President 
Floyd Culler talked about the chemical 
forms of radioiodine as it would evolve 
from a nuclear power accident, appear 
in the atmosphere, be ingested, pass 
through the food chain, and so on. "I 
understood what he was talking about, 
but as to quantifying the problem and 
the implications of new chemical studies 
that show it to be nowhere as bad as we 
thought, I'm just no longer in a position 
to have a critical view whether Floyd is 
right or wrong. My guess is that he is 
right because he is a pretty sound char
acter." 

Character assessment is not a suffi
cient description of the Advisory Council 
chairman's role. Sproull says he tries to 
evaluate the professionals' points of view. 
"Because I can't criticize the actual num
bers, I audit the interaction between the 
other Council members. It's a kind of 
second-order, once-removed contribu
tion." 

A move toward management 

At 63, Sproull looks back on a 38-year 
career that includes 16 years of solid
state physics teaching and research, 6 
years of research laboratory and agency 
management, and 16 years of university 
administration. Actually, it would be bet
ter to say that he draws on the experi
ences of that career; it is not Sproull's 

habit just to look back, although he says 
of his early teaching at Cornell Univer
sity in 1946, "I had a bunch of absolutely 
superb graduate students. It's hard to 
be other than romantic and dewy-eyed 
about the whole thing." 

It is fitting that Sproull should aid elec
tric utilities in the R&D pursuits ac
knowledged to be of such high priority 
for ensuring future electricity service. 
Sproull' s father was local manager for 
the utility serving his boyhood home
town in north central Illinois, and Sproull 
clearly remembers, at age 8, going out 
with his father after midnight thunder
storms, to check on interruptions, cus
tomer problems, and restoration of ser
vice. 

Events of Sproull's academic and pro
fessional life were less symbolic and 
more substantive preparation for his 
work today for the university and for 
EPRI. After three years at Deep Springs 
College, a tiny work-study ranch school 
in the high desert of eastern California, 
Sproull graduated in physics from Cor
nell in 1943, establishing a connection 
that would endure for 25 years. He 
worked for RCA for three years, then 
joined the Cornell physics faculty as an 
assistant professor. He became a profes
sor in 1956, director of the laboratory 
of atomic and solid-state physics in 1959, 
director of the materials science center a 
year later, and vice president for aca
demic affairs in 1965. 

The key event hidden in this chro
nology was Sproull' s two-year leave, 
from 1963 to 1965, to direct the Defense 
Advanced Research Projects Agency 
(DARPA) in Washington, D.C. Sproull 
had by then done much to develop sup
port (including federal contracts) for Cor
nell's physics research program and lab
oratories. In fact, he had developed a 
taste and a competence in R&D planning, 
funding, and management. Sproull pre
fers to recall, however, the way officials 

of the Department of Defense insisted 
that it was his turn to work the other 
side of the street, to do his time in Wash
ington. 

Setting a two-year limit on his govern
ment assignment was Sproull's way of 
ensuring ahead of time that his enthusi
asm would not flag. That enthusiasm re
turns as he tells of DARPA's role, one of 
its major successes, and some of the prac
tices that made it authoritative and re
sponsive in R&D management. 

Created just after Sputnik in 1957, 
DARPA had as one of its responsibilities 
the acceleration of space research, which 
up to that time had been done by the 
military services. Even after NASA came 
into being in 1959, DARPA remained be
cause it was not limited by the mission of 
any military service branch and could 
provide central management when more 
than one military branch was involved. 
By 1963, for example, DARPA research 
had been responsible for a satellite sys
tem that gave the United States the abil
ity to detect nuclear explosions any
where in the world. Sproull is grateful 
for that achievement (before he was with 
DARPA, incidentally) because it gave the 
U.S. Senate confidence in ratifying the 
nuclear test ban treaty. "That ban," says 
Sproull, "was one of the greatest things 
in the postwar period because it started 
the business of talking with the Russians 
rather than just threatening to thermo
nucleate them, which is a terrible way to 
communicate." 

Ideas from outside 

Considering its purposes, DARPA's an
nual budget was relatively small (about 
$400 million in 1963, Sproull recalls), "so 
what we wanted to do was exert lever
age on a bigger program." Sometimes 
the idea was to widen the scope of an 
R&D program being done by one of the 
armed services. DARPA's own contracts, 
Sproull explains, could go beyond the 
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mission limits of the Army, Navy, or Air 
Force. At other times, the need was for 
a longer-term view, and DARPA's work 
would "stretch the service R&D spon
sors-keep them out of just the current 
year and get them thinking 5 or 10 years 
ahead. And to some extent," Sproull 
adds, "it seems to me that is EPRI's role 
now." 

Speed was another mark of DARPA's 
work. "If somebody had an idea and 
came in the morning, we would talk with 
him. If we thought we needed to do it, 
we could and did commit a million dol
lars before the close of the day." Sproull 
does not recommend that kind of speed 
for R&D contracts today. His point is 
that R&D managers must have the ability 
to perceive good new ideas and the will
ingness to respond to them. 

Sproull is emphatic about the need to 
keep abreast of developments outside 
one's own organization. "We had a rule 
at DARPA. No matter who came in, when 
he left we wanted to have learned some
thing-what was the most exciting de
velopment in his lab. Even if we couldn't 
support him, even if he was a super sales
man who exaggerated everything, there 
was still something to be learned. That 
spirit is the thing that makes for good 
R&D management anywhere." 

Conviction on this point carries over 
into Sproull' s life today. He belongs to 
two discussion clubs in Rochester, in
formal groups of top executives who hear 
and criticize members' prepared talks on 
subjects close to their management roles. 
Two of Sproull's continuing interests, for 
example, are the need for corporate giv
ing to higher education and what he sees 
as overregulation of federally sponsored 
research at universities. Aware of his own 
potential isolation and that of others in 
similar positions, Sproull says, "You 
think what you're doing makes sense, 
but you've just got to have criticism from 
associates you can trust, who aren't in 
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the same business but have a somewhat 
similar scope or function. For me, it's a 
delightful way of retaining a little bit of 
perspective. Otherwise, I'd think I ran 
the university!" 

Acquainted with Xerox Corp. execu
tives in Rochester and aware that Xerox 
is one of EPRI's high-technology neigh
bors near Stanford University, Sproull 
has the modest vision of a "discussion 
club for top executives in the area, a 
place where people can say, 'The em
peror has no clothes.' Your own staff 
can't say it, but to hear those different 
views is more important than anything 
else you can do to synchronize your In 
and Out baskets." 

Innovative thinking is indeed central 
to R&D itself, and it is important that 
an institution's leaders not slide into ruts 
of undetected complacency or arrogance; 
at the same time, there is something to be 
said for orderly practice. Sproull believes 
the Advisory Council is conservative in 
this respect. In his view, the Council does 
not "throw its weight around too much 
because it is reluctant to upset something 
that is working." 

There is also the matter of incomplete 
understanding. The Council simply does 
not know all that EPRI' s management 
and staff know about an issue. For that 
matter, Sproull acknowledges that Ad
visory Council members drawn from 
utility regulatory commissions often in
sist, "The rest of you need to know more 
about the regulatory process." 

In light of these circumstances, Sproull 
seems content that the Council does not 
conduct its meetings in strict parliamen
tary style. He speaks of consensus and 
persuasion as being more appropriate 
than recorded votes and formal recom
mendations. "I don't want to be mischie
vous or a source of pain to EPRI," he 
says. For the Council to risk that by its 
insistence on a point, it would first need 
to resolve the many viewpoints of its own 

members, Sproull concludes. "We aren't 
going in there and flail around until 
we've got consensus." 

Deciding the R&D emphasis 

When Sproull speaks of the Advisory 
Council as something of a "mind" for 
EPRI, he describes the role as one of sug
gesting where the Institute should focus 
its attention. One area that Sproull be
lieves deserving of such focus by R&D 
management is the balance between the 
present and the future, between the short 
term and the long term. 

Sproull' s sense of technology issues 
and his own experience lead him to give 
priority to long-term R&D. He dis
tinguishes between industry and govern
ment criteria, however, saying that "in
dustry, which has to pay 20% per year 
for its money, ought to be thinking about 
short-term things, and the federal gov
ernment ought to be thinking about long
term things." Such an allocation of effort , 
Sproull notes, fits well with the tradition 
of many utility regulatory agencies be
cause the fruits of short-term industry
sponsored R&D clearly reduce utility 
(and ratepayer) costs or improve service 
reliability. 

But Sproull points out that the real 
world is different right now, and it is 
more than just having a new administra
tion in Washington. There has been con
tinuous change in federal energy R&D 
perceptions, policies, programs, organi
zations, and budgets for several years. 
Sproull's point goes beyond the question 
of cause, which is partly politics and 
partly a matter of rapid changes in the 
availability and cost of energy resources 
and our knowledge about them. His con
clusion is that EPRI needs to be more 
concerned with long-range questions 
simply because there is a need for con
tinuity in that effort. He sees some of this 
showing up already in EPRI staff assess
ments of long-term national energy 



needs. In Sproull's opm1on, the ratio
nale is thoughtful and the numbers are 
thorough. 

Last year an Advisory Council com
mittee headed by Gerald Tape (council 
chairman at the time) urged more R&D 
funding by electric utilities, generally 
through EPRI. Although the report did 
not suggest timeframe allocations for 
R&D expenditures, it did acknowledge 
that over half of EPRI' s present program 
responds to near-term needs, thus tend
ing to squeeze out the funding of long
term projects. The Council committee 
recognized the urgency of such matters 
as Three Mile Island accident analyses, 
costly demonstrations of new technolo
gies at virtually full scale, and capital 
funding problems that are pervasive 
among utilities. In fact, finance is another 
subject area that Sproull feels needs 
more attention. 

Sproull finds pros and cons, incen
tives and disincentives for EPRI involve
ment in this subject. The Council became 
interested at its annual seminar when a 
management consultant detailed the gen
eratton planning study it had done for a 
utility. The gist was that the needed new 
power plants were financially feasible 
only if all environmental and rate mat
ters were resolved favorably and exactly 
on schedule. Even then, the endeavor 
would compromise the utility's bond rat
ing and entail higher-than-usual interest 
rates. The conclusion of both client and 
consultant was that the project should 
not be undertaken because some ap
proval was certain to be delayed, causing 
the project to slip. Says Sproull, "I think 
everyone at the conference found that 
an extremely sobering thought. It had 
nothing to do with technology. It had 
everything to do with financing and the 
political and social arenas." 

He recalls that the Advisory Council 
pursued the subject at a subsequent 
meeting. "We ended up a little frus-

trated-not only the Council but the EPRI 
staff-because we see this as a huge prob
lem but one that we don't seem able to 
get our teeth into." 

The need for renewal 

As Robert Sproull discusses R&D man
agement, he does not spontaneously turn 
to novel organization structures. But he 
speaks time and again, in different ways, 
of the need for professional renewal, for 
individuals and managements to seek out 
different viewpoints as a matter of pro
fessional integrity and responsibility. 
"When I was with DARPA, I worried 
about whether my staff was in Washing
ton too much. We had arrangements so 
that they were out in the field a great 
deal." Sproull suggests three or four 
years as the limit for an unbroken term 
of sponsored research management. 
Otherwise, the best person gets stale. "To 
keep the thing vital, you need to have 
people changing roles." 

Sproull himself has changed roles. 
Despite his 25-year loyalty to Cornell, he 
realizes that one reason he left was the 
determination not to retire from his alma 
mater. But he does not minimize the diffi
culty of the effort for an individual or in
stitution to stay fresh. "There are all sorts 
of reasons why you don't do it. And it 
takes determination and conviction to 
find the way." II 

This article was written by Ralph Whitaker and is based on 
an interview with Robert Sproull. 

"You think what you're doing 
makes sense, but you've just 
got to have criticism from 
associates who aren't in the 
same business." 
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WASH I N GTON REPORT 

Washington 
Energy Information 

There is a wealth of i nformat ion on 
energy in  Wash i ngton ,  D . C . ,  but without a 

resou rce gu ide ,  f ind ing out whom to contact fo r 
what you need can be frust rati ng .  

W
hat is the installed generating 
capacity of the U.S. electric 
utility industry, and how has it 

changed over the past decade? How 
much energy per fuel source does the 
average American consume in a lifetime? 
What coal-related research is being fed
erally funded, and what legislation is cur
rently being considered by Congress? 

Finding the answers to such questions 
can require a considerable expenditure of 
time and energy, particularly at the na
tional level, where a wealth of energy in
formation lies within various govern
ment and industry organizations. In 
Washington, D.C., by some estimates 
there are 20 federal departments and 
agencies, 3 congressional committees, 30 
subcommittees, and nearly 100 trade as
sociations that disseminate energy in
formation. The key is to find the right 
person with the right information in this 
maze. According to Matthew Lesko, 
founder of Washington Researchers, an 
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organization that specializes in informa
tion research, most information is sought 
and found by using the telephone, and it 
takes an average of seven calls to find the 
right answer. 

The following guide lists some of the 
key organizations that disseminate en
ergy information in Washington and 
describes the resources they offer for 
tracking down energy data. 

DOE Resources 

The Department of Energy provides a 
variety of energy information, including 
statistics, information on ongoing energy 
R&D, and materials of general interest. 

DOE's Energy Information Adminis
tration (EIA), which supplies Congress 
and the executive branch with energy 
statistics, economic analyses, and techni
cal support, is an excellent starting point. 
EIA is also responsible for energy fore
casting and analysis within DOE and pre
pares short- and long-term projections of 

energy supply and demand. 
To handle questions of a statistical 

nature, EIA maintains the National En
ergy Information Center (NEIC). The 
center's staff of approximately 20 re
spond to written, telephone, and in
person inquiries regarding energy statis
tics and analysis, EIA publications, and 
reference data. 

In responding to queries, the staff 
members refer to EIA documents. If they 
are unable to find an answer, they consult 
one of four in-house specialists in the 
areas of coal and synfuels, nuclear power 
and electricity, petroleum and natural 
gas, and renewables and energy legisla
tion. A direct consultation with the ap
propriate specialist is a service the center 
tries to provide walk-in visitors. The 
odds are very good that if NEIC can't help 
you within the department, it can tell you 
where you can get the information in 
other government offices or in the private 
sector. 



To help direct outside callers, NEIC 
maintains a list of contact people in the 
various DOE program areas, as well as in 
other agencies. This list, published quar
terly as the Energy Information Referral Di

rectory (DOE/EIA-0205) , can be obtained 
from the Government Printing Office by 
subscription. 

In addition to answering questions on 
energy statistics, NEIC issues a series of 
18 energy fact sheets on such subjects as 
U.S. coal supply and energy use in non
residential buildings. The information is 
carefully prepared, according to Thomas 
McCarley, an editor-writer at EIA. "We 
go through a strict process to check all 
the numbers and to make sure the in
formation is written in language that the 
average person can understand. And 
every single fact sheet references an EIA 
publication." Mccarley 

EIA also offers a free two-day course 
for those interested in learning about 
EIA's resources, including reports, 
information services, and the Federal En
ergy Data Index. Some of the publica
tions discussed are Monthly Energy Re

view, Weekly Petroleum Status Report, Coal 

Production Annual, and Electric Power 

Monthly. Details on the course, which is 
offered every few months in either Wash
ington or Albuquerque, New Mexico, are 
available from the course manager at 
NEIC. 

DOE's Office of Public Affairs dis
tributes nontechnical, general-interest 
publications on supply technologies and 
conservation. Questions of a statistical 
nature are referred to NEIC. Like NEIC, 
the public affairs staff can direct callers 
to the appropriate program areas as 
necessary. They also coordinate all DOE 
information activities, including appear
ances and speeches by DOE officials. 

Another information resource within 
DOE, although independent of it, is the 
Federal Energy Regulatory Commission 
(FERC). The commission is responsible 

for regulating the interstate transporta
tion and sale of natural gas and the rates 
and practices of oil pipeline companies 
engaged in interstate commerce. In addi
tion, FERC regulates the rate and service 
standards for the sale of electricity at the 
wholesale level and issues licenses for the 
construction and operation of hydroelec
tric power projects not owned by other 
federal agencies. As part of its function, 
the commission requires regulated in
dustries to submit forms on expendi
tures, income, and production levels. 
These forms are available in the public 
reading room at FERC headquarters in 
Washington. 

A Guide to Public Information at the Federal 

Energy Regulatory Commission can be ob
tained by contacting FERC's Public In
quiries Branch. This guide describes 
available reports, forms, orders, and 
services, and tells how to obtain them. 
The Public Inquiries Branch is the refer
ence point for agency publications, which 
include statistical reports, calendars of 

upcoming events, and speeches by FERC 
commissioners. 

Another important source of informa
tion is DOE's RECON data base. The 
RECON system is housed at the Techni
cal Information Center in Oak Ridge, 
Tennessee, which distributes energy 
data obtained from sources worldwide. 
Through the RECON system 39 energy 
files are currently accessible, ranging 
from the Energy Data Base, which con
tains more than 600,000 entries on un
classified scientific and technical energy 
information, to the Issues and Policies 
File, which includes more than 1300 cita
tions of public statements, speeches, 
testimony, and press releases by the 
White House, DOE officials, and others. 

In addition, RECON contains EIA's 
Federal Energy Data Index (FEDEX), 
which provides abstracts and standard 
bibliographic data for all EIA-produced 
documents. Graphs and tables excerpted 
from these reports can be searched indi
vidually. Also contained in the RECON 
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system is the Electric Power Research 
File (EPD-RDIS), which compiles infor
mation on on-going and recently com
pleted R&D projects conducted by the 
electric utility industry. Searchable data 
include major and minor keywords, titles, 
project numbers, descriptions, funding 
levels, contractors, reporting utility, re
search correspondent and phone num
ber, and project duration. 

Access to RECON is limited to DOE 
affiliates, federal agencies with energy
related functions, and state agencies with 
energy information responsibilities. For 
organizations that do not qualify for offi
cial access, the Western Regional In
formation Service Center at Lawrence 
Berkeley Laboratory (415-486-6307) will 
perform searches on the RECON system 
for a fee. 

Some of the files contained in RECON, 
such as the Energy Data Base and the 
Electric Power Research File, are expected 
to be accessible through commercial on
line systems, such as Lockheed Dialog 
Information Systems (800-982-5838) and 
System Development Corp. Search 
Service (800-421-7229, West Coast; 
800-336-3313, East Coast). 

Other Federal Agencies 

Other federal agencies provide energy 
information services in specific areas. 
Four key ones are the Nuclear Regulatory 
Commission (NRC), the Department of 
the Interior (DOI), the Environmental 
Protection Agency (EPA), and the De
partment of Commerce (DOC). 

NRC's Technical Information Clear
inghouse handles questions on nuclear 
·regulation and licensing and NRC hear
ings. It can also provide a contact person 
within the commission to assist in 
answering specific technical questions. 
To improve the dissemination of nuclear 
energy information, the clearinghouse 
distributes A Citizen's Guide lo U.S. Nu

clear Regulatory Commission Information. 
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Another agency with energy interests 
is DOI, which has responsibility for most 
federally owned lands and natural re
sources. As part of its duties, DOI as
sesses domestic mineral, land, and water 
resources. Of specific relevance to the 
electric utility industry are the Office of 
Surface Mining, the Bureau of Mines, the 
U.S. Geological Survey, and the Bureau 
of Land Management, which perform oil, 
gas, and coal evaluations. Because of 
DOI's diversified nature, information re
quests should be directed to the Office of 
Public Affairs, which will refer technical 
questions or publication inquiries to the 
appropriate bureau. 

At EPA the focal point for general in
formation inquiries is the Public Infor
mation Center. EPA rules and regula
tions, court actions, and information on 
major enforcement actions are available 
from the center. It also handles some 
publication requests and can refer callers 
to specific program areas as necessary. To 
assist the public the agency has pub
lished Finding Your Way Through EPA, 

which lists the various agency offices, 
their functions, and key contact people. 
This pamphlet is available from the 
center. 

EPA also maintains the Center for 
Environmental Research Information 
(CERI). Based in Cincinnati, CERI pro
vides technical information on a range of 
subjects from health to environmental ef
fects. One of its primary functions is to 
produce summaries of recently pub
lished project reports. These are avail
able to the public without charge, and it 
is possible to get on a mailing list to re
ceive announcements of available sum
maries. 

DOC, through the National Technical 
Information Service (NTIS), maintains a 
data base on a variety of energy topics. 
The system contains files of government
sponsored R&D, as well as analyses sub
mitted by federal agencies and their con-

tractors on such topics as regulatory 
issues and technology applications. Of 
the new reports added to the NTIS collec
tion each year, a third are energy-related. 
The NTIS system also contains the En
ergy Data Base and the Energy Abstract 
Newsletter, which publishes research 
summaries within three weeks of their 
receipt from the originating agency. DOE 
periodicals are also abstracted and in
dexed on the NTIS system. 

Congressional Resources 

Energy has become a pervasive issue on 
Capitol Hill. Three congressional com
mittees-the House Science and Tech
nology Committee, the House Energy 
and Commerce Committee, and the Sen
ate Energy and Natural Resources Com
mittee-and numerous subcommittees 
focus on energy, and others may stretch 
their jurisdiction to encompass an energy 
concern. The real challenge in the con
gressional maze is to determine which 
committees, subcommittees, and over
sight committees are considering rele
vant energy legislation. One aid in ac
complishing this is the House Legislative 
Status Office. This office can identify 
which House and Senate committees 
have jurisdiction over specific energy 
issues, what energy legislation has been 
formally introduced, and what, if any, 
action has been taken. Its computer files 
go back to 1973. The office will supply a 
free computer printout of the requested 
information. 

Another tracking device is the annual 
committee calendar. Each committee is 
responsible for maintaining its own legis
lative calendar, which lists the members 
of the committee and its subcommittees; 
identifies the committee's jurisdictional 
responsibilities; lists bills, resolutions, 
and public hearings; and provides a sub
ject index. The calendars are available 
from the appropriate committee's calen
dar clerk. 



DOE 

Federal Energy Regulatory Commission 
Public Inquiries Branch 
Office of Congressional and Public Affairs 
825 N. Capitol Street NE 
Washington, D .C. 20426 
(202) 357-8055 

National Energy Information Center 
Office of Energy Information Services 
Energy Information Administration 
EI-72, Forrestal Building 
Washington, D .C. 20585 
(202) 252-8800 

Office of Public Affairs 
Public Inquiries Branch 
PA-341, Forrestal Building 
Washington, D.C. 20585 
(202) 252-5568 

Technical Information Center 
Box 62 
Oak Ridge, Tennessee 37830 
(615) 483-8611 

Other Federal Agencies 

Department of Commerce 
National Technical Information Service 
5285 Port Royal Road 
Springfield, Virginia 22161 
(703) 557-4600 

Department of the Interior 
Office of Public Affairs 
18th and C Streets NW 
Washington, D .C. 20240 
(202) 343-3171 

Environmental Protection Agency 

Center for Environmental Research 
Information 

ORD Publications 
Cincinnati, Ohio 45268 

A researcher can also tap the three 

support offices on which congressional 

staffers rely heavily for pertinent and 

timely energy data: the Office of Tech

nology Assessment (OTA), the Con

gressional Research Service (CRS), and 

the General Accounting Office (GAO). 

OTA is an advisory arm of the 

Congress. Its basic function is to help 

SOURCES OF ENERGY INFORMATION 

Public Information Center 
401 M Street SW 
Washington, D.C. 20460 
(202) 755-0707 

Nuclear Regulatory Commission 
Technical Information Clearinghouse 
Mail Stop 058 
Washington, D.C. 20555 
(800) 638-8282 
(800) 492-8106 in Maryland 

Congressional Resources 

General Accounting Office 
441 G Street NW 
Washington, D .C. 20548 
(202) 275-6241 

Office of Technology Assessment 
Public Communications Office 
600 Pennsylvania Avenue SE 
Washington, D.C. 20510 
(202) 226-2115 

U.S. House of Representatives 

Energy and Commerce Committee 
2125 Rayburn House Office Building 
Washington, D.C. 20515 
(202) 225-2927 

Legislative Status Office 
House Annex Building No. 2 
2nd and D Streets SW 
Washington, D.C. 20515 
(202) 225-1772 

Science and Technology Committee 
2321 Rayburn House Office Building 
Washington, D.C. 20515 
(202) 225-6371 

U.S. Senate 
Energy and Natural Resources Committee 
3104 Dirksen Senate Office Building 
Washington, D.C. 20510 
(202) 224-4971 

legislators anticipate and plan for the 

long-term consequences of technological 

applications and examine the ways in 

which technology affects the public. One 

of OTA's three divisions devotes an en

tire program to energy technology. The 

Public Communications Office keeps the 

public and Congress informed of OTA's 

activities and available materials, includ-

Trade Associations 

American Gas Association 
1515 Wilson Boulevard 
Arlington, Virginia 22209 
(703) 841-8400 

American Petroleum Institute 
2101 L Street NW 
Washington, D .C. 20037 
(202) 457-7160 

American Public Power Association 
2301 M Street NW 
Washington, D.C. 20037 
(202) 775-8300 

Atomic Industrial Forum 
7101 Wisconsin Avenue NW 
Washington, D.C. 20014 
(301) 654-9260 

Edison Electric Institute 
1111 19th Street NW 
Washington, D.C. 20036 
(202) 828-7600 

Electric Power Research Institute 
1800 Massachusetts Avenue NW 
Suite 700 
Washington, D.C. 20036 
(202) 872-9222 

National Coal Association 
1130 17th Street NW 
Washington, D.C. 20036 
(202) 463-2625 

National Rural Electric Cooperative 
Association 

1800 Massachusetts Avenue NW 
Washington, D.C. 20036 
(202) 857-9534 

ing press releases, reports, briefs, and 

summaries. A request to that office will 

add your name to its mailing list. 

CRS is a research and reference service 

offered by the Library of Congress ex

clusively for congressional members. Al

though it will not handle public requests 

for information directly, it will provide 

data for constituents through a congress-
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man's office. CRS produces a series of 
issue briefs that define issues, analyze 
their significance, review legislative high
lights and recent congressional hearings, 
and provide a bibliography. There are 
numerous energy issue briefs in print, in
cluding ones on solar power, coal slurry 
pipelines, and geothermal energy. A 
complete listing is available from any 
member of Congress. 

GAO responds to congressionally ini
tiated requests for program audits and 
evaluations. It examines how efficiently 
federal resources are managed and con
trolled, and whether or not intended ob
jectives are being achieved. GAO's En
ergy and Minerals Division is concerned 
with the economic regulation of energy, 
nuclear energy, electric power, federal 
energy resources, renewable resources, 
conservation, international energy policy, 
fossil energy supplies, and energy in
formation. 

From fiscal year 1980 to the present, 
GAO has produced more than 222 en
ergy-related documents. The office main
tains an in-house computer data base, 
and any GAO-produced report, letter re
port, or testimony can be searched by 
keyword. The GAO staff will provide a 
free computer printout of any available 
GAO materials on a specific energy 
subject. 

Trade Associations 

The energy-related trade associations 
discussed below represent another valu
able source of information. An important 
part of their role as industry spokesmen 
is to maintain excellent communication 
channels with the public and to provide 
it with reliable information. They do this 
through magazines, newsletters, audio
visual materials, publications, speeches, 
and educational materials. To learn what 
resources are available , write the appro
priate trade association to request a copy 
of its publications guide. Each association 
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also has a library that is open to the pub
lic by appointment. 

For questions about the electric utility 
industry, the appropriate trade associa
tion's public information office should be 
contacted: for investor-owned utilities, 
the Edison Electric Institute; for munici
pal utilities, the American Public Power 
Association; and for cooperatives, the 
National Rural Electric Cooperative As
sociation. 

One of the information specialties of 
the Edison Electric Institute, which repre
sents nearly 200 investor-owned utilities, 
is electricity statistics. EEI's Statistical 

Yearbook of the Electric Utili ly Industry is an 
extremely helpful guide that presents 
data on the financial and operational 
aspects of the industry. These statistics 
include installed capacity, electric power 
generation and supply, and sales and 
revenues. Also of interest is the Annual 

Electric Power Survey, which lists current 
reserve margins, peak loads, and fuel use 
and future projections. 

According to William S. Morris, the 
institute's vice president of communica
tions, "EEi performs several vital com
munication functions, including prompt 
response and rebuttal of misinformation 
concerning important investor-owned 
electric utility issues. We are also a reli
able source of technical data, as well as 
the spokesman for the investor-owned 
electric utility industry." As a means of 
informing the public of significant energy 
issues, EEi produces a decision maker 
series of publications on such topics as 
future economic growth, world energy, 
and acid rain. 

The Atomic Industrial Forum (AIF) 
was formed as a nonprofit international 
organization interested in pursuing 
peaceful applications of nuclear energy. 
It is composed of more than 600 utilities, 
manufacturers, architect-engineers, fi
nancial and legal firms, consultants, and 
others. Through publications, brochures, 

conference papers, and other materials, 
AIF provides data on nuclear licensing 
and siting, R&D, safety and security, and 
waste disposal. It produces a series of IO 
brochures on generic nuclear power is
sues, including radiation, reactor safety, 
and nuclear waste. 

The American Gas Association repre
sents some 300 gas transmission and dis
tribution companies in the United States 
and Canada. Its public information office 
issues statistics on gas supply and re
serves. A good source of information is 
the association's annual publication Gas 

Facts. 

The American Petroleum Institute, the 
petroleum industry's trade association, 
can respond to inquiries about oil re
fining, production, and transportation; 
statistics and taxation; and exploration 
and environmental affairs. It issues 
periodic announcements of publications 
as well as an annual catalog. Two popular 
documents are Facts About Oil and Two 

Energy Futures. 

The National Coal Association repre
sents over 200 coal producers, sales and 
transportation companies, reserve own
ers, equipment manufacturers, and con
sulting firms. It collects, analyzes, and 
distributes coal industry statistics; fore
casts production and consumption; per
forms studies on competitive fuel mar
kets; and takes a special interest in any 
coal-related issues. Like the other trade 
associations, it maintains a communica
tions service to handle outside inquiries. 

In summary, there are three prominent 
sources of technical energy information 
in Washington: federal agencies, con
gressional committees and offices, and 
trade associations. This guide should 
serve as a good roadmap in determining 
who has the information you need. • 

This article was written by Ellie Hollander of the Washing
ton Office. 



AT TH E I NSTITUTE 

Starr Calls for 
Regulatory Reform 

Un iform risk assessment c riter ia are needed i n  
regu latory decis ion making  

to  avoid b ias and  ensure pub l i c  safety. 

C 
hauncey Starr, EPRI vice chair
man, has called for a major 
restructuring of the nation's reg

ulatory process that would include a uni
form, comprehensive analysis of risks 
associated with all alternative solutions 
to a situation before decisions are made. 
Moreover, Starr believes this analysis 
should be performed independently of 
the conventional regulatory agencies to 
ensure objectivity. 

Starr made the remarks in September 
at the International Meeting on Proba
bilistic Risk Assessment, cosponsored 
by the American and European nuclear 
societies. He said the current system is 
weighted against technology in general 
and new technologies in particular and 
the system actually may be increasing 
total risk to the public because of the 
failure to analyze all options completely. 

Regulatory decisions, currently made 
on a case-by-case basis, use only limited 
quantitative analysis, which is heavily in
fluenced by personal and special inter
ests, public perceptions, and agency 
political interests. Although political and 
public views certainly have a place in 
regulatory decision making, Starr said 
they should not interfere with an objec-

tive professional analysis of solutions to a 
situation. 

To make such an analysis meaning
ful, all alternatives should be compared 
against common criteria-something that 
is not currently done by regulatory 
agencies. For example, the Nuclear Reg
ulatory Commission (NRC) considers 
low-probability, catastrophic scenarios in 
forming its design criteria for nuclear 
power plants, but it does not consider 
pollutant emission levels from the plants. 
In contrast, the Environmental Protection 
Agency is quite interested in pollutant 
levels when considering a coal-fired 
plant, but such low-probability events 
as a boiler explosion are not part of its 
analysis. 

In general, according to Starr, the fact 
base on which decisions are made should 
be developed separately from the regula
tory process. Then these objective find
ings should be transferred to the regula
tory agencies for consideration along 
with the social and political issues in
volved in a regulatory decision. Adoption 
of these two separate procedures would 
allow regulators to provide "the most 
public safety that our politically deter
mined allocation of resources will per-

mit." Failure to do so, however, could 
actually increase the total risk to the pub
lic because of a phenomenon called risk 
transference. 

Currently, uncertainty or regulatory 
discomfort with a technology is relieved 
by being more restrictive and more risk
adverse with that technology than would 
be warranted by the total facts available. 
As a result, risk is transferred from the 
technical system under consideration to 
other options that are not the responsibil
ity of the decision maker. For example, 
when rules governing nuclear power 
plants are tightened, electric utilities tend 
more toward development of other alter
natives, such as coal-fired power plants. 
But the NRC does not concern itself with 
the public risk issues associated with 
burning coal. Thus the agency is ab
solved of responsibility for the transfer
ence of risk. "The net effect of such a shift 
is to transfer the public risk from that of 
nuclear power to that of coal power, 
which may be larger," Starr said. 

Similar examples can be found in 
virtually all high-technology decisions 
being made in this country. "Our regula
tory decisions are made case by case in 
narrow sectors of technical responsibility 
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without full consideration of the effects 
on the transfer of risk to other technolo
gies, on the transfer of benefits to other 
sectors and regions, and on the welfare 
of the nation as a whole." • 

Generator Monitor 

Wins IR-1 00 Award 

An on-line generator radio frequency 
(RF) monitor, developed by Westing
house Electric Corp. under an EPRI con
tract, has been selected by Industrial Re

search and Development magazine to receive 
one of its IR-100 Awards, presented an
nually to the 100 most important new in
dustrial products. The monitor detects 
abnormal RF signals from electric gen
erators to warn of incipient damage that 
could lead to catastrophic generator fail
ure. Such early detection is expected to 
save the utility industry millions of dol
lars each year in reduced generator 

downtime and repair costs. 
In the past, utilities used heat sensors 

to monitor generators for problems; 
however, when arcing occurs in a gen
erator, it can cause extensive damage 
long before enough heat builds up to 
trigger the sensors. According to Project 
Manager Gordon Shugars, the new de
vice is based on the principle that a gen
erator's RF emission profile changes 
significantly when arcing occurs. Such 
changes can be detected by attaching the 
new monitor to a generator's neutral 
lead. Shugars explains that this on-line 
operation is a significant improvement 
over conventional technology because it 
detects problems early, allowing repair 
work to be done relatively quickly and 
inexpensively. 

The device, now being marketed by 
Westinghouse, has been tested on large 
generators belonging to several electric 
utilities in the United States. • 

Research Reviewed for House Staff Member 

Orin Zimmerman (right), department d irector in the Energy Management and Utilization Division, explains 
details of EPRl's conservation technology research to Lee Wallace (left foreground), director of energy on the 
staff of the House of Representatives Science and Technology Committee. Wallace recently visited the 
Institute for an update on several areas of EPRI  research. I n  addition to Zimmerman's discussion, Wallace 
received an overview from Joseph Prestele (left background), director of member and international relations, 
and an update on progress i n  radioactive-waste disposal from Robert Williams (right background), technical 
specialist i n  the Nuclear Power Division. Richard Zeren, director of EPRl's Planning and Evaluation Division, 
and Walter Esselman, technical director of engineering assessment and analysis, also participated in  the 
briefings-Zeren discussed EPRI R&D priorities and Esselman presented information on utility growth 
projections. 
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CALENDAR 

For additional information on the EPRl
sponsored/cosponsored meetings listed 
below, please contact the person i ndicated. 

DECEMBER 

1-3 
Seminar: PCBs 
Dallas, Texas 
Contact: G i l bert Addis (41 5) 855-2286 

9-1 1 
Cable Materials Fire Detection 
and Extinguishment 
Norwood, Massachusetts 
Contact: Roy Swanson ( 41 5) 855-2024 

JANUARY 

1 1-14 

Seminar: Reliability Design of Single-Pole 
Transmission Structures 
Fort Col l ins, Colorado 
Contact: Ph i l l ip  Landers (41 5) 855-2307 

26-27 

Seminar: Environmental Issues in the Siting 
of Electric Transmission Lines 
Dallas, Texas 
Contact: Robert Ka vet ( 41 5) 855-2590 

FEBRUARY 

8-1 1 

Seminar: Reliability Design of Single-Pole 
Transmission Structures 
Palo Alto, California 
Contact: Ph i l l ip  Landers ( 41 5) 855-2307 

MARCH 

1 5-18 

Seminar: Reliability Design of Single-Pole 
Transmission Structures 
Blacksburg, Virg in ia 
Contact: Phi l l ip Landers ( 41 5) 855-2307 



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

EDS AND H-COAL 
LIQUEFACTION PROCESSES 

EPRI is participating in the large-scale pilot 
plant testing of two coal liquefaction proc
esses: Exxon Donor Solvent (EDS), devel
oped by Exxon Research and Engineering 
Co. (ER&E); and H-Coal, developed by 
Hydrocarbon Research, Inc. EDS is an in
direct catalytic hydrogenation process in 
which a catalyst is used outside the coal 
liquefaction reactor to hydrogenate the re
cycle solvent. H-Coal is a direct catalytic 
liquefaction process with particulate catalyst 
present in the coal liquefaction reactor. The 
objective of the tests is to accelerate the 
development of the two processes to com
mercial readiness. 

The key element in this effort is the inte

grated R&D program in which bench-scale 

research ,  small-scale process development 

unit (POU) operations, and engineering and 

design work are conducted simultaneously 

to support large-scale pilot plant design ,  

construction,  and operation. Large pilot 

plants are the major tools in the final test 

program that wil l provide the necessary 

information for equipment scale-up, selec

tion of materials and equipment, special de

sign criteria, and process performance con

firmation.  The capacity of the pilot plants 

was nominal ly set at 250 t/d of coal to keep 

the development cost as low as possible, 

while stil l ensuring that a commercial-size 

pioneer plant could be designed, con

structed, and operated with an acceptable 

technical risk, based on the pilot plant re

sults without a costly ful l-scale demonstra

tion. Both pilot plants are now in place

EDS in Baytown, Texas (Figure 1 ) ,  and 

H-Coal in Catlettsburg, Kentucky (Figure 2) 

-and the comprehensive test programs are 

well under way. 

Exxon coal l iquefaction pilot plant 

The design of ECLP began in 1 977 shortly 

after the execution of the cooperative agree

ment by ERDA (now DOE) and ER&E. The 

Figure 1 The Exxon coal liquefaction pilot plant at Baytown, Texas. 

in itial private sector participants were Carter Figure 2 The coal liquefaction pilot plant for the H-Coal process at Catlettsburg, Kentucky. 

EPRI JOURNAL November 1 981 35 



ADVANCED POWER SYSTEMS DIVISION R&D STATUS REPORT 

Oil Co. (now Exxon Co. USA), EPRI, and 
Phi l l ips Petroleum Co. New participants or 
sponsors have joined the project: Atlantic 
Richfield Co. , Japan Coal Liquefaction Co. , 
Ruhrkohle (West Germany), and AGIP SpA 
(Italy). 

The mechanical completion of ECLP on 
March 21 , 1 980, was a sign ificant event in 
the EDS project because it provided the 
large-scale integrated hardware. I n  addition 
to the smaller pilot plants (<1 t/d of coal), 
such large-scale hardware is required to 
bring the major components of the EDS 
process to commercial readiness. 

The construction schedule and cost con
trol at ECLP was exceptional : the plant con
struction, scheduled for 28 months, was fin
ished only 4 months late. The cost of the 
plant was closed at $1 1 8  mil l ion , an increase 
of 7 .3% over the original cost estimate of 
$1 1 0  mi ll ion. 

ECLP is an experimental plant and was 
specifically designed to obtain commercial 
design information in the following major 
areas. 

o Process configuration to demonstrate an 
integrated, sustained operation of all pro
cess sequences that are incorporated in the 
EDS process, with the exception of l iquefac
tion bottoms processing 

o Liquefaction furnace engineering to 
demonstrate the operation of a commercial 
furnace design (e .g . ,  determine coking ten
dencies, heat flux rates, flow patterns) 

o Reaction engineering to model the fluid 
dynamics expected in a full-size commercial 
reactor design (The 2-ft [61 0-mm] inside di
ameter of the ECLP reactor and the 250-t/d 
coal feed rate were specifically selected for 
this purpose.) 

o Rotating machinery to develop design 
data for pumps and compressors to be used 
in various services found in coal l iquefaction 

o Material of construction to gather corro
sion/  erosion information at commercial pro
cess and fluid flow conditions 

o Slurry piping to confirm the adequacy of 
line sizing techniques and saltation correla
tions and to gather erosion data at com
mercial process and fluid dynamic condi
tions 

In  addition, operating procedures for all 
phases of operation, including startup and 
shutdown, are being developed and demon
strated during the operations with several 
coals. Overall process operabil ity, reliabil ity, 
and flexibil ity are also being demonstrated 
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on ECLP in order to accumulate operating 
know-how on different coals. 

The test program is currently scheduled 
for 24 months of operation on three coals: 
1 21/z months on I l l inois No. 6 bituminous 
coal from the Monterey mine, 61/, months on 
subbituminous Wyoming coal from the 
Wyodak mine, and 5 months on a l ignite from 
the Texas Big Brown mine. Testing on each 
coal wil l consist of three operating periods: 
startup and shakedown; operation under 
steady and variable conditions; and plant 
turnaround, during which equipment will be 
opened and inspected for data required to 
judge the effect of various coals and process 
conditions on the plant components. 

The 24 months of operation on three coals 
is an optimistic schedule. Its adoption was 
based on the 36-month operation plan in i
tially requested by sacrificing all the built
in contingencies and some of the process 
optimization tests. There is a consensus 
among the participants in the project that 
both additional operation time and funds wil l 
be required to achieve commercial readi
ness if serious difficulties surface during the 
test program. 

The first operation with I ll inois No. 6 coal 
was conducted in  the orig inal version of the 
process: once-through operation at low
severity l iquefaction conditions. This op-

eration was completed on June 2, 1 981 , and 
was followed by a plant turnaround, which 
was finished in early July. 

Table 1 summarizes the first operation .  
The targeted on-stream factors, 51 % for 
the shakedown and 72% for the test period, 
were achieved during the operation with the 
first coal. High on-stream factors are essen
tial in future operations for successful test 
program completion within the schedule and 
budget. Despite certain unexpected diffi
culties, sufficient time-dependent and spot
test data were gathered that permitted termi
nation of the operation as scheduled. 

Table 2 summarizes the I l l inois No. 6 coal 
test program status. Data analysis is pro
ceeding well and is scheduled for comple
tion by the end of 1 981 . The analysis is ex
pected to confirm that all but 1 6  of the 90 
tests planned were completed satisfactorily. 

Many of the mechanical and process 
problems were solved during the I l l inois No. 
6 operation. However, several important 
tests (in the slurry drying, s lu rry heater cok
ing, and reactor engineering areas) were not 
completed during the fi rst operation.  Tests in 
these three areas wi l l  be carried out in the 
second operation.  This run is using Wyo
ming coal feed and began in early August 
1 981 , after construction of the bottoms re
cycle facilities was completed. The Wyo-

Table 1 

Operation 

Shakedown 
Begin 
End 

First turnaround 

SUMMARY OF FIRST ECLP TEST 
(Illinois No. 6 Coal) 

On Coal Off Coal 
Date (hours) (hours) 

6 /24/80 
1 0 /5/80 

1 1 / 1 6/80 

1 245 1 235 

1 000 

Plant restart/ checkout 1 2 /30/80 1 045 

First test period 
Begin 
End 

Total 

�Percent of total hours. 

1 2/31 / 80 
6/2/81 2658 

3903 

1049 

4329 

On-Stream 
(%)" 

5 1  

7 2  

47.4 



Table 2 
SUMMARY OF ILLINOIS 

NO. 6 COAL TEST PROGRAM 

No. of Tests 

Tests scheduled 90 

Tests started 80 

Tests ended (data collected) 80 

Data analysis in progress 80 

Test objectives satisfied (to date) 28 

Test objectives not accomplished 1 6  

ming coal and a third coal, Texas l ignite, will 

be run at increased-severity l iquefaction 
conditions with bottoms recycle. The new 

operational mode is one of the major im
provements result ing from the integrated 
R&D approach . It is expected to improve 
both the pilot plant performance and plant 
operabil ity. 

Prospects for successful completion of 

the development of the EDS l iquefaction pro
cess with the ongoing test program are 

good. However, l iquefaction bottoms pro
cessing, which is a critical step in the com
mercial application of EDS l iquefaction ,  is 
not sufficiently addressed in the ongoing 
base program. Various alternatives, includ
ing partial oxidation and direct combustion 
of the bottoms in a hybrid boi ler used as a 

process heater with steam cogeneration are 
being considered in an ancil lary program to 
be implemented by the end of 1 981 . Proj
ect Manager: Nandor Hertz 

H-Coal test program 

The H-Coal pi lot plant will demonstrate all 
essential processing steps except hydrogen 
manufacture from the vacuum tower bot

toms. The objective of each planned test is 
to achieve 30 days of steady-state, l ined-out 
operat ion. The first test is the syncrude 
mode with I l l inois No. 6 coal ,  in  which the 
net (commercial) plant product is an all
distillate synthetic crude oil. The residuum 
(vacuu m  tower bottoms) produced will be no 
more than what is required for gasification 
to generate process hydrogen. 

An operation during February-April 1 981 

successful ly demonstrated many key pro
cess features. The pilot plant was operated 
for 45 days with continuous coal feed to the 

reactor system. During the operation, 8370 t 
of dry-basis coal were processed at an aver-
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age coal feed rate of 1 84 t/  d and a maximum 
feed rate of 222 t/d. The test run demon
strated sustained steady operation of the 
slurry mix system. The ebullated-bed reactor 
remained trouble-free throughout the run ,  
demonstating a n  oi l-to-solids feed ratio of 
1 .75 and lower. Catalyst was routinely 
added and withdrawn to maintain desired 
catalyst age. The packing life in slu rry 
charge pump service was improved. Other 
significant accomplishments were: 

o The s lurry feed heater operated well and 
at the end of the run showed no indication 
of coking in the tubes. 

o The ebul lating pump operated smoothly 
and showed no decrease in performance 
throughout the run .  

o Slurry letdown valves, installed with 
Mogas block valves, changed out success
fully without interrupting coal feed . 

o Kieley-Mueller installations improved the 
l ife of slurry letdown valves. 

o The seal life of the Lawrence slurry pumps 
showed dramatic improvement. 

o The flaker system ran for sustained pe
riods of time. 

o The sour  water stripping system showed 
marked improvement. 

Table 3 shows the reactor product yields; 
the close correspondence with the 3-t/d 
POU is impressive. 

The operation was not wholly adequate, 

however. Additional operations will be nec
essary to meet all the goals. In particular, 
30 days of fully l ined-out operation were not 
achieved. Distillate product recovery from 
flashed reactor product was inadequate be
cause mechanical and instrument fai lures 

prevented normal operation of the vacuum 
stripper. Although plenty of product was 
produced in the H-Coal reactor, the overall 
plant operation produced insufficient solvent 
to meet internal recycle requirements, and 
it was necessary to add extra petroleum 
solvent. 

Sustained operation at design coal feed 

rate was not possible. The hydrogen purifi
cation system was inoperable; purge rates 
were so high that the plant capacity was 

l imited by hydrogen supply. Control of the 
l iquid level in  the reactor effluent flash 
separator became unstable because par
ticulate material accumulated. 

Engineering and mechanical modifica
tions, which were implemented during the 

June-July turnaround, are expected to 
correct the recogn ized deficiencies. The 

vacuum stripper column internals were 
modified, as were bottoms piping and 
valves. Operation at high vacuum will be 

made possible by vacuum system modifica
tions. However, future addition of a pre
heater is anticipated because revisions are 

inadequate for high distil late recovery. The 
hydrogen purification system has been 
modified to reduce mechanical vibrations. 

Resolution of this problem has removed the 
hydrogen feed l imitation .  

Table 3 
H-COAL PILOT PLANT PRODUCT YIELDS 

(dry coal basis, 1981) 

March 28'' March 29''' 3-t/d POU 

Coal Yield Coal Yield Coal Yield 
(%) (bb/t) (%) (bb/t) (%) (bb/t) 

C 1
-C3 1 0.96 1 0 .94 1 0 .68 

C,-400 ° F 22.71 1 .66 20.94 1 .53 1 8 .74 1 .40 

400-975 ° F 23.89 1 .46 22.26 1 .36 28.33 1 .62 

975 ° F''' residuum 21 .62 0.94 25.83 1 06 1 9 .00 0.86 

Unconverted coal 3.47 3.48 5.78 

Ash 1 1 .22 1 0 .88 1 1 .51 

Total 4.06 3 .95 3 .88 

'�Coal feed rate at 100% design. 
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The reactor effluent separator was modi
fied to prevent particulate accumulation. 
Sparge gas was introduced below the 
normal liquid level to supply agitation and 
prevent solids accumulation. The solids 
were not cohesive and did not form a mas
sive deposit. Future operations will be fol
lowed closely to determine the prevalence of 
solids formation and growth. Normal opera
tion in  the absence of petroleum-derived 
makeup oil is expected to sign ificantly re
duce formation of solids. 

Early results from the second major 
H-Coal operation,  which began in August 
1 981 , indicate that most of the major prob
lems have been resolved. Project Man
ager: Norman Stewart 

WILSONVILLE COAL 
LIQUEFACTION FACILITY 

The Wilsonville facility is a 6-t / d integrated 
coal liquefaction unit located adjacent to 
Alabama Power Co. 's Gaston generating 
station (Figure 3). The original mission of 
the plant was to study several key steps in 
the production of solid so/vent-refined coal 
(SRC). The initial SRC quality specifications 
restricted sulfur content to 1 % and ash con
tent to 0. 2%. The process for achieving 
these specifications is similar to other direct 
liquefaction processes except that no 
catalyst is used, and the extent of the reac
tion is limited so that the principal product 
will be solid at room temperature. The scope 
of the Wilsonville program has recently been 
expanded to include the production of distil
late fuels and /ow-sulfur residual fuel. This is 
being accomplished by coupling SRC pro
duction with catalytic hydrotreating in a two
stage liquefaction process. Early operations 
of the new hydrotreater, which was commis
sioned in MaY, have been very encouraging. 
SRC has been converted into distillate fuel 
and low-sulfur (<0.2%) residual fuel; good 
selectivity to boiler fuel production has been 
observed in that the concomitant yield of gas 
and naphtha was quite low. 

In preparation for the two-stage l iquefaction 
program, several improvements have been 
made in the SRC production process. Fi rst, 
the critical solvent de-ashing (CSD) process 
has been developed for removing ash from 
the product and for generating a vacuum 
residual recycle stream known as l ight SRC. 
Second, SRC production at low tempera
tures (750-780 ° F; 399--41 6 °C) has been 
accomplished, using the light SRC recycle 
solvent. Third ,  the importance of using a 
high-quality startup solvent in the SRC 
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Figure 3 EPRl's 6-t/d pilot facility in  Wilsonville, Alabama, where advanced research on solvent-refined coal 
is being conducted. 

process has been demonstrated, and a pro
cedure for producing such a solvent has 
been developed. Fourth, an analytic test for 
monitoring solvent qual ity has been demon
strated and the results correlated with plant 
performance. 

Critical solvent de-ashing 

The CSD un it has been a part of the pi lot 
plant operation for several years. Before 
installation of the unit, the product was de
ashed by filtration. In contrast to that me
chanical separation process, CSD is a con
tinuous chemical extraction process. 11 was 
chosen primarily because of its mechanical 
simplicity and the resultant savings in 
capital and operating costs. There were, of 
course, problems associated with CSD that 
had to be resolved before the potential sav
ings could be fully realized. These included 
incomplete product recovery and possible 
de-ashing solvent losses. 

These two problems have been substan
tially resolved. Product recovery can be 
readily increased by modifying either the 
composition of the de-ashing solvent or SRC 
composition. Early in  the p rogram the 
emphasis was on improving SRC composi
tion by increasing the pressure and resi
dence time in the reactor. Another technique 
was to use more powerful de-ashing solv
ents in the CSD un it. The best solution, how
ever, is based on the observation that SRC 
composition can be beneficially affected by 

maintaining a high-quality recycle solvent in 
the SRC process. Recent Wilsonville runs 
have demonstrated that such a solvent can 
be achieved by using a good startup solvent 
and maintaining its qual ity by recycl ing l ight 
SRC. 

Considerable effort has been devoted to 
confirming that de-ashing solvent losses are 
low. This is quite difficult at the pi lot plant 
scale, where handling losses for processes 
of this type are always expected to be high 
as a percentage of feed. The same losses 
would be negligible in a larger unit . The task 
is thus not simply to measure the pilot plant 
losses, but to demonstrate that there are no 
irretrievable losses. The most critical poten
tial problem areas, chemical reaction with 
the products and losses to the ash, have 
been el iminated. 

Low-severity operation 

A very significant part of the pilot plant pro
gram has involved efforts to reduce the 
severity of l iquefaction operating conditions 
(temperature, pressure, and residence 
time). The key to this type of operation is 
the extensive recycl ing of l ight SRC. 

The original incentive for attempting low
severity operation was to maximize SRC 
production whi le min imizing the production 
of low-boi l ing l iqu ids and gas. Before light 
SRC was available, min imum conditions 
were dictated by the requirements of achiev
ing recycle solvent balance and meeting 



sulfur specifications. It was theorized that 
l ight SRC could be used to make up defi
ciencies in the recycle solvent and that de
sulfurization could be accomplished more 
efficiently in  subsequent processing. 

The technique of recycl ing l ight SRC was 
first attempted with bench-scale equipment 
in 1 979 by Conoco Coal Development Co. 
and Kerr-McGee Corp . ,  the developer of the 
CSD technology (RP1 1 34). The results of 
this program were very encouraging. The 
use of l ight SRC as a solvent supplement 
was proved in principle. One application 
with particular relevance for preparing util ity 
fuels was low-temperature SRC operation 
(780 ° F ;  41 6 °C). Very efficient production of 
SRC was demonstrated at this temperature, 
and the yield of high-boi l ing l iquid fuels was 
impressive. Hydrogen uti l ization was very 
efficient, with small gas and naphtha yields. 

There were, however, several uncer-
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tainties in  the bench-scale work that re
quired resolution at a larger scale. Two of 
these involved apparent low coal conversion 
and low SRC recovery in the CSD unit .  
Theories were proposed to explain these re
sults in terms of the nature of the small 
bench-scale operation. Work was subse
quently undertaken at the Wilsonville pilot 
plant to verify these theories and to resolve 
another major uncertainty-whether l ight 
SRC recycl ing could be maintained in a 
steady-state operation.  

Several runs have now been completed at 
Wilsonville that demonstrate the low-tem
perature reaction. It has been determined 
that both coal conversion and SRC recovery 
rates are at least equal to those achieved 
at high temperature. The yields are very de
sirable in that gaseous and low-boi l ing prod
ucts are minimized. This results in the effi
cient use of hydrogen and the potential for 

product cost reductions. Also, yields of 
products in the turbine and boiler fuel range 
are maximized. Long-term steady-state op
erations were achieved. On the basis of 
these encouraging results, the low-tempera
ture SRC production process will soon be 
coupled with the hydrotreater. 

A side benefit of this work was realized 
when the solvent produced in the low-tem
perature operation was used as the startup 
solvent for a run at normal temperature. 
Plant performance was substantially im
proved, even when the orig inal solvent had 
been replaced by the products from the 
high-temperature run after a long period of 
operation. Recovery in the CSD unit was in
creased by over 1 0%, and yield makeup 
was improved. Apparently the quality of the 
solvent determines the nature of the prod
ucts that replace it. Program Manager: 
Howard Lebowitz 
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COAL COMBUSTION SYSTEMS DIVISION 
Kurt Yeager, D i rector 

COAL CLEANING TEST FACILITY 

The Coal Cleaning Test Facility (CCTF), 
located near Homer City, Pennsylvania, 
started plant acceptance trials in July and 
began operation in September (Figure 1). 
The complex nature of the facility, which 
houses five flow sheets, novel instrumenta
tion, and a process control computer in the 
test plant, contributed to the protracted 
startup schedule. In addition, the cleaning 
circuits, being much smaller than those in 
commercial plants, are extremely sensitive 
to minor changes in water flow Diligent ef 
forts by EPRI personnel, Roberts & Schaefer 
Co. (the detail design and construction con
tractor) ,  and Kaiser Engineers of Pennsyl
vania (the facility operator) provided for a 
smooth transition from startup to operation. 
CCTF is receiving substantial interest. Tours 
of the facility have been conducted for rep
resentatives of EPA, DOE, Guff Oil Corp. , the 
West German steel and coal industry, and 
the Australian coal industry, as well as for 
interested utilities. This interest has been 
sparked by the unique nature of the facility 
and the resurgence of international interest 
in coal and coal cleaning. 

Conventional coal-cleaning systems (water 
slurry cleaning by g ravimetric and surficial 
methods) reduce ash and pyritic sulfur. Ash 
removal of 60% and sulfur removal of 40% 
from run-of-mine coal is not uncommon in 
coal cleaning. The qual ity of c lean coal  and 
the effectiveness of cleaning are largely af
fected by the nature of the raw coal and the 
cleaning processes employed. The test facil
ity wi l l  investigate the use of various com
monly employed and commercially avai lable 
processes on a variety of coals that repre
sent the major national coal regions. 

Although coal cleaning can reduce ash
and sulfur-loading in a boi ler, cleaned coal 
has not been widely accepted by the util ity 
industry-some estimates put current prac
tice at about 30% of the coal burned. The 
main deterrent is the cost of cleaning ,  and 
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Figure 1 EPRl's Coal Cleaning Test Facility i s  the nation's newest and most advanced coal-cleaning research, 
development, and demonstration plant. It will evaluate the cleanability of different kinds of steam coal and 
ascertain the best cleaning methods. 

the major component of the cost is related 
to coal lost to the refuse product streams. 
Coarse-coal cleaning systems are highly ef
ficient from a recovery standpoint, but fine
coal (minus 28 mesh) clean ing systems are 
less efficient in reclaiming and washing 
burnable matter. Drying of fine coal , which 
can represent 20% of the feed stream, is dif
ficult, and fines commonly contain 25% 
moisture. As a result, most fine-coal clean
ing systems produce a product that is higher 
in moisture than run-of-mine coal , and using 
clean coal wil l  result in a loss of boiler effi
ciency. Because cleaning and dewatering 
fine coal is relatively new, substantial im-

provement can be expected in this area. 
R&D activities at CCTF wi l l  concentrate on 
cleaning minus %-in coa l ,  with major em
phasis on the minus 28-mesh fraction. 

Even with the drawbacks mentioned 
above , clean-coal use by util ities is increas
ing, as evidenced by the recent commission
ing of Tennessee Valley Authority's Paradise 
coal-clean ing plant and American Electric 
Power's Windsor plant. Completion of Penn
sylvania Electric Co. and New York State 
Electric & Gas Corp. 's  Homer City coal
cleaning plant early next year will add to the 
list of util ity-owned clean ing plants. Clean 
coal is also being used by the New England 



Electric System at its Brayton Point plant, 
where the coal-oil boiler was converted to 
clean coal without the addition of scrubbers, 
and the environmental impacts are less se
vere than those experienced with oil. 

The costs and benefits associated with the 
use of cleaned coal in new units has been 
investigated (EPRI CS-1 622). Because sul
fur removal by cleaning is much less expen
sive than stack gas cleanup and the revised 
New Source Performance Standards allow a 
credit for sulfur removal before burning ,  six 
of seven cases investigated in the study indi
cated a net benefit in favor of coal cleaning. 
There are also prel iminary indications that 
using clean coal may improve un it avai l
abil ity. If a 1 % improvement in availabil ity 
is taken into consideration, all seven cases 
indicate coal cleaning is cost-effective. Al
though the study focused on new un its, the 
methodology used to evaluate the impact 
of coal cleaning is also applicable to ex
isting units. The majority of variables to 
evaluate the use of clean coal are coal
and site-specific in  nature, and each utility 
must decide its course of action on a case
by-case basis. 

CCTF can assist utilities that are consider
ing the use of clean coal by performing eval
uations of the cleaning process best su ited 
to cleaning the particular coal to be used. 
As all coals react d ifferently to clean ing, it 
is expected that utilities will perform flow 
sheet selection evaluations at CCTF. Large 
quantities of coal (over 1 00 tons) can be 
handled, washed, and analyzed , and sub
stantial amounts of clean coal can be pre
pared for test boiler work. 

Most cleaning plants are custom-de
signed for a particular coal, min ing condi
tions, and the clean-coal quality and recov
ery requirements of the builder. The circuits 
and equipment used in CCTF evaluations 
are commercially avai lable; therefore, sound 
predictions of ful l-size plant performance 
can be made with confidence on any coal 
processed. This aspect of CCTF (i.e . ,  per-

forming integrated flow sheet evaluations 
with pilot plant-size equipment) is un ique 
and a departure from past practices of de
veloping flow sheets based on a small sam
ple (less than 1 000 lb ;  450 kg). 

Eight base coals are being sol ic ited from 
the utility industry: an anthracite, three high
rank bituminous, three subbituminous, and a 
l ignite. These coals wil l be processed i n  one 
or more of the test facility flow sheets that 
are best suited for cleaning the particular 
coal under consideration.  Cleaning system 
effectiveness will be measured, along with 
a full analysis of changes in coal qual ity. 
Analysis of the as-received and the cleaned 
coal and ash will result in a better u nder
standing of the effects of coal cleaning on 
boiler design and operation. 

A major criterion used in the selection of 
the base coals is their future availabil ity. The 
base coals wil l be used as feedstock to novel 
coal-cleaning processes that eventually wi l l  
be added to CCTF. The effect of coal hetero
geneity on those performance comparisons 
will be reduced because a wide range of 
coal types will be evaluated .  Also, the ef
fect of clean ing system performance on dif
ferent coal quality parameters can be deter
mined. 

Two committees have been formed to 
guide the R&D activities at CCTF. A subcom
mittee of the Coal Qual ity Program Com
mittee was required to monitor research 
plans and accomplishments. The Technical 
Advisory Committee, consisting of repre
sentatives from the coal industry, commer
cial plant designers, DOE, and academic 
institutions, was formed principally to coor
dinate CCTF activities with their respective 
institutions. The first committee meetings 
will be held in December to review the first 
annual R&D detail plan. 

In itial work at CCTF includes evaluation 
of the 54 solid and slurry samplers that 
surround the processing equipment. All 
samplers wi l l  be validated under a full range 
of processing conditions so that they can 

be relied on for the equipment and circuit 
performance evaluations to be conducted 
later on.  

Sampler accuracy and bias will be ascer
tained and the samplers wi l l  be modified to 
correct deficiencies. As the CCTF samplers 
are installed in a wide variety of applica
tions, the knowledge gained in calibrating 
and i mproving their performance will be 
valuable to the proper design and placement 
of samplers at boilers and coal-cleaning 
plants. 

While sampler validation is proceeding, in
strumentation performance evaluations wi l l  
be made and process control strategies wi l l  
be developed. The instrumentation currently 
installed is commonly used in other process
ing industries but requires demonstration in  
a coal-cleaning atmosphere. As with sam
ples, instrumentation performance will be 
measured over a wide range of operat ing 
conditions, problems ascertained, and cor
rections made. The results of the work will 
be important to the proper selection and use 
of instrumentation for process and quality 
control of coal-cleaning plants. 

On-line slurry ash analysis is also being in
vestigated on a bench-scale level, and when 
completed , the equipment will be moved to 
CCTF for demonstration. When the instru
mentation has been successfully coupled 
to the CCTF computer, on-line process con
trol to optimize yields and min imize coal 
qual ity fluctuations will be demonstrated. 

Before uti l ity flow sheet testing or base 
coal processing can be accomplished, al l 
equipment in the test plant wil l be tested 
under a variety of conditions . Equipment 
performance evaluations wil l  be conducted 
on a local coal. The effect of equipment 
operating variables on performance wil l be 
evaluated so that a process can be modi
fied to accept any coal. This work is planned 
for completion in the first quarter of 1 982. 
At that t ime, util ity flow sheet testing and 
base coal testing can begin .  Project Man
ager: Douglas Trerice 
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R&D Status Report 
ELECTRICAL SYSTEMS DIVISION 
John J.  Dougherty, D i rector 

POWER SYSTEM 
PLANNING AND OPERATIONS 

Modeling generating 
unit operating conditions 

The traditional models of generating un its 
used in current computer programs for gen
erator reliability are relatively simple. This 
simplicity came about by weighing the ac
curacy desired against the cost of conduct
ing studies; the lack of accurate or sufficient 
data for more sophisticated models was also 
a factor. For some time now, it has been 
clear that these simple models neither track 
actual experience nor predict future per
formance with sufficient accuracy. Analysis 
of the problem has led to the conclusion that 
a n umber of operating considerations (e .g . ,  
spinning reserve, un it startup fai lures, and 
other factors that have traditionally been 
omitted in the simpl ified generator models) 
could be contributing to the less-than
satisfactory results. In addition, recent ad
vances in simulation technology have made 
more sophisticated simulation acceptable in 
terms of time and cost. 

In a project with Associated Power 
Analysts, Inc . ,  three different models have 
been developed to incorporate operating 
considerations: a s imulation model ,  a recur
sive analytic model, and a rare-event 
analytic model (RP1 534). A simulation 
model called GENESIS provides a method of 
analysis that adds greater fidelity to many of 
the traditional assumptions in the calculation 
of reliability indexes. The model incorpo
rates such operating considerations as the 
spinn ing reserve, un it startup fai lures, un it 
startup times, outage postponabil ity, and 
planned maintenance outages. The per
formance of the GENESIS model has been 
validated against the historical data of an 
actual util ity system and over a range of 
synthetic utility systems with various operat
ing parameters; it is accurate for the analysis 
of single-area systems and should be a cost-
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effective tool for system planning and op
erations planning. 

Two analytic models, the recursive model 
and rare-event model developed in this proj
ect, compete with a GENESIS simulation 
model of unit operating conditions in com
putation time and data requirements. Effi
cient computer programs for these models 
were developed, and they have demon
strated their ability to accurately compute a 
generating unit 's  reliabil ity. There was close 
agreement between the results of analytic 
models and the GENESIS model in terms of 
reliability indexes. 

The relative accuracy and computation 
efficiency of the GENESIS model and the 
analytic models wil l  be presented, and pro
totype computer programs for both the 
GEN ESIS model and the analytic models wil l  
be available at the completion of the project 
in the fi rst quarter of 1 982. Project Man
ager: Neal Balu 

Transient and midterm stability 

Large-scale power system distu rbances 
have become of g reater concern to both 
the industry and the public d uring the last 
decade. One approach to minimizing the 
effects of such disturbances is to analyze 
their causes. Unfortunately, today's system 
analysis tools are sti l l  unable to do this effec
tively; new and better tools are needed. 

The goal of a five-part research project 
is to develop new analytic tools to facil
itate studies of large-scale disturbances 
(RP1 208) based on the currently available 
transient/midterm stability computer pro
gram (RP745). Several new or enhanced 
features are being implemented in the 
RP1 208 software. Arizona Public Service 
Co. (APS) is i ncorporating an improved, 
two-terminal de transmission l ine model, as 
well as improved machine models and 
auxiliaries. Arizona State University (ASU) 
has completed the research efforts involving 
network reduction and output analysis. 

Boeing Computer Services, Inc. (BCS), is 
providing the numerical integration al
gorithms and program cleanup.  Systems 
Contro l ,  Inc. (SCI), in conjunction with En
ergy Systems Computer Applications, Inc. 
(ESCA), has developed algorithms for mid
term generator aggregations and generator 
bus reduction. ESCA has extended the 
aggregation-reduction process to include 
the external system on a prefau lt basis. In 
addition, ESCA is adding the un iform fre
quency procedure that was developed in 
Long-term Power System Dynamics (EL-
367). This option will allow the automatic 
step-size selection to function better in the 
midterm simulation region. 

The project was started during the first 
quarter of 1 978 and is scheduled to continue 
through December 1 981 . With APS's inte
gration and testing complete, BCS is cur
rently working on the final cleanup of the 
program, and distribution by the Electric 
Power Software Center is scheduled for 
March 1 982. A workshop on models and 
algorithms for stabi l ity calculations was held 
in August 1 981 . Project Manager: John 
Lamont 

Software guidelines 

The Power System Planning and Opera
tion Program has EPRl-wide responsibi l ity 
for producing a set of software guidelines as 
part of a project on software development 
and maintenance guidelines (RP1 71 4). 
These guidel ines wi l l  be fol lowed in future 
EPRI research projects to obtain better 
quality, more easily used software for dis
tribution by the Electric Power Software 
Center. The guidelines wi l l  also be available 
to electric utilities for use in  their procure
ment of software and in their own code 
development. 

The guidel ines are organized into 1 0  
chapters that may be used either individually 
or in various groupings tailored to meet the 
needs of a particular software project. 



Chapter 1 of the guidelines is an overview 
and briefly describes the remaining chap
ters and their interrelationships. Chapter 2 
provides guidelines for cost estimation and 
schedule format. The estimation guidelines 
indicate issues that should be considered in 
producing a cost estimate. The schedule 
section describes a milestone, manage
ment, and deliverable format for presenting 
the data. A suggested_groposal outl ine is  in
cluded. 

Chapter 3 is entitled "Quality Assurance 
(QA) Guidelines ."  It provides guidance on 
how the code developer should establish a 
QA program to detect, analyze, report, and 
correct software defic iencies. Topics in
clude configuration management, develop
ment, maintenance, and diagnostic proce
dures. Chapter 4 describes the form of all 
documentation used during the develop
ment and maintenance of software codes. It 
provides general material on style and 
format of documentation. 

The remaining chapters are applicable to 
the software design ,  coding, test ing, and 
maintenance phases of the software life 
cycle. Chapter 5 provides methods for the 
development of a software specification 
and for its representation. Design guide
l ines and the information that should be in
cluded in the design are in Chapter 6 .  Chap
ter 7 provides coding guidelines that specify 
language standards (including language 
choice), as well as coding practices that will 
increase the reliability, portabil ity, under
standabil ity, and testability of software 
codes. The next chapter contains guidance 
on the specification, formulation ,  and docu
mentation of software testing .  " Updating 
and Maintenance Guidelines , "  Chapter 9, 
describes procedures for updating and 
maintenance of the codes being distributed. 
The final chapter provides specific proce
dures for the preparation of software for 
del ivery and distribution. 

The guidelines provide for the develop
ment of as many as nine separate docu
ments from a major software project. The 
Requirements Specification Document de
scribes the precise requirement for the 
software. It is the first document produced 
by the code developer and is the basis for 
subsequent phases of the project. The Pre
l iminary Design Specification describes the 
design down to a module (Subroutine and 
Function) level ,  whi le the Detailed Design 
Specificatio n  extends the design to incl ude 
the logic withi n  modules. Both documents 
provide a development plan, tests, and a 
description of the development environ
ment. The Test Plan describes the plan for 
testing and test analysis after the develop-

ment and debugging have been completed. 
The Program Log provides a history of the 
designs, implementation decisions, tests, 
and modifications relating to the code 
throughout its life cycle. 

The remaining documents are oriented 
toward the end user. The Installation Instruc
tion Manual describes the procedures for 
instal l ing the program on a particular com
puter. The necessary information to run and 
use the program is contained in the Users 
Manual. The Test Results Analysis document 
describes the tests executed, analysis per
formed on these tests, and actions taken 
when tests failed. The Program Reference 
Manual describes the detailed program 
structure to a level that permits updating 
and maintenance of the code. These 
manuals are intended to complement a well
documented code. 

The guidelines should be available in  the 
first quarter of 1 982. Science Applications, 
Inc. , was the prime contractor. Project 
Manager: John Lamont 

Dispatch operator training 

The EPRI hybrid power system simulator 
was completed in 1 975 by the University of 
Missouri-Columbia (UM-C) to support en
gineering studies of long-term dynamic be
havior of power systems (RP908-1 ). The 
capabilities of this hybrid simulator were 
later extended to include short-term dy
namics, protective relaying, and automatic 
parameter setting (RP908-2). The power 
system simulation capabilities of the EPRI 
hybrid are described in Improvement and 
Performance Evaluation of an Advanced Hy
brid Simulator for Power System Dynamics 
(EL-724). 

In late 1 978 researchers at UM-C began 
to add the man-machine interface and soft
ware to the hybrid so its potential as a train
ing simulator for bulk power system dispatch 
operators could be evaluated. These op
erators are responsible for control l ing the 
minute-by-minute flow of power throughout 
the bulk power system to supply power at the 
lowest cost possible, while keeping the sys
tem secure from serious disturbances. The 
work to adapt the hybrid and the expected 
results were described in an earlier EPRI 
Journal (November 1 979, page 57). 

The adaptions were completed, and the 
simulator was operational in October 1 980. 
The results have been successful beyond 
our expectations. 

The simulator was demonstrated to an in
dustry group of about 30 supervisory per
sonnel in the fall of 1 980. Since then, UM-C 
has sponsored two 4-day seminars, for 
groups of 1 0-1 5 operators (the first in March 

1 981 and the second in June 1 981 ) . Addi
tional seminars wil l  be held. 

This simulator is considered a generic de
vice, somewhat l ike a driver training simu
lator (not a Cadil lac, just a car). In the same 
way, this tool is intended to both simulate the 
basic reactions of electric power and voltage 
to various system and operator actions, and 
to train the operator to respond to both 
normal and emergency situations with 
knowledge and confidence. It is not intended 
to simulate a specific power system .  

The project has provided a wealth of 
knowledge in the hardware and software 
needed to simulate power system phenom
ena with a fidelity and speed that provide 
realism to the operator. In addition, the work 
on scenario simulation-construction of the 
events to which a trainee will be exposed
wil l be of considerable value in follow-on 
work to make simulators increasingly 
realistic, while reducing their cost. Project 
Managers: R. H. Iveson and D. F Koenig 

ROTATING ELECTRICAL MACHINERY 

Transformer oil pumps 

The overall objective of RP1 797 is to improve 
the reliability of transformer oi l  pumps 
through the application of state-of-the-art 
and emerging technologies. Pump fai lure 
can result in a transformer's being out of 
service for a considerable time, which can 
be very costly. (Details of this project were 
discussed in the October 1 980 issue of the 
EPRI Journal, page 45.) 

The project is concerned with designing ,  
bui lding, and testing a prototype transformer 
oi l circulating pump or system that will per
form the required function but wi l l  not cause 
contamination of the transformer as a result 
of any fai lure mode of the pump or pump 
drive. The new design ,  or its reasonable 
modification, should be amenable to retrofit 
into existing installations. 

The project is divided into two phases: The 
first phase is to generate and evaluate alter
native configurations that meet the project 
objectives. The second is to develop a de
tailed design for the most promising alterna
tive and to manufacture and test a prototype 
unit of the selected design. 

As a result of the first phase of the project, 
two improved transformer coolant pump 
concepts were selected for further study: an 
improved centrifugal pump and a rotating 
casing pump. In  the second phase of the 
project, these two concepts were subjected 
to more detailed study in order to select the 
best possible design concept. Detailed lay-
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outs were prepared, and failure modes and 
effects were analyzed. 

On the basis of these detailed studies, the 
rotating casing pump concept has been 
selected for detailed prototype design ,  
manufacture, and testing .  Project Man
ager: D. K. Sharma 

OVERHEAD TRANSMISSION 

Contamination flashover 
of HVDC insulators 

Two important differences exist in the in
service performance of insulators on HVDC 
l ines and their performance on the more 
familiar HVAC lines: The rate of accu mula
tion of contamination is much higher for de 
(about an order of magnitude higher was 
measured at a field test station). And de 
flashovers tend to occur at a lower voltage 
level than ac flashovers for the same level of 
contamination (a laboratory study found de 
flashover voltage to be only about 50% of the 
ac rms flashover voltage). 

It may be concluded from the findings of 
a recently completed project by the Univer
sity of Southern California (USC) that design 
of HVDC insulation for contamination per
formance cannot be based on past ac con
tamination experience and design criteria 
(RP848-1). However, utility engineers can 
obtain much practical information on HVDC 
insulation design from the project's f inal 
report, which will be available in  late 1 981 . 
Following are some of the features of the 
report. 

o Information on the rate and nature of con
tamination on de insulators obtained from a 
field test station, including the effects of 
weather on the contamination process 

o A method for determining the required in
sulation strength for an HVDC l ine in  any 
location by knowing the chemical composi
tion of natural contaminants 

o Several theories that improve our under
standing of the mechanism of de flashover 

o A conceptual design for improving the 
performance of HVAC insulators by using in
ternal g rading 

The final report contains not only the basic 
theory but also the practical applications a 
utility engineer needs to design insulation 
systems for HVDC l ines. The ultimate goal of 
this project, other EPRl-sponsored projects 
(RP1 206-1 , -2), and a follow-on project at 
USC (RP1903) is to design insulators for 
HVDC l ines that will have improved operat
ing characteristics and wi l l  reduce the cost 
of l ine construction and maintenance. The 
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completed project (RP848-1) has identified 
and quantified the major problems and is a 
significant fi rst step toward achieving the 
goal. Project Manager: John Dunlap 

Transmission line grounding 

The transmission l ine grounding study has 
passed midpoint and the final report-a 
grounding design guide for overhead trans
mission lines-will be avai lable in late 1982 
(RP1494-1) .  This design guide wil l contain 
practical information on obtain ing ground 
resistance measurements and analyzing the 
measurements from a transmission line 
engineer's point of view. As a part of this 
project, several dedicated computer pro
grams are being developed by the re
searcher, Safe Engineering Services, includ
ing the following. 

o RESIST-a program designed to find the 
electrical equivalent of the real soil structure 
at the tower site 

o GTOWER-a design tool that will evaluate 
transmission tower systems and provide in
formation on the effects of mitigation meth
ods for step-and-touch potentials around 
transmission towers 

o PATHS-a computation method for de
termining fault current distribution between 
tower and overhead ground wire 

o LINPA-a computer code that calculates 
the self and mutual impedances of the con
ductors with Carson's method or another 
approximate, but accurate, method 

o TOWER-a program under development 
that will analyze the l ightning performance 
of a tower 

Staged fault tests have been conducted 
on Idaho Power Co. and TVA transmission 
lines. Measured fault current distribution be
tween towers and ground wires and earth 
potential p rofiles near a faulted tower wi l l  be 
compared with calculated values. Results 
of current injection tests on Rochester Gas 
and Electric Corp. 's transmission towers wil l  
be used to validate the computer model. 

The final report, to be available in late 
1982, wil l  contain reference charts and 
tables for typical designs and, for more com
plex analyses, the computer p rograms 
described above. Project Manager: John 
Dunlap 

DISTRIBUTION 

Failed-cable analysis 

With over one bi l lion feet (0.3  x 1 09 m) 
of polyethylene- and cross-linked poly-

ethylene-insu lated high-voltage distribution 
cable presently installed in the United 
States, there is increasing evidence that the 
anticipated 30-40-year life expectancy of 
these cables may not be attained.  Excessive 
failure rates are common at some utilities 
and have become more common at others. 
It is possible that additional utilities, in due 
time, wi l l  also experience increased failure 
rates for cables that have been operating at 
lower electrical stress, energ ized for fewer 
years, and/or subject to less l ightning inci
dence. As a large portion of the installed 
cables are direct-buried, a potential expen
diture of several bi l l ion dollars to replace 
failed cable confronts the utility industry 
over the next several years. Furthermore, 
there is additional concern that the replace
ment cable of the same basic material wi l l  
also experience premature fai lure ,  resulting 
in a cyclic problem of early-life cable failure 
and subsequent replacement. 

EPRI has sponsored a number of projects 
designed to facilitate an understanding of 
cable fai lure and life predictions (RP1 33, 
RP1 357); in addit ion,  materials suppliers 
have been offering cable producers samples 
of newer, modified polyethylenes and cross
l inkable polyethylenes in the interest of 
enhancing life characteristics. The fact re
mains, however, that despite years of re
search (sponsored by others, as well as by 
EPRI) a question remains as to whether pre
mature cable failure is due primarily to (a) 
voids, contaminants, and protrusions that 
exceed industry specifications in specific 
cable runs (i.e . ,  the older conventional con
sideration), or (b) a generic problem related 
to i nherent behavior of polyethylene and 
cross-l inked polyethylene when aged in a 
soil-water environment under conventional 
voltage stresses (a more recent concern). 

To resolve this quest ion,  EPRI has en
tered into a three-year contract with Bat
telle, Columbus Laboratories, which wil l  
employ lnstitut de Recherche de l 'Hydro
Quebec as a subcontractor for testing 
(RP1 782). Battelle-Columbus wi l l  be respon
sible for performing a statistical comparison 
of the histories of 1 5-35-kV, h igh molecular 
weight polyethylene-insulated and cross
l inked polyethylene-insulated field-aged 
cables that have experienced a variety of in
service conditions. A large number of uti l 
ities wil l  be participating by providing infor
mation; i nputs from the cable histories wil l  
be computer-processed, and the effects of 
materials and cable characteristics, operat
ing stresses, local environment, and scores 
of other parameters wi l l  be compared. 

The overall objectives wi l l  be to develop 
an understanding of insulation character-



istics required for satisfactory service life; to 
develop an understanding of the relation 
sh ip  between cable operating stresses and 
cable characteristics; and to recommend 
preferred insulation characteristics and 
cable constructions that wi l l  increase the 
reliabil ity of predicting the remain ing service 
life of installed cables. Project Manager: 
Bruce Bernstein 

UNDERGROUND TRANSMISSION 

Three-conductor gas 
cable field demonstration 

In a cost-sharing effort, The Detroit Edison 
Co. , Westinghouse Electric Corp . ,  and EPRI 
have cofunded the development and dem
onstration of an EHV, three-conductor, SF6-

insulated transmission system (RP7840). 
The specific objecf1ves of this undertaking 
were to design , manufacture, instal l ,  field 
test, and operate an optimal 362-kV under
ground link, connected as an integral part of 
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a utility system. This process incorporated 
an evaluation of technical and economic ad
vantages, operation in a nonlaboratory field 
environment, and the dissemination of the 
results to the industry. 

To ensure that the technology wil l  be 
ready and accepted by the industry, the fol
lowing must be demonstrated. 

o Manufacture, shipping, handl ing,  and 
field installation of components of the size 
required for a three-conductor transmission 
system 

o Long-term in-service reliability under 
actual system conditions 

o Experience with the operating character
istics and physical l imitations 

o Industry confidence in the usability of a 
three-conductor, gas-insulated cable as a 
viable transmission option 

Design optimization ,  shop tool ing, and 
fabrication of components were completed 

last year. Installation and acceptance testing 
of this 1 83-m (600-ft) test loop at Detroit 
Edison's Wayne station was recently com
pleted. Figure 1 portrays two stages of the 
installation process. A two-year test pro
gram, including various loading levels and 
modes, relay carrier tests, and switching 
surge tests, is under way. This new, three
conductor, gas-insulated l ink will be con
nected as an integral part of Detroit Edison's 
transmission gr id for nine months of the test. 
Project Manager: John Shimshock 

Morphology of PE and XLPE 

Extruded dielectric insulated power cables 
undoubtedly will be used to meet future de
mands for increased transmission and dis
tribution because of their low cost and ease 
of handl ing. However, field performance of 
transmission cables is unproven, and distri
bution cables expected to function for 
30-40 years have been fai l ing in a wet soil 
environment in one-fifth that time, or less. 
Although the causes of this problem have 

Figure 1 Three-in-one, gas-insulated, 345-kV underground transmission line under construction at Detroit Edison Co. during mid-1 981 . 
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remained elusive, technical interest has 
recently focused on the morphological 
characteristics (i .e . ,  form and structure) of 
these materials. Morphological influences 
represent a relatively unknown factor in this 
area, and a growing question is whether 
electrical aging and failure in  extruded insu
lation can be related to such subtle micro
scopic structural features. Morphology is 
known to be influenced by processing con
ditions, as well as by impurities; however, 
relative to such polymers as high-density 
polyethylene and polypropylene, less is 
known about low-density polyethylene, and 
knowledge about the morphology of cross
l inked polyethylene (XLPE) is virtually ni l. 
Reports in the recent literature have claimed 
that dielectric failure takes place along 
spherul ite boundaries (porn-porn-like struc
tures that polyethylene may form as it cools 
from the melt), although questions exist 
concerning experimental methodology. 

To gain greater understanding in this area, 
EPRI has entered into a contract with the 
University of Utah to explore the morphology 
of XLPE-insulated transmission cables 
(RP7891 ). As a precursor to this project and 
to explore the state of the art in morphology 
research on extruded polyethylene cable in
sulation , EPRI sponsored a workshop that 
was organized by and held at the National 
Bureau of Standards. About 30 participants 
from universities, government, util ities, and 
industry met tor three sessions during March 
and April of 1 981 to present and critique 
experimental evidence for recently reported 
structu ral features in extruded polyethylene. 
Ten presentations on the subject were given ,  
followed by audience discussion . Etching 
methods tor revealing morphological struc
tures were discussed in depth. 

One question raised during the workshop 
was whether, and to what extent, the ob
jects revealed on the surface of etched 
specimens are representative of the internal 
structure of the polymer employed as insula
tion. Potential problems are that etching 
techniques may induce degradation, swell
ing, or other alterations in polymer and, fol
lowing etching, leave a residue of altered 
material on the prepared surface. Such 
altered structures would not represent the 
bulk of the polymer. 

To min imize the potential problem in futu re 
work, the workshop reached a consensus 
on a suggested experimental approach .  In 
this regard, the workshop proved to be qu ite 
timely and provided a service not only for 
researchers concerned with utility problems 
but also for those involved in academic re
search .  The proceedings of the workshop 
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wil l be available early in 1 982. Project 
Manager: Bruce Bernstein 

TRANSMISSION SUBSTATIONS 

Hot spot detector 

Hot spot detection is an area of high concern 
to users of transformers, as loss of l ife is 
logically expected to proceed more rapidly 
at such sites. As part of a project with 
General Electric Co. on transformer loss of 
life (RP1 289-1 ), EPRI sponsored a subcon
tract with Luxtron Corp. to evaluate an 
optical temperature sensing system for use 
in transformers. The scope of the work in
volved selecting probe and optical fiber 
materials; pretesting environmental effects 
and electrical characteristics; fabricating 
long-fiber probes and extensions, special 
feedthroughs, and connectors; and testing 
in transformers subjected to aging on the 
project. 

The sensor consists of a disk of europium
activated gadol in ium oxysulfide phosphor at 
the end of an optical fiber. The phosphor is 
excited by ultraviolet radiation transmitted 
down the fiber from a source within the in
strument. The resultant visible fluorescence 
from the phosphor sensor is transmitted 
back to the temperature-measuring instru
ment by the same fiber. The temperature in
formation is contained in the relative in
tensities of specific fluorescent emissions 
from the phosphor. The ratioing technique 
employed makes the temperature measure
ment insensitive to nonthermal variations in 
optical signal level. 

The phosphor layer is bonded to the tip of 
an ultraviolet-transmitting si l ica fiber sur
rounded by a si l icone cladding. The entire 
probe assembly is protected by a fluoro
polymer jacket. All materials in the probe, 
including phosphor binder and jacket pig
ment, are electrically compatible with trans
former oil and insulation . 

One key question that had to be resolved 
on the project related to whether the optical 
fiber sensor package would operate suc
cessfully in the hostile hot oi l environment 
of the transformer. Another related to 
whether the properties would remain stable 
with aging. 

Hot oi l immersion tests demonstrated 
satisfactory operation for 2000 hours ,  the 
maximum test time, with no change of 
sensor calibration. Several probes were 
tested, employing a turn-to-turn transformer 
coil with an enamel-insulated wire. Typical 
maximum temperatures at probe locations 
were in the 1 24-1 44 ° C range. Some devia-

lions were observed between the probes 
and thermocouples employed in the experi
ment, but the overall results were satisfac
tory, and the basic feasibi l ity of the concept 
was demonstrated. Luxtron wi l l  be employ
ing cabled probes in future work to improve 
physical strength and increase oil resis
tance. Newly available u ltraviolet-transmit
ting, glass-on-glass fibers may also be 
evaluated. Longer-term testing in operating 
transformers is planned. Project Manager: 
Bruce Bernstein 

Amorphous metal 
for transformer cores 

The development of amorphous metal trans
former cores is an exciting and meaning
ful venture into a major translation of labo
ratory art to production technology. Test 
results reported by the cocontractors, All ied 
Corp. and Westinghouse (RP1 290), are pro
viding considerable optimism that significant 
savings can be achieved in the distribution 
of electric energy. The development of amor
phous alloy compositions with improved soft 
magnetic properties for transformer core 
applications has been a continu ing and ex
panding research effort at Al l ied since the 
1 97 4 discovery of Fe8 0B2 0 , which was 
designated 2605. During the EPRI project, 
alloys 2605-S, 2605-SC, and 2605-S2 have 
shown continuous improvement. 

In Morristown, New Jersey, Al l ied erected 
a pilot plant that can produce amorphous 
metal strip; it is, in effect, a small steel mi l l ,  
capable of processing amorphous alloys in  
tonnage quantities because i t  i s  equipped 
for the continuous rapid quenching required. 
The pilot plant has produced 2-in-wide 
(50.8-mm) metall ic glass strip on a semi
continuous basis that typically exhibits 
60-Hz core losses of Jess than 0.1 W / lb  at 
1 .4 T. This energy loss is less than one
quarter of the best grain-oriented si l icon 
steel (M-4). Further, experimental pilot 
plant casting runs have produced amor
phous material with losses one-half of the 
typical value given above. This is indicative 
of the potential to further reduce transformer 
core losses as the technology to produce 
metall ic g lasses is developed. Independent 
tests conducted by Westinghouse have con
firmed the outstanding low-loss character
istics of this pilot plant strip. 

To date, the pilot plant has produced 
thousands of pounds of 2-in-wide (50.8-mm) 
strip in hour-long casts. The strip is con
tinuously wound and the dimensions are 
measured simultaneously with casting. Al
though casting runs have been targeted at 
a one-hour duration, the principle of the sys-



tern can be readily extended to an essen
tially continuous process in a fully com
mercial operation. 

The production of the amorphous strip 
directly from the molten alloy (Figure 2) also 
achieves energy savings and manufacturing 
economies by el iminating the numerous in
termediate steps of bil let casting, hot rol l ing, 
pickl ing ,  cold rol l ing, anneal ing, and coat
ing, which are employed in the manufacture 
of conventional core steels. 

The pilot plant is now producing l imited 
quantities of 6 . 8-in-wide (1 72 .8-mm) strip at 
3000 ft/min (91 4 m/min). Evaluation tests 
of this material are under way. The core 
losses of this wider material are as low as 
those of the 2-in (50.8-mm) strip made previ
ously. The effort to scale up the production 
process to produce a wider amorphous 
metal strip involves a number of major ad
vances in the state of the art of refractory 
materials, heat transfer techniques, materi
als handl ing, and control. 

In parallel with production development at 
All ied, Westinghouse is developing the 
methods for constructing transformer cores 
from amorphous strip and evaluating the 
economic benefits to be realized in com
mercial designs of distribution and power 
transformers. The unique physical and me
chanical characteristics of amorphous strip 
present a set of core manufacturing chal
lenges that differ from those encountered 
with conventional core steels. For example, 
the high hardness and thin gage increase 
the difficu lty of stamping and stacking the 
laminations used in large power trans
formers. Westinghouse is developing meth
ods for laminating individual strips into 
thicker bonded sheets to partially overcome 
the problems of stacked core construction. 
New high-speed machinery capable of form
ing and stacking multiple laminations may 
be needed to produce stacked cores in a 
cost-effective manner. This provides an ex
cellent opportunity for using the emerging 
robotics technology. The high tensile 
strength of the material may even facil itate 
more economic production of wound core 
distribution transformers by using auto
mated, high-speed winding equipment. 

Westinghouse is also studying the stress 
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Figure 2 Transfer of molten metal from induction melting equipment into casting machinery during the 
manufacture of 6.8-in-wide (1 72.8-mm) Metglas amorphous transformer core strip in the EPRI-Allied 
Corp. pilot plant. 

sensitivity of amorphous metal so that cores 
can be assembled with a minimal increase in 
losses from stress imposed by various geo
metric shapes. Another characteristic of this 
material is its high resistivity, which at certain 
widths requires no coating, thereby el iminat
ing one step in its manufacture. 

The Westinghouse portion of this project 
includes extensive core design and loss
evaluation studies·. Two characteristics that 
affect these areas are the space factor and 
saturation induction. The space factor rep
resents the fraction of total core volume 
that is f i l led with core material. Amorphous 
strip as currently produced has a space 
factor between 80% and 85%, compared 
with 95% or greater for conventional si l icon 
steels. The lower space factor of amorphous 
strip results from its thinner gage and sur
face imperfections. 

The economic advantage of amorphous 
strip is decreased by the lower space factor 
because larger core volumes are required to 
obtain the same flux. This increases the 

amount of conductor required for the coil 
and therefore the load losses of the trans
former. Improved strip-casting methods with 
higher space factors are being developed at 
All ied. 

The inherent lower saturation induction 
level of amorphous strip compared with si l i
con steels is due to the percentage of glass
forming materials needed in the alloy to 
produce an amorphous materia l .  This lower 
saturation level, originally thought to be the 
major stumbling block in  its application, is 
not now considered a sign ificant factor. This 
is because of the nation 's dramatic increase 
in energy and capital costs, which has 
forced designers to reduce the saturation 
induction of sil icon iron below the maximum 
operating induction of amorphous metal 

simply to reduce core loss. I ronical ly, we 
anticipate that an amorphous metal trans
former will actually weigh less than a sil icon 
iron transformer when both are designed 
with present-day loss evaluations. Project 
Manager: Edward Norton 
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SOCIOECONOMIC 
IMPACTS OF POWER PLANTS 

The introduction of a new power plant into a 
region can have positive and negative socio
economic impacts on the region. Positive 
effects include increased tax revenues and 
increased local employment. Negative im
pacts generally result from the influx of a 
large temporary construction force, which 
can strain local services, upset traditional 
markets for housing and other services, and 
create conflicts between older residents and 
newcomers. Concern about the negative im
pacts has forced utilities to address these 
issues. The work described below attempts 
to improve our understanding of plant im
pacts and to evaluate methods for predicting 
them. 

Before the 1970s l ittle attention was paid to 
the socioeconomic impacts of new power 
plants. The National Environmental Policy 
Act of 1969 was the first federal legislation 
requiring consideration of these impacts. 
Other federal requirements have followed, 
including the Nuclear Regulatory Commis
sion's (NRC) Regu latory Guide 3.8 (Chapter 
8) and the Council on Environmental Qual
ity's gu idel ines for environmental impact 
statements. Also, in several states industrial 
siting legislation has been created or ex
panded to require more comprehensive 
coverage of socioeconomic impact assess
ment and mitigation.  

EPRI has sponsored a two-year research 
project to address these socioeconomic 
issues (RP1 226) . To supplement existing 
data, detailed information was col lected 
from 1 2  power plants either under construc
tion or recently completed. These case 
studies were chosen to reflect diversity in 
geographic location and in economic devel-
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opment About half of the plants are in areas 
of low population density. Nine burn coal, 
two are nuclear, and one is oi l-f ired. They 
range in size from 504 to 2664 MW (e). 

The project had four objectives. The first 
was to provide an expanded data base on 
socioeconomic impacts, both positive and 
negative, resulting from power plant con
struction.  This data base will support general 
conclusions about the occurrence and mag
nitude of socioeconomic impacts and will 
provide a set of reference precedents for 
use in preparing impact assessments. The 
second objective was to evaluate the state of 
the art in socioeconomic impact assessment 
in order to identify the more useful tools and 
suggest approaches for future assessments. 

The third objective was to explore the sen
sitivity of potential adverse impacts to 
changes in other variables, such as the type 
and quantity of housing and services avai l
able for construction workers. This work 
could suggest options for utilities, construc
tion contractors, and governments that 
might mitigate adverse impacts. The fourth 
objective was to develop early-warning 
methodologies for identifying c ircumstances 
that might cause either serious or min imal 
adverse socioeconomic impacts. Such 
methodologies could be helpfu l  in deter
mining whether further socioeconomic as
sessment work is warranted. 

The project contractor was the Denver Re
search Institute, which was assisted by the 
firm of Browne, Bortz, and Coddington. The 
project greatly benefited from the activities 
of an advisory committee composed of rep
resentatives from utilities, national labora
tories, universities, private consulting firms, 
and NRC. This group closely oversaw the 
work and participated i n  many key decisions. 

The project has been completed, and the 

final report will be available by the end of 
the year. The following types of impacts were 
investigated. 

o Direct economic: di rect employment 
(construction and permanent) , local versus 
nonlocal h i r ing,  local versus nonlocal ex
penditures 

o Indirect economic: changes in local ser
vice employment and in labor supply and 
demand 

o Demographic: changes in population, set
tlement patterns, and such characteristics 
as family size,  income levels, and labor par
ticipation rates 

o Housing: changes in effective demand 
and in supply constraints 

o Publ ic sector: changes in facility and ser
vice requirements, local government tax 
base and revenues, government operating 
costs and capital improvement needs, and 
government functions 

o Private sector: changes in  per capita 
availabil ity of goods and services, responses 
of local businesses 

The study has produced these major con
clusions: (1 ) because impact forecasts are 
generally unre l iable ,  versati le management 
schemes for construction projects may be 
desirable; (2) the changing craft structure of 
the construction work force influences 
socioeconomic effects; (3) the geographic 
area affected is considerable; ( 4) indirect or 
secondary economic impacts are generally 
smal l ,  and fiscal impacts vary considerably; 
(5) the demand for permanent housing 
among migrating construction workers is 
small; and (6) most publ ic officials see the 
overal l  plant impacts as positive. 



Impacts are generally related to the num
ber of construction workers at a plant site. 

At the case study sites and other recently 
built plants, the actual timing and magnitude 
of construction employment differed sub

stantial ly from the forecasted estimates. In  
most cases, there were also delays in  com
pleting construction .  The magnitude of con

struction employment (both peak and total 
man-years) usually exceeded the initial pro

jections by a wide margin. 
There were many reasons for the poor 

estimates, including several factors beyond 
the utilities' control-for example,  regulatory 

action or inaction ,  availability of financing, 
material shortages, load forecast changes, 

and labor stoppages. Such factors lead to 
considerable uncertainty in forecasting 

construction schedules. Given this uncer
tainty, there is probably a need in future 
impact assessments to prepare mu ltiple 
scenarios for project startup and completion 
as well as for the size of the construction 

work force. This approach would al low a 
much greater understanding of the potential 
impacts and facilitate the design of versatile 

management schemes to deal with the vari
ous possibilities .  

The case studies demonstrate the im

portance of understanding the dynamics of 

the construction work force in assessing 
socioeconomic impacts. Typical plant con

struction ·initial ly involves large numbers of 
laborers, carpenters, concrete workers, and 

sometimes operating engineers. As the proj
ect progresses, there is a shift toward more 

ironworkers, pipe fitters, boilermakers, and 

electricians. Individual workers are not 

likely to be employed at the plant over the 

entire construction period and are employed 
for shorter periods than usually predicted .  
This results i n  significantly less demand for 

permanent housing in the immediate vicinity 
of the power plant than typically forecast. 

I n  nearly all of the case studies, the geo
graphic extent of the impact area was 

greater than had been forecast. Workers 

tended to commute on a daily or weekly 
basis from a much larger area than antici

pated . This was partially due to the existence 
of moderately large indigenous construction 

work forces, even in some of the rural areas. 
Many of these areas have undergone fairly 
continuous (albeit unremarkable) develop

ment, which has attracted a resident labor 
force available to work on power plant con

struction;  hence the need to import new 
workers was smaller than expected. 

The case studies indicate that construc

tion workers usually have minor secondary 
impacts on the economy of an area. Most 

forecasts have tended to overestimate these 

impacts. 

Surveys of the housing preferences of 
migrating construction workers have found 

that they prefer permanent housing. The 
case studies, however, indicate that the 

predominant types of housing for such 
workers are mobile homes, recreational 
vehicles, and long-term rentals (includ'1ng 

motels and boardinghouses as well as apart
ments and houses). There was no evidence 

that construction workers attracted into an 
area because of a power plant have a signifi

cant impact on the local new housing market 
as buyers of single-family homes. The 

changing mix of construction crafts, the 
shorter-than-projected time on the job, and 

the high costs of permanent housing in most 

areas had much to do with the type of 
housing typically chosen by construction 

workers. 
The fiscal impacts of a power plant on a 

local area vary tremendously, depending on 

plant ownership and state and local laws. 

Some public agency-operated plants make 
no payments to local areas, but most plants 

either pay local property taxes or make 

payments in lieu of taxes. Jurisdictional mis

matches due to local laws and /or bounda

ries-that is, cases in which the govern
ments receiving the revenues from the new 

plant are not those affected-can create 
problems. In genera l ,  however, the case 
studies demonstrate that the construction of 

a power plant in an area can have a positive 

effect on community standards for public 

services and facilities .  Many new public 
facilities have been constructed in the case 

study areas as a result of additional funds 

due to the project. The governments in
volved have placed less emphasis on u p

grading services than on providing new 
facilities .  

Those interviewed in the case study areas 

(primarily public officials, community lead

ers ,  and other influential citizens) tended to 
consider the overal l  impacts of power plant 

construction and operation to be positive. 

The positive impacts most frequently cited 

were increased employment (especial ly for 
the young) , increased retail sales, increased 

property tax revenues, and increased opti
mism in the business and service sectors. 

The negative impacts cited, such as high 

rents for housing, were usually viewed as 
temporary annoyances that had to be borne 
(possibly by others than those interviewed) 
in order to reap the positive benefits. Most 

were associated with the peak construction 
period. 

The characteristics of the area in which a 

plant is located greatly influence the nature 
and extent of its socioeconomic impacts. For 

the three case study plants near metropoli

tan areas, neither positive nor negative 
impacts were perceived as significant. Eco
nomic impacts from power plant construc

tion and operation represented a very small 
percentage of total economic activity in 

these cases. This suggests that when power 
plants are built in this type of setting ,  socio
economic impacts are likely to be of small 

consequence. At the other extreme-plants 
sited in very rural areas remote from even 

small and medium-size cities-socioeco
nomic impacts can be very important, and 

more detailed analyses may be warranted. 

Program Manager: Ronald E. Wyzga 

RATE DESIGN STUDY: 
COSTING FOR RATEMAKING 

The Electric Utility Rate Design Study, now in 
its sixth year of load management research, 
has published more than 80 reports on vari
ous technical aspects of assessing time-of
use rates and direct load controls. Under
taken in response to a request by the 
National Association of Regulatory Utility 
Commissioners to examine ways of control
ling peak demand growth and shifting use 
from peak to off-peak periods, the study is a 
nationwide research effort sponsored by 
EPRI, the Edison Electric Institute, the 
American Public Power Association, and the 
National Rural Electric Cooperative Asso
ciation. The study's second phase (1978-
1 981) was organized into six major topics: 
customer response (or elasticity), costing 
and rate design, load research, equipment 
for load management, customer acceptance 
and understanding, and cost-benefit analy
sis. Research has been summarized in a 
topic paper for each area. This report dis
cusses completed work on costing for rate
making, which is covered in Topic Paper 2 
(RDS No. 85), the last topic paper to be pub
lished. A final report (RDS No. 90) will soon 
be issued that summarizes the study's 
second phase and provides a perspective 
for interpreting the results. 

During the 1 970s rate design emerged as a 
prominent concern because it was per
ceived as one solution to the problem of in

creasing utility costs and electricity rates . 
One portion of the Rate Design Study 
analyzed the feasibility of time-of-use rates 
and direct load controls as ways of holding 

down increases in the costs of providing 
electric service. As part of this research, the 

study explored the development of appro-
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priate methods for (1 ) determining costs and 
how they vary over time, and (2) signal ing to 
customers (through rates that reflect costs) 
that peak period electricity use is more ex
pensive than off-peak use. 

The subject of costing is a central issue of 
the Rate Design Study. The appl ication of 
costing to ratemaking has been at the core 
of the debate about whether load manage
ment should be implemented by electric util
ities and if so, how. Moreover, costing meth
ods have been an important tool in meeting 
such ratemaking objectives as fair resource 
allocation, revenue adequacy for the util ity, 
rate stabil ity, and understandabi l ity of rate 
forms. 

Rates can be cost-based and still deviate 
from costs . Possible reasons for such devia
tions include rate simplicity, consumer bi l l  
impact, historical practices, legislative fiat, 
and conservation. Topic Paper 2 clearly 
demonstrates that there is no single " right" 
costing method. All involve underlying as
sumptions about how real-world costs 
should be mirrored in calculations. However, 
this does not mean that costing methods 
cannot be derived and applied to ratemaking 
questions. Rather, it emphasizes the need 
for a clear enumeration and ranking of pric
ing objectives in order to derive costing 
methods (or mixes of costing methods) that 
best meet those objectives. 

Costing methods 

The major research effort of the study was to 
develop methods for calculating costs. Six
teen cost studies were performed by three 
consultants for eight util ities. In al l cases, 
costs were found to vary by time of use. 
Thus the study focused on developing cost
ing methodologies that could serve as the 
basis for time-differentiated rates. The two 
major types developed were time-differ
entiated accounting cost (TDAC) methodol
ogies and time-differentiated marginal cost 
(TDMC) methodologies. 

Accounting costs are the costs recorded 
on the financial books of a company. They 
represent the incu rred costs of the util ity. 
TDAC methodologies are similar in concept 
to traditional cost-of-service studies, which 
categorize accounting costs in three steps: 
functionalization (i.e . ,  generation, transmis
sion ,  distribution); classification (demand, 
energy, customer); and allocation to cus
tomer classes (residential, commercial, in
dustrial). TDAC methodologies add another 
step, the al location of joint costs (i.e . , de
mand- or kW-related costs) to peak and off
peak time periods. These periods may be 
hourly, weekly, monthly, or seasonal. 
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Topic Paper 2 presents four methods of 
computing TDAC, which were developed by 
Ebasco Services, Inc . ;  Charles T. Main; Put
nam, Hayes & Bartlett, I nc . ;  and Ernst & 
Whinney. Multiple methods were developed 
because there are multiple ways to allocate 
costs; no one method satisfies all the pricing 
objectives. The report suggests these cri
teria for choosing between alternative TDAC 
methods: consistency with pricing objec
tives, conceptual valid ity, and ease of im
plementation.  

The four TDAC methods, which are com
pared in Table 1 ,  have similar general ap
proaches. Differences between them are 
focused on the most important step, the 
allocation of joint costs to time periods. A 
comparison of the peak and off-peak period 
cost allocations under the four methods 
indicates that results can vary sign ificantly 
from method to method. For example, the 
Putnam, Hayes & Bartlett method tends to 
allocate a much greater proportion of joint 
costs to the peak period than the other 
methods, resulting in higher on-peak de
mand costs and higher ratios of peak to 
off-peak costs. 

While the TDAC methods differ sign ifi
cantly in allocating joint costs to time 
periods, their approaches to allocating en
ergy costs are identical. Each method as
signs the average running costs obtained 
from a system dispatch model to the time 
periods in  which these costs occur. 

Topic Paper 2 concludes that all TDAC 
methods entail judgments on the part of the 
user that s ig nificantly affect the resulting 
cost burdens and rate structure. Neverthe
less, these methods have achieved wide ac
ceptance as fair ways of sharing the audit
able costs of the util ity. 

Marginal costs represent another primary 
measure of a utility's costs. Conceptual ly, 
the definition of marginal cost is simple: it is 
the cost of producing one more unit of goods 
or the savings from producing one less unit. 
In practice, the term is more ambiguous be
cause there are short-run marginal costs 
(when existing capacity is fixed) and long
run marginal costs (when al l  capacity is vari
able). Marginal costs are forward-looking 
and as such are projected rather than in
curred costs. Uncertainty about the future 
can affect the ranges of marginal cost esti
mates. Yet it is this incremental, forward
looking nature of marginal costs that is the 
basis for the claim that they are economically 
efficient and socially equitable. The price 
the customer should face when deciding 
whether to consume one more unit should 
be the cost of producing that additional 
unit. 

Four TDMC methods were investigated 
during the study. Other methods exist, but 
these four are representative of the various 
approaches and are relatively well docu
mented. The developers are Cicchetti, Gi l
len ,  and Smolensky; Ernst & Whinney; 

Table 1 
TIME-DIFFERENTIATED ACCOUNTING COST METHODS 

Ernst & Putnam, Hayes 
Ebasco Whinney Main & Bartlett 

Steps included 

Functionalization Yes No No No 

Classification Yes No No No 

Allocation to costing periods Yes Yes Yes Yes 

Allocation to customer classes Yes No No Yes 

Cost functions included 

Generation Yes Yes Yes Yes 

Transmission Yes No No Yes 

Distribution Yes No No Yes 

Type of data emphasized for 
allocating joint costs to costing 
periods Supply Supply Supply Demand 
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Table 2 
TIME-DIFFERENTIATED MARGINAL COST METHODS 

Cicchetti, Gillen ,  National Economic 
and Smolensky Ernst & Whinney Gordian Associates Research Associates 

Calculation of generation 
capacity costs 

Cost of moving next plant Production functions Shadow price from linear Annualized capital cost of 
ahead a year i n  the estimated for each programming model un it used to meet an 
construction schedule, net generation technology increase in system peak 
of fuel savings from 
displacing less efficient 
plants in d ispatch 

Calculation of generation 
energy costs 

System lambda Capacity and energy costs System lambda System lambda 
usually combined 

Generation mix used in 
marginal cost calculations 

Existing plant, plus utility's Plant configuration Existing plant, plus optimal Existing plant, plus 
planned capacity assumed to be capacity expansion plan peaking un it 
expansion plan instantaneously 

reoptimized 

Short run Long run Short run Short run Costing horizon 

Allocation of costs to time 
periods 

LOLP''' to allocate to peak Relative magnitude of Hourly LOLP and then Hourly LOLP and then 
periods and then equally demand to allocate to aggregate to periods aggregate to periods 
among all kWh in peak periods and then equally 
periods among all kWh in  peak 

periods 

*Loss-of -load probability (a measure of the probability that any period may become a peak period). 

Gordian Associates, Inc . ;  and National Eco
nomic Research Associates, Inc.  As in the 
case of TDAC methods, multiple TDMC 
methods were investigated because each 
has a unique way of attributing costs and 
defining a marginal generation un it for pur
poses of determining the incremental costs 
of system expansion. Again, the criteria for 
choosing among the methods are consis
tency with pricing objectives, conceptual 
valid ity, and ease of implementation. 

The four methods differ significantly in 
their estimation of marginal generation 
costs, whi le the procedures for analyzing 
transmission and distribution costs are quite 
simi lar. Table 2 compares the methods in  
terms of  the generation cost calculation and 
three other significant factors: whether costs 
are based on the utility's present system or 
on an ideal system ,  whether short- or long
run marginal costs are calculated, and how 
capacity costs are assigned to time periods. 

Topic Paper 2 concludes that both TDAC 
and TDMC methods require the user to make 
judgments. However, these judgments differ 
in nature. TDAC analysts must determine 
equitable means of allocating accounting 
costs to periods and classes. TDMC analysts 
must make decisions about how best to 
measure the cost of an additional ki lowatt 
or kilowatthour at d ifferent times of the day 

and year and to attribute the cost to the cus
tomer class exhibiting incremental demand. 

Costing periods 

The concept of costing periods is critical in 
time-differentiated cost methodologies. A 
costing period is a period in which the cost of 
providing electricity is nearly the same for 
each hour. Hourly costs can be used to de
termine these periods, but calculating hourly 
costs is time-consuming and this level of de
tail is often not needed. An alternative is to 
calculate costs for the period as a whole. 
With this approach, however, one is quickly 
caught up in  a chicken-or-egg-type prob
lem: costs by period are needed to deter
mine costing periods, and costing periods 
must be specified before costs by period can 
be calculated. 

To solve the dilemma, substitute measures 
for costs can be used to in itially identify 
costing periods. Then joint costs can be al
located to periods, and the original periods 
can be modified on the basis of cost varia
tions between and within periods. Valid cost
ing periods are those for which the cost 
variation within periods is smaller than the 
variation between periods. 

Topic Paper 2 reviews seven approaches 
to costing period identification. These were 
developed by Ebasco; National Economic 

Research Associates; Ontario Hydro; Long 
Island Lighting Co. ; Putnam, Hayes & Bart
lett; Charles T. Main ;  and Ernst & Whinney. 
The methods vary in the measures used to 
substitute for costs and the analytic pro0 

cesses used for period identificat ion. Substi
tute measures for costs may be categorized 
as demand-related, supply-related, or both. 
One demand-related substitute is hourly 
load data. Supply-related substitutes usually 
rely on generating unit operating character
istics. Most costing period identification 
procedures use both demand- and supply
related data, emphasizing one or the other. 

The topic paper concludes that selecting 
between the various costing period identifi
cation methods is a matter of judgment. 
There is no theoretical basis for declaring 
one procedure better than another. The 
choices made can have considerable effect 
on one of the most important considerations 
of time-differentiated rates, the ratio of peak 
to off-peak costs. Broad periods tend to 
smooth out dramatic differences between 
periods; narrow periods tend to accentuate 
differences and thereby cause large peak to 
off-peak differentials. Selecting one method 
over another, or applying a method in a 
unique way, can have dramatic effects on 
period lengths and thus on peak to off-peak 
differentials. 

EPRI JOURNAL November 1 981 5 1  



ENERGY ANALYSIS AND ENVIRONMENT DIVISION R&D STATUS REPORT 

Ratemaking 

Findings that the costs of supplying elec
tricity vary sign ificantly by time of use, to
gether with the desire of utility executives 
and regulators to hold down rate increases, 
led to the attempt to develop methods to 
derive rates that accurately reflect costs. 
The research focused on time-differentiated 
rates, principally time-of-day rates. However, 
seasonal ,  interruptible, and load control 
rates were also i nvestigated. Other rate 
forms were examined, i ncluding penalty 
prices, non-time-differentiated block rates, 
and l ife l ine rates. 

Time-differentiated rates satisfy many 
commonly held pricing objectives. In fact, 
some of the objectives enumerated by the 
economist James Bonbright in 1 961 and by 
the Publ ic Uti l ity Regulatory Policies Act of 
1 978 are better met by time-differentiated 
rates than by non-time-differentiated rates. 
For example, when time-differentiated rates 
reflect the util ity's costs better than non
time-differentiated rates, time-differentiated 
rates may be viewed as more equitable. I n  
many cases, innovative rate structures may 
improve the utility's abil ity to recover its 
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costs as load patterns change. Final ly, time
differentiated rates may resu lt in more effi
cient use of the util ity's facilities and re
sources as well as society's resources. 

The Rate Design Study focused more on 
the determination of appropriate costs 
(marginal versus accounting) than on the 
development of procedures for implement
ing time-differentiated rates. Nonetheless, 
some useful findings on ratemaking proce
dures and issues are reported in Topic Paper 
2. Discussions on rate forms, rate compo
nents, revenue reconciliation procedures, 
and class revenue requirements are in
cluded in the chapter on ratemaking .  

Transfer activities 

Given the large number of new concepts and 
methodologies developed du ring the Rate 
Design Study, it was decided that consider
able effort should be devoted to transfe rring 
the research findings on costing for rate
making to the industry. 

Regional workshops were held at which 
over 400 staff members from utilities and 
state public service commissions calculated 
t ime-differentiated marginal and account-

ing costs and used these costs to deve lop 
time-of-use rates. Emphasis was placed on 
the functional steps that need to be per
formed in the cost ing and ratemaking pro
cess and how the various methods' calcu la
tions compare at each step. 

Differences between methods were h igh
l ighted by applying each method to a com
mon data base. Comparisons of the results 
showed that selection between alternative 
methods depended more on particular uti l i ty 
circumstances and assumptions about the 
future than on the "correctness" of any 
given method. Each technique can be ap
pl ied under many different utility operating 
circumstances but wi l l  yield different results 
in each case. Pricing objectives guide the 
selection process. Much of the workshop 
program dealt with helping decision makers 
determine whether various techn iques are 
appropriate to their situations and which 
techniques best meet their particular pricing 
objectives. 

The workbook used at the workshops is 
avai lable as a two-volume Rate Design Study 
report (RDS Nos. 93A and 936). Project 
Manager: Nancy Hassig 
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ALTERNATIVE TECHNOLOGIES 
FOR D UAL ENERGY USE SYSTEMS 

Dual energy use systems (DEUS), which in
volve the simultaneous production of elec
tricity and useful thermal energy, are being 
reexamined by industry and the utilities as a 
means of extending fuel supplies and ex
panding generation capacity In September 
1977 EPRI conducted a workshop to de
velop information useful to utilities, process 
industries, and others concerned with the 
problems and prospects of DEUS. The work
shop found that although much had been 
written about various applications, such 
as cogeneration and district heating, not 
enough information was available on pres
ent and future uses to make an accurate 
estimate of DEUS potential. Thus EPRI ini
tiated a project to evaluate alternative DEUS 
technologies and identify attractive appli
cations (RP1276). 

The major objectives of RP1 276 are to de
velop a methodology for assessing DEUS 
options, giving explicit consideration to util
ity perspectives; to identify promising com
binations of prime movers and industrial pro
cesses with uses for their thermal energy 
output; and to identify R&D needs and priori
ties. In  order to develop an understanding 
of the technical , economic, and institutional 
factors affecting DEUS success, surveys of 
existing industrial cogeneration and district 
heating systems were undertaken. These 
surveys have been completed, and system 
analysis and conceptual design develop
ment efforts are now under way. 

Industrial cogeneration 

Cogeneration provided a sign ificant fraction 
of U.S. electricity during the early decades 
of this century, but currently it represents 
only about 4% of the nation's generation. 
Since 1 973, increases in petroleum prices 
have renewed interest in cogeneration. By 
offering qualified cogenerators several in
centives, the Public Utility Regulatory Poli-

cies Act of 1 978 (PURPA) and subsequent 
regulatory rul ings have further increased 
interest in cogeneration.  How much new 
cogeneration capacity will be added to 
the grid is highly dependent on continued 
economic attractiveness and regulatory 
support. 

Parallel to the passage of PURPA, DOE 
undertook two major cogeneration efforts
one to evaluate advanced generation op
tions and their potential for cogeneration in 
various industries and another to examine 
the retrofitting of five energy-intensive indus
tries with cogeneration .  However, neither 
DOE study addressed the impact of cogen
eration on the utility system ,  which is a major 
focus of EPRl 's cogeneration effort under 
RP1 276. 

The fi rst step in EPRl 's effort was the in
dustrial cogeneration survey, in which de
tai led information on 1 7  operating systems 
was collected. The factors addressed in
cluded types of cogeneration systems and 
components, relative thermal and electric 
output, capital investments, operation and 
maintenance costs , arrangements for own
ership and operation,  and interactions with 
utilities. The study also sought to identify 
utility attitudes toward industrial cogenera
tion. In an ongoing activity, a list of industrial 
cogenerators is being maintained. In itial ly, 
some 250 cogenerators with almost 7800 
MW of installed capacity were identified. 
This list has recently been updated and now 
includes over 400 cogenerators with ap
proximately 14 ,000 MW of installed capacity, 
which represents about 3% of existing U .S .  
cogeneration capacity. The results of the 
industrial cogeneration survey are pre
sented in EM-1 531 , prepared by Synergic 
Resources Corp. 

The survey has provided an information 
base for the next tasks in  the industrial co
generation effort-systems analysis and 
conceptual design development. The objec
tive of this work is to develop conceptual 
designs and utility impact assessments for 

specific cogeneration applications. It entails 
identifying suitable candidate industries, de
fining system requirements, and assessing 
alternative system designs. To date, two im
portant industries have been selected for 
conceptual design development- pulp and 
paper and enhanced oil recovery. Industrial
scale applications of disti l lation are cu rrently 
under consideration ,  and a fou rth generic 
candidate remains to be selected. 

A computer program has been developed 
by General Electric Co. as a screening tool 
for the evaluation of cogeneration plants. 
It can determine performance, costs, and 
benefits in matching cogeneration systems 
to industrial applications and the require
ments of the local uti lity. Included in the 
program's data base are data on the sizing, 
cost, and off-design characteristics of the 
following: noncogeneration boiler; pu lver
ized-coal-fired boiler with flue gas treatment 
and intermediate-pressure steam turbine; 
atmospheric fluid ized-bed boi ler with in
termediate-pressure steam turbine; gas 
turbine with heat recovery steam genera
tion (HRSG); gas turbine with HRSG and 
steam turbine (combined cycle); integrated 
coal gasification-combined cycle (oxygen 
blown); phosphoric acid fuel cell with 
supplementary-fired HRSG; and diesel 
engine with HRSG and open-cycle heat 
pump. 

Also covered by the data base are the 
properties and availability of seven different 
fuels; industrial process data as a function 
of fluctuations in utility rates or variable op
eration and maintenance; and the electrical, 
fuel , and thermal requirements of the pro
cess. The program is being exercised by 
several contractors, and the results are 
being compared with those from conven
tional methods of selecting and sizing co
generation equipment. General Electric is 
now documenting the program and refining 
its output. Also, the data base is being ex
panded to accommodate the off-design 
characteristics of additional equipment. 
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The first conceptual design effort under
taken was for the pulp and paper industry. 
The goal was to develop optimal cogenera
tion facilities for two sites in different parts 
of the United States. Energy use at each pulp 
mil l was metered under various operating 
conditions, log sheets and other mi l l  rec
ords were examined, and mi l l  personnel 
were interviewed in order to determine en
ergy requirements for each area in each 
mill. Recent developments in pulping tech
nology were assessed to determine process 
configurations for a new mi ll for each site 
(to be completed in 1 985) . Flow diagrams 
and site plans were developed . The plant 
design was submitted to a panel of pulp and 
paper industry representatives and equip
ment manufacturers for review and was 
modified on the basis of their comments. 

Eight different cogeneration configura
tions are being considered for the modified 
plant design at each site. The General Elec
tric computer program is being used to 
check selection and sizing of the least
cost configuration. The conceptual design 
should be completed this month . 

A similar conceptual design effort is under 
way for the use of cogeneration in enhanced 
oil recovery, which has substantial potential 
for cogeneration capacity in several parts of 
the United States. Two sites have been se
lected. At the first, in south central Texas, 
EPRI is working with Conoco and Central 
Power and Light Co. The petroleum re
source at this site is tar sands. The steam 
requirement is 1 .6 x 106 lb/  h, and the elec
trical requirement (principally for pumping) 
is 30-50 MW. Other oil companies have 
properties in the same area. If these fields 
are developed by using coal, l ignite, or 
petroleum coke in atmospheric f lu id ized-bed 
boilers or with a gasifier, they might be able 
to provide several hundred megawatts of co
generation capacity. The other site, owned 
by The Oil Shale Co. (Tosco), is in Southern 
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California Edison Co.'s service territory. The 
steam requirement at that site is 1 00 ,000 
lb/h ,  and the fuels available for use are 
natural gas and petroleum coke. The pros
pects for development of both sites with 
the cogeneration options identified in  th is 
project appear good. The conceptual design 
work is due for completion in the summer 
of 1 982. 

In addition to the development of con
ceptual designs for other generic industries, 
future efforts will address the impact of 
multiple cogeneration systems on utility re
source plans and economics; the advan
tages offered by advanced technologies 
(e.g . ,  fuel cells) when used as DEUS prime 
movers; situations in which utility cogen
erators supply thermal energy to a number 
of industries in  an industrial complex; and 
DEUS R&D needs. 

District heating 

DEUS district heating systems have received 
increased interest since the 1 973 oil em
bargo because of their energy efficiency and 
their widespread acceptance in Europe. A 
district heating survey was conducted for 
EPRI by EUS, Inc . ,  and Hittman Associates, 
Inc. This effort included a review of litera
ture on district heating activities in the 
United States and on current practices in 
five European countries. Also, a su rvey of 
U.S. electric utilities that operate district 
heating systems was conducted. Of 59 
total , 48 provided detailed operating and 
economic information. Brief case h istories 
of 1 0  of these systems are included in the 
project report (EM-1 436). 

The uti l ity survey, the literature review, 
and interviews with utility executives pro
duced these major findings. 

o U.S. steam district heating systems have 
higher costs than European hot water sys
tems. 

o From a uti l ity standpoint, the manpower 
and cost required to manage district heating 
systems are large in relation to the return 
on investment or in comparison with a simi
lar effort in the electric power operation. 

o The high cost of install ing distribution sys
tems is considered the largest economic im
pediment to bui ld ing or revitalizing district 
heating systems. 

o Although hot water systems appear tech
nologically superior to steam systems, Euro
pean experience and economics are not 
directly applicable to the United States 
because of differences in environmental 
regulations, subsidies, customer hookup 
requirements, and the g reater European 
dependence on high-cost oil for heating. 

On the basis of these f indings, it was de
cided that the next objective of the district 
heating effort should be to identify the most 
favorable U.S .  sites for district heating with 
hot water technology. Taking advantage 
of the European experience, a preliminary 
feasibi l ity analysis of the application of hot 
water technology in the United States has 
been in itiated. In the first phase of this con
tract, Burns and Roe, Inc . , has assessed 
transmission and distribution networks, dis
trict heating turbines, user heat transfer 
equipment, and thermal storage. 

In the current phase, 1 9  criteria are being 
used to screen potential sites for hot water 
systems. Conceptual designs wil l  be de
veloped for the sites found  to be most at
tractive. Both exist ing and advanced tech
nologies will be assessed. An extensive 
analysis of European district heating equip
ment, installation strategies, and problems 
is under way and will be used in developing 
the site-specific conceptual designs. This 
effort is scheduled to be completed by the 
end of 1 982. Project Managers: Robert 
Mauro and David Hu 
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REVIEW OF RECENT 
LARGE LMFBR DESIGNS 

In the period 1975-1979 EPRI sponsored 
competing conceptual designs for a 1000-
MW (e) liquid metal-cooled breeder reactor 
plant. Three concepts for loop-type plants 
were jointly sponsored with ERDA (now 
DOE), followed by three pool-type plant 
studies sponsored by EPRI alone. Each of 
the concepts was prepared by a team con
sisting of a reactor system vendor and an 
architect-engineer. The diversity among the 
six concepts, all prepared in response to the 
same design requirements, led to reviews to 
examine their relative merits, their strong 
points, and their shortcomings. The first 
group of reviews to be completed assessed 
the maintainability, inspectability, and op
erability provided in the various concepts 
(RP1 704). 

Maintainability 

A team of persons who had been d i rectly 
responsible for maintenance on the EBR-11 
and Enrico Fermi-1 LMFBR plants, selected 
for this assignment by ETA Engineering ,  Inc. ,  
performed the assessment of these designs 
for maintainability (NP-1 71 4,  2 vols.). Rather 
than an exhaustive review of all potential 
maintenance requirements for total plant 
concepts, the methodology of this review 
consisted of evaluations of a few sign ificant 
maintenance cases that could affect plant 
availability. 

The following specific cases were exam
ined for outage time, safety, personnel ex
posure to radiation ,  and general practicality 
of the proposed maintenance methods. 

o Replacement of an intermediate heat ex
changer in each of the three loop-type and 
three pool-type concepts 

o Replacement of the upper internal struc
ture in one of the pool-type concepts 

o Replacement and repair of a primary 
pump in one of the pool-type concepts 

o Replacement of a spent cold trap in two 
cases-an in-reactor plug-in unit and an 
out-of-reactor unit 

o Repair operations on a CRD drivel ine per
formed in the sodium components mainte
nance facility proposed for one of the pool
type concepts 

The three design teams provided concepts 
that differed substantially in the facilitation 
of major maintenance operations. One rea
son for the disparate maintenance provi
sions appears to be a tendency to exclude 
from consideration those operations that are 
judged unl ikely to be required; such judg
ments were challenged by the reviewers. An 
example of variation in  maintainability is the 
variation in time requ ired to replace an 
intermediate heat exchanger-from two 
months for one of the pool-type concepts 
to up to a year for a welded-in intermediate 
heat exchanger in the loop-type concepts. 
(It was recommended that loop-type con
cepts adopt the removable tube bundle to 
overcome this maintainabil ity problem.) 

The most fundamental finding of the main
tainabil ity review is that an acceptable de
gree of maintainabil ity can be achieved in a 
new plant concept only through the respon
sible participation of experienced mainte
nance engineers in the earliest definition of 
the concept. 

lnspectability 

The review of the six design concepts for in
spectabil ity was performed by Rockwell ln
ternational's team of sodium technology test 

facil ity engineers who were not involved in 
any of the designs under review. Again, the 
methodology of the review was to assess the 
inspectability of a few cases that could char
acterize a concept, rather than to review the 
total plant designs (NP-2021 ) .  The following 
cases were studied. 

o One loop of the primary heat transport 
system of a loop-type plant 

o Structural systems supporting the reactor 
tank and its guard tank in a pool-type plant 
concept 

o Tank  wall surfaces of a pool-type reactor 
tank and guard tank 

o Emergency decay heat removal system
direct, in-reactor type 

o Pool-type reactor deck structure and tank 
wall bimetallic weld 

The inspection requirements on which the 
review was based were the rules for in-ser
vice inspection of the ASME Boiler and Pres
sure Vessel Code (specifically, the Sep
tember 1 979 draft of the rules for LMFBR 
plants). These rules specified requirements 
for the minimum periodic examinations, con
tingency examinations in  cases where faults 
were found, and postrepair examinations to 
verify acceptability of repairs. In addition, 
the general design requirement proposed by 
EPRI that "uninspectable was unaccept
able" was also taken as a guidel ine. 

The case of inspection of one loop of the 
primary heat transport system of one of the 
loop-type concepts proved by far to be the 
most sign ificant of the cases reviewed be
cause it included not only the primary piping 
but also one primary sodium pump and one 
intermediate heat exchanger. Because this 
case is very dependent on the radiation field 
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existing at these components and because 
of substantial discrepancies found in the de
sign documents, the reviewers included an 
extensive and carefully referenced reesti
mate. The fields existing in the primary loop 
were found to be between 200 and 2200 
m rem /h .  There were places requiring in
spection at each point of support of the 
sodium piping. The estimated requirements 
for inspection of the various cases examined 
are given in Table 1 .  

Operability 

General Physics Corp. performed the review 
for operability of the design concepts. One 
of the loop-type plant concepts and one of 
the pool-type were used as reference con
cepts , and the other four designs were stud
ied when there were significant differences 
from the references. GPC personnel were 
familiar with the operation of commercial 
nuclear plants and had Fast Flux Test Facil
ity experience.The team was assisted by a 
consultant who had extensive experience at 
Fermi-1 . Extensive consultations with EBR-1 1 
and FFTF operating personnel further aug
mented the operability review. 

Specific operating modes and off-normal 
conditions (Table 2) were considered to see 
if the designs provided whatever operating 
personnel would need to run the plant safely 
and efficiently. Approximately 100 specific 
findings were made, most of which pointed 
out details that were not adequately pro
vided for in the preliminary work and should 
be worked out during final engineering. 

Other findings and recommendations 
were such that changes and revisions in 
the concepts would make appreciable im
provements in operabil ity. Critical use of the 
results of this review will contribute signifi
cantly to excellence of the complete engi
neering for a prototype large breeder reactor 
power plant. In addition to the use of this 
review, it is recommended that the complete 
engineering of the large prototype include 
continuous participation of qualified opera
tions and maintenance-oriented personnel 
with the responsibility to ensure valid and 
adequate provisions for these functions. 
Project Managers: Joseph Matte Ill and R. K. 
Winkleblack 

MINAC: IN-PLANT RADIOGRAPHY 

A progress report on prototype testing of a 
portable radiographic source for in-service 
inspection appeared in the EPRI  Journal 
(September 1 980, p. 51). Since that time 
field equipment has been produced and 
used to perform what is perhaps one of the 
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Table 1 
INSPECTION REQUIREMENTS 

(per 1 0-yr interval) 

Inspection Equipment  
Case Man-hour Man-rem ($) 

Primary loop 
one 22 ,000 580 800 ,000 
all four 74,000 1 730'' 800 , 000 

Reactor support structure 9600 1 5  875,000 
Guard tank support 200 0 200,000 
Reactor and guard tank surfaces 2500 0 1 50 ,000 
Emergency decay heat system 50 0 0 
Pool reactor deck 1 8 ,000 47 400 ,000 
Pool bimetal l ic weld 2000 5 600 ,000 

*Based on annual inspection of progressive fractions, annual inspection crew is between 260 and 550 persons, of 
whom between 210  and 425 receive 80% ot allowable burnup. 

most demanding in-service inspections re
quired of nuclear utilities- inspections in
side containment vessels. The equipment, 
called Minac (miniaturized linear acceler
ator), has also been used to diagnose the 
cause and cure of power generation losses 
encountered by a utility during its normal 
plant operation. As a result of these demon
strations, Minac has been scheduled for 
mandated inspections through 1983, and a 
major EPRI NOE Center program has been 
undertaken to ensure that the equipment 
and training are available to member util
ities and their inspection contractors when 
needed. The success of this project is a 
result of the innovative work of Schonberg 
Radiation, Inc., the prime contractor; the 
insights of Samuel Wenk of Southwest Re
search Institute, who developed the ap
plication specifications; and the field engi
neering of Rochester Gas and Electric Corp. 
(RG&E), which undertook the pioneering 
inspection and developed the procedures 
and supporting equipment that will be used. 
This report summarizes the events that have 
provided utilities with a totally new tool to 
ensure the safety and improve the availabil
ity of generating units. 

Historically, in-service radiography has been 
conducted by using radioactive isotopes, 
such as cobalt or ir id ium. These isotopes are 
l imited by the source intensity available and 
by the physical size and weight of the shield-

ing required during thei r transport. Thus, the 
quality of in-service radiography was gen
erally substantially poorer than that obtained 
during component fabrication,  where more 
powerful radiographic sources, such as 
linear accelerators, were in common use. 
In-service radiography of steel sections of 
over 8 in was a questionable proposition ,  
even assuming that long exposure times 
were tolerable. EPRI examined and verified 
that l inear accelerators of appropriately high 
energy could be reduced to sizes consistent 
with in-service needs by using higher radio 
frequency components than was the current 
practice (RP822). A complete, self-con
tained Minac radiographic system, consist
ing of a 3 .5-ft3 (0 . 1 -m3) radiation head, a 
modulator-power supply, and a control con
sole, weighs less than 700 lb (31 7 kg). In 
contrast, the radiation head alone of a com
parable, conventional l inear accelerator 
weighs approximately a ton (907 kg). 

Following qualification and reliability test
ing, Minac was first used by RG&E in May 
1 981 to perform a mandated inspection of a 
reactor coolant pump at RG&E's Ginna sta
tion. For this pioneering effort, the Minac 
head was mounted on a remote manipulator 
and placed inside the pump body. The welds 
of the pump, which varied from approxi
mately 9 to 1 1 . 5 in  (229 mm to 290 mm) in 
thickness, were then radiographed by plac
ing X-ray film on the outside of the pump and 
switching Minac on for exposure and off 



Table 2 
OPERATING MODES AND OFF-NORMAL CONDITIONS 

Event No. Description 

1 Startup from refueling conditions 

2 Approach to rated ful l  power 

3 Steady ful l-power operation 

4 Rapid change to partial power 

5 Routine shutdown from rated power to hot standby (includes in itiation of all decay heat 
removal systems) 

6 Refueling 

7 Reactor scram (includes subsequent transients and plant recovery) 

8 Loss of off-site power 

9 Loss of feedwater 

1 0  Main turbine trip 

1 1  Major sodium leak, primary heat transport system 

1 2  Fuel element failure (includes h igh ly irradiated fuel exposed to the sodium coolant) 

1 3  Emergency cooling 

1 4  Sodium pump failure 

1 5  Water-to-sodium leak in the steam generator 

1 6  One primary loop out of service (includes a review of events 1 -1 5  for this condition) 

dur ing film placement and removal .  More 

than 1 00 radiographs of better than 1 % sen

sitivity were acquired dur ing approximately 

1 00 hours of Mi  nae operation. 

Although superficially s impler, the second 

Minac application conducted in  July 1 981 of

fered the complication of inspecting a plant 

operating at power at locations outside nu

clear containment. Consolidated Edison Co. 

of New York believed that its Ind ian Point-2 

unit power output was being affected by 

steam flow restrictions. Improper seating 

of main steam isolaf
1
on valves was a sus-

peeled cause. Minac radiography estab

l ished which valves were seat ing incorrectly 

and the required alterations. These timely 

data permitted valve adjustments dur ing a 

brief outage scheduled earl ier for other pur

poses. This inspection used only the self

contained Minac equipment: the head was 

carried to the valve location area by plant 

personnel .  Because the plant was at power, 

this head was required to operate in over 

1 40 ° F (60 ° C) ambient environment. At this 

extremely high temperature, problems of 

f i lm integ rity were encountered but no de-
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terioration of equipment performance was 

observed. 

The Minac X-ray output must be atten

uated by about 1 0 7 before i l luminating a per

sonnel area at a nuclear site. N ormally such 

attenuation is readily provided by the com

posite of the object being radiographed and 

the thick concrete containment vessel walls. 

But as the lnd·1an Po·1nt-2 operation was out

side containment, such conven ient shield ing 

was not readi ly avai lable. Extensive care 

was required to ensure plant operating per

sonnel were not exposed to Minac radia

tion. This process was successful ly accom

plished in a manner that demonstrated that 

the on-off capabil ity of Mi  nae, its tightly col

l imated beam, and other features facil itate 

min imal interruption of normal plant opera

tions in comparison with isotopic sources. 

The experience gained in  these Minac op

erations is being consolidated in train"1 ng  

programs and in equipment integration im

provements by RG&E, the NOE Center, and 

Schonberg personnel in preparation for fur

ther pump inspections planned in 1 981 . 

These wi l l  be conducted by uti l it ies and com

mercial i nspection groups trained at the 

NOE Center. At the development leve l ,  a 

program has been in itiated to upgrade the 

Minac output to 6 MeV and to further develop 

f i lmless radiography for field applicat ion. 

Project Manager: M. E. Lapides 

CORRECTION 

In  the Authors and Articles section of the 
October 1 981 Journal, Hui-Tsung Tang's 
title was l isted incorrectly. Tang is man
ager of the Nuclear Power Divis ion's 
Structural Integrity Subprogram. 
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Contractor/ 
Funding EPR/ Project 

Number Title Duration ($000) Manager 

ADVANCED POWER SYSTEMS 

RP2049-2 Evaluation of EDS 8 months 1 39.6 Southwest Re-
Coal Liquid as a search Institute 
Utility Diesel Fuel H. Schreiber 

RP2052-1 Combustion Turbine 1 3  months 64.7 Waters and 
Power Systems Cycle Associates 
Analysis A. Cohn 

COAL COMBUSTION SYSTEMS 

RP364-3 Application of Two- 21 months 1 30.0 Brigham Young 
Dimensional Code, University 
PCGC-2, to Industrial J. Dimmer 
Needs 

RP982-27 Technical and Economic 2 months 1 95.8 Bechtel Group, 
Evaluation of the Avco- Inc. 
Ebara and Kureha T Morasky 
Processes 

RP1 260-26 Testing and Correlation 1 5  months 43.9 University of 
of Fly Ash Properties California at 
With Respect to Berkeley 
Pozzolanic Behavior, D. Golden 
Part 1 

RP1 260-27 Capacitive Cooling 4 months 76.8 Chicago Bridge 
System for the ACT & Iron Co. 
Facility, Phase 2-A J. Bartz 

RP1 260-28 Testing and Correlation 1 5  months 1 3. 7  Emcon Associates 
of Fly Ash Properties D. Golden 
With Respect to 
Pozzolanic Behavior, 
Part 2 

RP1 261 -4 Treatment of Recircu- 1 4  months 872.6 Stearns-Roger 
lated Cooling Water Engineering 

Corp. 
W Chow 

RP1 263-6 Amine-Enhanced 6 months 30.4 Battelle, Pacific 
Photodegradation of Northwest 
PCBs Laboratories 

R. Kamai 

RP1 263-7 Feasibility Study of 5 months 28.1 Acurex Corp. 
Chemical Detoxification R. Kamai 
of PCB Capacitors 

RP1 266-22 Optimization Study of 7 months 34 . 1  Foster Wheeler 
Natural Gas Used for Energy Corp. 
Boiler Ignition and J. Dimmer 
Flame Stabilization 

RP1 404-3 Evaluation of the Com- 1 month 1 9.2  Arthur D .  Little, 
mercial Viability of the Inc. 
ORNL Process for Re- D. Golden 
covery of Aluminum 
From Fly Ash 

RP1 455-1 Effect of Coal Concen- 4 months 1 28.4 New England 
tration and Magnesium Power Service 
Oxide on COM Slagging Co. 
and Fouling R. Manfred 

RP1 807-03 1 0-MW High-Sulfur 1 4  months 605.0 Stearns-Roger 
Coal Fabric Filter Pilot Engineering 
Plant, Phase 2 Corp. 

W. Piu/le 
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Number Title Duration 

RP1 850-1 Coal Combustion By- 1 4  months 
Product Utilization 

RP1 851 -1 Sampling and Analysis 16 months 
for Priority Pollutants 

RP1 878-2 Evaluation of a Cubic 7 months 
Flow Nozzle for 
Thermal Performance 
Testing 

RP1 883-1 Coal Pulverizer Fires 29 months 
and Explosions: Detec-
tion, Prevention, and 
Control 

RP21 1 4-1 Water Management at 1 0  months 
Zero Discharge Power 
Plants 

ELECTRICAL SYSTEMS 

RP794-4 Development of a FIR 39 months 
Laser Instrument to Be 
Evaluated in a Cable 
Factory 

RP1 493-2 Behavior of Drilled 1 7  months 
Shaft Foundations 
During Undrained Uplift 
Loadings 

RP1 498-2 Behavior of Circuit 4 months 
Breaker Contacts Sub-
jected to Reduced 
Duration, Overrating 
Faults 

RP201 5-1 Polysil"' Transmission 4 months 
and Substation 
Structures 

RP7876-1 6 Investigation of 6 months 
Powdered Cellulose in 
High-Voltage Electrical 
Apparatus 

ENERGY ANALYSIS AND ENVIRONMENT 

RP940-4 Relation of Air Pollu- 1 year 
tion to Mortality 

RP1 009- 1 0  Enhancement o f  ORI 5 months 
Coal Model Estimation 
of Coal Mining Cost 
Functions and 
Implementation 

RP1 224-7 Water Column 1 year 
Microcosm to Assess 
Effects of Trace Metals 
on a Cooling Pond 

Polysil 1s an EPRI trademark 

Funding 
($000) 

332.9 

232.8 

22.7 

471 .6 

98.8 

1 084 .6 

97.8 

1 5.7  

1 40.0 

1 5.0 

92.1  

62 . 1  

31 .7  

Contractor/ 
EPRI Project 
Manager 

Michael Baker, 
Jr. , Inc. 
R. Kamai 

TRW, Inc. 
W. Chow 

Westinghouse 
Electric Corp. 
T McCloskey 

Riley Stoker 
Corp. 
I. Diaz-Taus 

CH2M-Hill, 
Consulting 
Engineers 
W. Chow, 
R. Jorden 

United Tech-
nologies Corp. 
J. Porter 

Cornell 
University 
P. Landers 

Siemens-Allis, 
Inc. 
N. Hingorani 

Hughes Supply, 
Inc. 
J. Dunlap 

Battelle, 
Columbus 
Laboratories 
M. Rabinowitz 

Integrated Re-
search Institute 
R. Wyzga 

Data Resources, 
Inc. 
T. Browne 

Portland State 
University 
J. Huckabee 



Contractor I Contractor I 
Funding EPRI Project Funding EPRI Project 

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

RP1 483-3 Evaluation of Models 4 months 28. 1 Charles R iver RP1 832-2 Evaluation of Super - 1 9  months 1 33.8 Energy Manage-
of the Electricity Associates, Inc. conducting Magnetic ment Associates, 
Supply Industry S. Chapel Energy Storage Inc. 

RP1 483-4 Evaluation of Models 4 months 30.0 
System T. Yau 

Pugh-Roberts 
of the Electricity Associates 
Supply Industry D. Geraghty NUCLEAR POWER 

RP1 587-1 Methods for Evaluating 20 months 590.0 Arthur D. Little, 
RP620-39 Composite Code for 4 months 53 .9  Barthold Asso-

Residential Conserva- Inc. 
t ion Programs S. Braithwait 

LMFBR Detailed Core elates, Inc. 
Analysis W Loewenstein 

RP1 61 7-3 Prioritization of Chemi- 7 months 48.7 Anthony V. 
RP891 -1 8 DASS Design, Phase 2 5 months 35.3 S. Levy, Inc. 

cal Emissions From Colucci & 
Coal Gasification Associates, Inc. 

A. Long 

Facilities J. Guertin RP1 1 63-3 Modular Modeling 4 months 76. 9 Systems Con-

RP1 620-7 Workshop on Solid- 1 0  months 44.2 Science Applica- System-Integral Sys- trol, Inc. 

Waste D isposal tions, Inc. 
tern Test M. Toren 

Handling and Environ- I. Murarka RP1 1 67-5 High- Temperature Be- 2 months 1 5. 1  Central Electricity 
mental Assessment havior of Chemical Generating Board 

RP1 630-20 Western Regional Air 30 months 1 5.0 N. M. Research, Species in Water D. Cubicciotti 

Quality Studies: Quality Inc. RP1 1 67-6 Overview of BWR 5 months 29.0 Jack Morton 
Assurance Services P. Mueller Water Chemistry Productions, 
for Carbon Analyses West, Inc. 

RP1 633-1 Compensation 1 1  months 1 05.0 Envirosphere Co. M. Fox 

Mechanisms in Fish R. Brocksen RP1 543-6 Reliability of Piping 8 months 20.4 Teledyne Engl-
Populations and Fittings neering Services 

RP1 727-1 Nitrogen Deposition on 3 years 527.3 TVA R. Nickell 

Forested Watersheds J. Huckabee RP1 582-2 PWR Hybrid Power 31 months 1 090.0 Systems Con-

RP1 908-1 Effects of Acid Precipi- 3 years 892.5 Argonne National Shape Monitoring trols, Inc. 

talion on Agricultural Laboratory System A. Long 

Crops of the Midwest J. Huckabee RP161 8-2 Examination of Inter- 2 years 1 93.4 Babcock & 

RP19 1 0-2 Relationship of Acid 7 months 34.7 Western 
granular Attack and Wilcox Co. 
Mechanism of Attack D. Cubicciotti 

Deposition, Lake Aquatics, Inc. 
on lnconel 600 Tubing 

Acidification, and Fish R. Brocksen 
in Steam Generators 

RP1 947-1 Short-Course Applica- 8 months 71 .2 Resources Plan-
RP1 707-6 Specification of Seismic 3 months 26.9 Engineering 

tion of Decision Analy- ning Associates, 
Data for Equipment Decision Analy-

sis to Fuel Planning Inc. 
Qualification Data sis Co., Inc. 

S. Chapel 
Bank G. Sliter 

RP1 956-1 Residential Elasticities 1 8  months 249.9 Laurits R. 
RP1 754-4 Critical Flow Correla- 5 months 24.4 S. Levy, Inc. 

by Time of Use Christensen 
Associates 

lion Study L. Agee 

A. Faruqui RP1 803-4 Addition of the ALN 1 6  months 300.0 Adaptronics, Inc. 

RP1 981 -1 Fuel Supply Seminars- 4 months 40.0 Pennsylvania 
4000 to the BUCS Tur - S. Liu 

Coal State University 
bine Rotor Inspection 

J. Platt 
System 

RP2027-2 Development of a 4 months 40.6 Systems Applica-
RP1 939-1 Main Steam Isolation 9 months 1 27.3 ESD Corp. 

Valve Seat Resurfac- B. Brooks 
Methodology tor Esti- lions, Inc. 

ing Tool Development 
mating the Costs of Air R. Wyzga 
Quality Modeling RP2055-3 Reconstituted Charpy 6 months 72.4 Fracture Control 
Uncertainty Impact Specimens Corp. 

T. Marston 

ENERGY MANAGEMENT AND UTILIZATION 
RP2058-1 Crack Age Studies 1 year 1 09.5 Rockwell Inter-

national 
M. Fox 

RP1 1 99-1 9 Simplified Evaluation 1 0  months 21 1 . 1 Un ited Engineers 
Manual for CAES & Constructors, RP2058-3 Measurement of Resi- 5 months 49.5 General Electric 
Power Plants Inc. dual Stress With a Co. 

R. Schainker Pulse Laser W Childs 

RP1 676-3 Synthesize New Fuel 1 1  months 49.9 Science Applica- RP2062-2 Safeguards and Ac- 4 months 1 4.8 [NET Corp. 
Cell Electrolytes lions, Inc. countability of Spent A. Carson 

J. Appleby Fuel in Compacted Form 

EPRI JOURNAL November 1 981 59 



New 
hnical 

Reports 

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

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

R equests for copies of specific reports should 
be directed to Research Reports Center, P.O. 
Box 50490, Palo Alto, Californ ia  94303; (415) 
965-4081. T here is no charge for reports re
quested by EPRI member utilit ies, government 
agencies (federal, state, local), or foreign 
organizations with which EPR I  has an agree
ment for exchange of i nformation. Others i n  the 
United States, Mexico, and Canada pay the 
listed price. Research Reports Center will send 
a catalog and complete price l ist (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, l ibraries 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 Techn ical In
formation Division, P.O. Box 1 041 2 ,  Palo Alto, 
California 94303. 

Microfiche copies are available from National 
Technical I nformation Service, P.O. Box 1 553, 
Springfield, Virginia 221 5 1 . 

ADVANCED POWER SYSTEMS 

Baseline Data 
on Utilization of Low-Grade Fuels 
in Gas Turbine Applications 
AP-1 882 Final Report (RP1 079-1 , -2, -3); 
Vol. 1 ,  $1 2.50; Vol. 2, $8.00; Vol. 3, $1 1 .00 
A test was conducted i n  twin 260-MW (e) com
bined-cycle units to compare the costs and per
formance factors of firing distillate and residual 
fuels. One unit burned No. 2 oil and the other a 
blended low-sulfur residual oil. Volume 1 char
acterizes the costs, reliability, and operating fac
tors associated with firing each fuel. Volume 2 
compares the corrosion of turbine parts. A metal
lographic evaluation of combustion turbine hot 
components is described, and the corrosive ef
fects of vanadium compounds are considered. 
Volume 3 presents results on baseload emission 
levels with and without afterburners in service, 
with and without water injection ,  and following a 
turbine wash. A brief series of additional tests 
made at reduced operating loads is also 
described. The contractors are Florida Power & 
Light Co., Westinghouse Electric Corp., and KVB, 
Inc. EPRI Project Manager: Henry Schreiber 

Water-Cooled Gas 
Turbine Development Program 
AP-1889 Final Report (RP234-3); Vol. 1 ,  
$20.00; Vol. 2 ,  $45.50 
Volume 1 summarizes the results of a project to 
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establish the viability of  water cooling as a means 
of achieving higher firing temperatures and in
creased fuel flexibility in util ity gas turbines. It 
describes several areas of turbine design and pro
vides details on water-cooled nozzles and buckets, 
the water supply system, and the ceramic com
bustor. Volume 2 collects several topical reports 
that document individual tasks performed at vari
ous test facilities for this program. It describes the 
experimental procedures, test rigs, and calcula
tion methods used and presents data tables. The 
contractor is General Electric Co. EPRI Project 
Manager: Arthur Cohn 

U.S. Coal Test Program 
on BGC-Lurgi Slagging Gasifier 
AP-1 922 Final Report (RP1 267- 1 ) ;  $21 .50 

A test using caking coals was conducted in a 
6-ft-diam, 350-t/ d gasifier. This report describes 
the equipment, instrumentation ,  and controls; bed 
behavior; plant behavior in flow controls; and post
run inspections. It also discusses coal gas partic
ulates and oxygen plant dynamics. The contrac
tor is British Gas Corp. EPRI Project Manager: 
John McDaniel 

Process Development for 
Improved SRC Options: Kerr-McGee Critical 
Solvent De-ashing and Fractionation Studies 
AP-1 932 Final Report (RP 1 1 34-2); $1 1 .00 
A coal liquefaction process incorporating critical 
solvent de-ashing was demonstrated in continu
ous bench-scale un its. The de-ashing and frac
tionation of SRC-1 and short-residence-time vac
uum bottoms are described, as well as the addition 
of light SRC (the fractionated portion of the soluble 
coal product) to improve liquefaction solvent 
quality. Soluble-coal-product recovery studies and 
work to determine the operating conditions re
quired to produce light SRC are also covered. The 
contractor is Kerr-McGee Corp. EPRI Project 
Managers: C. J Kulik and H E. Lebowitz 

Advanced-Cooling 
Full-Scale Engine Demonsiralion 
AP-1 934 Final Report (RP1 31 9-3); $1 8 .50 
This report describes a program to demonstrate 
the advantages of advanced fabrication tech
niques for convectively cooled airfoils for utility 
combustion turbines. It covers the design and 
fabrication of test hardware, the advanced-cool
ing-rig test, and aerodynamic and cooling per
formance parametric studies. The contractor is 
United Technologies Corp. EPRI Project Man
ager: Arthur Cohn 

Repowering Oil-Fired 
Boilers wm, Combustion 
Turbines Fired Wiih Gas From Coal 
AP-1 937 Final Report (RP986-6); $1 8 .50 
The repowering of oi l-fired reheat steam plants 
with combustion turbines and coal gas from the 
Texaco oxygen-blown gasifier was studied. Plant 
configurations, equipment changes, and per
formance were determined for a nominal 33�-MW 
plant in three repowering cases: (1 ) coal gas sup
plied by pipeline (remote source), (2) complete 
integration of the gasification system with the 
power plant, and (3) partial integration of the gasi
fication system wherein the boiler retains oil fir ing. 
The contractor is Westinghouse Electric Corp. 
EPRI Project Manager.· B. M Louks 

Preliminary Oxygen Plant Assessment 
for Texaco-Gasifier-Based 
Gasilicalion-Combined-Cycle Systems 
AP-1 942 Final Report (RP239-5); $8.00 
This report, a supplement to an earlier report 
on commercial oxygen production technology 
(AP-1 67 4 ), characterizes an oxygen supply sys
tem configuration for use with a Texaco-gasifier
based gasification-combined-cycle system. The 
selected supply system is described, and recom
mendations for future oxygen supply system 
studies are outlined. The contractor is Un ion 
Carbide Corp. EPRI Project Managers: E L 
Force and B. M Louks 

Large Wind Turbine 
Generator Performance Assessment 
AP-1 959 Interim Report (RP1 348-1 ) ;  $1 2.50 
This technology status report summarizes recent 
data from federal government and private devel
opment and test programs on large wind turbines 
(rated power of 1 00 kW or higher). The data pre
sented are current as of October 1 980. The con
tractor is Arthur D .  Little, Inc. EPRI Project Man
ager: F. R. Goodman, Jr. 

COAL COMBUSTION SYSTEMS 

Study of Gypsum Crystal Nucleation 
and Growth Rates in Simulated 
Flue Gas Desullurization Liquors 
CS-1 885 Final Report (RP1 031 -2); $9.50 
This report describes the kinetics of gypsum 
crystal nucleation and growth rates that were mea
sured in flue gas desulfurization scrubber l iquids. 
The variables studied include parent seed crystal 
size and mass; additives (citric acid, adipic acid, 
sodium dodecylbenzene sulfonate, and poly
acrylate); and pH level . The contractor is the Uni
versity of Arizona. EPR! Project Manager: 
Dorothy Stewart 

Studies ol In-Bed Corrosion 
in a Pressurized Fluidized-Bed Combustor 
CS-1 935 Final Report (RP979-3); $36.50 
Corrosion of candidate in-bed tube materials was 
investigated in connection with a 1 000-h test pro
gram in a pressurized fluidized-bed combustion 
facility. This report describes the test facility, the 
nominal operating conditions, and the corrosion 
probes. Results from metrology and metal
lographic examinations of the corrosion are in the 
appendixes. Conclusions and recommendations 
are included. The contractor is Fluidised Com
bustion Contractors, Ltd. EPRI Project Manager: 
John Stringer 

Vibration Signature Analysis and 
Acoustic Emission Monitoring at Brayton Point 

CS-1 938 Final Report (RP934-1 ); $21 .50 
The on-line monitoring techn iques of vibration 
signature analysis and acoustic emission detec
tion are summarized, including sensor selection 
and location, spectrum analysis techniques, com
putation techn iques, and display devices. Specific 
plant equipment failures are described, and the 
appropriate vibration and acoustic emission data 
are analyzed to assess any deviations before fail
ure. The contractor is Rockwell International Corp. 
EPRI Project Managers: A F Armor and J B. 
Parkes 



Neutron Activation 
Analysis of Turbine Deposits 
CS-1 958 Interim Report (RP1 409); $8.00 
This report presents the basic design of a non
intrusive system using the associated-particle 
time-of-flight technique to detect the inelastic 
gamma rays induced by 1 4-MeV neutrons incident 
upon corrosion deposits on the blades of an op
erating steam or combustion turbine. Measure
ments of turbine blade corrodents and the analy
sis of combustion and steam turbine blade signals 
are described. Conclusions and potential applica
tions of the system are also discussed. The con
tractor is Consolidated Controls Corp. EPRI 
Project Managers: K. P. Lehner and J. B. Parkes 

Steam Turbine Blades: Considerations 
in Design and a Survey of Blade Failures 
CS-1 967 Topical Report (RP91 2-1 ) ;  $1 2 .50 
This report details design aspects that control 
stresses and vibrations to which steam turbine 
blades are subject du ring service. Specific topics 
include ( 1 )  thermomechan ical considerations 
and material selection criteria for blade design; 
(2) sources of vibratory excitation and blade re
sponse, the result ing stress levels and load his
tories, and design features to min imize or resist 
these stresses; and (3) blading alloy properties of 
concern to blade designers and parameters for 
use in fatigue testing .  Also presented are the re
sults of a blade failure survey. The contractor is 
Westinghouse Electric Corp. EPR/ Project Man
ager: R. I. Jaffee 

Control of Fan Erosion in 
Coal-Fired Power Plants: Phase 1 
CS-1 979 Final Report (RP1 649-4); $1 4 .00 
Ways of controlling fly ash erosion in power plant 
fans were investigated. The study examined the 
erosivity of fly ash from bituminous and sub
bituminous coal and lignites, the factors in ob
tain ing highly erosion-resistant coatings, and the 
erosion resistance of advanced fly ash armoring 
systems. A computer model was developed and 
used in comparing the erosion resistance of fou r  
basic centrifugal fan designs and  in  diagnosing 
operating problems. Two case studies are pre
sented to illustrate the model's use. The contractor 
is Westinghouse Research Laboratories. EPR/ 
Project Manager: John Stringer 

Monitoring the Fixed-FGD-Sludge 
Landfill, Conesville, Ohio: Phase 2 
CS-1 984 Interim Report (RP1 406-2); $1 2 .50 
This report presents results from ongoing evalua
tions of the first full-scale application of the I U  
Conversion Systems stabilization-fixation system 
for flue gas desulfurization sludge. Stabilized 
sludge has been landfilled since 1 977 at the 
Conesville (Ohio) power station. Phase 2 work en
tails continual well sampling and water quality 
comparisons, sludge sampling and testing ,  docu
mentation of disposal operation problems, and 
evaluation of the overall fixation system. Two 
further reports on Phase 2 are planned . The con
tractor is Michael Baker Jr., Inc. EPR/ Project 
Manager: D. M. Golden 

Assessment of Rotor-Bearing Dynamics: 
A Planning Study for the Utility Industry 
CS-1990 Final Report (RP1 648-2); $1 4.00 
CS-1 990-SY Summary Report; $5.00 
These reports present the results of a study to 

determine the current state of the art of rotor and 
bearing dynamic analyses of large steam turbine 
generators. Current U.S. capabilities and practices 
are reviewed, U.S. utility needs with regard to 
rotor-vibration-related problems are assessed , 
and an R&D plan with specific recommendations 
to address those needs is described. The con
tractor is Mechanical Technology, Inc. EPRI 
Project Managers: T H. McC/oskey and J. B. 
Parkes 

Nondestructive Evaluation ol 
Turbines and Generators: 
1 980 Conference and Workshop 
WS-80- 133 Proceed ings; $39.50 
A workshop on the nondestructive evaluation 
(NOE) of steam turbines and generators was held 
in Washington, D .C . ,  in October 1 980 by EPRI and 
Potomac Electric Power Co. It was d irected at 
utility problems in evaluating turbine generators 
and making repair and run / retire decisions. The 
sessions covered industry problems, turbine NOE, 
generator NOE, EPRI projects, vibration signature 
analysis, and new developments. The contractor 
is Aptech Engineering Services. EPRI Project 
Manager: A. F Armor 

ELECTRICAL SYSTEMS 

Light-Fired Thyristor Development 
EL-1 91 6 I nterim Report (RP567-1 ) ;  $1 1 .00 
A light-fired thyristor for use in high-voltage, high
power utility applications was developed and 
demonstrated in  one phase of a static volt
ampere-reactive generator. The development and 
testing of each part of the system are detailed , as 
well as the build ing,  installation, and early evalua
tion of the 1 3 .8-kV, 1 200-A bid irectional switch .  
The contractor is  Westinghouse Electric Corp. 
EPRI Project Manager: G. I. Addis 

Conductor Fatigue Lile Research 
EL-1 946 Final Report (RP1 278-1 ); $1 2 .50 
A study was undertaken to evaluate the effects of 
reducing vibration amplitudes of conductors that 
had been min imally damaged by eolian vibration 
(a wind-induced phenomenon in which con
ductors vibrate in a low-amplitude mode, leading 
to fatigue damage to individual conductor 
strands). Tests using two different amplitude re
ductions on three different conductors are 
described. The results ind icate that amplitude re
duction arrested fatigue strand breakage in each 
case. The contractor is Auburn Un iversity. EPRI 
Project Manager: J. W Porter 

Development ol a 
Vacuum Arc Faull Current Limiter 
EL-1 947 Final Report (RP993-1 ) ;  $1 1 .00 
The operating principles and characteristics of two 
vacuum arc devices under development for fault
current-limiting applications are summarized: the 
vacuum arc fault current limiter and the magneti
cally controlled vacuum arc switch. The repetitive 
voltage spiking phenomenon that occurs in the 
first device is described, and techniques for en
hancing current l imit ing by enhancing spiking de
velopment are discussed. The contractor is the 
State University of New York at Buffalo. EPRI 
Project Managers: J. W Porter, R. E. Kennon, and 
I. Vancers 

Nb3
Ge-Based 1-m Power Transmission 

Cable: Material Development, Cable 
Fabrication , and Cable Performance Tests 
EL-1948 Final Report (RP7855-1 -2) ; $9.50 

This report describes the third phase of a program 
to develop Nb,Ge conductors for power transmis
sion applications. Details of the fabrication and 
testing of a 1 -m-long coaxial cable constructed 
from 87 m of Nb3Ge-clad tape wound in a double
double-helix design are presented. The results of a 
development program to improve the supercon
ducting performance are also included. The con
tractor is Los Alamos National Laboratory. EPR/ 
Project Manager: Mario Rabinowitz 

Investigation of Geomagnetically 
Induced Currents in the Proposed Winnipeg
Duluth-Twin Cities 500-kV Transmission Line 
EL-1 949 Final Report (RP1 205-1 ) ;  $1 5 .50 
The effects of geomagnetically induced currents 
(GIG) on a new 749-km, 500-kV ac transmission 
line were investigated. GIG effects on the opera
tion of the l ine, equipment connected d i rectly to 
the line, and power systems connected to the line 
were considered. The study concluded that G IG 
can have a substantial impact on equipment per
formance and on the power system. Potentially 
troublesome equipment and system conditions 
(both steady state and transient) were identified. 
The contractors are Minnesota Power & Light Co. 
and the University of Minnesota. EPRI Project 
Manager: J. W Porter 

Environmental Chamber for 
the Examination of Transmission 
Line Electric Field and Corona Effects 
EL-1953 Final Report (RP68-6); $8.00 
This report assesses the feasibility of using an en
vironmental chamber for the examination of trans
mission line electric field and corona effects. Tests 
relating to such elements as ground-level electric 
field strength, corona starting voltage, conductor 
surface conditions, and corona mechanisms and 
losses were conducted in  a chamber, and the re
sults are reviewed. Also discussed are chamber 
design considerations, prelim inary specifications, 
supply requirements, and gu idelines for instru
mentation. The contractor is Ohio State University. 
EPRI Project Manager: R. E. Kennon 

Human Factors Review of 
Electric Power Dispatch Control Centers 
EL-1960 I nterim Report (RP1 354-1 ); Vol. 1 ,  
$9.50; Vol. 2 ,  $29.00 
A human factors survey of 1 3  utility control centers 
was conducted. The survey evaluated the informa
tion available to operators, the physical interface 
between the operators and the power systems, 
and the operational setting. Particular emphasis 
was placed on the design of the cathode-ray tube 
interface, the data base, facility lighting ,  train ing,  
manning, and work stress. Areas for further study 
were identified. Volume 1 summarizes the survey 
results, and Volume 2 presents them in detail. The 
contractor is Lockheed Missiles & Space Co. , I nc .  
EPRI Project Managers: D. F. Koenig and C. J. 
Frank 

Research to Develop Guidelines for Cathodic 
Protection of Concentric Neutral Cables 
EL-1 970 I nterim Report (RP1 049-1 ); Vol. 1 ,  
$1 5.50; Vol. 2 ,  $21 .50 
This report describes an effort to develop cathodic 
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protection systems for the concentric neutral con
ductors on  existing cable installations. I t  presents 
and analyzes field and laboratory data and cor
relates the corrosion found at various locations 
on underground distribution cables with the data. 
It also provides details on installed experimental 
protection systems. Volume 1 includes descrip
tions of the problem, tests, data, and analysis. 
Volume 2 consists of four appendixes with sup
porting drawings and graphs. The contractor is 
Pacific Gas and Electric Co. EPRI Project Man
ager: T J. Kendrew 

Component Outage Data Analysis Methods 
EL-1980 Final Report (RP1 468-1 ) ;  Vol. 1 ,  
$1 8 .50; Vol. 2 ,  $1 2 .50 

This report describes work to develop methods for 
improving the quality of outage data analysis for 
power equipment. Statistical techniques were 
evaluated and applied to utility outage data to il
lustrate their use. Volume 1 discusses the physical 
characteristics of generation outages, practical 
limitations on generation outage data analysis, 
forced partial generation outages, and the predic
tion of equipment availability from a severely 
limited data base. Volume 2 discusses the con
cepts and tools of classical statistics that are of 
primary value to outage data analysis. The con
tractor is Westinghouse Electric Corp. EPRI 
Project Manager: N. J. Batu 

Contamination Flashover of HVDC Insulators 
EL-201 6 Final Report (RP848-1 ); $1 4.00 
An integrated field and laboratory study was con
ducted to investigate the mechanism of flashover 
of contaminated insulators under HVDC condi
tions. Topics discussed include the clean-zone 
phenomenon and an explanatory theory, a method 
to predict insular performance in any location by 
knowing the composition of contaminants in  the 
area ,  and the effects of weather on insulator per
formance. Work on the voltage distribution along a 
string of insulators led to the use of internal grad
ing to improve the performance of the insulator 
str ing. The contractor is the University of Southern 
California. EPRI Project Manager: John Dunlap 

HVDC Ground Electrode Design 
EL-2020 Final Report (RP1 467-1 ); $32.00 
This report presents a state-of-the-art study of 
HVDC ground electrode design. It covers the 
background  of ground electrode theory; siting of 
ground electrodes; design procedures, including 
formulas and sample designs; techn iques for 
mitigating ground current effects; and testing pro
cedures to determine operating conditions of in
service electrodes. The results of a survey of all 
ground electrodes bu ilt up to mid-1 981 are also 
presented. The contractor is I nternational En
gineering Co., I nc. EPRI Project Manager: John 
Dunlap 

ENERGY ANALYSIS 
AND ENVIRONMENT 

Regional Load Curve Models: 
Scenario and Forecast Using the DRI Model 
EA-1672 Final Report, Vol. 3 (RP1 008); $23.00 
A project was undertaken to develop and demon
strate models capable of producing long-term 
forecasts of hourly load curves for 32 regions of 
the continental United States (representing ap-
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proximately 95% of U.S. electricity consumption). 
This volume presents illustrative forecast results 
produced by the Data Resources, I nc. , model. It 
includes a model overview, reviews earlier model 
validation exercises, and outlines changes made 
in the model before the forecast. The specification 
and estimation of the model were described in  de
tail i n  Volume 1 ,  published earlier. The contractor 
is Data Resources, Inc .  EPRI Project Managers: 
Ahmad Faruqui and A. G. Lawrence 

A Generation Planning System: 
Methodology and Case Study 
EA-1 807 Final Report (RP950-1 ); $26.00 
This report describes the development of a gen
eration plann ing model, an optimization model 
based on linear programming techniques, and 
illustrates its potential application with a case 
study on a synthetic utility. A model subprogram 
calculates loss-of-load probability for expansion 
patterns with various combinations of cand idate 
generating un its. These data are used in  a regres
sion analysis to determine reserve-margin re
quirements associated with the addition of each 
generating un it, and the regression equation 
is incorporated into the linear program. The con
tractor is Gordian Associates, Inc. EPRI Project 
Manager: J. K. Delson 

Models for Forecasting 
Energy Use in the U.S. Farm Sector 
EA-1 956 Final Report (RP682-1 , -2); Vol. 1 ,  
$1 7 .00; Vol. 2, $12.50 
This report describes a project to develop 
econometric models for forecasting electricity and 
petroleum demand in  the U.S. agricultural sector. 
Volume 1 describes (1 ) the input and output series 
constructed from raw data sources, and (2) the 
estimation and testing of alternative models. Three 
different functional forms of varyin g  complexity 
were specified for the structural cost function, 
and the three models' predictions of energy de
mand in short- and long-term ex ante forecasting 
experiments were compared. Volume 2 describes 
subsequent model improvement work and linkage 
of the agricultural model with the Wharton annual 
forecasting model of the U.S. economy. The con
tractors are Data Resources, I nc., and Laurits R. 
Christensen Associates, I nc. EPRI Project Man
agers: S. D. Braithwait and L. J. Williams 

Supply Problems in the 
Solar Healing and Cooling Industry 
EA-1 957 Final Report (RP1 031 -1 ); $6.50 
This report summarizes supply problems in  the 
solar heating and cooling industry, such as future 
distribution channels and costs. It reviews the 
components of solar costs, includ ing collectors, 
marketing ,  installat ion, and operation and mainte
nance. Public policy in itiatives that may critically 
influence the development of solar energy are out
lined, and the impact of competing energy sources 
on solar heating economics is examined. The con
tractor is DHR,  Incorporated. EPRI Project Man
ager: R. J. Urbanek 

Choice and Util ization 
of Energy-Using Durables 
EA-1 961 Proceedings (RP1 050); $26.00 
This volume contains eight reports presented at an 
EPRl-sponsored workshop held in November 
1 979 in Boston on choice and utilization of energy
using durables. Topics include ( 1 )  choice of heat
ing, ventilating ,  and air conditioning systems in  

terms of  capital cost, price, and weather; (2)  an 
integrated approach to consumer choice and utili
zation from a utility-function specification; (3) 
econometric methodology issues in estimating ap
pliance utilization models; ( 4) household patterns 
of car ownership; and (5) the demand for electric 
cars. The contractor is the Un iversity of Arizona 
Engineering Experiment Station .  EPRI Project 
Managers: S. D. Braithwait and A. G. Lawrence 

Evaluating R&D Options Under Uncertainty 
EA-1 964 Final Report (RP1 432-1 ); Vol. 1 ,  
$9 .50; Vol. 2 ,  $9.50; Vol. 3 ,  $1 1 .oo 
Efforts to develop and apply analytic methods to 
important EPRI resource allocation problems are 
described. Volume 1 presents a quantitative frame
work for examin ing the appropriate emphasis of 
incremental funding aimed at improving electric 
power generation technologies. The methodology 
was applied to current pulverized-coal technology, 
and the results are presented. Volume 2 describes 
an analysis of commercialization strategies for 
atmospheric fluidized-bed combustion plant de
velopment. The analytic framework, data assess
ment, and results are summarized. Volume 3 
describes an electric utility generation expansion 
model developed for use in  R&D planning under 
uncertainty. This model was used in  the study 
summarized in  Volume 1 . The contractor is Ap
plied Decision Analysis, Inc. EPRI Project Man
ager: S. S. Sussman 

Proceedings: Workshop on 
Cycling and Effects of Toxic Substances 
EA-1 988 Proceedings (RP1 822-1 ); $1 1 .00 
A workshop on the cycling and effects of toxic 
substances in  ecological systems was held in 
October 1 980 in  Carmel, California, to suggest a 
research program that would be responsive to 
utility needs. A broad conceptual framework and 
guiding principles for such research were devel
oped, and 1 3  specific projects were identified and 
ranked. The workshop results will be used as a 
plann ing base for EPRI 's toxic substances sub
program. The contractor is I nternational Re
search and Technology Corp. EPRI Project 
Manager: R. W Brocksen 

Assessment of Optimum Aquatic Microcosm 
Design for Pollution Impact Studies 
EA-1 989 Final Report (RP1 224-1 ); $1 5 .50 
A study was undertaken to assess the ability of a 
microcosm system to simulate the behavior of 
pelagic zones of lakes and to determine its useful
ness as an environmental assessment tool. Key 
problem areas in microcosm design and operation 
were examined in a series of experiments. The 
conditions that were varied in these tests included 
the size and shape of microcosm containers, the 
degree of aeration and water agitation in  the 
microcosms, and the degree of surface growth of 
algae on the containers' inner walls. The con
tractor is Lawrence Berkeley Laboratory. EPRI 
Project Managers: R. W Brocksen and R. K. 
Kawaratani 

Evaluation of CHESS: 
New York Asthma Data, 1 971 -1 972 
EA-1 994 Final Report (RP681 -1 , RP1 642-1 ); 
Vol. 1 ,  $1 5 .50; Vol. 2, $26.00 
This report evaluates previous research on the 
health effects of air pollution and analyzes the 
appropriateness of using asthma as a health indi
cator. It continues the work of EA-450, which 



evaluated 1 970-1 971 New York asthma data. 
Volume 1 describes shortcomings discovered 
through an examination of the data and the ex
perimental protocol and summarizes results of a 
statistical reanalysis of the data. Volume 2 con
tains appendixes of data tables. The contractors 
are Flow Resources Corp. (now General Re
sources Corp.) and Roth Associates, Inc .  EPRI 
Project Manager: R. E. Wyzga 

Assessment ol Emerging Energy Sources 
EA-2023-SY Summary Report (RP1482-1 ) ;  $8.00 
This report summarizes the results of a broad re
view and analysis of the commercial ization poten
tial of seven emerg ing energy sources: tight gas 
sands, heavy oi l ,  methane from geopressured 
aquifers, oil shale, enhanced oil recovery, ad
vanced coal min ing technologies, and under
ground coal gasification .  Each was evaluated with 
respect to resource size and characteristics, tech
nical and economic performance, relevant energy 
market growth rates, logistical considerations, de
velopment lead times, and regulatory and institu
tional factors. The contractor is Booz, Allen & 
Hamilton, Inc .  EPRI Project Manager: R. J. 
Urbanek 

Work.shop Proceedings: 
World Oil and Natural Gas Supplies 
WS-79-192 Proceed ings; $23.00 
EPRI sponsored a workshop on world oi l and gas 
supplies in June 1 979 in Reston, Virg inia, to ad
dress the interrelationships between economics, 
politics, resources, and technologies that wi l l  in
fluence future supplies. This rnport contains the 
papers presented and summaries of the work
shop discussions. EPR/ Project Manager: J. H. 
Eysse/1 

ENERGY MANAGEMENT 
AND UTILIZATION 

Preliminary Design Study ol 
Underground Pumped Hydro and 
Compressed-Air Energy Storage in Hard Rock 
EM-1 589 Final Report (RP1081-1 ); 23 vols. 
(priced per vol.) 
These volumes document a preliminary design 
study of underground pumped-hydro and com
pressed-air energy storage plants with caverns 
excavated out of hard rock. The study entailed 
these tasks: establ ishing design criteria and 
analyzing plant impacts on the power system, 
selecting a site and establishing site character
istics, formulating design approaches, assessing 
environmental and safety aspects, and preparing 
preliminary plant designs. The primary objective 
was to develop sufficiently detailed engineering 
designs for each plant to establish construction 
costs and schedules, performance and operating 
characteristics, potential construction and operat
ing risks, and environmental, social, and l icensing 
issues. Volume 1 presents an executive summary 
of the project. Detailed results are presented in 
Volumes 2-13 and 1 0  appendixes. The contractor 
is Potomac Electric Power Co. EPRI Project 
Manager: Antonio Ferreira 

Effect of Allernalive 
Fuels on !he Performance and 
Economics ol D ispersed Fuel Cells 
EM-1936 Final Report (RP1 041-7); $15 .50 
The effects of five alternative fuels (natural gas, 

coal-derived medium-Btu gas, methanol, ethanol, 
and naphtha) on the performance and economics 
of conceptual phosphoric acid fuel cell power 
plants were assessed. On the basis of fuel prop
erties and fuel cel l requirements, preliminary 
specifications for fuel-processing systems were 
prepared . Vendor-supplied cost, performance, 
and operational data on fuel-processing systems 
were analyzed to define 1 O fuel cel l power plant 
configurations using the alternative fuels. The con
tractor is Westinghouse Electric Corp. EPRI 
Project Manager: E. A Gillis 

Utilization of Waste Heal 
From Major Transformer Substations 
EM-1 968 Final Report (RP1 27 4-1 ); Vol .  1 ,  
$1 5.50;  Vol. 2 ,  $9.50; Vol. 3 ,  $14.00 
A study was undertaken to define the technical 
and economic merits of using substation trans
former waste heat for space-heating purposes. 
Volume 1 presents the results of a generic study of 
system design criteria and economics. Volume 2 
describes a site-specific application based on 
these results. Volume 3 presents the data used in 
the generic study. The contractor is Seattle City 
Light. EPRI Project Manager: J. S. Brushwood 

Co,aene1raliion Polential: 
Oil Recovery 

EM-1996 Final Report (RP1 276-7); $9.50 
This report presents a preliminary evaluation of the 
U S. potential for generating electric power in con
nection with producing steam for the enhanced 
recovery of oil. It includes design information on 
representative cogeneration systems suitable for 
thermally enhanced recovery-semitransportable 
gas turbine, semitransportable steam turbine, and 
central plant multiple gas turbine. I ncentives and 
obstacles to cogeneration use, attitudes of util ity 
companies and petroleum producers, and asso
ciated environmental problems are discussed. The 
contractor is RMR Associates. EPRI Project 
Managers: S. D. Hu and R. L. Mauro 

NUCLEAR POWER 

Numerical Simulation ol 
BWR Suppression Pool Dynamics 
NP-1856 Final Report, Vols. 1-3 (RP965-3); 
$1 7 .00 
This report summarizes hydrodynamic processes 
involving complicated free-surface configurations. 
SOLVA-VOF. a new numerical method developed 
to handle such problems, is described and 
evaluated by comparisons with laboratory test 
data. Important thermodynamic and hydrody
namic phenomena (e.g . ,  vent clearing ,  bubble 
growth, and collapse) and the effects of such 
parameters as suppression pool geometry, vent 
size, submergence, and compressibil ity are dis
cussed. The contractor is the Un iversity of Califor
n ia. EPR/ Project Managers: John Carey and 
Avtar Singh 

Design and Fabricalion 
ol an X-Ray Stress Analyzer 
NP-1873 Final Report (RP823-1 ) ;  $9.50 
This report presents a two-phase study to design 
and fabricate an X-ray stress analyzer for measur
ing residual stress in austenitic stainless steel 
pipes. The contractor is the Denver Research In
stitute. EPRI Project Manager: J .  R. Quinn 

f\l E\1\1 TECHf\! ICAL REPORTS 

Elfecls ol Heal Trealmenl on 
lhe Passive Behavior ol Ni-Cr-Fe 
Alloys in High-Temperalure Waler 
NP-1 884 Final Report (RP1 1 70-1 ) ;  $18.50 
Five electrochemical test programs were con
ducted to investigate the effects of thermal treat
ment, environmental variations, and stress on the 
corrosion resistance of lnconel Alloys 600 and 690 
in simulated BWR and PWR systems. The funda
mental electrochemical corrosion behavior of 
these systems and the effects of dissolved oxygen 
on the corrosion potential are described. A pos
sible mechanism of surface scale formation is dis
cussed, and details are provided on the inter
granular and stress corrosion test results. The 
contractor is The International N ickel Co. EPRI 
Project Manager: J. C. Danko 

Sludies ol 1 r:an,smon,-1:101111no 
Heal Transfer Wilh Waler at 1-4 Bar 
NP-1 899 Final Report (RP688-1) ;  $1 8.50 
This report presents results from steady-state and 
transient transition-boi l ing heat transfer tests in 
both a round tube and an annular test section. 
Several phenomenological studies are also de
tailed-void fraction measurement, visual and 
photographic observation, and an examination of 
wall temperature fluctuations. An upgraded tran
sition-boil ing correlation is presented. The con
tractor is the University of Cincinnati. EPRI Proj
ect Manager: K. H. Sun 

Analysis ol 
lsolopics From Poinl-1 
NP-1 919 Final Report (RP1254-1 ); $12 .50 
Calculated isotopic concentrations were com
pared with measured concentrations for 1 3  
samples from the first core of the I ndian Point-1 
PWR. The CPM collision probability code was 
used to make the calcu lations. The models are 
described in detai l ,  including the geometric 
assumptions, composition homogen ization ,  treat
ment of fuel impurities, and CPM input. The modi
fications required to provide thorium-cycle deple
tion capability in CPM , the calculation procedures 
used, and the results are discussed. The con
tractor is Babcock & Wilcox Co. EPRI Project 
Manager: W J. Eich 

REFUEL: A Computer Program 
for Automated BWR Fuel Management 
NP-1920 Final Report (RP11 77-1) ;  $1 8.50 
This report describes the REFUEL computer pro
gram, which was developed for determin ing opti
mal BWR refuel ing patterns. Details are provided 
on the nuclear model and its validity, the method 
of optimization, code appl ications, and energy 
costs. Comparisons of core power distribution and 
burnups with standard programs ind icate that the 
REFUEL nuclear model has the requisite ac
curacy. The contractor is the University of Cincin
nati .  EPRI Project Manager: W J. Eich 

Engineering Approach for 
Elaslic-Plaslic Fracture Analysis 
NP-1931 Topical Report (RP1 237-1) ;  $1 8.50 
Formulas, charts, and background material that 
allow calculation of safety marg ins in ducti le struc
tures contain ing flaws are presented. The report 
covers (1) the analytic foundations and limitations 
of using the J-integral in ducti le fracture analysis, 
(2) the fully plastic solutions obtained to date and 
the solutions for specimen geometries, (3) cylindri
cal geometries, and ( 4) the nozzle corner flaw 
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model .  Numerous examples demonstrating the 
use and accuracy of the approach are included. 
The contractor is General Electric Co. EPRI Proj
ect Managers: 0. M. Norris, Jr. , R. L. Jones, and 
T U. Marston 

Steam Generator Sludge 
Pile Model Boiler Testing 
NP-1941 Final Report (RPS11 9-1) ;  $11 .00 
This report presents the results of a study to iden
tify and explain the thermal and hydraul ic transport 
processes occurring in sludge piles on the sec
ondary side of PWR steam generators. Details are 
provided on the physical and chemical properties 
of sludges, the development of simulated sludges, 
the extent of sludge dryout, and an analytic model 
for determin ing the position of dryout within the 
sludge. The results from tests and the analytic 
model both indicate that relatively small amounts 
of sludge can promote l iquid-deficient heat trans
fer. The contractor is Westinghouse Electric Corp. 
EPRI Project Manager: 0. A. Steininger 

Optical Scanner System for Internal 
Inspection of Steam Generator Tubes 
NP-1944 Final Report (RPS103-2); $12.50 
This report describes the design and performance 
of a high-resolution system for inspecting steam 
generator tubes. Design and performance data 
from the prototype and low-resolution scanners 
are compared with data from the high-resolution 
scanner to indicate the system's evolution. A tech
nical description of the system and its operation, a 
set of performance data on simulated defects, and 
recommendations for field appl ications are pre
sented. The contractor is Science Applications, 
Inc. EPRI Project Manager: G. W OeYoung 

Phased-Mission System Reliability Analysis 
NP-1945 Final Report (RP1233-2); Vol. 1 ,  
$1 2 .50 ;  Vol. 2 ,  $12 .50 
Volume 1 presents new concepts and terminology 
relating to phased-mission system analysis, a re
liability analysis method for dynamic engineering 
systems found in the nuclear power industry. 
Techn iques for calculating system reliabil ity, 
availabil ity, and expected number of fai lures are 
presented and demonstrated for an analysis of a 
PWR emergency core cool ing system during a 
loss-of-coolant accident. Volume 2 is a user's 
guide for the PHAMAS computer code, a program 
for quantitative analysis of phased missions. The 
program's methodology and input and output are 
described , and a sample problem is presented. 
The contractor is the University of Tennessee. 
EPRI Project Manager: B. B. Chu 

Assessment of Precision Gamma 
Scanning for Inspecting LWR Fuel Rods 
NP-1952 Final Report (RP1702-4); $9.50 
This report evaluates the reconstruction of radial 
two-dimensional distributions of fission products 
by using projections obtained by nondestructive 
gamma scanning.  It discusses the technique's 
theoretical background ,  scann ing system com
ponents, the use of filtered backprojection, and 
problems. Appendixes cover the effects of statis
tical uncertainties and slit collimation and com
pare four construction techniques. The contractor 
is Los Alamos Scientific Laboratory. EPRI Proj
ect Manager: Howard Ocken 
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Analysis of Fission Gas 
Release Measurements 
Using the COMETHE I I IJ and 
FCODE-Alpha Computer Codes 
NP-1954 Final Report (RP1 702-2); $9 .50 
This report presents the results of a study that 
compared the predictions of two fuel rod per
formance codes with experimental data. The first 
phase of the study compared the predictive capa
bilities of the COMETHE I I IJ  and FCODE-Alpha 
computer codes. The second phase used an up
dated version of COMETHE to pred ict fuel rod 
central temperature, rod-to-cladding gap, mean 
cladding hoop strain , and rod fission gas release 
for a number of PWR and BWR fuel rods for which 
experimental data are available. The contractor is 
Science Applications, Inc .  EPRI Project Man
ager: Howard Ocken 

Estimation of Diffusion 
Coefficients for Electrolytes in Hol Water 
NP-1963 Topical Report (RPS146-1 ); $8.00 
This report documents a l iterature search for dif
fusion data and the calcu lation of diffusion coeffi
cients for species of interest. Diffusion coefficients 
were calculated for sodium chloride, trace 
amounts of hydrochloric acid in the presence of 
sodium chloride, divalent metal ch lorides, and 
sodium phosphates. Inaccuracies and a confi
dence ranking are given. The results have im
portant implications for possible resolution of cur
rent steam generator problems. The contractor is 
Westinghouse Electric Corp. EPRI Project Man
ager: C. E. Shoemaker 

Design and Construction 
of Model Steam Generators for 
Corrosion Testing ol Alternative Materials 
NP-1965 Topical Report (RP623-4); $1 2 .50 
This report describes the design and construction 
of two model steam generators built to test the cor
rosion resistance of contemporary and alternative 
steam generator materials under secondary-water 
conditions. The criteria for selecting alternative 
materials are discussed, and the metallurgical 
properties of the materials are summarized. Ex
tensive thermal-hydraul ic analyses of the models 
are also presented. The contractor is Combustion 
Engineering, Inc.  EPRI Project Manager: C E. 
Shoemaker 

Structural Mechanics 
Program: Progress in 1980 
NP-1 969-SR Special Report; $12 .50 
This report reviews the progress made in 1 980 in 
EPRl 's Structural Mechanics Program and dis
cusses the interrelationships of the projects. The 
program is addressing 18 research topics under 
more than 40 contracts. An up-to-date account of 
structural mechanics issues is provided, and 
progress toward resolving them is discussed. 
Plans for the 1 981 program are also included . 
EPRI Project Manager: T U. Marston 

Achievements, Findings, 
and Lessons of the Phenix 
LMFBR Power Plant Experience 
NP-1972 Final Report (RP1704-8); $8.00 
NP-1973 Final Report; $20.00 
These reports review published information on the 
French Phenix LMFBR plant. NP-1972 is an ex-

ecutive summary, and NP-1973 presents the in
formation in detai l .  They emphasize those aspects 
of the Phenix experience that are of particular 
interest in the consideration of LMFBRs for large 
central station power generation. Plant construc
tion, startup, operation, and maintenance activities 
are discussed. The contractor is Rockwell Inter
national Corp. EPRI Project Manager: Joseph 
Matte Ill 

Steam Generator Chemical Cleaning: 
Demonstration Test No. 2 in a Pol Boiler 
NP-1976 Topical Report (RPS1 28-1 ) ;  $1 1 .00 
This report documents the resu lts of a laboratory 
test of the EPRI Mark II chemical cleaning process 
in a four-tube pot boiler. It describes the test, the 
secondary-water chemistry specifications, and the 
results of destructive and nondestructive examina
tions conducted before the chemical clean ing. 
The contractor is Combustion Engineering, Inc. 
EPRI Project Manager: C. S. Welty, Jr. 

Evaluation ol Proposed 
Control Room Improvements Through 
Analysis ol Critical Operator Decisions 
NP-1 982 Final Report (RPS91 ) ;  $17 .00 
This report presents a retrospective analysis of 
decision making by nuclear power plant operators 
during four recent off-normal events. It also pro
vides a descriptive model of operator decision 
making and an appraisal of how decision making 
may be affected by different categories of im
provements-changes in staff organization and 
training, improved controls and displays, and com
puterized support systems. An overview of the 
study methodology is included . The contractor is 
Bolt, Beranek & Newman,  Inc .  EPRI Project 
Manager: A. B. Long 

Workshop Proceedings: 
U-Bend Tube Cracking in Steam Generators 
WS-80-136 Proceedings; $27 .50 
This report contains papers presented at a work
shop on the cracking of lnconel Alloy 600 U-bend 
tubes in steam generators, sponsored by the 
Steam Generator Project Office in August 1 980 in 
Denver. The papers discuss concerns about 
cracking ,  occurrence and examination of cracks, 
factors affecting the cracking, and environmental 
factors for corrective action. EPRI Project Man
ager: C. E. Shoemaker 

PLANNING AND EVALUATION 

The EPRI Regional Systems 
P-1950-SR Special Report; $1 2 . 50 
This report presents generation supply and sys
tem load data representing the characteristics of 
six U.S. regions as currently projected for 1 990. 11 
discusses the assumptions, information sources, 
and methodology used to compile the systems; 
possible applications; supply and load character
istics of each regional system; and ongoing and 
potential development to meet users· needs. A 
user's guide describes the computer tape file 
organization and content for each of the three 
major data sections. EPRI Project Manager: J. J. 
Mulvaney 
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