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Reopening the Nuclear Future 

The primary focus of EPRl's nuclear power program is to help 

preserve the investment of several hundred billion dollars that 

utilities have already made in nuclear power. In particular, we 

want to help make sure that this country's nuclear reactors-

the workhorses that now produce about 13.5% of U.S electric 

power-will continue to operate safely, reliably, and economically 

for a decade or more longer than their original design life. I believe 

we are meeting this important goal successfully, but other 

challenges lie ahead. Even assuming continued low growth rates, active conservation 

efforts, and new initiatives in peak load leveling, many utilities expect a shortfall to develop 

in electric generating capacity in the mid 1990s unless ways are found to bring new plants 

on-line quickly and affordably. To respond flexibly to demand growth when it comes and 

to cope with inevitable uncertainties in economic circumstances, fuel supplies, and the 

progress made in research and development, utilities need a variety of options available

conventional and advanced coal-burning plants, systems based on renewable resources, 

and nuclear power. 

Unless we take aggressive action now, however, the nuclear option may not be 

available to utilities when they need it most. No new nuclear plants have been ordered since 

1978, partly because of lower-than-expected demand growth and partly because of the 

cost overruns and regulatory delays that have plagued the current generation of plants. 

Reopening the nuclear option will require major institutional change, particularly in 

regulation and financing, but technical changes are also required. 

The question is should these technical changes be evolutionary or revolutionary? 

Clearly, if another generation of nuclear plants is to be ready for service by the mid 1990s, 

it must be based on proven light water reactor technology. Nevertheless, utilities have 

expressed strongly the need to incorporate into the new designs many of the important 

technical lessons learned from their extensive experience in constructing, licensing, 

operating, and maintaining the present generation of nuclear plants. 

A consensus now seems to be developing among interested utilities that their 

future nuclear plants will have to be standardized. easier to construct and license, and 
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simpler to operate and maintain. They expect these new plants to prove even more reliable 

than those already in operation and to incorporate more passive safety features so that 

investor risk is minimized and an already excellent safety record is further improved. 

Utilities also expect that plant design will be optimized so that lower lifetime costs 

can be achieved. Part of this optimization involves redesign of key reactor components and 

elimination of some redundant systems. Likewise, incorporating the latest advances in 

solid-state technology and information processing can help create superior control and 

instrumentation systems for the new reactors. 

For such technically improved plants to be brought into service when they are 

needed, however, ways must be found to make them less sensitive to licensing uncertainties. 

This will require an unprecedented cooperative effort among reactor manufacturers, 

architect-engineers, regulatory agencies, and the utility industry. New plants can be built 

in a timely manner only when all parties have agreed on the acceptability of their design. 

The utility advisory structure has given EPRI the challenge to establish detailed 

technical requirements for these advanced light water reactors through a program that is 

described in the lead article of this Journal issue. If met, these requirements will ensure that 

future nuclear power plants will live up to the utility expectations now being expressed. The 

Nuclear Regulatory Commission's commitment to the review and approval process has 

already been given informally and the Department of Energy is considering support of the 

program. If successful, this program could renew public confidence in nuclear power, 

provide utilities with a vitally important option for meeting future demand needs, and bring 

credit to all those involved in this unique cooperative effort. 

John J. Taylor, Vice President 

Nuclear Power Division 
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Authors and Articles 

Countering the familiar technologic 
trend toward greater complexity, ef

forts are under way to create a simpler, 
smaller nuclear power plant, one that 
can be completed faster than today's de
signs and then operate more reliably and 
economically. The whys and wherefores 
are explained by science writer John 
Douglas in this month's lead article, Nu
clear Power: The Next Generation (page 
6), developed with the aid of EPRI's Karl 
Stahlkopf and Warren Bilanin. 

Karl Stahlkopf, director of the Systems 
and Materials Department since June 
1980, came to the Nuclear Power Division 
in November 1973 to manage research in 
pressure boundary materials and phe
nomena. He had earlier been in the Navy 
for seven years, where he specialized in 
nuclear submarine propulsion and spent 
a year on the staff of the Chief of Naval 
Operations. 

Warren Bilanin has worked in several 
special-purpose programs since he came 
to EPRI as a project manager in October 
1979. Now a program manager for ad
vanced LWR research, he continues also 
as deputy manager of BWR Owners 
Group research, a post he has held since 
mid 1983. He was a program manager in 
the Steam Generator Owners Group pro
gram during much of 1982 and 1983. Be
fore that he headed a PWR safety and 
relief valve test program. Bilanin was 
formerly with General Electric Co. for 
seven years. 

• 

Greater complexity still leads to effi
ciency and economy in some in-
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stances. Foundation designs for trans
mission line poles and towers are a case 
in point. In Anchors to the Earth (page 
14), John Douglas traces out the research 
path toward greater detail and precision 
in reconciling such design variables as 
foundation materials, geometry, dimen
sions, stress patterns, and soil condi
tions. The article comes largely from the 
experience of Richard Kennon and Vito 
Longo, two researchers in EPRI's Elec
trical Systems Division. 

Richard Kennon, manager of the Over
head Transmission Lines Program, came 
to that post in 1978, having been an EPRI 
project manager since February 1975. He 
was previously with Westinghouse Elec
tric Corp. for nearly 23 years, first in sales 
and marketing, then in engineering, be
coming manager of capacitor equipment 
engineering in 1970. 

Vito Longo, project manager, joined 
the Overhead Transmission Lines Pro
gram in January 1984 after four years 
in transmission line design and special 
studies for Pacific Gas and Electric Co. 
Earlier with Power Technologies, Inc., 
for eight years, he performed analytic 
and design studies for utility clients in 
North and South America and conducted 
research on compact transmission lines 
for EPRI. 

• 

Chemical treatment is a deliberate 
routine for continually polishing the 

purity of the water and steam that circu
late through a power plant. But chemical 
processes can go awry, as revealed in 
Chemical Filtration for Steam Purity 

(page 19). Two EPRI research managers 
contributed background information for 
science writer Francis Kovalcik's article. 

Thomas Passell, an EPRI project man
ager since June 1975, specializes in water 
chemistry and corrosion control, mostly 
in nuclear power systems. His back
ground in diagnostic measurements, ana
lytic instrumentation, and radiochemis
try comes from 4 years as a staff scientist 
with Lockheed Missiles and Space Co., 
lV2 years as a senior physicist with Phys
ics International Co., and 13V2 years as a 
senior physicist with SRI International. 

Barry Syrett is a technical adviser with 
the Materials Support group of EPRI's 
R&D staff; he specializes in problems of 
aqueous corrosion, largely in fossil fuel 
power plants. Formerly with SRI Interna
tional for nearly seven years, Syrett de
veloped a program of corrosion research 
there. He also investigated corrosion 
mechanisms and remedies during earlier 
work with The International Nickel Co., 
Inc., and Canada's Department of En
ergy, Mines, and Resources. 

• 

M
ainly a product of utility oper
ations but coming also from re

search, medicine, and a growing number 
of high-tech industrial facilities, low
level radioactive waste is fast becoming a 
high-level problem. The reasons, dis
posal cost and scarcity of sites, are spur
ring EPRI-sponsored development of 
ways to cut waste volume. The Great 
State of Uncertainty in Low-Level Waste 
Disposal (page 22) details the political 
context as well as the R&D effort. Taylor 



Moore, senior feature writer, wrote the 
article with the cooperation of Michael 
Naughton of EPRI's Nuclear Power Di
vision. 

Naughton has specialized in radiation 
control for most of his career, notably as 
an EPRI project manager since August 
1978 and during 13 years with electric 
utilities. From 1973 to 1978 he was with 
Boston Edison Co., becoming chief tech
nical engineer at the Pilgrim power 
plant. From 1965 to 1973 he was with 
Iowa-Illinois Gas and Electric Co., much 
of the time on loan to Commonwealth 
Edison Co. for chemistry and radiation 
control at the Quad Cities plant. 

Passel I Kennon 

Syrett 

Stahlkopf 

Bi Ian in 

Longo 

Naughton 
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NUCLEAR POWER: 
The Next Generation 
A national program is under way to accelerate the evolution of nuclear technology by 

feeding 25 years of experience into the design of an advanced, simplified light water reactor: 

The goal is to emerge within five years with the basics of a standardized plant that is safer, 

lower in cost, and approved by NRG. 
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riginally, the light water reactor 
(L WR) was chosen for use in 
electric power generation be

cause of its potential for having a sim
ple design and for being easily oper
ated and maintained. Although today's 
commercial nuclear power plants work 
extremely well, unpredictable regula
tory decisions have forced many new 
components to be added on rather than 
incorporated into the design. "Treated 
that way," explains Karl Stahlkopf, di
rector of EPRI's Nuclear Systems and 
Materials Department, "a nuclear plant 
can become hung with retrofits that 
don't necessarily work well together, 
making reactors more complex but not 
necessarily safer." 

Now a major new program involving 
cooperative work by electric utilities, 
EPRI, reactor manufacturers, architect
engineers, and the Nuclear Regulatory 
Commission (NRC) has been launched 
to ensure the availability of the nuclear 
option in the 1990s. The program is 
based on an emerging consensus that 
if nuclear power is to remain a viable 
power generating option for the next 
decade, when orders for new plants are 
expected to pick up, an all-out effort 
must be made now to simplify and 
standardize plant design. A fresh ap
proach will also be taken to address 
fundamental institutional issues, such 
as uncertain licensing requirements and 
the difficulty of funding new plants. In 
addition, the program will explore pos
sibilities for building relatively small 
(400-600 MW) nuclear plants to meet 
further demand growth after the turn 
of the century. 

This unique, integrated approach to 
developing a new generation of reac
tors has come in response to urgent 
utility requests. Recent surveys conduc
ted by EPRI show that utilities gener
ally want to retain the nuclear option in 
order not to become solely dependent 
on coal, and they feel the LWR remains 
the best near-term candidate for meet
ing this need. In particular, utilities re
port that they require detailed specifica-

tions for nuclear plants that will offer 
minimal lifetime cost and assurance of 
NRC approval. 

In response, the five-year, $20 million 
Advanced Standardized LWR Industry 
Program has been established in EPRI's 
Nuclear Power Division. The program 
will produce a detailed requirements 
document specifying the design of 
simplified, standardized LWR plants. 
Each portion of the requirements docu
ment will be reviewed by the Utility 
Steering Committee and an industry re
view group consisting of nuclear steam 
supply system vendors and architect
engineers. These sections will then be 
passed to NRC for approval. Even
tually, utilities can use the document to 
order a nuclear plant with assurance 
that it will meet accepted industry stan
dards and all current licensing require
ments and that it can be constructed 
and operated reliably and economically. 
In addition, conceptual plans for a small 
nuclear plant will also be produced. 

"The current hiatus in nuclear power 
in the United States is characterized by 
uncertainties. Our best judgment is that 
the next generation of nuclear plants 
must therefore be based on the widest 
and best experience we have-that is, 
the light water reactor," comments 
Solomon Burstein, vice chairman of the 
board of Wisconsin Electric Power Co. 
and chairman of the new program's 
Utility Steering Committee. "Our his
tory, together with the experiences of 
other nations, tells us that opportuni
ties exist to simplify, modularize, and 
standardize light water reactor plants." 

Path of evolution 

Over the years LWRs have become 
complicated indeed. For example, a typ
ical 1000-MW nuclear plant today con
tains between 30,000 and 40,000 valves, 
compared with only about 4000 valves 
in a commensurate fossil fuel plant. 
Many of these valves are themselves 
complex subsystems requiring a motor, 
position indicator, controls, remote 
readouts, and other equipment. Elimi-

nation of a single, large motorized valve 
from a plant can save tens of thousands 
of dollars in capital costs alone, plus 
further savings in maintenance, in
spection, and testing. 

A recent review of several pressur
ized water reactor (PWR) facilities indi
cated that as many as 40% of their 
valves could be eliminated by taking 
advantage of changes in knowledge 
and functional requirements that have 
occurred since the systems were origi
nally designed. Even more valves could 
be eliminated if an integrated approach 
is taken to simplify the overall design 
of new plants. 

The cumulative effect of such redun
dancies is staggering. From 1971 to 
1982, the per kilowatt requirements of 
new PWR plants have increased by a 
factor of 2.75 for cubic feet of concrete, 
2.4 for feet of cable, 6.2 for work hours 
of craft labor, and 7.1 for work hours of 
nonmanual field and engineering ser
vice. Over the same period, total plant 
costs have roughly quadrupled. Yet one 
of the strongest indications that room 
for improvement does exist comes from 
the fact that similar plants with the 
same projected date of service may 
now have estimated costs that differ by 
a factor of 4. 

What can be done? Much publicity 
has been given recently to proposals 
that represent a radical departure from 
the LWR design that has dominated 
nuclear power generation in the United 
States for more than two decades. In 
particular, ASEA-Atom of Sweden 
has proposed the PIUS (process inher
ent ultimately safe) reactor that is en
tirely immersed in a pool of water, 
which would automatically flood the 
core in case of a primary system break. 
Alternatively, proponents of the high
temperature gas-cooled reactor (HTGR) 
cite its ability to withstand loss of cool
ant for many hours before core damage 
occurs. Although both of these designs 
might eventually offer potential advan
tages, neither has been built at the 
1000-MW scale, and they would thus 
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require construction of a prototype 
before any commercial orders could be 
expected. 

The delay involved in building and 
testing a prototype essentially elimi
nates such novel designs from consid
eration in the present attempt to create 
improved reactors ready for order in 
the 1990s. Further, little or no govern
ment support can now be expected for 
such a prototype. Meanwhile, faced 
with a diminishing backlog of orders 
for new plants, the American nuclear 
industry is slowly winding down its 
operations. Major suppliers are shifting 
their emphasis from plant construction 
to nuclear service contracts, and second
tier suppliers are casting about for new 
lines of work. 

It was against this background that a 
new, industrywide consensus emerged 
on the need to continue reactor devel
opment along an evolutionary path. On 
the one hand, if new nuclear plants are 
to be ordered before the turn of the 
century, they will have to be based on 
proven LWR technology, without the 
need for a prototype and capable of be
ing built by the manufacturing infra
structure already in place. On the other 
hand, present LWR designs leave room 
for improvement, especially if an inte
grated approach is taken to simplify 
and standardize the plants and to ra
tionalize regulatory requirements. 

The program 

Several specific characteristics utilities 
want to see before ordering new nuclear 
plants were gathered from the recent 
industry surveys. The broadest require
ment is that such plants will have to be 
able to compete with comparable coal
fired power stations both in cost per 
kilowatt and in terms of firm schedules 
for construction and licensing. A target 
construction cost of $1600/kW has been 
tentatively adopted, together with a re
quired construction time of 6 years or 
less. Utilities also want to be able to 
order plants that will be highly reliable, 
so tentative design requirements in-
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elude an average annual availability 
rate of 80% and an expected lifetime of 
up to 60 years. 

To meet these requirements, design 
emphasis will have to be placed on 
minimizing full life-cycle costs, not just 
on achieving lowest possible initial 
cost, as in the past. The design will be 
based on proven LWR technology to 
take advantage of the experience 
gained with these systems over the 
past two decades. Improved features 
and increased design margins will be 
provided so that plant operations are 
simplified and there is more time for 
the operators to deal with transient and 
upset conditions, thus keeping minor 
incidents and operator errors from cas
cading into major accidents. Provisions 
will also have to be made at the outset 
for handling radioactive wastes. 

"The guiding philosophy in choosing 
particular systems," says Stahlkopf, 
"will be to take advantage of the best 
off-the-shelf technology." Thus some 
mechanical systems may be changed 
very little, while other systems, like in
strumentation and control, may take 
advantage of such state-of-the-art tech
nology as fiber optics. 

Already much progress has been 
made toward ensuring the licensability 
of nuclear plants designed under the 
new program. Working with industry 
representatives, NRC has reduced its 
list of unresolved safety and licensing 
issues that will apply to the new plants 
from 638 to 101, and these, in turn, have 
been grouped into 34 topics for resolu
tion. In addition, NRC has agreed to 
review at its own expense the various 
sections of the program's requirements 
document for approval. These develop
ments mean that by the time utilities 
order plants based on the requirements 
document, each component system will 
have undergone complete NRC review 
and approval. 

The requirements document will con
tain 14 system packages, covering such 
items as safety systems, plant controls, 
radioactive waste processing, primary 

coolant systems, and so forth. When 
designing one of these component sys
tems, a contractor will prepare a pack
age for the requirements document and 
then submit it to two review groups: 
one composed of U.S. utility represen
tatives; the other, representatives from 
nuclear system suppliers and architect
engineers. After approval by these two 
groups, each package will pass to the 
Utility Steering Committee for further 
review and submittal to NRC. 

For the small-plant evaluation portion 
of the program, conceptual designs will 
be produced for small units of both boil
ing water reactors (BWRs) and PWRs. If 
utility interest in small reactors follows, 
such conceptual designs could be used 
by nuclear suppliers to produce de
tailed plans for their own commercial 
plants, which would also satisfy the 
requirements document approved by 
NRC. 

"We believe that utilities should stip
ulate in detail their requirements for a 
nuclear plant on the basis of their own 
extensive construction and operating 
experience rather than relying primarily 
on the suppliers," explains John Taylor, 
EPRI vice president, Nuclear Power 
Division. "The aim of the current pro
gram is to ensure that a balanced set of 
requirements is available to assure life
time safety, reliability, and economy. 
That's why from the beginning we are 
involving the reactor manufacturers 
and architect-engineers who have the 
state-of-the-art design and fabrication 
technology and are putting them to 
work directly with utility people who 
have extensive plant experience." 

Optimizing design 

Many of the specific steps involved in 
simplifying and optimizing LWR plants 
are already well recognized. The require
ments document will particularly ad
dress the need to eliminate unnecessary 
plant complexities, reevaluate design 
margins, and identify ways of making 
new plants easier to construct, main
tain, and operate. 
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Growth in Material and Labor Requirements 

Many individual factors have contributed to rising construction costs of nuclear plants. Since 
1971 the amounts of concrete and cable required to build a plant have more than doubled, 
while requirements for pipe and raceway (trays that hold cables) have more than quadrupled. 
Similarly, costs of craft labor and nonmanual field and engineering services have increased by 
a factor of from 6 to 7. By standardizing plant design and shop-fabricating key components, 
new nuclear plants can be buflt with sharply reduced requirements for both material and labor. 
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In some cases, simple configuration 
changes could be made that would 
increase plant safety. One example in
volves preparations for a small-break 
LOCA in PWRs. In current designs, a 
small (6-in-diam [15-cm] or less) break 
in the cold-leg pipe carrying water into 
the reactor requires automatic actuation 
of water injection equipment or oper
ator actions to ensure that the water 
level does not drop below the top of 
the core. In the unlikely event that 
such actions are not taken, the core 
rapidly overheats and can be exten
sively damaged. This potential problem 
can be avoided, however, by raising the 
elevation of various pipes and nozzles 
in the system so as to maintain water 
levels above the top of the core, while 
letting steam escape through the break . 

Eliminating needless redundancy is 
another approach to simplification. An 
important example of the sort of redun
dant equipment that might be elimi
nated by an overall plant redesign is 
the containment spray system. Of 
course, detailed studies must be com
pleted to assess whether the removal 
of this system can be accomplished 
without compromising plant safety. 
Originally intended to reduce the 
spread of radioactive iodine to the at
mosphere after a loss-of-coolant acci
dent (LOCA), the containment spray 
system delivers water containing so
dium hydroxide to spray heads near 
the top of the containment structure. 
The sodium hydroxide is added to 
increase the pH of the water and thus 
enhance its ability to retain elemental 
iodine, but recent studies have shown 
that most iodine released during the 
LOCA is in the form of highly soluble 
cesium-iodide. As a result of these 
studies, it now appears that the entire 
containment spray system would be a 
candidate for elimination because 
cesium-iodide could easily be captured 
by water already in the reactor coolant 
system or by steam condensing in the 
containment atmosphere. 

Eliminating this one system could 
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save $8-$10 million in the cost of build
ing a plant, because this system con
tains about 60 valves, a large tank for 
water and a small one for sodium hy
droxide, and two trains for deliver-
ing the mixed solution. By avoiding the 
possible corrosive effects of soct ium 
hydroxide, plant designers could also 
consider using aluminum in the con
tainment structure for the first time. In 
addition, removal of the redundant sys
tem would also eliminate a large num
ber of technical specifications and sur
veillance tests now required. 

Utilities have also requested that new 
plants have better response during 
transients. In response to this request 
an increase in design margin for the 
coolant pressurizer in PWRs is being 
proposed. This unit is essentially a tank 
containing both water and steam that is 
inserted along the hot leg of the coolant 
system to maintain the coolant pressure 
at a level high enough to prevent boil
ing in the core. The problem with cur
rent pressurizers is that they are not 
large enough, in themselves, to main
tain pressure during transients. When a 
turbine trips, for example, operators 
must quickly open power-operated re
lief valves to limit pressure rise. Con
versely, when the power removed from 
the system temporarily exceeds that be
ing produced in the core, coolant pres
sure can drop far enough for steam 
bubbles to form in the reactor vessel 
despite the presence of the pressurizer. 

Both types of problems could be ad
dressed by increasing the size of the 
pressurizer-perhaps doubling its vol
ume, compared with present models. 
Although such enlarged pressurizers 
would cost about 50% more to build, 
their presence would greatly reduce the 
chances that a minor transient could 
get out of hand and cause damage to 
the primary cooling system. In partic
ular, operators would have more time 
to react to a transient and less need to 
use power-operated relief valves. (It 
was the mechanical malfunction of one 
such valve, combined with operator 
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Containing the Small-Break LOCA 

One important design change in new nuclear plants that can help prevent a relatively minor 
incident from causing expensive core damage involves i ncreasing design margins for 
smal l-break loss-of-coolant accidents. When a smal l break occurs in the cold leg (flow toward 
the core) of a cool ing system, coolant flows out of the break unt i l  the water level inside the 
reactor vessel lowers to that in the loop seal between the steam generator and the reactor 

Core 

Standard pressurizer 

Change in 
water level 
during transient 

Pipe 
break 
'-\ I/ 

Cold-leg 
pipe 

Reactor 
coolant pump 

Loop seal 

Improved Response to 
Transients Through Larger 
Pressurizers 

The pressurizer attached to the hot leg 
(flow away from the core) of a reactor 
cooling system is designed to keep the 
system pressure from rising or fal l ing 
excessively during a transient. 
I ncreasing the volume of the 
pressurizer by as much as 50% in new 



coolant pump. When the levels equal ize, steam escapes through the break and the system 
depressurizes, allowing the high-flow-rate, low-pressure injection to in itiate and ensure core 
coverage. In today's reactors, un less appropriate actions are taken, the water levels may not 
equalize unti l  the core is uncovered enough to potentially cause clad damage. By raising both 
the cold-leg p ipe and the loop seal, core oncovering can be prevented. 

plants would allow pressure to be 
maintained by relatively smaller 
changes in  water level during a 
transient, g iving the operator more 
t ime to react and lowering the 
l ikel ihood of having to bleed off 
pressure by opening relief valves. 

Large pressurizer 

Change in  
water level 
during transient 

error, that caused the accident at Three 
Mile Island.) 

"The type of design changes being 
proposed for study in the new program 
should substantially reduce the finan
cial risk to utilities of building new nu
clear power plants," asserts Taylor. 
"The chance of a LOCA causing the 
type of damage we saw at Three Mile 
Island will be greatly diminished, 
which means that plant safety will also 
be enhanced." 

Longer life and shorter construction 

Several design changes will also be re
quired to provide an extended life of 
up to 60 years for the new, optimized 
LWRs. Recent experiments show that 
radiation damage to the reactor vessel 
itself can be kept low enough for ex
tended life by careful choices of vessel 
materials and by providing a larger ring 
of water between the core and the ves
sel walls. Some internal reactor struc
tures may have to be designed for re
mote replacement in case they are 
weakened by irradiation, corrosion, or 
thermal fatigue. Improved decontami
nation methods should reduce the sort 
of internal contamination that leads to 
corrosion, however-a step that will 
also make maintenance easier and re
duce radiation exposure to maintenance 
personnel. 

To increase fuel reliability, designers 
will also consider lowering the amount 
of heat generated along each foot of a 
fuel rod. Currently this linear heat rate 
is about 14 kW /ft (4.2 kW /m) and stud
ies will be made to determine the ef
fects of lowering this rate to 9-10 kW /ft 
(2.7-3 kW/m). Such a reduction is ex
pected not only to raise fuel reliability 
by placing less stress on the rods but 
also to lower requirements for the 
emergency core cooling system. By 
having lower power density, a reactor 
can be controlled with slower reaction 
times during transients. Because lower 
heat rates will require more fuel rods 
in a core, the new design is likely 
to cost more, and various other trade-
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offs will have to be investigated. 
A recurrent theme running through 

many of the design changes now being 
considered is modularization. If new 
nuclear plants can be constructed with 
numerous shop-fabricated modules, the 
economy of scale once brought to large 
plants by conventional construction 
practices may be broken. Such a devel
opment would make a significant con
tribution both to large standardized 
plants through reduced costs and better 
quality control and to small plants by 
reducing their economic disadvantage 
of size. 

Milestones for Advanced I..WRs 

Off-site construction of modular units 
should help reduce the lead time and 
the total capital cost of nuclear plants, 
as well as reduce the risk to a utility 
from construction-related delays. Qual
ity assurance is generally easier to 
maintain if major modules are shop
fabricated because of the more closely 
controlled environment of a factory and 
the learning curve improvements that 
come with experience in building many 
similar units. Modular construction can 
also facilitate st.::ndardization of plant 
components and improve overall con
struction control. 

Two possible scenarios for building a 
modular plant might go something like 
this: 

Large components are built at sepa
rate factories and shipped by rail for 
final on-site assembly, or a complete 
reactor and most of its safety-related 
systems are constructed on a barge at 
a shipyard. The barge would then be 
shipped by coastal and inland water
ways to the installation site and floated 
into position over a ready-made foun
dation (reactor base mat). In either 
case, most of the shield building would 
already have been constructed, and 

The national program will draw together the expertise of uti l ities, EPRI, NRG, reactor vendors, architect-engineers, major laboratories, 
and major universities to produce a detailed requirements document by 1990 that will specify the design of simplified, standardized 
LWR plants. Utilities will then be able to use the document to order a nuclear plant with assurance that it will meet industry standards 
and all current licensing requirements. In addition, conceptual plans for a small nuclear plant wil l  be produced. 

1984 I 1985 I 19�6 1987 1988 1989 
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final plant preparation could proceed 
relatively quickly. 

Toward smaller plants 

The portion of the advanced LWR pro
gram devoted to small reactors will es
sentially try to determine whether mod
ularization can be carried far enough to 
make nuclear plants economically viable 
in units of 600 MW or less. Such plants 
would offer utilities the option of add
ing new nuclear capacity in relatively 
small units, which may be better suited 
to uncertain growth projections and 
better able to compete with the small 
coal plants expected to be available in 
the 1990s. In addition, construction of 
small plants would require shorter lead 
times and less capital raised in a single 
bond issue. 

The choice of whether to build large 
or small plants is becoming more com
plex. On the one hand, large plants 
have traditionally been cheaper to build 
on a per kilowatt basis. On the other 
hand, bringing such plants on-line 
often creates substantial periods of too 
much or too little generating capacity. 
During the period before a major plant 
is finished, for example, a utility may 
have to purchase power at high rates to 
meet rising demand. Then, suddenly, 
when the plant is finished, the utility 
may have excess capacity it cannot fully 
use. In addition, the construction de
lays that have increasingly plagued 
very large new plants can substantially 
add to the ultimate cost of the elec
tricity produced. 

Several unique features of small 
plants will be evaluated during the cur
rent program. The potential that small 
reactors have for increased natural cir
culation will receive particular atten
tion, because this would reduce the 
amount of power needed for pumping 
and provide an extra margin against 
LOCAs. A small BWR might be able to 
operate entirely on natural circulation, 
which would eliminate the need for 
external recirculation loops. In a small 
PWR, enhanced natural circulation 

would reduce the potential for core 
damage during a LOCA in which 
pumped circulation is lost. (Ways are 
also being sought to increase the 
amount of natural circulation in larger 
plants up to 30% of total circulation, 
which could mean that smaller pumps 
might be used.) 

By reducing the size of PWRs the use 
of soluble boron as a core poison might 
be eliminated. Boron carried by coolant 
in large PWRs absorbs neutrons and 
thus evens out the temperature distri
bution in a core, eliminating hot spots. 
The problem is that boron injection and 
removal is complex and expensive. In a 
small reactor the extensive fluid systems 
related to boron use may be eliminated 
if additional gray control rods are used 
to produce even temperature distribu
tion. (Rods in a conventional PWR are 
black-that is, they absorb virtually all 
the neutrons that encounter them. Gray 
rods would absorb some predetermined 
fraction of the neutrons passing 
through them.) 

For both types of smaller reactors, 
however, several trade-offs will have to 
be made between size and other con
siderations. The purpose of the current 
program is to establish an optimal level 
for such items as power density, pres
surized volume, number of loops, ves
sel size, and so forth. Designers of im
proved small plants will then attempt 
to incorporate features unique to the 
small size, but they will not introduce 
unproven technology that would delay 
design introduction. The design will 
have to satisfy the requirements docu
ment, which is size-independent. Eco
nomic analyses will also be carried out 
to assess the effect of various trade-offs 
and to determine relative advantages of 
small plants. Preliminary economic 
studies sponsored by EPRI indicate that 
small plants might be able to cost as 
much as 20% more than large plants (in 
terms of overnight capital expenditures 
for construction, which ignore the time 
it takes to build a plant) and still be 
able to produce electricity at the same 

busbar price as a large plant. 

Cooperation for a turnaround 

The new program began in January and 
final delivery of the simplified LWR re
quirements document and conceptual 
small-reactor designs is scheduled for 
1989. During their meeting in December, 
EPRI's Board of Directors committed 
$20 million to the program. In addition, 
the monetary value of review efforts 
donated by NRC, nuclear suppliers, 
utilities, and the architect-engineers is 
expected to be at least as high as EPRI's 
direct cost. 

Requests for proposals (RFPs) from 
contractors bidding to work on the re
quirements document were sent out 
during December and contractor selec
tion was scheduled for the end of 
February. RFPs for the small-reactor 
portion of the program were to be re
leased in January, with contractor selec
tion scheduled to take place in March. 

Overall guidance for the advanced 
L WR program is being provided by the 
Utility Steering Committee. Oversight 
of the program's budget comes from 
the Nuclear Power Division's Utility 
Advisory Committee and its Advanced 
Concepts Subcommittee. Various de
partments of the Nuclear Power Di
vision are also providing assistance to 
the program through a management 
matrix-a cooperative effort involving 
shared management responsibilities 
within the division. 

"I've never seen more cooperation 
between NRC and industry than in pre
paring for this program," states James 
A. Coffey, site director of TVA's Browns 
Ferry nuclear plant and chairman of the 
Nuclear Power Division's Advanced 
Concepts Subcommittee. "I believe this 
program can bring about a major turn
around in the future of commercial nu
clear power plants." • 

This article was written by John Douglas, science writer. 
Technical background information was provided by Karl 
Stahlkopf and Warren Bilanin, Nuclear Power Division. 
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B 
etween now and the turn of the 
century electric utilities are ex
pected to spend nearly $20 billion 

on new transmission lines. To help min
imize this cost while providing utilities 
with improved methods for design and 
construction of these lines, EPRI's Over
head Transmission Lines Program is 
sponsoring a variety of research projects 
covering both the electrical and mechani
cal aspects of design. One area of the 
program that shows particular promise 
for offering large reductions in current 
costs concerns the design of transmission 
tower foundations. 

"Although foundations represent only 
about 5-15% of the cost of a new trans
mission line, we believe that 20-40% of 
that cost could be saved through the use 
of better design methods," says Richard 
Kennon, program manager. "Very little 
has been written about how to design 
foundations that can cope with the 
unique loading conditions encountered 
by transmission towers. Recent work 
sponsored by our program shows how 
the design process can be greatly simpli
fied so that utilities can realize consid
erable savings on their transmission line 
foundations." 

The problems facing designers of such 
foundations are special for several rea
sons. Although most structural founda
tions-like those that support bridges 
and buildings-are designed mainly to 
hold compressive loads caused by the 
weight of the structure above, the con
trolling design load of a four-legged 
transmission tower foundation is often 
uplift. The reason is that a tower is sub
jected to forces that try to tip it over and 
thus exert an upward pull on two of its 
legs. Such forces can result from wind, 
from ice falling off lines, or from unequal 
loads experienced during construction. 

In addition, because so many separate 
foundations must be constructed along a 
transmission line, only limited informa
tion can affordably be gathered about the 
ground characteristics at each site. En
gineers working on foundations at sites 
of bridges and major buildings routinely 

investigate site geology, groundwater, 
and soil and rock conditions in great de
tail. A transmission line design team, 
however, relies heavily upon informa
tion that is already available from air 
photos and geologic maps. Where on
site ground evaluation is required, care
ful trade-offs have to be made between 
the cost of various testing techniques and 
the amount of useful information each 
can provide. 

To help utilities meet this challenge, an 
ongoing EPRI project has recently pro
duced the first unified model for design 
and evaluation of transmission tower 
foundations subject to uplift and com
pression loading (EL-2870). This model 
has also been compared recently with re
sults gathered from more than 800 field 
load tests, which proved the proposed 
design methodology both reliable and 
generally applicable, subject to certain 
limitations (EL-3771). Future reports 
based on the project work will address 
combined and cyclic loading conditions. 
The research is being conducted by 
the Geotechnical Engineering Group of 
Cornell University. 

Foundations as 
transmission line components 

Foundation design is often one of the last 
steps in a long planning process that pre
cedes actual construction of a trans
mission line. (Some of the steps of this 
process are actually carried out in parallel 
with others.) First the line end points and 
overall line parameters (e.g., voltage, ca
pacity) are determined. Possible line 
routes are then identified by considering 
a host of factors, including the placement 
of substations, patterns of development, 
local climate conditions, environmental 
features, and underlying geologic char
acteristics. After the tower type has been 
selected, final tower design can be com
pleted and tested. Only during actual 
tower site selection can individual foun
dation designs be finalized, taking into 
account the variety of difficult and often 
conflicting requirements created by the 
rest of the process. 
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Lattice towers and their foundations are subject to a number of 
forces that must be taken into account in their design. The basic 
vertical force derives from the dead weight of the tower and its 
conductors. The wind contributes a horizontal force on the tower, 
producing not only a horizontal shear force on the foundation but 
also an upward (upl ift) force on the windward side of the structure 
and a downward (compression) force on the other. These uplift
compression forces are the ones of primary concern in foundation 
design. 

Force of wind 

Uplift on 
foundation 

> 

Shear force 

1 ! 
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Weight of tower 
and conductors 

Compression on 
foundation 

About 70% of four-legged tower foundations are of the dri l led-shaft 
type, making this the design of choice for most applications. Spread 
foundations, which use gri l lages or pad-and-stem designs, are also 
common options, especially when a site allows only shallow 
excavation; gri l lages are frequently used in remote areas and where 
difficult terrain precludes easy access for concrete-pouring equip
ment. The screw anchor footing is a hybrid design not yet in wide
spread use. Although the examples shown are for 4-legged towers, 
the same basic designs are also used for 1- or 2-pole structures. 
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The type of loading that controls foun
dation design depends most of all on the 
kind of towers being used along a line. 
The controlling design load for four
legged lattice towers is vertical uplift 
and compression. Foundations for two
legged structures, or H-frames, must be 
designed to withstand overturning mo
ments as well as shear and uplift forces. 
Overturning moments dominate founda
tion loading for single-pole structures. 
And guyed structures produce mainly 
vertical and shear loads on the tower 
foundation. Given this information, 
foundation designers must next deter
mine the specific loads that will be 
encountered. Everyday loads result from 
the dead weight of a structure, differ
ential conductor tension, line angle, and 
so forth. Weather-related loads can be 
caused by the forces of wind or ice on the 
conductors and towers. Failure contain
ment loads are also considered for events 
that cannot be foreseen but which may 
nevertheless cause a mechanical failure. 
Often the tower foundation design is de
termined by loads that do not occur 
every day, a circumstance not usually 
encountered with other types of en
gineered foundations. Construction and 
maintenance loads, though more con
trollable, can also be severe-for exam
ple, when conductors are attached to 
only one side of a two-circuit tower. 

To meet these various demands, sev
eral types of foundations have evolved. 
Perhaps the most common type cur
rently used is the drilled shaft, which is 
constructed by augering a cylindrical 
hole and filling it with reinforced con
crete. The diameter varies from 3 to 10 ft 
(0. 9-3 m) and the shaft depth, from 10 to 
50 ft (3-15 m). Whether a drilled shaft 
moves vertically in response to uplift 
load depends largely on the friction be
tween ground and shaft, and an im
portant contribution made by the current 
research has been to find ways of quan
tifying this resistance. 

When the drilled shaft is used for 
single- or two-pole structures, overturn
ing moment (rather than axial loading) 

may govern foundation design. Results 
of another EPRI research project are 
available for such designs (RP1280). The 
computer code PADLL, which has been 
distributed to more than 100 EPRI mem
bers, is used for design of such high
moment foundations. 

Related to the drilled shaft is the direct 
embedment foundation. In this case, the 
pole is placed in an augured hole and 
the annulus backfilled with soil, gravel, 
or grout. This is a common placement 
method for wood poles and it is now be
ing used for steel and concrete poles as 
well. The historic and almost universally 
adopted design for wood structures is 
that the embedment must be 10% of 
length, plus 2 ft (0.6 m). Wood poles of 
normal size have a limited moment 
capability, but steel and other higher 
strength materials allow greater moment 
loading of the direct embedment founda
tion. The old rule of thumb is not ade
quate for these more heavily loaded 
structures, but no verified design model 
is available. Follow-up work is now un
der way to adapt PADLL to model the 
direct embedment of these structures. 
Field tests will then be conducted to 
verify and calibrate the model. 

Where ground conditions require 
them, pile foundations are used. These 
are long, slender piles driven into the 
ground, and may be made of steel, pre
cast concrete, wood, or a composite of 
these materials. Several driven piles are 
placed in a closely spaced group to form 
a complete foundation. A concrete cap is 
cast on top of this group of piles to pro
vide structural integration. 

For shallow excavations, a spread 
foundation with a broad base is placed in 
an excavated hole and backfilled. Such 
foundations can consist of either a con
crete footing cast in place or a pre
fabricated steel frame that can be flown 
by helicopter into inaccessible areas. A 
related type of foundation involves an
chors connected to a spread-type pad. 
These foundations use the anchors to re
sist uplift loads and the pad to resist com-
pressive loads. 

Many other factors can also affect the 
choice of the type of foundation used. 
Loading conditions, field conditions, lo
cal practice, material availability, and 
cost must sometimes be considered. Re
gardless of this selection, however, the 
ability of the design engineer to quantify 
foundation response to loading is crucial. 

Toward a unified model 

Over the years many models have been 
proposed for calculating the resistance to 
uplift of various kinds of foundations un
der specific circumstances. The problem 
with these models has been that the re
sults could not be extrapolated very well 
beyond the narrow set of conditions 
for which the models were developed. 
A key accomplishment of the current re
search has been the development of a 
unified model that is much more appli
cable. 

"Most earlier models were tested only 
over a very limited range of ground con
ditions," comments F. H. Kulhawy of 
Cornell. "By bringing together this infor
mation on a unified basis, we have devel
oped a sound and rational set of design 
criteria that predict how a foundation 
actually behaves and that can be applied 
under a full range of ground conditions." 

The first step of the method is to deter
mine the in situ horizontal stress exerted 
by the soil on the surface of a foundation, 
as well as the soil strength parameters. 
During the project, various ways of mea
suring the soil parameters that are used 
in determining this stress have been re
viewed. In the standard penetration test 
(SPT), a 140-lb (64-kg) weight is dropped 
30 in (76 cm) to drive a sampling spoon 
into the ground. The number of blows 
required to push the spoon a given 
length is then correlated with a number 
of soil properties. The advantage of SPT 
is that it is relatively quick, simple, and 
inexpensive; but it is also subject to many 
kinds of errors. Also, correlations of the 
SPT measurements with those of soil 
stress and other parameters are not par
ticularly reliable. 

A faster way to identify potential prob-
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!em soils is the cone penetration test 
(CPT), in which a shaft with a conical tip 
is slowly pushed into the ground while 
electrical transducers measure both tip 
pressure and side friction. The CPT gen
erally gives more-accurate measure
ments than the SPT, but many drilling 
contractors lack the necessary equipment 
because of low demand. 

For clays that range from soft to 
medium-stiff, the vane shear test (VST) 
provides a rapid and economical alterna
tive. In this test a four-bladed vane is 
pushed into a clay stratum and slowly 
rotated while the resisting torque is mea
sured. The disadvantage of the VST is 
that it is limited mainly to clay strata that 
have already been identified by some 
other test or soil sampling procedure. 

Only one kind of test is able to mea
sure soil stress directly. In this pressure
meter test (PMT) a cylindrical probe is 
placed down a borehole and then ex
panded into the soil by using a pressur
ized liquid or gas. Although the PMT 
shows promise for future state-of-the-art 
design because of its ability to measure 
stress patterns directly, its use now is 
limited because many contractors lack 
the necessary equipment, and like the 
VST, it is used mainly to test strata pre
viously identified by other means. 

After natural ground conditions have 
been measured, an analysis must be 
made of the extent to which these condi
tions will be modified by the proposed 
construction. For example, the breakout 
pattern of soil surrounding a spread 
foundation that is pulled out of place by 
uplift forces can vary greatly, depending 
on the type of backfill that has been used 
and the placement technique employed. 
Failure of a shaft-type foundation occurs 
primarily as a cylindrical shear that pulls 
up a limited amount of soil along its sur
face. The size of this collar of soil also 
depends on the type of construction 
methods used. 

Once the critical soil parameters and 
their modifications due to construction 
have been determined, the uplift resis
tance of the foundation can be calcu-
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lated. This calculation involves numerical 
integration of ground stress along the 
vertical surfaces of the foundation. Rela
tively simple design equations have been 
developed for this purpose. These equa
tions have been calibrated by load test 
comparison and sophisticated finite ele
ment analysis, a major computation task 
requiring a large computer. (This type of 
analysis involving numerical arrays with 
as many as 5 million unknowns could not 
have been performed with the comput
ers available 10 years ago.) In addition, 
some resistance to uplift may result 
from tension or suction on the bottom 
surface of a foundation, particularly in 
undrained soils . This resistance, al
though usually not as important as that 
along the sides of a foundation, can be 
calculated by simpler procedures. 

Tests and applications 

To establish the general usefulness of the 
unified model for transmission tower 
foundation design, the results of calcu
lations by using the model have been 
compared with 804 actual field load tests. 
These tests involved determining the ca
pacity of full-scale foundations to with
stand various loads, as well as measuring 
the amount of uplift movement that ac
companied the loads. Results of the tests 
were taken both from published reports 
and from unpublished information made 
available to EPRI by its member utilities. 

Comparison of test results with those 
predicted by the unified model generally 
showed close correlation. There were, 
however, some areas of discrepancy, 
which either indicated limits of the 
model or revealed places where modifi
cations were needed. 

In particular, the ground resistance 
along the sides of a drilled shaft founda
tion could be predicted reliably, but the 
tip resistance in drained soils was some
times overestimated. For driven piles, 
the side resistance was predicted well 
for undrained soils, but improvement is 
needed in refining the influence of con
struction on drained soils. (Tip resistance 
was not evaluated for driven piles.) 

Reasonable predictions were made 
about the uplift capacity of spread-type 
foundations, but better field data are 
needed to evaluate the effect of various 
kinds of backfilling. The results on uplift 
movements were not as satisfactory, and 
more detailed data will be needed before 
improvements can be made. 

"This is ground-breaking work," ex
plains Vito Longo, EPRI's project man
ager. "We're removing a lot of mystery in 
a design area where it has been necessary 
to greatly overbuild because of a lack of 
hard data. The information produced by 
this project will help make foundation 
design more efficient in two ways: It cre
ates a possibility for building more
economical foundations, and it quanti
fies the actual response characteristics of 
foundations, making them more predict
able. The ongoing work in this project 
will further the goal of being able to re
ally design foundations, as opposed to 
overdesigning them because we didn't 
have a credible design model." 

This article was written by John Douglas. science writer. 
Technical background information was provided by Richard 
Kennon and Vito Longo, Electrical Systems Division. 
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CheD1ical Filtration 
for SteaDI Purity 

Impurities inevitably migrate into the steam cycle and must be removed to prevent turbine 

blade corrosion. Understanding the behavior of the condensate pol ishing resins used to 

remove the impurities is critical . 

F
ew industrial process systems are 
as vulnerable to corrosion as the 
steam generating loop of an elec

tric power plant. The ideal is a closed sys
tem in which a constant amount of pure 
feedwater is vaporized and superheated, 
expanded against the blading of one or 
more steam turbines, condensed to liq
uid form in a vacuum vessel, and then 
circulated through feedwater heaters 
and pumps to commence the cycle over 
again. 

The reality is different in one impor
tant respect: the system is not truly 
closed. Feedwater and steam follow the 
same path, but there is continual in-

leakage of air and water, notably at the 
condenser, where thousands of heat ex
change tubes include some number of 
leaky joints and where vacuum condi
tions exert a powerful suction into the 
system. 

Condenser cooling water, whether 
fresh or salt, introduces any number of 
corrosive agents, the principal ones be
ing chlorides, sulfates, and sodium, the 
dissociated ions of several salts. And air, 
of course, brings oxygen and carbon 
dioxide into the system. Despite these 
contaminants and their consequences, 
feedwater and steam purity must be 
maintained. That is the function of con-

densate polishers, placed in the loop 
downstream from the condenser. 

Problem with regeneration 

Polishers are large, rubber-lined steel 
vessels that contain beds of specially 
treated synthetic resins through which 
the condensate is passed. The resins give 
up harmless ions and adsorb harmful 
ones. These exchanges are driven by 
differences in ion concentrations of the 
species, as well as by inherent thermo
dynamic selectivity. Thus, cation (posi
tive) resins release hydrogen or ammo
nium ions while attracting sodium from 
the condensate. Similarly, anion (nega-
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tive) resins give up hydroxyl ions while 
capturing chloride and sulfate ions. 

As resins become saturated with con
taminant ions, their removal efficiency 
drops, so polishers are periodically taken 
out of service (isolated by means of 
valves) for chemical regeneration. When 
this procedure itself becomes an unsus
pected-and major-source of contam
inants, the results are inexplicably higher 
polisher operating costs, followed by a 
thorough sense of frustration among 
power plant operators, and topped off 
by costly repairs of corrosion-damaged 
turbines. 

This was exactly the situation at South
ern California Edison Co. (SCE), where 
severe pitting and stress corrosion crack
ing was unexpectedly found in the low
pressure turbine blades of several once
through supercritical turbine generator 
units. Two low-pressure turbines were so 
severely damaged that one or two rows 
of blades had to be replaced after only 4 
years of a normal 12-year blade life. The 
corrosion was traced to a very high chlo
ride level in the steam, but the source of 
the contaminant remained a mystery. 

Regeneration procedures were not 
quickly seen to be the problem. SCE's 
practice was to regenerate polisher resins 
on the basis of contaminant levels in the 
condensate at the polisher discharge. 
Following accepted industry practice, the 
utility was measuring acid conductivity 
and sodium values, relying on the 
former as an indicator of total anions (in
cluding chloride and sulfate). Although 
acid conductivity and sodium were being 
held within bounds by the SCE regen
eration schedule, special measurements 
revealed that chloride levels were some
how running many times higher than 
acceptable. 

SCE's mystery could be seen simply as 
one utility's problem. But the detective 
story had wider ramifications. Clearly, a 
better understanding of polisher oper
ation and steam chemistry was needed. 
These were already topics of concern in 
three EPRI research departments. More
over, EPRI was seeking a host utility to 
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Six or eight condensate polishers may be connected in  parallel to serve a single generat ing 
un it. One or more can be withdrawn from service for regeneration. 

test corrosion-resistant coatings then un
der development for low-pressure tur
bine components; so SCE and EPRI 
joined forces in field and laboratory re
search. 

Ion chromatography 

Among other things, the new investi
gation called for the detection and mea
surement of contaminant levels of less 
than one part per billion (ppb). EPRI sup
plied several analytic instruments to SCE 
for evaluation of sensitivity, consistency, 
and accuracy; and one of them, the then
new ion chromatograph (a modified Di
onex model 14), proved to be particularly 
useful. 

In fact, ion chromatography showed 
chloride levels at the SCE polisher dis
charge to be more than 20 ppb, 10 times 
the desired limit. By immediately step
ping up its regeneration schedule, SCE 
was able to reduce chloride levels by 
50%, to about 10 ppb. This had a positive 
effect on turbine blade life: at the next 
unit overhaul, only a small number of 
blades, rather than entire rows, had to be 
replaced. However, the degree of corro
sion pitting was still unacceptable. 

Ion chromatography also was the 
sleuth that revealed how the polishers 
themselves, despite frequent regenera
tion, were the main contributor of chlo
ride to otherwise thoroughly polished 
condensate. This unprecedented con-

clusion emanated (after understandable 
doubt and skepticism) from laboratory 
research. 

During normal polisher operation, the 
hydrogen ions of a cation resin are grad
ually stripped (replaced) by ammonium, 
one of the ions of the ammonium hy
droxide that is added to feedwater for 
pH control. When its cation resin is thus 
mostly ammoniated, the polisher is said 
to be operating beyond ammonium 
breakthrough. 

Depending on various factors that de
plete ions at different depths in the pol
isher (such as condensate composition 
and flow rate), reactions involving am
monium and hydroxyl ions may also 
affect chloride exchange in the anion 
resin. Thus, for example, chloride re
moval is most efficient before a cation 
resin passes ammonium breakthrough. 
Even more important, if anion resins 
near the bottom (discharge) of the pol
isher accidentally retain chloride ions 
during a faulty (incomplete) regener
ation, after breakthrough on the next 
polisher run, hydroxyl ions will strip 
those chloride ions and reintroduce them 
into the condensate stream leaving the 
polisher. 

Now it was apparent why more fre
quent regeneration-thus avoiding am
monium breakthrough-was providing 
some relief for SCE by cutting chloride 
levels. But the pivotal finding was that 



the caustic chemical (a 50% sodium hy
droxide solution) used to regenerate 
SCE's anion resins was the culprit be
cause of its own 6000-ppm chloride con
tent, some of which was remaining in the 
anion resin at the end of the regeneration 
process. When the polisher was later 
operated beyond breakthrough, chloride 
levels in the polisher effluent (discharge) 
were often twice as high as in the in
fluent (inlet). 

New regeneration chemicals 

With the source and action of chloride 
thus identified, the SCE researchers 
turned to means for precluding its accu
mulation during polisher regeneration. 
SCE was also painfully aware of the extra 
operating cost entailed by frequent re
generation. If a polisher could be oper
ated past breakthrough and still remove 
all designated contaminants effectively, 
regeneration would be less frequent and 
less costly. 

Two changes in procedure showed 
promise: treating the anion resin with 
sulfuric acid before regeneration, and 
using low-chloride (100-300 ppm) caus
tic to regenerate the anion resin. The 
pretreatment scheme works because sul
fate is a more selective species than chlo
ride, thus more thoroughly displacing 
chloride from the resin beds. Low
chloride caustic at first proved to be more 
easily recommended than used because 
it was difficult to obtain on the West 
Coast in sufficient quantity for polisher 
regeneration. 

Although each method by itself 
yielded a significant reduction of chlo
ride level in polisher effluent, a com
bined use proved the most effective. One 
condensate polisher, for example, having 
been treated with both sulfuric acid and 
low-chloride caustic, was later moni
tored in field tests and showed an efflu
ent level of less than 1 ppb chloride for 
30 days following ammonium break
through. During that time it processed 
80 million gallons (303,000 m3) of con
densate. This polisher also was the first 
that SCE ever operated past ammonium 

breakthrough with less than 5 ppb chlo
ride concentration for an entire run, 
processing nearly 173 million gallons 
(656,000 m3) of condensate at a pre
scribed average influent pH of 9.5. 

Another good sign was the extended 
capability of the polisher for removing 
sodium from condensate. Even beyond 
breakthrough, sodium levels in the pol
isher discharge were less than 5 ppb 
throughout the run, indicating good sep
aration of cation and anion resins during 
the preceding regeneration. 

Despite early indications of success, 
the research team questioned the long
term effect of sulfuric acid on anion res
ins. They particularly considered the 
possibility of silica polymerization and 
resin degradation from osmotic shock. 
This led to trial use of ammonium sulfate 
as an alternative for anion resin treat
ment. Subsequent ion chromatograph 
analyses showed average chloride, sul
fate, and sodium leakages from the pol
isher (after ammonium breakthrough) to 
be 0.9, 1.1, and 2.4 ppb, respectively. 

Thus confirmed by field trials and lab
oratory analyses, SCE's modified anion 
regeneration procedure now consists of 
ammonium sulfate treatment of the 
resin, followed by low-chloride caustic. 
Cation regeneration consists of ammo
nium sulfate treatment of the resin be
fore and after ammonia recirculation, fol
lowed by a dilute ammonia rinse. As a 
result of the new routine, the polisher 
goes into service with its cation resin al
ready in ammonium form. Then, if initial 
readings of sodium and sulfate leakage 
are higher than desired, which some
times occurs, a second regeneration cycle 
can be carried out. 

Follow-on studies 

The significance of SCE's many sharp 
changes in the operation of its conden
sate polishers is summarized by David 
Auerswald, senior chemical engineer in 
the chemical section of the utility's steam 
division. "As a result of our joint work 
with EPRI, we've reduced our turbine 
corrosion dramatically. If there's only 

slight cooling water inleakage, we can 
operate well-regenerated condensate 
polishers past ammonium breakthrough 
with less than 1 ppb of chloride, sulfate, 
and sodium leakage." 

The EPRI-SCE project team also stud
ied the effect of cooling water intrusion 
by simulating condenser leaks. They 
found that during high influent contam
ination (especially by sulfate), resin con
dition is a primary determinant of per
formance. When condenser inleakage is 
only moderate, a properly regenerated 
polisher with resins in good condition 
can be operated past ammonium break
through with polisher effluent levels of 
sodium, chloride, and sulfate held to less 
than 2 ppb. Moreover, a removal effi
ciency of at least 98% can simultaneously 
be maintained. 

As a final test note, field and labora
tory studies showed that SCE's modified 
regeneration procedure does not in
crease the precipitation of calcium or 
magnesium on the anion resin, nor is 
there any indication of resin fouling. 

SCE found the path to better polisher 
performance only after laborious field 
testing and comprehensive laboratory 
analyses. The expected payoff is a reduc
tion of some $400,000 annually in turbine 
repair and polisher operating costs. 

Now going beyond the original chem
ical mystery and its labyrinthine solu
tion, SCE is studying the dynamics of 
regeneration and the optimal physical 
and chemical characteristics of polisher 
resins. Auerswald and his colleagues are 
looking at levels of fluoride and a group 
of organic acids in the steam cycle. As 
Auerswald puts it, "The ion chromato
graph became such an integral part of 
our studies that we bought two instru
ments of our own for steam chemistry 
analysis. We are really defining what 
condensate polishers can and can't do, 
and how to get high-quality water." • 

This article was written by Francis Kovalcik, science writer. 
Technical background information was provided by Barry 
Syrett, Materials Support, R & D Group; and Thomas Passel!, 
Nuclear Power Division. 
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The Great State of Uncertaint 

Faced with a 1986 deadl ine for finalizing their 
low-level radioactive waste disposal plans, 

individual states are forming reg ional 
compacts to share responsibil ity. Four 

compacts involving 24 states have been 
ratified and submitted to Congress for 

approval, whi le five other compacts have yet 
to receive complete state ratification. 
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Technical options for safe d isposal of low-level radwaste have be 

State-ratified compacts submitted to Congress 

Proposed compacts awaiting state ratification 

Undetermined/uncertain 



in Low-Level Waste Disposal 
eveloped, but their appl ication has been stalled by tough institutional problems. 

W
hen the clock strikes midnight 
next New Year's Eve, most 
utilities-as well as thousands 

of hospitals, research laboratories, and 
industrial concerns-may confront the 
reality of having nowhere to dispose of 
low-level radioactive waste. That's the 
deadline for each of the 50 states to have 
assumed responsibility for waste gener
ated within its borders; January 1, 1986, is 
also when states now operating low-level 
radwaste disposal sites may begin re
fusing to accept the nuclear waste of 
others. 

Such an apparent impasse most cer
tainly was not what Congress intended 
when it enacted the Low-Level Radio
active Waste Policy Act in 1980. The law 
was designed to encourage states to form 
regional compacts that would cooper
atively plan and operate disposal sites, 
thereby more equitably allocating the 
economic and political costs that are 
now borne by three states with active 
sites: Nevada, South Carolina, and 
Washington. 

More than 34 states have since joined 
multistate compacts, yet to date no new 
site for low-level waste (LLW) has been 
selected by the newly formed alliances. 
Several states have launched extensive 
efforts to evaluate potential sites and es
tablish waste management programs, 
but the political anathema embodied by 
the "not in my backyard" response of the 
public has, in most cases, kept progress 
to a crawl. 

Connecticut, Massachusetts, New Jersey, New 
York, and Rhode Island have not yet arranged 
interstate alignment, and their plans for LLW 
disposal remain uncertain. Texas chose to plan 
tor LLW disposal on its own and has begun a 
site selection process. 
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Meantime, the more than 20,000 med
ical and academic institutions, labora
tories, government agencies, and in
dustrial companies-including utilities 
operating nuclear power plants-that 
generate LLW face an increasingly uncer
tain future for disposal options. These 
sources now produce an annual volume 
of about 77,000 m3 of LLW containing 
around 500,000 curies of radioactivity; a 
DOE study predicts annual volume 
could more than double by 1990. 

The situation follows a decade in 
which the cost of shallow land burial of a 
55-gal drum of LLW has increased 10-
fold. For an example of particular interest 
to utilities, the cost of burying a drum of 
various boiling water reactor (BWR) 
waste streams at the Barnwell, South 
Carolina, commercial site increased 227-
295% between 1980 and 1983 alone. 

"Low-level waste disposal is in a state 
of transition," says Michael Naughton, a 
project manager for radioactive waste 
and coolant technology in EPRI's Nuclear 
Power Division. "As recently as 1975 the 
disposal of such wastes was viewed 
as a rather straightforward proposition. 
Costs were in line with other operating 
expenses and burial site availability was 
assumed. 

"Now, however, utilities, as well as 
thousands of other generators of low
level waste, are having to make long
term disposal plans in the face of sub
stantial uncertainties regarding many of 
the variables controlling cost and site 

availability," Naughton adds. 
In response to the changes of the last 

10 years, EPRI is sponsoring a broad re
search effort on LL W disposal, ranging 
from more-accurate and less-expensive 
waste assay methods to studies of 
volume-reduction systems and other 
waste minimization techniques, solidifi
cation criteria, and evaluations of dis
posal economics. The work is helping 
provide utilities with the information 
they need to chart economically and 
technically sound strategies for dispos
ing of wastes, whatever the effects of un
predictable political and institutional 
outcomes. 

LLW and disposal experience 

As defined in the 1980 law, low-level 
radioactive waste is any material not 
classified as spent reactor fuel, high-level 
waste (from reprocessing reactor fuel), 
transuranic waste (containing significant 
amounts of such long-lived isotopes as 
those of americium or plutonium), or 
uranium or thorium by-product material, 
such as mill tailings. The Nuclear Regu
latory Commission (NRC) carries the 
definition a step further, specifying that 
LL W should be acceptable for under
ground disposal and defining subclass
ifications according to the degree of care 
required for disposal. 

Nuclear power plants operated by util
ities in 25 states accounted for about 
66% of the waste volume shipped to 
commercial disposal sites in 1982; the 

Engineered Storage and Disposal Options 

With a potential shortage of shallow land burial capacity looming, some utilities are planning for 
interim on-site storage of LLW unti l  new burial sites are developed. Meanwhile, many states are 

considering engineered alternatives to shallow land burial in the face of current political 
uncertainties. Engineered approaches range from earth-mounded concrete bunkers and augured 

holes for concrete containers to above- and below-ground vaults and mined geologic cavities. 
Such approaches are under development in other countries as well. France, for example, is 

pursuing the concrete bunker approach, while Sweden proposes to excavate a coastal granite 
formation beneath the sea. All the engineered methods, however, entail substantially higher cost 

than shallow land burial and, EPRI believes, offer only marginal added safety. For the same 
reason, Japan plans to use traditional shallow land burial in its LLW disposal program. 
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utility sector's share of the total radio
activity of waste disposed of in that year 
was a slightly higher percentage. LLW 
from nuclear reactors includes dry trash, 
used equipment, and solidified liquids 
and sludges. Items range from spent res
ins from ion-exchange processes, filter 
materials, lubricating oils, contaminated 
tools, clothing, and packaging (which 
have relatively low levels of radio
activity) to irradiated reactor compo
nents, such as in-core instrumentation 
and control rods (which typically contain 
higher levels of radioactivity). 

Nearly all the remaining LLW comes 
from a variety of institutional and in
dustrial sources, including hospitals, uni
versities, pharmaceutical companies, nu
clear fuel fabricators, and other manu
facturers spread over all 50 states. These 
sources produce a range of waste types, 
as do nuclear reactors, but the isotopic 
content of industrial and institutional 
wastes can be quite different, depending 
on the specific application. 

Until the 1960s most low-level wastes 
were disposed of at sea in steel drums
an expensive option that later gave way 
to shallow land burial as wastes were 
shipped to federally owned disposal 
sites. But as the volume of commercial 
waste grew with the increased use of nu
clear energy for power production, com
mercial burial sites were licensed by indi
vidual states and became the principal 
facilities for LLW disposal, including 
some government defense-related LLW. 



During the late 1960s and early 1970s 
the nation had six commercial dispo
sal facilities-operating in Illinois, Ken
tucky, Nevada, New York, and South 
Carolina and at the Hanford federal res
ervation in Washington. 

For a time, these sites served the coun
try's needs for shallow land burial ca
pacity. Long trenches, each about 15 m 
deep, were dug, filled with drums or 
other waste packages, backfilled with 
earth, and covered with clay caps to min
imize the infiltration of water that could 
cause leaching of radioactivity. Yet it was 
problems of precisely this nature that in 
1975 led to the closing of the West Valley, 
New York, site and, two years later, of 
the site at Maxey Flats, Kentucky. Both 
sites now are closely monitored for radio
activity migration from the trenches. 

In 1978, after protracted negotiations 
between the state and the operator over 
expanding burial capacity, the Sheffield, 
Illinois, site was also closed. Water infil
tration of trenches has since become a 
concern there as well. 

With three of the six commercial sites 
closed, the governors of Nevada, South 
Carolina, and Washington became con
cerned about their states' accepting all of 
the nation's LLW. They urged Congress 
to develop a plan to make each state re
sponsible for disposing of LLW gener
ated within its borders. Moreover, the 
governors of Nevada and Washington 
temporarily closed the Beatty and Rich
land sites, respectively, in 1979 in protest 

against packaging and transportation 
rule violations in some waste shipments. 
And the following year South Carolina 
announced it would increasingly limit 
the amount and type of waste acceptable 
at the Barnwell site. 

As matters now stand, only the Rich
land and Barnwell sites are accepting 
significant amounts of commercial LLW. 
Third-party inspection requirements and 
associated additional charges at the 
Beatty site have reduced the volume 
shipped there to about 2% of the LLW 
disposed of commercially; the site re
portedly will soon be closed. Washington 
State continues to express a desire to 
limit shipments to the Richland site to 
those wastes generated in the North
west. 

States forming compacts 

With a serious shortage of LLW disposal 
capacity looming by the middle of the de
cade, a combination of state and federal 
government initiatives led to enactment 
of the Low-Level Radioactive Waste Pol
icy Act in late 1980. Declaring LLW dis
posal to be the responsibility of the 
states, the act recommended the forma
tion of regional compacts that would pro
vide for disposal in accordance with NRC 
licensing criteria. Member states in a 
compact could exclude other states from 
using their disposal facilities after Jan
uary 1, 1986. Congressional approval was 
required for a compact to take effect. 

Soon after passage of the 1980 law, 

NRC issued the first comprehensive set 
of criteria for regulating LLW disposal fa
cilities. Contained in Title 10 of the Code 
of Federal Regulations, Part 61 (10 CFR 
61), the criteria cover procedures and 
performance objectives to guide states in 
licensing LLW facilities. 

The NRC's requirements, based on in
sights gained from past practices and 
current experience at existing sites, are 
significantly more stringent than those 
that applied in the 1960s and 1970s. De
spite problems at some disposal sites in 
the past, most experts believe shallow 
land burial continues to be a safe and vi
able approach to LLW disposal if sites are 
chosen with careful consideration of un
derlying geology and operated according 
to strict procedures. Political develop
ments, however, are forcing serious con
sideration of enhanced burial techniques 
(incorporating engineered structures and 
barriers) and alternatives to shallow land 
burial. 

Although the licensing guidelines 
contained in 10 CFR 61 apply to any 
land disposal method, specific technical 
requirements assumed shallow land 
burial. NRC is now assessing the need 
for technical criteria for other disposal or 
interim storage techniques, such as con
crete bunkers or engineered structures 
above ground. 

At least 31 states have ratified regional 
compacts, but the lack of a single new 
disposal site in the firm planning stage 
one year before the exclusion deadline 
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reflects the continuing negotiations 
among compact states and nonmembers 
alike over who will join the host state 
ranks. According to experts, it takes from 
five to six years to select, license, and 
begin full operation of a disposal site. 

Four regional compacts are awaiting 
congressional approval; three of these
covering the Northwest, Southeast, and 
Rocky Mountains-would use the exist
ing commercial sites in Washington, 
South Carolina, and Nevada, respec
tively. But the Southeast compact pro
vides for continued use of the Barnwell 
site only through 1992, and a search is 
under way for a site in Colorado to even
tually replace the Beatty, Nevada, 
facility. 

The fourth compact, among five states 
in the central United States, has begun a 
site selection process. 

Five other regions-including part of 
the Northeast, the Midwest, Central 
Midwest, and Western states-have 
draft agreements in various stages of 
state approval. Pennsylvania has agreed 
to host a disposal site in a compact agree
ment with West Virginia, Maryland, and 
Delaware. A New York State proposal to 
establish an interim, monitored storage 
facility in New York awaits legislative 
and executive approval. But in Massa
chusetts, a major LLW-producing state, 
voters have retained a veto right over 
possible disposal sites, clouding efforts 
to make agreements with other states 
with continued uncertainty. 

Elsewhere, California and Arizona 
have proposed to join in a two-state 
Western compact, but the agreement, 
which calls for California to host an LL W 
disposal site, also awaits approval by 
that state's legislature. Texas, perhaps 
further along the road to a new LL W site 
than any other state or compact group, 
decided early on to establish its own 
LLW disposal authority and is currently 
narrowing the search for a suitable site. 

Based on available information, it ap
pears that states accounting for more 
than half of the volume and nearly three
quarters of the radioactivity of the na-
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tion's LLW may not be ready to assume 
their responsibilities by next January's 
exclusion deadline. There are indications 
that these states may push for a con
gressional amendment to the 1980 act 
that contains a mechanism for providing 
disposal capacity beyond the 1986 dead
line while compacts proceed with estab
lishing their own facilities. 

Implications for utilities 

Although the problems of providing new 
sites for disposal are being worked out 
on the state and federal level, most pro
ducers of LL W find themselves in the 
role of observers of the unfolding institu
tional drama. For the most part, utilities 
are not actively involved in the compact 
negotiations or in the site selection pro
cess, although the outcome of these 
negotiations will directly affect future 
disposal costs and related technologic 
choices. 

Despite the uncertainty and political 
volatility of the site availability issue, 
utilities and other significant generators 
of LLW must nonetheless continue plan
ning for management and ultimate dis
posal of waste. For waste producers, the 
cost of available options is the driving 
force behind strategic planning for LLW. 

Thus, regardless of where the waste 
drums are eventually shipped for dis
posal or stored in the meantime, utilities 
have for many years sought to minimize 
the volume of LLW requiring disposal, 
both through operational practices that 
limit the amount produced and tech
niques such as compaction and incin
eration that further reduce waste vol
ume. In addition, most utilities are now 
planning to add on-site storage facilities 
at nuclear plants to handle LLW until ad
equate commercial burial capacity is 
available. 

EPRI has assisted the industry with 
surveys of utility experience with LLW 
volume reduction systems and plans for 
on-site storage. A comprehensive data 
base has been established for charac
terizing in detail the quantity and type 
of waste from various nuclear plant 

sources to aid utilities in managing LLW 
programs. 

The Institute has developed a com
puter code for assessing a wide range of 
volume reduction equipment under vari
ous economic conditions and scenarios. 
EPRI studies have also provided utilities 
with technical performance criteria for 
evaluating LLW solidification technolo
gies and containers. And new techniques 
are being developed for accurately deter
mining the radionuclide content of LLW. 

Volume reduction 

In response to rapidly increasing dis
posal costs and uncertain availability of 
commercial disposal capacity, many nu
clear utilities are considering upgrading 
radwaste volume reduction (VR) systems 
and on-site storage facilities. Under EPRI 
sponsorship, Burns and Roe, Inc., sur
veyed nuclear utilities around the coun
try to determine the influence of site
specific and regional factors on utility 
plans in this regard. Results characterize 
typical nuclear utility planning as an aid 
to other utilities that are about to com
mence similar planning. A report on the 
project includes design details of 22 on
site storage facilities and sketches of 14 
such structures as well as drawings of 
advanced VR facilities. 

Of 77 nuclear plants originally targeted 
for the survey, information was sub
sequently gathered from 54. Results in
dicated that as of late 1983, 36 storage 
facilities were planned or under con
struction. Reinforced concrete structures 
were the favored design for on-site stor
age, although some facilities feature sim
ple metal-sided warehouse structures. 
The majority of the facilities were sized 
to provide storage capacity for five years 
at an average LLW generation rate of 
12,000 ft3 (340 m3) per plant over the 
period for pressurized water reactors 
(PWRs) and 23,000 ft3 (650 m3) per unit 
for BWR plants. 

As for VR systems, the survey indi
cated 27 nuclear plants expressed in
terest in planning for some type of 
advanced VR equipment, such as super-



Volume Reduction Options 

In response to rising burial and transportation costs, most utilities are pursuing a combination of 
LLW packaging options that reduce waste volume to the minimum practical level. A wide range of 
volume reduction (VR) equipment is now avai lable for this purpose. Leading candidates appear to 
be supercompaction systems for dry waste and evaporation/solidification systems for l iquid 
wastes. Incineration is another option for dry waste; although it has been little used commercially 
in this country because of political and regulatory concerns, extensive experience with 
incineration has been gained at many of the national laboratories. 
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compaction or incineration; about 35 
nuclear plants had already ordered or in
stalled advanced VR systems as retrofits 
or new facilities. 

"Although most nuclear plants can be 
expected to go ahead with plans to build 
on-site storage facilities, their future ac
tions are not so apparent with respect to 
VR installations," notes Naughton. 

"VR facilities can be an expensive al
ternative, with costs ranging $10-$50 mil
lion per plant. Utilities will most likely 
pursue low-cost VR options in the near 
term. But if burial costs are dramatically 
increased by state compact decisions, 
maximum VR capability could become 
a necessity for all plants," he adds. 
Naughton points out that recent pricing 
changes at current commercial disposal 
sites that include a curie surcharge on 
the radioactive content of LLW tend to 
reduce the economic benefit of volume 
reduction. 

Yet there are significant commitments 
to advanced VR systems: Consumers 
Power Co. has installed a bitumen (as
phalt) solidification system made by 
WasteChem Corp. at its Palisades plant; 
similar systems have been ordered for at 
least five other plants. Commonwealth 
Edison Co. has installed Aerojet Energy 
Conversion Corp.'s fluidized-bed incin
erator-dryer system at its recently com
pleted Byron plant. Duke Power Co. is 
building a new VR facility at its Oconee 
nuclear station that includes the Aerojet 
incinerator system, a crystallizer for liq
uid wastes made by HPD, Inc., and Stock 
Equipment Co.'s cement-based solidifi
cation system. 

"These are strong statements in sup
port of advanced volume reduction," 
adds Naughton, "especially considering 
that the Oconee plant is in South Caro
lina." Under a contract with Sargent & 
Lundy, EPRI plans to document installa
tion and initial operation of the VR incin
erator system at Byron, now in preoper
ational testing. 

Incineration of LLW is a VR option for 
dry material, ion exchange resins, and 
contaminated oil. It has been widely and 
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successfully used at government and in
dustrial facilities in this country and 
at many nuclear plants in Europe and 
Japan. At least eight Aerojet incinerator
dryer systems have been ordered for 
U.S. nuclear plants, but most utilities are 
awaiting a clearer picture of the long
range economics of incinerator systems 
before making firm commitments. 

An EPRI-funded survey performed by 
Gilbert Associates, Inc., gathered de
tailed information on the design and 
operation of 26 LLW incinerator facilities 
and development prototypes in Canada, 
Europe, Japan, and the United States. 
The project assessed the licensability of 
incinerator types most likely to be used at 
U.S. plants. 

The study found LLW incinerator tech
nology to be well established on the basis 
of 40 years' experience in which some 
4000 tons of material have been pro
cessed. Incinerators, which reduce bulk 
material by a factor of 30 or more of its 
original volume to produce a concen
trated LLW ash product, can be safely 
and reliably operated; high-efficiency 
offgas filtration systems keep gaseous ra
dioactive effluent releases well below 
regulatory limits, the survey indicated. 

Choosing among options 

Perhaps one of the most difficult tasks in 
utility LLW management planning in
volves assessing the comparative eco
nomics of various VR equipment and 
storage options under widely varying 
assumptions. Thorough assessment of 
a single VR option may require hun
dreds of inputs to complex, tedious 
calculations. 

To aid utilities in these assessments, 
EPRI funded a project by Burns and Roe 
and The Analytic Sciences Corp. to com
pare the long-range economics of various 
VR technologies and to develop a model 
that could easily and quickly analyze a 
wide range of technologies and economic 
factors. The resulting computer code, 
VRTECH, has emerged as a powerful 
tool for such evaluations. 

VRTECH, available through the Elec-
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tric Power Software Center, has calcu
lated the disposal costs of over 3000 sep
arate cases and configurations in only 
three minutes of computer time. In a ge
neric analysis of VR systems, the code 
was used to explore economic sensi
tivities by calculating costs under 40,000 
different combinations of equipment, 
waste generation rates, storage options, 
burial prices, and other parameters. 

Highlights of project results include 
the conclusions that the most important 
factors in VR economics are the rate of 
LLW generation and the rate of esca
lation in burial prices. VR is generally 
most cost-effective at BWR plants
which produce an average of 50% more 
LL W than PWRs-and can result in 
significant savings in transportation, 
operation, and storage costs. Calcu
lations indicate that VR can yield a net 
saving today despite higher waste activ
ity charges at commercial sites because 
the reduction in volume charges exceeds 
the increase in curie surcharges. 

One utility that has already used 
VRTECH to realize a substantial saving 
in LLW management is the Tennessee 
Valley Authority. The federal utility had 
plans dating from 1980 that called for on
site storage and incineration of radwaste 
at its Browns Ferry, Sequoyah, and Watts 
Bar nuclear plants, and it was approach
ing a critical decision point on the pur
chase of VR equipment. 

Faced with an urgent need to re
analyze its options given recent changes 
in costs, technologies, and legislation, 
TVA worked with Burns and Roe and 
Analytic Sciences to use VRTECH for 
evaluating VR alternatives including in
cinerators, supercompactors, and solidi
fication systems. With VRTECH, TVA 
was able to organize a tremendous 
amount of site-specific information and 
compare it with individual and collective 
plant waste streams as a basis for deci
sion making. 

As a result TVA changed its approach 
to LLW handling; VRTECH calculations 
identified an optimal combination of VR 
equipment requiring minimal capital 

costs that still provided significant waste 
volume reduction. "Using the EPRI ap
proach and computer program, we 
identified a radwaste management pro
gram with a potential net saving of $137 
million over the remaining life of our 
nuclear plants," says TVA's Douglas 
Michlink. 

Other approaches 

In addition to VR equipment for min
imizing LLW disposal volume, specific 
operating practices at nuclear plants can 
help utilities limit the amount of LLW 
produced. Under EPRI contract, Gilbert 
Associates used an extensive data base 
on various LLW categories from two
thirds of the nation's operating nuclear 
plants to analyze waste generation ex
perience for insights on key operating 
factors that influence the amount of 
waste generated. 

From a wealth of information, it was 
found, for example, that BWRs can re
duce wet waste volume by about 40% 
simply by disposing of condensate de
mineralizer resins rather than regener
ating this material. In addition, PWRs 
that convert from concentrator to demin
eralizer processing of wet waste can re
duce this source of LLW by as much as 
75%. Overall, some 100 waste-minimiza
tion techniques were documented. Many 
plants have successfully implemented 
dry waste minimization programs, re
sulting in LLW reductions of 20-60%, 
the study found. 

Utilities can also reduce burial costs 
of radwaste shipments through more
accurate assay techniques for identifying 
the amounts of specific isotopes con
tained in waste drums. Recent radio
activity surcharges at commercial dis
posal sites are an incentive for utilities to 
define as precisely as possible the iso
topic content of shipments. 

One approach to waste assay under 
development employs direct gamma 
scanning of the waste container. The 
presence and amount of gamma-emit
ting isotopes can be correlated with other 
important radionuclides that would oth-

erwise require direct sampling of waste 
to quantify; the technique thus provides 
an accurate means of determining the 
full spectrum of radioactivity in a waste 
container. Virginia Electric Power Co. 
successfully applied this technique on 
LLW resin from its Surry nuclear plant. 
EPRI is continuing development of 
gamma-scanning technology. 

The institutional challenge 

Technology for safe, effective h·eatment 
and disposal of low-level radioactive 
waste has been in hand for many years. 
The problem of LLW is more of a political 
and institutional nature. Utilities and 
other waste producers are already under 
strong economic incentives to minimize 
waste and to reduce the volume of mate
rial requiring disposal. Now, in addition, 
they must plan long-range strategies for 
LLW management despite continuing, 
major uncertainties over the availability 
of disposal site capacity. 

The prospects of these uncertainties 
being neatly resolved in the near-term 
are probably not favorable. Until they are 
resolved, however, there will continue to 
be compelling cost incentives to reduce 
other areas of uncertainty as much as 
possible. EPRI has made significant con
tributions in this regard and will con
tinue to provide utilities with technical 
and planning assistance for informed 
decision making. • 

Further reading 
Long-Term Low-Level Radwaste Volume Reduction Strate· 
gies , Vols. 1-5. Final report for RP1557-13, prepared by The 
Analytic Sciences Corp., November 1984. EPRI NP-3763. 

On-Site Storage of Low-Level Radwaste: A Survey. Final re
port for TPS 82-657, prepared by Burns and Roe, Inc. ,  July 
1984. EPRI NP-3617. 

U.S. Nuclear Regulatory Commission. Proceedings of the 
State Workshop on Shallow Land Burial and Alternative Dis
posal Concepts . Held at Bethesda, Maryland, May 2-3, 
1984. NUREG/CP-0055 

Radwaste incinerator Experience . Final report for RP1557-4, 
prepared by Gilbert Associates, Inc. ,  October 1983. EPRI 
NP-3250. 

U.S. Department of Energy. Understanding Low-Level Radio
active Waste. Prepared by EG&G Idaho, Inc. ,  October 1983. 
DOE/LLW-2. 

This article was written by Taylor Moore. Technical back
ground information was provided by Michael Naughton, 
Nuclear Power Division. 
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Florida Utilities Use 
REEPS to Evaluate 
Conservation Programs 

W
hen the Florida Public Service 
Commission was authorized to 

mandate energy conservation goals, the 
state's utilities responded with a number 
of comprehensive demand-side conser
vation programs. A group of 11 Florida 
utilities agreed to test an EPRI code, the 
residential end-use energy planning sys
tem (REEPS), in evaluating alternative 
conservation programs. Using the code, 
the utilities developed a base case sce
nario for Florida as a whole, together 
with specific maximum cost-effective 
conservation scenarios based on cus
tomer rebates. Florida Power & Light 
Co. ,  for example, verified the cost-ef
fectiveness of its existing rebate pro
gram, for an estimated savings of about 
$3 million a year. • EPRI Contact: Steven 

Braithwait (415) 855-2606 

Water Supply Directory 
Speeds Siting Analysis 

The comprehensive Water Supply Com

puterized Information Directory has 
been made available by EPRI to help util
ities ensure a sufficient supply of cooling 
water at potential power plant sites. 
Developed under EPRI sponsorship by 
the University of Arizona and updated 
and maintained by the U.S. Geological 
Survey, the directory is a guide both to 
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water data bases and to national and re
gional organizations dealing with water 
supply. Its use can save utilities consid
erable time and money, compared with 
surveying the multitude of water infor
mation sources on their own. For exam
ple, the Los Angeles Dept. of Water & 
Power (LADWP) estimates that using 
this directory will save $70,000 of staff 
time and travel in determining water 
supplies for two new projects. "This di
rectory is an invaluable tool to any large 
utility involved in power plant siting," 
says Frank Salas of LADWP. • EPRI 

Contact: Edward Altouney (415) 855-2626 

X-Ray Analyzer for 
PCB Screening 

A compact, easy-to-use X-ray fluores
ficence instrument-the MESA 200 
analyzer-has been developed under 
EPRI sponsorship for use in screening 
transformer oil for PCB contamination. 
Available from Horiba Instruments, Inc., 
the analyzer provides an accurate mea
surement of total chlorine concentrations 
from O to 1000 ppm. No special operator 
skills or interpretations are needed to run 
the MESA 200, and no sample prepara
tion is required. Demonstrated costs are 
less than $3 per sample. The instrument 
has been designed for easy transporta
tion and rugged field use. It uses a low
energy, Jong-life X-ray tube and requires 
no nuclear certification. • EPRI Contact: 

Vasu Tahiliani (415) 855-2315 

Reference Manual 
Improves Quality of 
Econometric Data 

The accuracy of load-forecasting 
models is limited by the quality and 

type of data used, but verification of 
these data has often been beyond local 
capabilities. Puget Sound Power & Light 
Co. (PSPL) validated data for end-use 
models by working with Mathematical 
Sciences Northwest, Inc., as an EPRI 
demonstration utility. This project re
sulted in publication of a reference man
ual of data sources that other utilities can 
now use to verify their own load-fore
casting data. More than 100 variables 
were considered in the evaluation, and 
comparisons were made between the 
models and data used by PSPL and five 
other utilities representing different re
gional and local characteristics. As a re
sult of the study, according to Paul 
Ahern of PSPL, we now know which data 
are reliable, accurate, and consistent. 
• EPRI Contact: Ahmad Faruqui (415) 

855-2630 

Volume Reduction 
Cuts Costs of 
Radwaste Management 

The Tennessee Valley Authority 
(TVA), like many other nuclear util

ities, has recently been reassessing its 
program for managing low-level radio
active waste. This reassessment has 
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come as the result of steadily increasing 
disposal costs and enactment of the Low
Level Waste Policy Act, which comes into 
effect in 1986. For TVA, a critical decision 
involved whether to purchase volume re
duction (VR) equipment as part of its rad
waste management program. Using a 
computer program (VRTECH) devel
oped for EPRI by Burns & Roe, Inc., and 
The Analytic Science Corp., TVA evalu
ated site-specific costs and benefits of 
various VR alternatives and selected a 
combination of technologies that repre
sent a potential net saving of $137 million 
over the life of the nuclear plants in
volved. • EPRl Contact: Michael Naugh

ton (415) 855-2775 

UNIRAM Code Spots 
Components Critical 
to Unit Availability 

The UNIRAM software package, de
signed to help the electric power in

dustry increase availability levels, has 
now been licensed for use to 38 utilities 
nationwide. The recently revised com
puter code functions by modeling and 
evaluating a generating unit as a set of 
components, allowing utilities to spot 
the weak links that often lead to forced 
outages. The software uses such plant 
data as mean time between failures and 
mean downtime to model a unit's 
reliability, availability, and maintain
ability (RAM) characteristics. The code's 
ability to perform sensitivity analyses 
allows utilities to rank the criticality of 
components. In one analysis, for ex
ample, it was found that one-third of the 
components accounted for almost all of 
the forced outages and deratings. Other 
applications for UNIRAM include anal
yses of plant life extension, maintenance 
evaluation, and economic trade-off stud
ies. Users find the code's flexibility es
pecially attractive as it can provide useful 
data with limited input. • EPRI Contact: 

Jerome Weiss (415) 855-2495 

Sodium Carbonate 
Boosts Precipitator 
Performance· at Cleco 
A new sodium conditioning system is 

.fl.making hot-side electrostatic pre
cipitation a success story for Central 
Louisiana Electric Co. (Cleco). Like many 
other utilities, Cleco is burning low
sulfur coal at its new Rodemacher Station 
Unit 2 plant. To meet particulate emis
sion standards with this coal, the electro
static precipitator was installed on the 
hot side of the air preheater, but the sta
tion still failed to meet compliance re
quirements. Earlier studies funded by 
EPRI pointed to sodium depletion in the 
fly ash layer as the problem and sodium 
additives to the coal stream as the solu
tion. But those earlier tests used only one 
type of coal. Together, EPRI and Cleco 
reviewed the earlier data, and Cleco de
cided to install a sodium carbonate coal
conditioning system. The system has 
since proved successful in achieving 
compliance, and at the same time it has 
saved Cleco $3.4 million per year in stack 
cleaning costs and replacement power 
costs during cleaning outages. • EPRI 

Contact: Ralph Altman (615) 899-0072 

LADWP Assesses 
Construction Impact 
on Rural Community 

A s  part of its Environmental Impact 
.fl.statement process for a major 
power plant, the Los Angeles Dept. of 
Water & Power (LADWP) wanted to 
establish a plan to reduce the socioeco
nomic impacts on the small communities 
involved. The 1500-MW White Pine 
power project was to be located 45 miles 
(72 km) north of Ely, Nevada, and 
LADWP needed data from similar sites 
to determine how the rural mining area 
would be affected by the new plant. To 
find such data, the utility turned to a 
two-year study of power plant impacts 

conducted for EPRI by the Denver Re
search Institute. Together, LADWP and 
local officials reviewed and discussed 
the case studies involving socioeconomic 
characteristics similar to White Pine 
country. Based on these discussions, the 
utility was then able to develop an allevi
ation plan that was universally accepted 
by the local communities. • EPRI 

Contact: Sherman Feher (415) 855-2838 or 

Ronald Wyzga (415) 855-2577 

Penelec and NYSEC 
Optimize Coal-Cleaning 
Design at CCTF 

W
hen Pennsylvania Electric Co. 
(Penelec) and New York State 

Electric and Gas Corp. (NYSEG) chose 
physical coal cleaning as the primary 
emission control technology for Unit 3 of 
their jointly owned Homer City gener
ating station, they needed some way to 
optimize both the cleaning process and 
the selection of coal. To conduct the nec
essary research, the two utilities used the 
EPRI Coal Cleaning Test Facility (CCTF), 
located in Homer City, Pennsylvania-a 
demonstration-scale plant capable of 
testing different coal-cleaning flowsheet 
configurations and simulating commer
cial plant conditions. Tests at CCTF pro
vided Penelec and NYSEG with data on 
the cleanability of candidate coal sup
plies for their power plant, together with 
information they could use in the design, 
equipment selection, and operation of 
their own coal-cleaning facility. The util
ities estimate the use of CCTF will save 
them $68.7 million over the life of their 
new plant. • EPRI Contact: Clark Har

rison (412) 856-7120 
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WASH I NGTON REPORT 

New leader 
for Rural Electrics 

The new execut ive vice p res ident of NRECA 
d iscusses the chal lenges ru ra l  e lectric cooperatives 

are fac ing i n  the competit ive 1 980s . 

I 
am not an engineer, nor a lawyer, nor 
a scientist. My background is politics, 
and I have been politically active all 

my life. I came to NRECA with some 
biases, one of which is a belief that most 
important decisions are made politically. 
The cooperatives must always be in
volved in the political process because 
that is where public policy is set." 

The speaker is Bob Bergland, the new 
executive vice president and general 
manager of the National Rural Elec
tric Cooperative Association (NRECA). 
Bergland has strong opinions on the role 
and effectiveness of politics in the utility 
industry; however, his statement tells 
only part of the story of why he is partic
ularly well suited for leading a national 
association of 1000 rural electric systems. 

Bergland was raised on a family farm 
in the northwest corner of Minnesota. 
His father not only was one of the 
founders of the local utility, Roseau Elec
tric Cooperative, but also served on its 
board of directors for 30 years. After 
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graduating from the School of Agri
culture at the University of Minnesota, 
Bergland bought a farm in his home 
county that is now run by his daughter 
and son-in-law. Thus, family tradition 
and a career in politics equips Bergland 
with an interesting combination: a 
farmer's commitment to the land and to 
rural electrification and a politician's in
side view of how Washington works. 

Bergland's public service began in 1963, 
when he was appointed Midwest direc
tor of the Department of Agriculture's 
Stabilization and Conservation Service. 
"After serving as Midwest director for 
the USDA, I decided to run for Congress 
in 1968 to represent my home district, 
Minnesota's 7th district, and I lost." But 
Bergland ran again in 1970 and won, 
serving in the House of Representatives 
for the next seven years. Then in 1977 
President Carter asked Bergland to serve 
on his cabinet as secretary of agriculture, 
and he headed USDA for the next four 
years. "I originally turned down the 

USDA job because I was happy serving 
my district in the House. But Hubert 
Humphrey, my mentor in Congress, 
called me and said that if President 
Carter needed me at Agriculture, I must 
help him. So I did." 

With the change in administrations in 
1981, Bergland left Washington to work 
for Farmland World Trade, a subsidiary 
of Farmland Industries, where he helped 
develop agricultural trade markets in 
such countries as China, Mexico, and 
some of the developing nations. Suc
ceeding Robert Partridge, who retired 
last year, Bergland stepped into the 
NRECA general manager's position last 
April. He feels he has two important 
goals to accompUsh in his new position. 
The first is to assess and adequately 
respond to the changes and develop
ments taking place in rural America and 
within the rural electric cooperative pro
gram, and the second is to continue 
NRECA's strong political presence in 
Washington. 



Rural Electrics Today 

Bergland is aware that the constituency 
of rural electric cooperatives is different 
from the days when his father was active 
in the cooperative in Bergland's home
town of Roseau. "We are seeing substan
tial changes in the rural electric util
ity business. Rural cooperatives were 
started in 1935 to bring electricity to the 6 
million farms then in the United States. 
There are now 1051 rural electric systems 
in 46 states and they serve just under 10 
million meters, more than 25 million peo
ple. Of course, the cooperative member
ship has changed since 1935. Of our cur
rent 10 million member-owners, only 1 
million are farming commercially full
time. Another one million members, 
who farm part-time, are sometimes 
called hobby farmers because they do not 
depend on farming for their livelihood. 
There are probably 8 million members on 
the rural electric lines that do not farm at 
all. These are rural residents, of course, 
and we need to find out more about 
these people. One of my goals, there
fore, is to develop and guide programs to 
help understand and assist this diverse 
consumer membership." 

Bergland also believes that there will 
probably be few new jobs in farming, 
and so rural communities have to 
strengthen the businesses that already 
exist in their areas. The rural electric co
operative can be a leader in this effort by 
helping to encourage more economic 
diversity in rural areas. 

NRECA will be building on its tradi
tional rural development efforts with a 
new marketing strategy that emphasizes 
reliable and community-responsive rural 
electric service to attract businesses to 
rural areas. "The utility business is mov
ing from a rather sheltered life to the 
more turbulent world of the competitive 
marketplace. The cooperatives are not 
exempt from this, and we have to be bet
ter equipped to deal with competing 

Bergland 

forces, not only in terms of competing 
fuels but also with such new techniques 
as time-of-day pricing and new creative 
rate structures. Utilities have to encour
age the use of electricity in the most effi
cient way possible," Bergland explains. 

Another way for cooperatives to in
crease economic diversity in the commu
nity is through the expansion of the util
ity's own services. For example, more 
rural electrics are becoming involved in 
the telecommunications business. 

"Cable television people tell me that it 
isn't economic to string cable with fewer 
than 15 consumers per mile of line. That 
means that most rural families will not 
have good television programming. So 
we have a committee here at NRECA 

working with the National Rural Utilities 
Cooperative Finance Corp. [CFC] to look 
into the benefits and feasibility of rural 
electric cooperatives' assisting in the mis
sion of providing home satellite tele
vision service. 

"Two cooperatives already have such a 
program under way. The NRECA-CFC 
study will take a look at the full range of 
benefits that can be realized through tele
communications technology, to both the 
cooperative and the consumer. I think it 
does make sense, because cooperatives 
have a history of providing reliable ser
vice to their communities," Bergland 
says. 

Rural Electrics and Research 

As a national service organization, 
NRECA's purpose is to represent and 
guide its membership on important 
issues, whether arguing against adminis
tration budget cuts on Capitol Hill or pre
paring detailed reports on the future of 
telecommunications. One area where 
Bergland hopes NRECA and its member 
systems will move ahead is in an in
creased commitment to research and 
development. "Research is vital," he em
phasizes. "There is absolutely no way 
that our industry or nation can remain 
competitive or thrive without solid re
search. This is a fundamental truth and 
nonnegotiable." 

Bergland explains that EPRI's research 
has already helped the rural electrics in 
many ways. The cooperatives have a 
great interest in the new coal tech
nologies that EPRI is pursuing, such as 
fluidized-bed combustion and coal gas
ification. The rural electrics also have a 
great deal of interest in research into 
small-scale and modular power plant 
construction. "Most utilities cannot af
ford to build a new 1000-MW plant; it is 
just too expensive. What we probably 
need is to construct small plants that can 
be added to incrementally as the demand 
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for electricity grows. I am glad to see 
that EPRI has a research program study
ing the feasibility of modular plant con
struction." 

Bergland continues by noting that one 
area of research of great importance to 
rural electrics involves greater efficien
cies in distribution. "One of EPRI's 
recent developments that we feel has 
great potential for rural electrics is the 
new low-core-loss transformer, which 
could save substantial amounts of 
energy. We are especially pleased that 
EPRI has allocated 200 of these new 
transformers for field testing by rural 
electric cooperatives." 

Political Challenges 

The fact that Bergland views himself as 
a political creature will be useful to 
NRECA in the current legislative session. 
NRECA has found itself in a battle with 
the Reagan administration over the 
future of the Rural Electrification Admin
istration (REA). This agency of the De
partment of Agriculture was created in 
1935 to finance electric services in rural 
areas. Later, it was expanded to include 
loans to rural telephone systems. Spe
cifically, the Rural Electrification Act of 
1936 established REA as a lending agency 
to develop a permanent program of rural 
electrification. The act has been amended 
several times. 

At present, REA loans to distribution 
systems are long-term, interest-bearing 
loans, made from a revolving fund, with 
interest accruing at a standard rate of 5% 
or a rarely available special rate of 2% for 
qualifying cooperatives. REA requires 
that the standard loans be supplemented 
by nonfederal capital, usually in a ratio of 
30% private to 70% REA funds. REA 
also guarantees loans to generation and 
transmission cooperatives. Most of these 
loans are made by the Federal Financing 
Bank at the cost of money to the Treasury 
plus one-eighth of 1%. 
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REA electric loans are made with pref
erence to nonprofit and cooperative asso
ciations and are used to finance the 
construction of electric utility systems. 
About 93% of REA-financed electric 
systems are cooperatives, which means 
they are owned and controlled by the 
consumer-members. 

The Reagan administration's budget 
analysts, who emphasize free market 
and private sector competition, have 
frowned on the REA low-interest loans. 
In fact, as Bergland explains, it is quite 
possible that the Office of Management 
and Budget will suggest to the president 
that REA be abolished as another move 
to cut federal spending. 

Bergland explains why REA is so im
portant to the rural electric cooperatives. 
"One reason why we are so adamant 
about maintaining REA's presence is that 
the rural electrics have unique problems 
as utilities. The 1000 rural electric systems 
own and maintain more than 40% of the 
nation's miles of distribution lines, cov
ering about 75% of the country's land 
mass, to serve only 10% of the popu
lation. On the average there are fewer 
than five consumers per mile of line. 

"If REA is dismantled, with govern
ment support withdrawn from rural elec
trics, the cooperatives would face sub
stantial rate increases, which would 
strain the rural areas served by these co
operatives. The weaker of them would go 
out of business-there isn't any question 
of that. And if the local electric cooper
ative goes out of business, there isn't any 
other utility who is going to come in and 
serve these remote rural customers. I be
lieve that possibly 250 distribution coop
eratives will fail if REA's help is cut off. 
There must be a federal presence to help 
these cooperatives survive. This is true 
with a lot of the other services in the rural 
areas that are assisted by federal pro
grams, such as the mail service, farm-to
market roads, and telephones." 

There is a fundamental national phi
losophy behind the need to keep REA 
operative, Bergland emphasizes. "A ba
sic tenet of Thomas Jefferson's view of 
our nation was that citizens should be 
encouraged to live on the land and buy it 
as their own. Jefferson was, of course, 
reacting to the European tradition where 
the gentry owned the land and leased it 
to tenant farmers. But the United States 
has always encouraged people to live on 
farms and to settle new areas. The catch 
is that bringing services to these remote 
areas is expensive and some federal sup
port is vital for these essential services. 
This is why the loan program at REA is so 
necessary-it offers people the oppor
tunity to live comfortably in rural com
munities, thereby fulfilling one of the 
original principles on which our country 
was founded." 

Another issue related to REA that 
Bergland and NRECA may have to face is 
the possible abolishment of REA's en
gineering standards division. This di
vision provides and enforces standards 
for the quality of construction of rural 
electric systems and also assists REA bor
rowers with technical problems. Because 
REA set up these standards at the begin
ning of rural cooperative development 
and made the standards a requirement of 
the loan contract, each cooperative sys
tem is constructed in the same way. "The 
REA standards have made it easy for en
gineers to work on various cooperative 
systems because all the designs and 
specifications are the same," Bergland 
notes. "It would be a grave mistake to 
abolish the standards program, and we 
cannot let it happen. Of course, elimi
nating the standards program is just one 
way to begin to reduce the overall REA 
program. It demonstrates the adminis
tration's lack of commitment to federal 
energy development. This brings me to 
another point regarding the current ad
ministration that worries me: the lack of 



a national energy policy." 
Bergland believes that the adminis

tration is painting too rosy a picture of 
the nation's energy future. The fact that 
the price of oil has recently dropped does 
not mean that it will always stay low. "In 
fact, for the past 11 years we have been 
on a downhill slide in proven oil re
serves; we are burning more oil than 
newly discovered sources can provide, 
and we are bound to run out sometime." 

Bergland is concerned that the country 
will not see a national energy program 
emerge during the current adminis
tration, so he argues for a national elec
tricity policy. "I do feel strongly that the 
nation has to start thinking about elec
tricity on a national level. There has to be 
a coherent nuclear power policy, as well 
as direction given on the role of new en
ergy technologies." The other reason he 
sees for a national electricity policy is that 

demand for electricity will continue to 
grow, particularly with new electronic 
devices entering the commercial market. 

Bergland realizes, however, that the 
electric utility industry is one of the most 
diverse industries in the nation. "One of 
the major deterrents to an idea such as a 
national electricity strategy is that the 
country's electricity is currently provided 
by 1000 rural electric utilities, 2200 mu
nicipals, and 221 investor-owned compa
nies. It is very difficult to get all these 
different types of utilities to agree. But I 
believe that we are now seeing more 
cooperation among electric utilities in 
the form of power pools or joint action 
agencies." 

Bergland also believes that the nation's 
electricity must now be thought of as a 
national commodity and should be 
viewed as a national pool of power. "I am 
not sure if the answer would be a better 

grid system or better regional interties, 
but I do know that some regions of the 
country have a surplus of power while 
others, possibly right next door, have a 
shortage. With a national electricity 
policy, the question of whether one re
gion should build a new power plant 
when its neighbor has surplus power 
could be handled. As it stands today 
there is no national forum where these 
issues can be discussed, and we do need 
one. It might take 10 years to develop 
such a forum, so we should get on with 
it." If and when such a forum takes 
place, Bergland is sure to be in the thick 
of it, arguing the views of rural electric 
cooperatives. • 

This article was written by Christine Lawrence, Washington 
Office. 
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AT THE I NST I TUTE 

Board Completes 
Effectiveness Review 

A review by EPR l 's Board of D i rectors g ives 
the I nst i tute h igh  marks on its value to 

the uti l ity i nd ust ry. 

E
PRI and its staff have earned an 
excellent reputation and are con
tributing significant R&D results 

to meet present and future needs of elec
tric utilities and their customers, accord
ing to an effectiveness review conducted 
by EPRI's Board of Directors in 1984. A 
report on the review-the second to be 
conducted within 11 years-was dis
cussed by the Board at its December 
meeting in Palo Alto. 

Among the Institute's accomplish
ments, the review found that member 
utilities have used more than 300 prod
ucts developed by EPRI. Just the initial 
use of these products, excluding any 
subsequent uses, has saved the utilities 
involved more than $412 million a year. 

At the same time, however, the review 
also found that two pervasive challenges 
face both the Institute and its utility 
members. A paramount challenge is that 
of gaining a wider and deeper commit
ment to R&D from the industry. The re
view asserts that the electric utility in
dustry is barely meeting its current 
technology challenges. More long-term 
and exploratory research is also cited by 
the Board's review as an important need. 
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Looking to the future, the effective
ness review found that EPRI must em
phasize technology that enhances the 
end-use value of electricity. The review 
says the electric power industry is enter
ing a new era, one in which the work of 
electricity must be of the highest possible 
economic value to utility customers and 
to the nation. It notes that EPRI and its 
members must work to achieve fuller 
utilization of R&D results. Improved 
technology transfer, in all its forms, is 
required. 

In addition to emphasizing end-use 
research, the review also identified a 
number of significantly unfunded or un
derfunded R&D areas. These include ex
tending the operating life of power 
plants, advancing the economic avail
ability of coal-fueled generation systems, 
and seeking cheaper methods of moving 
power over transmission lines for greater 
distances. 

According to an independent survey 
conducted as part of the review, EPRI 
members and nonmembers alike believe 
the electric utility industry should com
mit a higher proportion of its revenues to 
the Institute. Members reported that in 

1983 they spent 0.6% of their gross elec
tricity revenues on R&D, which included 
their participation in EPRI. Asked their 
opinions on an appropriate level of R&D 
funding, the average of responses indi
cated 1.3% of gross revenues-the same 
percentage as that spent by the tele
communications industry. • 

Photovoltaics 
Preproduction Facility 
Approved 
A $10 million project to develop a pilot 
manufacturing process for high-concen
tration photovoltaic (PV) cells was ap
proved by the Institute's Board of Direc
tors at its December meeting. EPRI will 
fund $5 million of the amount and is 
seeking support from member utilities 
for the other $5 million to conduct oper
ations over 42 months. The funds will be 
used to lease space in a building, pur
chase equipment, and conduct research 
to establish the cell manufacturing 
process. 

"This facility is essential in developing 
a thorough understanding of the product 
and quality control aspects of the cell 



manufacturing processes," reports John 
Cummings, director of the Renewable 
Resource Systems Department. The pre
production facility approved by the 
Board is the next step in continuing 
EPRI-supported PV research, which has 
been under way since 1976 at Stanford 
University. 

Work so far has resulted in a PV device 
developed specifically to meet per
formance and economic requirements 
needed by utilities for generating bulk 
power. Prototypes indicate a potential e f 
ficiency of over 25% in converting con
centrated sunlight into electricity, which 
is very high in comparison with earlier 
devices. The cell is of special interest to 
utilities in high direct sunshine regions, 
such as the southwestern United States. 

The manufacturing of high-concentra
tion PVs is unique because it uses inte
grated circuit manufacturing technology 
developed in the semiconductor in
dustry. This process technology promises 
a high degree of quality control. "We 
need to proceed into preproduction pro
cessing research to show that the cell can 
be manufactured with satisfactory ef
ficiency at high yields and that it will per
form as designed when integrated into 
PV arrays," explained Cummings. "Op
erations in this facility will provide a 
basis for transferring the PV research to a 
marketable product." 

High-concentration PV systems have 
been the major focus of EPRI's Solar 
Program for several years. Successful 
completion of this research, along with 
parallel advances in module develop
ment, is expected to lay the foundation 
for pilot plants in the late 1980s. This will 
be followed by commercial production, 
with the installation and operation of 
several hundred megawatts of PV power 
by the mid 1990s. Contracts for the facil
ity development are expected to be 
issued this spring so that limited oper
ation can begin by the end of 1 985. • 

Chinese Nuclear 
Delegation Visits EPRI 

A six-member delegation of nuclear en
gineers from the People's Republic of 
China visited EPRI recently for a briefing 
on R&D programs in low-level radio
active waste (LLW). The December visit 
was part of a two-week tour of U.S. nu
clear plants and radwaste facilities or
ganized by the American Nuclear Society 
in cooperation with the Chinese Nuclear 
Society. 

Wang Dao Yuan, chief engineer for 
waste management at the Beijing Insti
tute of Nuclear Engineering, led the dele
gation. The group's other members were 
Li Xue Qun of the Ministry of Nuclear 
Industry's Bureau of Safety, Protection, 
and Health; Yu Cheng Ze of the Institute 
of Atomic Energy; Zhou Zi Rong of the 
Institute of Radiation and Protection; 
Li Zheng De of the Chinese Nuclear 
Information Center; and Yang Li Ji, also 
from the Beijing Institute of Nuclear 
Engineering. 

John Taylor, EPRI vice president, 
and Don Rubio, director of the Nuclear 
Power Division's Engineering and Oper
ations Department, welcomed the group. 
Robert Shaw and Michael Naughton 
presented an overview on the status of 
LLW disposal in the United States and 
EPRI's related research efforts. 

"The People's Republic is planning for 
the introduction of nuclear power for 
generating electricity and wants to estab
lish criteria for waste management ahead 
of the time we anticipate handling 
significant quantities of nuclear waste," 
said Yang Li Ji. He added that China ex
pects to begin a disposal site selection 
process this year. 

According to Wang Dao Yuan, China 
has conducted experiments with waste 
solidification processes and plans to 
build some type of LLW solidification 
plant; waste generated in nuclear R&D 

and medical applications now is stored 
for later disposal. • 

EPRI Studies Effects of 
Electromagnetic Fields 

EPRI is one of two U.S. organizations 
now funding epidemiologic research into 
the possibility of health effects resulting 
from human exposure to electromagnetic 
fields (EMF). The study (RP2378-9) is 
designed to find whether persons with 
leukemia were exposed to EMF on their 
jobs more often than would be expected 
on the basis of chance alone. 

From among its more than one million 
employees, the American Telephone and 
Telegraph Co. is providing EPRI re
searchers with the records of 200 patients 
who have been diagnosed during recent 
years as having leukemia. AT&T was 
chosen to assist EPRI in its investigation 
of linemen because of its own interest in 
the research and because the company 
has kept extensive and thorough em
ployee health records. Johns Hopkins 
School of Hygiene and Public Health is 
the contractor. 

The other organization sponsoring re
search is the Power Lines Project of the 
New York Department of Health. Its 
work is being conducted at the Cancer 
Registry at Seattle and at the University 
of Colorado. The Seattle project, focusing 
on adults with leukemia, will investigate 
whether EMF exposure within their 
homes is greater than exposure of a con
trol group. The Colorado study will try to 
determine if exposure to measured EMF 
within the homes of school-age children 
with cancer is greater than that experi
enced by a comparison group. 

These research projects were under
taken to provide better information for 
questions raised in the wake of the 1979 
Wertheimer-Leeper report, which al
leged a cancer risk from EMF exposure. 
That study, conducted in the Denver 
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area, reported an increase in childhood 
cancer among children living near what 
investigators refer to as "high current 
configurations." Other investigators, 
who had a similar study design in Rhode 
Island, were unable to confirm this 
finding. 

Investigators in this country and 
abroad have conducted other studies on 
adults possibly exposed to EMF in the 
workplace. The occupations included 
electricians, welders, linemen, and 
power station operators. The diseases in
cluded leukemia, brain tumors, and 
other cancers. The diversity of findings is 
perplexing and deserves further re
search. One factor complicating the in
terpretation of studies is the lack of ex
posure information both within the 
allegedly exposed groups and in the gen
eral population. EPRI is attempting to 
remedy this by funding work to design 
instruments that can collect exposure 
data and to develop a methodology that 
provides estimates of annual exposures 
to designated groups. 

Leonard Sagan, EA&E senior scientific 
adviser, commented, "We are not saying 
there is no relationship between EMF 
and cancer. We don't know whether 
these prior studies demonstrate a con
nection or whether these are pure chance 
relationships. The evidence of causation 
so far is not persuasive, but it's our 
responsibility to understand better 
whether there is a relation between elec
tric fields and health effects." Sagan ad
ded that there is neither theory nor a 
body of animal data that would support a 
cancer-promoting effect of EMF. "As a 
matter of environmental health, the ef
fects on humans exposed to EMF deserve 
EPRI attention, and projects are under 
way to provide better answers. In the 
meantime, most knowledgeable observ
ers have concluded there is not sufficient 
evidence to justify any mitigating or re
medial steps," he said. • 
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CALENDAR 

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

MARCH 

19-21 
Mutual Design of Overhead Transmission 
Lines and Railroads 
Washington , D.C.  
Contact: John Dun lap (415) 855-2305 

20-21 
Continuous Emissions Monitoring, 
Guidelines Manual 
Denver, Colorado 
Contact: Charles Dene (415) 855-2425 

APRIL 

9-11 

Seminar: Power Plant Digital Control 
Using Fault-Tolerant Computers 
Phoenix, Arizona 
Contact: Murthy Divakaruni (415) 855-2409 
or K. H. Sun (415) 855-2 1 19  

10-11 

Marketing Perspective on Demand-Side 
Management 
Scottsdale, Arizona 
Contact: Ahmad Faruqui (415) 855-2630 

14-19 
Conference: Coal Gasification and Synthetic 
Fuels for Power Generation 
San Francisco, California 
Contact: Sy Alpert (415) 855-2512 

16-17 
Seminar: Maintaining Equipment Qualification 
Washington, D.C.  
Contact: Robert Kubik (415) 855-8905 

23-24 
Symposium: Cogeneration 
San Diego, California 
Contact: David Hu (415) 855-2420 

30-May 2 
Hydro O&M Workshop and Seminar: 
Dam Safety 
Boston ,  Massachusetts 
Contact: James Birk (415) 855-2562 

MAY 

1-2 
Seminar: Investigation and Correction 
of Boiler Tube Failure 
Charlotte, North Carol ina 
Contact: Barry Dooley (415) 855-2458 

6-9 
1985 Joint Symposium on Stationary 
Combustion NO, Control 
Boston, Massachusetts 
Contact: Michael McElroy (415) 855-2471 

7-8 
Seminar: Maintaining Equipment Qual ification 
Chicago, I l l inois 
Contact: Robert Kubik (415) 855-8905 

14-15 
Regional Conference: Compressed-Air 
Energy Storage 
Chicago, I l l inois 
Contact: Robert Schainker (415) 855-2549 

14-15 
Seminar: Investigation and Correction 
of Boiler Tube Failure 
San Antonio, Texas 
Contact: Barry Dooley (415) 855-2458 

14-16 
Annual Review of Demand and 
Conservation Program 
Tampa, Florida 
Contact: Joseph Wharton (415) 855-2924 

JUNE 

10-12 
Symposium: Fossil Plant Cycle 
Water Chemistry 
Atlanta, Georgia 
Contact: Roland Coit (415) 855-2220 
or Barry Dooley (415) 855-2458 

18-21 
Symposium: Condenser Biofouling Control 
Orlando, Florida 
Contact: Winston Chow (415) 855-2868 

26-27 
Seminar: Maintaining Equipment Qualification 
Palo Alto, California 
Contact: Robert Kubik (415) 855-8905 



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

CATALYTIC COMBUSTION 

FOR STATIONARY GAS TURBINES 

Controlling emissions of nitrogen oxides (NOx) 
is a major concern of the electric utility industry 
in the United States. Many electric utilities that 
operate stationary gas turbines are using 
water or steam injection to meet current NOx 

emission standards. However, because of the 
increase in heat rate associated with water in
jection and the anticipation of even stricter 
emission control requirements, there is a con
tinuing interest in dry low-NOx technologies. 
For several years EPRI has sponsored R&D to 
apply the emission advantages of catalytic ox
idation to practical combustion systems for 
utility gas turbines. In addition, efforts by indi
vidual utilities, EPA, DOE, and the major tur
bine manufacturers have addressed such sys
tems. This report reviews a recent EPRI test 
program and outlines the technical problems 
to be solved before catalytic combustion sys
tems can become commercially available. 

The rate of NOx formation during combustion is 
strongly dependent on temperature condi
t ions. The catalytic combustion concept has 
the potential to achieve u ltralow NOx emissions 
because catalytic reactors promote stable 
combustion of very lean fuel-air mixtures with 
flame temperatures of less than 3000°F 
(1650°C). Such low flame temperatures are be
low the threshold for NOx formation. However, 
the l imited temperature range in which current 
catalytic reactors can operate efficiently poses 
a difficult problem in applying the concept to 
practical combustion systems. 

In an earlier EPRl-sponsored research effort 
(RP1657-1 ) ,  Westinghouse Electric Corp. de
signed a catalytic combustor for stationary gas 
turbine appl ication that employs a conven-

tional primary burner upstream of a catalytic 
reactor element. As designed,  the system con
sists of a primary fuel nozzle, the upstream 
burner, six secondary fuel nozzles, a second
ary fuel preparation zone with contoured wal l s ,  
a 16-in-diam (40.6-cm) catalytic element, and 
a transition duct leading to the turbine. The de
sign also features air flow control by means of 
programmable compressor in let guide vanes. 
Figure 1 shows an early test version of the 
combustor. 

The upstream burner has two functions. Dur-

ing startup and part-load operation, the burner 
acts as a pilot to support combustion at turbine 
inlet temperatures too low to be sustained by 
catalytic reaction. At turbine in let temperatures 
greater than 1 700°F (930°C), fuel to the u p
stream burner is reduced and the burner acts 
as a preburner to heat compressor d ischarge 
air from 700°F (370°C) to the temperature re
quired for catalytic reaction. The required cata
lyst in let temperature ranges from approxi
mately 800°F (430°C) for disti l late fuel oils to 
approximately 1000°F (540°C) for natural gas. 

Figure 1 Low-NOx catalytic combustor developed for stationary gas turbines. This preliminary test 
configuration differs slightly from the conceptual design in that its catalytic reactor element {left) is smaller 
in diameter (14 in; 35.6 cm) and it has eight secondary fuel nozzles (midway along combustor). Not shown 
is a fuel nozzle that fits onto the upstream end of the combustor to act as a pilot/preburner. 
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To maintain a constant load on the generator 
during the transition from pi lot to preburner 
operation, air flow modulation is needed; this is 
accompl ished by manipu lation of the engine's 
compressor in let guide vanes. 

Under RP1657-3 Westinghouse recently 
conducted laboratory testing on an oil-fired, 
full-scale catalytic combustor to evaluate this 
design. The purpose of the tests was to obtain 
in itial experimental data on the principal com
ponent technologies needed to apply catalytic 
combustion to oi l-fired uti l i ty gas turbines. 
Three critical components were investigated: 
the pi lot/preburner, the secondary fuel injec
tion system, and the control system for trans
ferring from the pilot to the catalytic operating 
mode. The principal means of evaluating the 
catalytic combustor's performance was by ob
serving exit temperature patterns. 

Test apparatus 

The analysis and design work under RP1657-1 
provided a recommended catalytic combustor 
configuration. The actual combustor used in 
the RP1657-3 test prog ram was based on the 
same principle of operation and d iffered only 
in  the size of the catalytic reactor element. In 
this operating approach a conventional pr i
mary nozzle and an electric ignitor provide a 
smal l conventional flame for starting the en
gine and bringing it up to approximately mid
load. At th is point the primary fuel  is reduced 
and the secondary nozzles are fueled. They 
spray in from the sides of the combustor about 
midway along its length. The secondary fuel i s  
not i ntended to  burn  unti l  i t  reaches the cata
lytic element, although it should mix with hot air 
and carbon monoxide from the primary zone 
and partly vaporize. In the catalytic element 
the secondary fuel is reacted at a lean overall 
fuel-air ratio (approximately 0.02). At such a 
ratio the desired turbine in let temperature is 
reached without the formation of NOx. 

During the testing smal l changes i n  com
bustor configuration were made,  which in
volved hole and cool ing slot sizes and the ar
rangement for redistributing combustion and 
cooling ai r in the preburner. Six secondary fuel 
injection nozzles were used in each test 
configuration, and they were turned 30° down
stream from the radial direction. Six axial 
swirlers were incorporated around each sec
ondary nozzle to improve the mixing of sec
ondary fuel with ai r upstream of the catalyst. 

The 1 4-in-diam (35.6-cm) catalytic element 
was suppl ied by Engelhard Corp. Westing
house designed and fabricated the Hastelloy
X cylindrical retaining ring, and Engelhard 
installed the catalytic element. The substrate 
was NGK-X, a magnesium-aluminum titanate 
material. 
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Test results 

Analyses of the results from the RP1657-3 tests 
focused on previously identified problems in
volving (1) fuel-air mixture patterns and (2) fuel 
flows in the transition from primary to second
ary operation .  The instrumented combustor 
configurations were tested in four operating 
modes: primary fuel only, secondary fue l  only 
(catalytic mode), combined primary and 
secondary, and fuel transfer. The secondary
fuel-only mode would not occur in an actual 
engine because the preburner is designed to 
provide temperature conditioning at al l  times 
for catalytic combustion within the element. 
This mode of testing is usefu l ,  however, to de
termine the performance of the secondary 
fuel�air preparation zone without interaction 
with the primary combustion zone. 

Figure 2 shows a typical catalyst exit tem
perature pattern produced by the secondary 
fuel injection system used in these tests. The 
temperature distribution, when interpreted in 
terms of fuel-air ratio, shows the nonuniform 
nature of the fuel-air distribution. The variations 
in the fuel-air ratio over the catalyst in let ob
served during the tests are considered un-

satisfactory because they l imited the abil ity to 
operate at high combustor load without ex
ceeding the catalyst substrate material tem
perature l imit of 2600°F ( 1430°C). 

Fuel transfer mode testing was undertaken 
for the first time in this phase of the R&D pro
gram. Transfer from pi lot operation (primary 
fuel only) to catalytic combustor operation (pri
mary fuel and secondary fuel) must occur 
when the combustion turbine is carrying 
55% of the rated load . Such transfers were 
performed under preprogrammed micro
processor control. Selected results from a typ
ical fuel transfer are shown in Figure 3. As indi
cated by the fuel flows, the transfer was a 
functional success. It could not be counted 
completely successfu l ,  however, because of 
apparent autoignit ion, as ind icated by the ex
cursion of the catalyst approach temperature 
27 seconds into the transfer operation .  

Test data on several measured parameters, 
including fuel flows, wal l temperatures, and 
combustor in let conditions,  were examined to 
try to determine the reason for this approach 
temperature excursion, but they indicated 
nothing unusual . It was concluded that the 

Figure 2 Temperature pattern (°F) at the catalyst outlet during a typical test of the catalytic combustor in 
the secondary-fuel-only mode. For this run the combustor inlet temperature was 813°F (434°C) and the 
nominal fuel-air ratio was 0.016. The unevenness of the temperature distribution indicates poor mixing of 
secondary fuel and air. 
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Figure 3 Combustor fuel flows (a) and catalyst approach and exit temperatures (b) during a test transfer 
from pilot operation (primary fuel only) to catalytic operation (primary and secondary fuel). The fuel transfer 
was accomplished as planned, with the total flow holding nearly constant. A sudden rise in the catalyst 
approach temperature, however, triggered fuel cutoff after 27 seconds. Researchers later surmised that 
swirlers around the secondary fuel nozzles had created conditions conducive to autoignition. 
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cause o f  the apparent autoignition during the 
fuel transfer was the use of air swirlers around 
each secondary fuel nozzle. The swirl number 
for these swirlers was calculated to be 1 .2 ,  
which indicates a strong swirl . In  addition to 
spreading a jet, which was the desired effect, 
strong swirl sets up a recirculation zone 
around each nozz le. It is surmised that as a 
result of these recirculation zones, chemically 
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active species might have remained in the 
vicinity of the secondary nozzles long enough 
for autoignition to occur. 

Future research objectives 

Conclusions drawn from the ful l-scale tests 
conducted to date indicate that future devel
opment work should place a high priority on 
the mixing of secondary fuel and air. Poor mix-

ing results in low efficiency, h igh emissions of 
unburned hydrocarbons and carbon monox
ide, and the inabi l ity to operate at desired con
ditions. Despite the difficu lty of operating with 
what turned out to be an extremely uneven 
mixture entering the catalytic element, the 
RP1657-3 tests were able to demonstrate a 
microprocessor control technique for transfer 
from the pilot to the catalytic mode. 

In these tests an upstream p i lot ing/pre
heating system was used to satisfy catalyst 
ignition constraints and engine turndown re
qui rements. However, such upstream systems 
pose an inherent risk to catalyst survivabi l i ty 
and durabi l ity. Hence basic design data for 
alternative approaches using downstream 
pi loting systems are needed. 

The results of the RP1657-1 design study 
clearly indicated that catalytic reactor tem
perature l imitations significantly complicate 
the appl ication of catalytic combustion tech
nology to practical gas turbine operating sys
tems. Considerable complexity is entailed by 
the need for variable air staging to meet cata
lyst mid load efficiency requirements, p i lot 
burner operation to enhance turndown, pre
burner operation to achieve catalytic ign ition, 
and multiple-point fuel injection to obtain low 
NOx emissions during baseload operation. The 
development of catalyst systems with lower 
temperature ignition requirements, enhanced 
sintering resistance, and higher operating 
temperature l imits would clearly reduce such 
complexities. A great deal of basic design 
data in this area is needed. 

One area not addressed in th is program is 
the long-time durabi l ity of the catalyst and the 
catalytic reactor substrate. The development 
of practical catalytic combustion systems wil l 
require work to evaluate the effects of thermal 
transients on catalytic reactor life. In a related 
effort (RP1657-2), EPRI is  sponsoring an evalu
ation of the thermomechanical behavior of two 
candidate ceramic substrate materials under 
thermal cycl ing conditions simulating utility 
gas turbine operation. The results of this 
project wi l l  be presented in a future status re
port. Project Manager: Leonard C. Angello 
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R&D Status Report 
COAL COMBUSTION SYSTEMS DIVISION 
Kurt Yeager, Vice President 

ESP PULSE ENERGIZATION 

Electrostatic precipitators (ESPs) are capable 
of removing more than 99% of the fly ash pro
duced by utility coal -fired boilers and have 
been used for this purpose for more than 50 
years. However, for a given ESP size, col
lection efficiency is reduced when ESPs are 
used to collect the high-resistivity fly ash gen
erated by combustion of low-sulfur western 
coals. ESPs can be designed to accomplish 
99 + % collection efficiency with /ow-sulfur 
coals in one of three ways: by increasing ESP 
size, by flue gas conditioning, or by pulse en
ergization (pulsing). In many cases, pulsing is 
more economical than the other alternatives. 
Current research has developed guidelines to 
help predict the level of performance that 
can be expected when pulse energization is 
added at a specific ESP installation. 

Pulse energ ization occurs when a high
frequency, h igh-voltage pulse is super 
imposed on the base voltage of  an ESP. This 
pulse generates an intense, diffuse, and uni
formly distributed corona on the discharge 
electrode and a more un iform deposition of 
ionic charge on the surface of the col lected 
ash layer, thus reducing the effect of h igh 
resistivity. Commercially avai lable pulsers pro
duce two types of pulse waveforms: a short 
pulse with a fast rise time of 1 .5 µ,s, and a long ,  
slow sinusoidal pulse with a rise time of 
140 µ,S. 

EPRI and the Environmental Protection 
Agency cosponsored a study in 1982-1983 to 
explore the potential of pulse energization for 
improving the collection efficiency of uti l ity 
ESPs. Southern Research Institute conducted 
this research at EPRl 's Arapahoe Test Faci l ity, 
located at the Public Service Co. of Colorado's 
Arapahoe generating station (RP1 868-1 ) .  The 
study was designed to provide information on 
pulsers that would allow uti l it ies to predict, with 
some certainty, how pulsing would improve 
ESP performance. 

Additional study objectives included provid-
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ing gu idel ines for retrofit app l ications of 
pulsers on existing uti l ity precipitators, mea
suring variations in precipitator performance 
with changes in the electrical parameters of 
pulse energization, and determining the domi
nant physical effects of pulse energization on 
the process of e lectrostatic precipitation .  
Study tasks inc luded performance tests of a 
pi lot-scale fly ash precip itator, laboratory stud
ies of aerosol particle charging,  and a survey 
and analysis of publ ished data on full-scale 
precipitators. 

Pilot-scale tests 

The pi lot-scale precip itator used in this study 
was installed on a side stream of the 1 10-MW 
Araphoe Unit 4 and received about 3500 
actual ft3/min (1 .65 m3 /s) of flue gas at approx
imately 300°F (149°C). The precipitator power 
supply is capable of superimposing long or 
slow pulses of maximum - 25 kV on a baseline 
voltage of - 50 kV, at pulse repetition rates up 
to 200 Hz. The discharge electrodes on the 
precipitator are 0 . 1 15-in-diam (2.9-mm) wires 
on a harp frame. The wires were not rapped 
during testing.  The collecting plate spacing 
can be set at 9 in  (23 cm) with four paral lel gas 
passages and a nominal specific collecting 
area (SCA) of 400 ft2 per 1000 actual ft3/min 
(37 m2/[0.47 m3/s] ) ,  or at 1 2-in (30-cm) spac
ing with three parallel gas passages and an 
SCA of 300 ft2 per 1000 actual 113 /min (28 
m2/[0.47 m3/s] ) .  Both spacing configurations 
were tested under conventional operating con
ditions and with pu lsed energization. An S03 

injection system was installed upstream of the 
ESP to vary fly ash resistivity between 1 x 101 0  

and 5 x 101 2  ohm-cm. 
Southern Research Institute continuously 

monitored outlet flue gas opacity and overall 
collection efficiency during the test period and 
also obtained partic le size fractional col lection 
efficiency data. During prel iminary tests, max
imum col lection efficiency was experimentally 
derived by adjusting the basel ine de voltage of 
the precipitator to its spark limit and adjusting 

the pulse repetition rate for min imum outlet flue 
gas opacity. As the pulse repetition rate was 
increased , the de voltage had to be decreased 
to prevent sparking .  Precipitator performance 
improved rapidly and dramatically until the av
erage electric power into the ESP became too 
low and performance began to deteriorate. 
Figure 1 shows this effect. These tests were 
performed with both long- and short-pu lse 
waveforms, and negl ig ib le differences be
tween the two were observed. 

Curves of the type in Figure 1 will vary with 
both the fly ash resistivity and the precip itator 
sparking characteristics. Therefore, the opti
mal pulse repetition rate measured during 
these tests (25-50 Hz) cannot be arbitrarily 
assumed for any ful l-scale precip itator. How
ever, these data do ind icate that the de voltage 
and pulse repetition rate in different electrical 
fields should be varied to find the optimal oper
ating point for a pu lse-energized precipitator. 

Pulsing effects 

Pulsed energization improves precipitator per
formance by creating a more un iform corona 
discharge. During each high-voltage pulse, 
the density of emitting points along each pre
cipitator d ischarge electrode is greatly in
creased . Pulse repetition rates above -25 Hz 
(regardless of whether collecting plates are 
clean or d i rty) c reate a uniform corona g low 
along the discharge electrode. This corona 
leads to a more un iform distribution of ionic 
charge in the interelectrode space and to a 
more uniform deposition of ionic charge on the 
surface of the col lected dust layer. 

The electrical migration velocity of charged 
dust particles is the fundamental parameter of 
electrostatic precipitation that can be affected 
by pulse energization. Migration velocity can 
be increased by greater values of electric 
charge on individual dust particles and/or by 
greater values of electric field in the inter
electrode space. Data show that puls ing does 
not significantly increase the charge on indi
vidual fine-dust particles. According ly, the im-



Figure 1 Outlet opacity (black) and average ESP secondary power density (color) in the pilot-scale precip
itator compared with pulse repetition rate, with de voltage at spark limit. 
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Figure 2 Omega-k enhancement factors compared with baseline penetration of the pilot-scale precipitator 
(color) and six full-scale fly ash precipitators (black). The dashed curves represent 90% confidence inter
vals; the solid curves, least-squares-fitted mean. 

provement in ESP performance with puls ing is 
bel ieved to result from a significant increase 
in the plate-area-average value of collecting 
electric field. The more-uniform corona dis
charge also acts to suppress some nonideal 
precipitator operating conditions: the reen
trainment of col lected dust, and the sparking 
and back corona that result from electrical 
breakdown in the col lected dust layer. 

Characterizing ESP performance 

Collection efficiency is defined as the mass of 
particulate matter removed from the flue gas 
stream divided by the mass of such material 
entering the collecting device over a period of 
time. Penetration, on the other hand, is the 
mass of particulate matter escaping un
col lected from the ESP divided by the total 
mass of particulate entering the device. 

ESP inlet and outlet mass measurements to 
determine overall penetration were made dur
ing pi lot-scale tests and analyzed in terms of 
the Matts-Ohnfeldt equation (P = penetration; 
E = efficiency): 

p = 100 - E = 100 exp - (w, SCA)0·5 

where SCA is the specific col lecting area 
(ft2/[1000 actual ft3/min] ) and wk (the omega-k 
parameter) is the average migration velocity of 
particles toward the collection plate. Improve
ment of precipitator performance with pulsing 
is conventionally measured as an increase in 
the omega-k parameter, most practically ex
pressed as the ratio wdwk de, where de signi
fies baseline precipitator performance ( i .e . ,  
without pulsing) . This ratio is described as the 
omega-k enhancement factor: an expression 
of the average mig ration velocity with pulsing 
divided by that of the nonpulsed condit ion. Im
provement in precipitator performance with 
pulsing, expressed in terms of the omega-k 
enhancement factor, correlates more closely 
with ESP baseline collection efficiency/ 
penetration than with fly ash resistivity. 

Results show that there are no systematic 
differences between omega-k enhancement 
factor data obtained with 9-in (23-cm) and 
12-in (30-cm) plate spacing .  Also, no sign ifi
cant performance improvement with pulsing 
can be expected for precipitators with base
line penetration below -0.5% (col lection effi
ciency greater than -99.5%). 

Predicting ESP performance 

Performance data from the pi lot-scale precip
itator and from six ful l-scale precipitators de
scribed in the literature show no systematic 
difference in the beneficial effects of pulsing 
with the short, fast or long, s low waveforms. In  
Figure 2 the pi lot-scale precipitator data are 
compared with 1 7  data points from the six full
scale units, which were fitted with pulse power 
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Figure 3 Baseline penetration and penetration with pulsing of the pilot-scale precipitator (color) and six full
scale fly ash precipitators (black), with penetration reduction factors. 
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suppl ies having widely different pulse wave
forms and electrical operating parameters. 
Values of omega-k enhancement for the fu l l 
scale precipitators follow the same type of 
trend as the values for the pi lot-scale pre
cipitator, although the absolute improvement 
levels are less for the ful l-scale units. 

Correlations of these pi lot- and ful l-scale 
performance data can be used to estimate the 
performance improvement that can be ex
pected by pulsing any given ESP. Comparing 
measurements of baseline penetration from 
any ESP with the omega-k enhancement data 
in Figure 2 al lows the calculation of the antici
pated effectiveness of pulsing. The lower 
omega-k enhancement data shown for the ful l
scale precipitators probably result from rap
ping reentrainment and a variety of electrical 
and mechanical defects that are l ikely to exist 
in the field, defects that pulsing cannot correct. 
By comparison, the pi lot-scale precipitator 
was in good operating condition for this project 
and the electrodes were not rapped during 
tests. 
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In addition to using the wk enhancement to 
correlate precipitator performance data, ESP 
penetration with pulsing can be p lotted d i
rectly against baseline penetration ,  as i l l us
trated in Figure 3 .  The straight l ines super
imposed on the figure show penetration 
reduction factors of 2, 3 ,  4, and 5 .  The ful l
scale precipitator data l ie mostly between re
duction factors of less than 2 and 3. Solely on 
the basis of theory, an enhancement factor of 2 
means that an ESP equipped with puls ing 
would be half the size of one without it. In prac
tice, the ESP size reduction would not l ikely be 
as significant. The penetration reductions 
shown in Figure 3 are based on data for pre
cipitators with the following characteristics: 
operating difficulties resulting from e lectrical 
problems that are specifically caused by high
resistivity fly ash; measured basel ine col
lection efficiency no higher than 99% ( i .e . ,  
baseline penetration of  1% or more); SCA in  
the range of  150-350 ft2 per  1 000 actual 
ft3/min (14-33 m2/ [0.47 m3/s] ) ;  straight-wire 
discharge electrodes; and at least half of the 

SCA in the d i rection of gas flow pulse ener
gized . Project Manager: Walter Piulle 

FOSSIL FUEL PLANT CYCLING 

Historically, utilities have been primarily con
cerned with meeting peak demand. The in
dustry view was that if the peak demand could 
be met, the low off-peak demand should not 
pose major concerns. However, the addition of 
nuclear power plants for baseload generation 
and the lower-than-expected load growth in 
recent years resulted in excess capacity at off
peak periods. To optimize system generating 
costs, utilities use nuclear plants (which have 
relatively low operating fuel costs) for base
load and fossil fuel units to accommodate daily 
load swings and meet peak demand. Cycling 
of units originally designed for baseload oper
ation creates equipment availability concerns 
in the entire power plant. EPRI is devoting 
significant resources to address the technical 
and economic limitations of fossil fuel plant cy
cling. This report summarizes several com
pleted projects and discusses the status of 
others in progress. 

Boiler considerations 

The util ity industry has identified key problems 
that result from cycl ing operation (Table 1 ). 
Thick-walled steam generator components 
(such as steam d rums, superheater headers) 
have been watched closely for possible failure 
from excessive thermal stress. Boiler startups 
have generally been limited by simple but ef
fective rules governing the rate of temperature 
change in key areas. In the past these l imits 
did not greatly restrict unit avai labi lity because 
fossil fuel units were operated in a baseload 
mode. But when baseload units are converted 
to cycling duty, the startup l imit may no longer 
be adequate to protect against excessive 
stress and loss of l ife. 

Therefore, uti l it ies must consider cyclic 
stresses caused by more-rapid temperature 
changes in the boiler. These temperature dif
ferences may occur through the thickness of a 
containment or between contiguous com
ponents. The steam d rum and superheater 
outlet headers, for example ,  are among the 
thickest components in  the boiler and can be 
affected by thermally cycling the boiler. One 
EPRI study of a cycl ing once-through boi ler 
found that on/off dai ly cycl ing requires design 
changes before the boi ler can be cycled on a 
regular basis (CS-2340). However, even de
sign changes may not prevent thermal shock 
in a once-through boi ler when cold water en
ters the hot boi ler, so new operational proce
dures may be appropriate. 

EPRI is developing a boi ler thermal stress 
and condition analyzer that can evaluate boiler 
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Table 1 

nozzles and blades. Bypassing the turbine 
during startup may reduce such solid-part icle 
erosion. CYCLING OPERATION PROBLEMS 

Boiler Turbine Balance-of-Plant Components 
Cyclic stress; Cyclic rotor stress; Back end equipment 

o The high-pressure turbine bypass valve can 
control the rate of pressure rise and hence the 
rate of temperature rise in the boiler drum. This 
control is crucial in reducing thermal stresses 
in the drum. 

loss of life loss of life turn down 
Furnace implosion/ Thermal stress Acid dew point condensation 
explosion at back end 
Flame scanning/ Solid-particle erosion Water chemistry monitoring; o The boi ler can continue to operate during a 

turbine trip that results, for example, from loss 
of electrical load. In a conventional arrange
ment, a turbine trip wou ld also lead to a boiler 
trip because the boiler would continue to pro
duce steam and the boi ler pressure would be
come excessively h igh.  Therefore, the bypass 
system, which al lows continued boi ler oper
ation, provides for faster unit startup after a 
turbine trip .  

monitoring chemical cleaning 
Burner and Vibration during Distortion/internal rubbing 
pulverizer turndown startup/shutdown of boiler feed pump 
Mi l l  fire/explosion Turbine seals 

component conditions at h igh temperatures 
and pressures or high thermal stresses 
(RP1893). The analyzer monitors critical boiler 
components, evaluates cumulative creep/fa
tigue damage, and calcu lates l ife expenditure. 
Utilities can use it as a guide to maximize boiler 
l ife. Combustion Engineering, Inc., is devel
oping this device for EPRI and is demonstrat
ing a prototype at the Ravenswood plant of 
Consolidated Edison Co. of New York. Figure 4 
i l lustrates the monitoring points. 

In another project, Westinghouse Electric 
Corp. set up a data acquisition system at Com
monwealth Edison's Col l ins Unit 5 for the anal
ysis of metal temperatures in cyc l ing turbines 
and boilers (CS-3800). Researchers mon
itored a total of 249 variables continuously for 
1 5  months. Using the col lected data, project 
personnel ran an extensive boiler model to 
study transients in cycling operation. 

Turbine considerations 

Apart from differential expansion and rotor vi
bration, transient thermal stresses in the large 
high-temperature components (particularly 
the turbine rotor) is recognized as the most 
critical l imitation. Turbine thermal stresses re
sult, in part, from different rates of temperature 
change between the boiler and the turbine 
over time. For example, after shutdown the 
boiler cools at a faster rate than the turbine. 
When the unit is restarted , the init ial steam 
temperature is lower than the turbine metal 
temperature. Later in the startup sequence, 
the steam temperature may become exces
sively h igh in comparison with the turbine 
metal temperature. These temperature differ
ences produce thermal stresses in the turbine. 
On-l ine turbine thermal stress analyzers (simi
lar in concept to the EPRI boiler stress ana
lyzer) are now commercially avai lable. 

Allowing steam to bypass the turbine during 
startup may be an effective measure against 
undue thermal stresses in cyclic turbines. 

Cooling-tower freezing 

Turbine bypass systems improve operation in 
the following ways. 
o Steam flow is established in the reheater 
early in the startup; control of the firing rate is 
thus l imited by the allowable rate of drum heat
ing rather than concern for reheater protection. 
This procedure reduces overall startup time. 
o Steam from the boiler is not admitted into the 
turbine during startup while the steam tem
perature is much lower than the turbine metal 
temperature. This procedure min imizes the 
temperature difference that can reduce tur
bine component l ife. 
o Corrosive agents produced in the super
heater and reheater tubes exfoliate during 
startup. Carried by the steam to the turbine, 
these agents can cause erosion of turbine 
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An earlier project compared costs and 
cycling performance of generating un its with 
and without bypass systems (RP1 879-1 ) .  An 
important finding was that design features and 
operating practices greatly influence bypass 
system effectiveness in reducing startup times 
and costs. The follow-on effort to that study 
assesses the quantitative benefits of bypass 
systems (RP1 1 84-3). This project explores the 
causes of high startup costs by combining 
field measurements on un its with and without 
bypasses with dynamic computer analyses of 
plant transients. The project wi l l  identify cor
rections to operating practices and equip
ment l imitations that could save significant 
startup costs and min imize component life 
expenditure. 
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Figure 4 The boiler stress analyzer monitors critical boiler components, evaluates cumulative creep/ 
fatigue damage, and provides operation limits to avoid excessive stresses. This is an example of the mon
itoring points for a typical header cross section, such as the headers for the horizontal superheater outlet, 
the superheater pendant outlet, and the reheater pendant outlet. 
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Balance-of-plant considerations 
Waterside corrosion, exacerbated by deterio
rating water quality, is another major problem 
that results from cycl ing operation. Oxygen 
infi ltration and deposition of si l ica, copper, and 
iron cause corrosion, and this is particularly 
evident at low loads. Areas in the water-steam 
cycles that require review are the feedwater, 
boi ler water, steam, condensate, and makeup 
water. One ongoing project that evaluates the 
effects of cycl ing operation on corrosion prod
uct transport to the water-steam cycle is 
RP1 1 84-9. NWT Corp. is tracking the transport 
of corrosion products through the water-steam 
cycle at Florida Power & Light Co.'s Port Ever
glades station (a cycl ing plant) by taking ex
tensive samples for water chemistry analysis 
at selected locations. Recommendations wi l l  
be developed for curtai l ing the transport of 
corrosion products during cycl ing operation to 
reduce boiler and turbine corrosion-related 
fai lures. 

A planning study on the integration of envi
ronmental controls i n  cycl ing fossil fuel plants 
has just been completed (RP1 1 84-6). Th is 
study analyzes all the critical issues resulting 
from the cyclic and turndown operations of 
plant emission control equipment. Optimal 
operation of electrostatic precipitators and 
802 scrubbers, fly ash handl ing equipment, 
and control of reagent feed in wet scrubbers 
are among some of the key concerns. The 
study outlines R&D for each critical issue and 
a technical plan for follow-on work. 

The development of the modular modeling 
system (MMS) has resulted in a computer 
code that can model thermodynamic and 
control processes for dynamic analysis of 
plant performance under cycl ing conditions 
(RP1 1 84-2). The current MMS l ibrary has more 
than 60 modules representing d ifferent fossil 
fuel and nuclear plant components. All mod
ules are self-contained and can be inter
connected to represent any specific plant 
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configuration. Actual util ity applications of 
MMS range from steam attemperation control 
to the model ing of an entire coal-fired un it. 

Further R&D with MMS includes simulation 
of low-load operation i n  a fossil fuel plant 
(RP1 1 84-1 1 ) , an interactive and color graphic 
plant analyzer (RP1 1 84-12) , and air/gas dy
namics (RP1 1 84-15) .  The analyzer, which con
tinuously displays al l  key variables on a CRT, 
al lows plant operators to observe and better 
understand plant processes (EPRI Journal , 
December 1 984). 

Strategies and guidelines 

Analytic tools, such as the MMS, are useful in  
evaluating different startup strategies for cy
cl ing operations .  They can assess relative 
plant performance, as wel l  as the economic 
advantages and technical l imitations of the 
strategies. Under EPRI contract, Babcock & 
Wilcox Co. is now developing such a tool 
(RP1 1 84-4) . A plant model constructed by 
MMS simulates the effect of different operating 
strategies, which can be compared by using a 
cost function representing both short- and 
long-term cost penalties. EPRI has in itiated a 
follow-on effort to develop an on-l ine startup 
adviser that can recommend startup pro
cedures based on calcu lated conditions and 
estimated costs. The result wi l l  be a prog ram 
compatible with personal computers. EPRI is 
soliciting interested util it ies to host demonstra
tions of this on-l ine startup analyzer. 

EPRI has recently launched a major pro
gram to complement all ongoing cycling
related projects. A team representing util ities, 
manufacturers, and architect-engineers wi l l  
be selected to develop strategies and guide
l ines for converting a baseload fossil fuel un it 
to cycling duty. The project wi l l  be carried out 
in two phases. Phase 1 ,  planning and devel
opment, will consist of several steps. 
o Selection of un it and future cycl ing sce
narios 

o Identification of plant components affected 
by cycling 

o Inspection of current conditions and field 
testing to determine cycl ing effects 

0 Determination of operating and mainte
nance strategies and equipment design 
changes necessary to mitigate cycl ing effects 

o Evaluation and cost-benefit analysis of the 
changes 

o Selection of the projects and implementation 
schedules for the unit 

o Production of a generic set of guidelines for 
cycling conversions 

In a later demonstration phase (phase 2), 
the host util ity will implement the selected 
strategy, and EPRI wi l l  monitor and assess un it 
performance. 

Forecasts indicate that the rate of load 
growth for the util ity industry wi l l  remain low 
throughout the decade. Cycl ing operation of 
fossil-fuel-fired plants will therefore be essen
tial for most uti l it ies. 

A workshop held in  November 1 983 in 
Chicago attracted more than 200 industry 
representatives. Participants identified major 
technical issues associated with cyc l ing oper
ation and provided input to EPRI R&D. Future 
work wi l l  emphasize such key areas as water 
chemistry, back end optimization, variable
pressure operation, boi ler turndown, turbine 
and auxil iary equipment operation at low load, 
and heat rate improvement at low load. In 
particular, the conversion demonstration wi l l  
bring together a well-balanced team from util
ities, architect-engineers, and manufacturers 
for a thorough study of conversion of baseload 
units to cycl ing operations. EPRl 's goal is to 
develop recommendations and guidelines for 
reliable and efficient operation of cycl ing fossil 
fuel plants. Project Manager: Frank Wong 
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PLANT ELECTRICAL 
SYSTEMS AND EQUIPMENT 

Power plant electrical reference book 

Useful results of EPRI projects, in the form of 
both hardware and software, are becoming 
available i n  an ever increasing stream. It 
shou ld  be of considerable value to the uti l it ies 
to capture the essence of th is  work i n  a more 
concentrated manner for quick and easy refer
ence by those who have to apply this informa
tion. This has been done in the overhead l ines 
area through publ ication and periodic revision 
of the highly regarded set of EPRI transmission 
line reference books. I n  a simi lar manner, the 
Power Plant Electrical Reference Book is 
being developed to bring together the results 
of EPRI research in this area. In  addition 
to a compilation of up-to-date technical in
formation from many scattered sources, this 
reference wil l be of value to power plant per
sonnel (RP2334). 

In  the past, several electrical equipment 
manufacturers publ ished reference books that 
dealt with specific technical areas-for exam
ple, Electrical Transmission and Distribution 
Reference Book, published by Westinghouse 
Electric Corp. ,  and Industrial Power Systems 
Handbook, published by General Electric Co. 
Many util it ies state that reference books such 
as these have been very useful in  making deci
sions on design, system planning,  and pre
ventive maintenance and in deal ing with plant 
emergencies. Unfortunately, this practice by 
manufacturers to publ ish or update reference 
books in the electrical power apparatus field 
has essentially ceased, mainly for economic 
reasons. 

A comprehensive and up-to-date reference 
book can save util it ies time and money in many 
ways, such as the following. 

o Prevention of forced outages through proper 
installation, application, and protection of sta
tion auxi l iary equipment 

o Recognition of potential problems and their 
prevention 
o Suggestions for maintenance methods to 
ensure trouble-free equipment operation 

o Reduction in equipment installation time and 
expense 

o Proper specification of equipment being or
dered 

o Better coordination and integration of sys
tem components 

The objective of the project is to develop a 
practical reference book that wi l l  be useful to 
power plant site and other utility personnel in 
dealing in a timely fashion with everyday prob
lems associated with various electrical hard
ware (e.g . ,  motors, generators) and various 
electrical phenomena (e.g . ,  subsynchronous 
resonance, bus transfer, grounding) .  The 
book's 15 chapters wi l l  cover the following 
topics. 

1. Electric generators 
2. Power transformers 
3. System planning 
4. Electrical wire and cable 
5. G rounding and l ightning protection 
6. Electric motors 
7. Switchgear, unit  substations, motor 

control centers, and generator circuit 
b reakers 

8. Station protection 
9. De systems 

10. Electrical control and instrumentation 
1 1 .  Cathodic protection 
12 .  Electric pipe heating 
13. Communications 
14. Electrical noise reduction 
15. Plant improvement and modification 

A uti l ity survey determined the various top
ics to be included in the book. A literature sur-

vey of the detailed information has also been 
completed. At present, the writing of the vari
ous chapters is in  progress. A utility review 
committee has been set up to monitor the 
project to ensure that the final product is in 
tune with the needs of uti l ities. Project Man
ager: D. K. Sharma 

Improved motors for utility applications 

The Industry Assessment Study conducted 
under phase 1 of this project was reported in 
the December 1 982 issue of the EPRI Journal. 
(RP1763-1 ) .  The IAS reported fail u re data on 
4797 power plant motors, and fai l u res were 
categorized by motor components. Data anal
ysis identified three broad areas for further re
search :  motor data collection and operational 
improvements, motor technology, and motor 
application. Motor technology improvement 
efforts include work on bearings, stator wind
ings, and squirrel cage rotor windings. Motor 
application improvement efforts include stud
ies on bus transfer; conveyor, pulverizer, and 
fan drives; and the effect of harmonics on mo
tors. Work in these research areas is being 
done by General Electric Co. (RP1763-2). 

The data analysis does not cover all the mo
tor data that were received. Data were also 
received on an additional 1515 motors, and an 
analysis has now been made of the entire data 
base, which includes 65 uti l it ies, 1 68 gener
ating units, and 6312  motors. This analysis wi l l  
be published in early 1 985. 

Work continues in the area of motor tech
nology and motor application improvements. 
The bus transfer studies are nearing comple
tion, and a report is expected in early 1 985. 
This effort includes high-speed and soft ( in
phase) bus transfer studies, as well as the ef
fect of adjustable speed drives. 

To better determine insu lation impulse volt
age characteristics, short-time breakdown 
tests are being conducted on representative 
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turn-to-turn and ground wall insu lation, using 
d i rect voltage, 60-Hz alternating voltage, and 
impulse voltage. Formed coils wi l l  be fabri
cated ,  selectively subjected to voltage aging,  
and tested for dielectric strength when sub
jected to impulse voltage. A method of calcu
lating voltage distribution in a stator winding 
exposed to impulse voltage has also been de
veloped. Results of al l th is work wi l l  be pub
l ished in early 1986. 

The application of belt conveyor drives, coal 
pulverizer drives, and high-inertia fan d rives 
requires careful motor-load coordination. 
Studies are being conducted to produce rec
ommended practices, possible areas of in
creased efficiency from the refinement of 
specifications, design impact, and the appl i
cation of new drive concepts. This  work is ex
pected to be completed by early 1 986. 

The impact of harmonics on motors is also 
being studied to provide data on the degree to 
which harmonics affect motor l ife and perfor
mance. 

The IAS identified rotor problems as one of 
the causes of failure. To address this issue, 
work is under way to improve the state of the 
art in  rotor thermal prediction techniques. 

Forty-one percent of the motor fai lures ana
lyzed in the !AS were bearing-related. Of the 
total number of bearing-related failures, nearly 
40% were attributed to sleeve bearings and 
20% to bearing seals and oi l  leakage. Because 
bearing-related failures were the largest single 
contributor to the motor fai l u res reported, work 
is under way to study horizontal motor sleeve 
bearings and seals as a means of improving 
motor reliabil ity. A review has been completed 
on the state-of-the-art in motor sleeve bearings 
and seals. Areas for improving bearing reli
ability have been identified, particularly in the 
lubrication systems of sleeve bearings. The 
entire work on sleeves and bearings wi l l  be 
reported to the util ity industry i n  early 1986. 
Project Manager: D. K. Sharma 

Generator standstill 
frequency response tests 

Substantial benefits could accrue to a uti l i ty if 
it could safely reduce excessive stabil ity mar
gins by as litt le as 2%. These margins are de
termined after conducting transient stability 
analyses of the system. The accuracy of these 
stability studies is d i rectly related to the qual ity 
of the transient models of the generators used 
in the analysis. To confirm the transient param
eters for large synchronous generators, f ield 
tests must be conducted on the equipment. 
Until now field test procedures have not been 
endorsed by most uti l it ies. 

What is needed is a standard method to de
termine machine parameters d irectly from field 
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tests. Hence, the objective of this project 
(RP2328) is to develop such response tests, 
starting with those developed under RP997; 
these tests wi l l  be coordinated with the verifi
cation testing of a representative sample of tur
bine generators. 

Comprehensive field testing is being con
ducted at several util ities. Prior to unit startup 
after an outage, standsti l l  frequency response 
tests are conducted on the generator. When 
the unit is up to synchronous speed , a number 
of stator decrement tests are performed . Both 
these sets of data are being evaluated to de
termine the . l imits of correlation between the 
two methods of field testing .  

I n  addition to confirming f ie ld test methods, 
one of the uti l it ies will be comparing the results 
of an earlier EPRI research project (RP1288) 
with the f indings of RP2328. This will establ ish 
a correlation between field test results and cal
culated results, which were obtained from 
three-dimensional f inite element analysis tech
niques using the detailed geometry of the gen
erator. Preliminary results should be available 
during the latter part of 1 985 so uti l it ies can 
determine which of the various testing and 
analytic techniques is acceptable  for their pur
poses. The project is scheduled for com
pletion at the end of 1986. Project Manager: 
James S. Edmonds 

DISTRIBUTION 

Surge arrester tester 

Since our last status report (EPR! Journal, Oc
tober 1 983) on this project to develop an in
service surge arrester tester (RP2004), Wis
consin Electric Power Co. used a prototype 
tester to survey distribution l i nes, and the re
sults were encouraging. During the course of 
the field trial, WEP identified two defective ar
resters and located a number of other abnor
mal conditions, such as cracked insulators 
and loose hardware. 

Thus it appears that this device (Figure 1 )  
has the capabil ity to identify a broader range 
of abnormal conditions than our original objec
tive included. Although radio i nterference (R I )  
detection instruments can detect items like 
cracked insu lators and loose hardware if the 
radiated interference is great enough, our 
tester differs from such equipment in  a number 
of s ignificant ways. Great sensitivity and direc
tivity are built into this convenient-to-use, 
hand-held instrument. It is based on a unique 
technology to convert the received electro
magnetic radiation into easily interpreted au
dio and visual indications. The cost of the de
tector wi l l  be far less than that of conventional, 
vehicle-mounted R I  detection equipment. 

We are now producing prototypes for ex-

Figure 1 Although the final production version will 
be slightly different, this illustrates the physical fea
tures of the tester. The directional antenna has a di
ameter of 12 in (305 mm). The battery can be re
charged by using the cigarette lighter socket of a 
car or truck. 

tended evaluation by eight uti l it ies. We believe 
a six-month trial period should be long enough 
for bugs to appear and for the utilities to evalu
ate performance. Following this period, any 
needed or desirable modifications will be 
made, and the detector will be avai lable
probably in the third quarter of 1 985. Project 
Manager: Herbert Songster 

Advanced tree-trimming equipment 

Electric util ities must trim trees to maintain 
proper l ine clearances, thereby preventing 
service interruptions. An estimated $500 mi l 
l ion is spent every year on this activity. Be
cause tree trimming is labor intensive, reduc
ing labor could result in  substantial cost 
savings to the uti l it ies. 

An earlier EPRI study determined that tree
trimming productivity could be improved by 
reducing the amount of time required to set up 
for a cut (RP1 780-1 ). This current project is to 
develop advanced tree-tr imming equipment 
that wil l  speed setup time for a cut, which 
could improve productivity by 20% or more 
(RP2358). The devices being developed are a 
pantograph-supported telescopic pole saw for 
a mechanized tree-tr imming crew, and engine-



powered, cl imb-crew tools and a rope thrower 
for a cl imbing tree-trimming crew. 

The pantog raph-supported telescopic pole 
saw wil l  be mounted on a bucket truck The 
pantograph will support the weight of the 
boom holding the pole saw, allowing a person 
to handle a longer pole without having to sup

port its weight. The pole's telescopic construc
tion provides greater flexibi l ity in making cuts 
both close to and a distance away from the 
bucket. Hence, productivity is increased by 
not having to reposition the bucket as often, as 
well as by the ability to make cuts from a posi
tion previously unreachable by the bucket. 

The engine-powered c l imb-crew tool and 

rope thrower are intended to speed the activity 
of a tree-cl imbing crew. The rope thrower wi l l  
reduce substantially the number of tries 
needed to place a safety l ine before the indi

vidual cl imbs the tree. I n  addition, the rope 
thrower should be able to place the l ine higher 
in the tree than a person cou ld hope to throw 
the rope. 

The engine-powered c l imb-crew tool com
prises a small gasoline engine to power a l ift
ing device that places the individual in the tree, 
a pruner, and a small chain saw. These power 
tools wi l l  l ift and cut more quickly than crews 
performing the same functions manual ly, thus 
increasing c l imb-crew productivity. Project 
Manager: Harry Ng 

Transient and midterm stability 
Power systems have grown larger and inter
connections between utilities have grown 
more complex in recent years. Therefore, the 
need has increased for power system plan

ners and operators to analyze power system 
transients after the sudden loss of l ines or gen
erators. Experience indicates that the effects 
of such disturbances on large systems are 

widely felt for as long as several m inutes. 
However, traditional analysis programs have 
been designed to be accurate for about 1 0  
seconds o r  less. 

The goal of this research project is to de
velop a program that would extend the period 
of analysis by adding models of equipment 

that come into play during disturbances up to 
5 minutes long (RP1 208). A second objective 
is to reduce the required computer time to ac
ceptable levels (computer time of 1 hour per 

second of model time is not unusual ) .  The 
new program is based on the transient/ 
midterm program developed under RP745 
and other work done in RP670 and RP763. 

New features include an improved, two
terminal de transmission l ine model ,  as wel l  as 
improved machine and auxi l iary models. An 
enhanced output analysis package has also 
been developed. A new uniform frequency al-

gorithm is expected to keep computer use 
times within acceptable l imits. 

Host uti l ity testing began in December 1 984 
and wi l l  be completed by mid 1 985. Six uti l it ies 
are involved in the testing: Consumers Power 
Co. ,  Ontario Hydro, Pacific Gas and Electric 
Co., Phi ladelphia Electric Co., Publ ic Service 
Co. of Ind iana, and Western Area Power Ad
min istration . Boeing Computer Services Co. 
and Ontario Hydro are providing support to the 
IBM and VAX versions of the program, re
spectively. After any necessary modifications, 
the program will be avai lable for distribution 
through the Electric Power Software Center. 
Project Manager: John Lamont 

Harmonic analysis software 
Harmonics are voltages and currents at fre
quencies above 60 Hz (integral mu ltiples) that 
cause distortion of the standard sine wave and 
do not decay over time. Harmonics are caused 
by nonlinear loads, such as rectifiers, variable

speed motor drives, saturated transformers, 
and HVDC terminals-types of devices exist
ing today and becoming more prevalent. 

Utilities are increasingly concerned that har
monic levels in transmission and distribution 
systems are becoming unacceptably large. 
Customer nu isance complaints, excessive use 
of capacitor bank fuses, and capacitor bank 
damage are often traced to harmonic sources 
that may be far away from the problem area. 
Qual ity-of-service questions are raised when 
large industrial customers replace old motors 
with harmonic-causing modern machinery. 

Since early 1 984 EPRI has been distributing 
a computer program, HARMFLO, that simu
lates the creation and propagation of har
monics in balanced three-phase systems (the 
January /February 1 984 issue of the EPR! Jour
nal discusses HARMFLO). In that time many 
utilities have successfu l ly used HARMFLO for 
analysis of harmonics on their transmission or 
distribution systems. 

After completion of the initial project 
(RP1 764-7), EPRI in itiated a fol low-on project 
(RP2444-1 )  with Purdue University and M inne
sota Power & Light Co. (MP&L) to remove 
several program restrictions and validate 
HARMFLO predictions against field test re
sults. As a result, a new version (version 3. 1 )  of 
the program wi l l  be avai lable from the Electric 

Power Software Center in the first quarter of 
1 985. The new version d iffers from version 1 .0 

in its modeling capabil ity ( 1 2-pulse converters, 
HVDC controls, and zero-sequence models 
were added), efficiency, and size (1 00-bus 
studies are now possible) .  

Field tests have been recorded on the MP&L 
system, where harmonics were injected into 
the power system by means of monopolar and 
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filterless operation of an HVDC line. Pre
l iminary agreement between HARMFLO re
sults and field tests has been quite good 
(within 1 0%),  especially considering the rela
tive crudeness of the model used . In other 
tests sponsored by uti l it ies, good correspon

dence with field tests was also achieved, but it 
was found that the load models used had a 
profound effect on the results. Documentation 
of field test comparisons is slated for publica
tion in mid 1 985. Project Manager: James V. 
Mitsche 

TRANSMISSION SUBSTATIONS 

Semiconductors for 
EHV switching stations 
Because of the smal l ,  but sti l l  finite, resistance 
losses of all semiconductor devices whi le con
ducting, it is not considered economical to 
apply them in series with power l ines in l ieu of 
mechanical breakers. However, it is a distinct 
possibi l ity that a parallel combination of a 
semiconductor switch and mechanical breaker 
might well combine the advantages of both 
and, at the same time, reduce the ruggedness 

required of either when used alone. 
Two objectives were pursued by General 

Electric Co., the contractor in this investigation 
(RP1 51 1 -2) The fi rst of these started with mod
eling to investigate some of the ways in which 
a surge device should differ from a normal de

vice (and package). Development was then 
carried on to obtain the desired doping profiles 
specified by the model ing .  Th is was fol lowed 
by further process development to achieve 

defect-free devices of sufficient area (50-mm 

diam). In a second facet of the work, asym
metric and symmetric thyristor operations 
were modeled to determine the conditions 
suitable for application of each. 

The necessary doping profiles for asym

metric thyristors were attained, but devices of 
sufficient area did not survive breakdown 
tests. Although g ross crystal defects devel
oped in the early runs were el iminated, re
sidual defects (principal ly at the wafer edges) 

resulted in the large-area 5-6-kV devices hav
ing maximum breakdown voltages l imited to 

1 000 V. Cutting the large wafers into 5-mm
square chips resulted in a significant number 

of smal l devices that achieved the theoretical 
maximum of 6.5 kV. 

Design trade-offs of asymmetric and sym
metric thyristors at operating voltages from 5 
kV to 20 kV over a temperature range of - 200 
to 1 25°C were modeled in surge and steady
state operation. This showed that in applica
tions where equal forward and reverse block

ing capability is required, it is better to have two 

5-kV symmetric thyristors than one 1 0-kV asym-
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metric thyristor in series with a 1 0-kV diode. 
The work reported here has no immediate 

effect on util ity operations. However, along with 
RP669-1 and -2 (EL-932, EL- 1 349, EL-3643), it 
represents continuing progress in model ing 
and fabrication of l ight-triggered thyristors with 
lower losses and concomitant lower operating 
costs. Overal l ,  HVDC converters have bene
fited significantly over the years from earlier 
work. It is probable that continuing future 
benefits wi l l  become apparent for HVDC, 
breakers, and possibly VAR generators. Addi
tional work i s  being carried out under RP2443. 
Project Manager: Gilbert Addis 

OVERHEAD T RANSMISSION 

Wood pole structure design 

In terms of the number of structures, wood is 
by far the dominant material used for trans
mission and distribution structures in the 
United States. However, wood exhibits highly 
nonl inear material behavior, as wel l  as wide 
variations in strength and stiffness character
istics, even within a given species. 

The impact of this variab i l ity in the character
istics of wood on the design of wood trans
mission and distribution structures is substan
tial. The variation in characteristics is usually 
accounted for by the selection of conservative 
design loads, load factors, and average mate
rial properties on the basis of field experience. 
This field experience is  embodied in the Na
tional Electrical Safety Code and individual 
utility loading agenda. 

This  approach to design has worked wel l  in 
min imizing the number of fai lures in the f ie ld, 
but the apparent rel iabi l ity has been at the ex
pense of possible overdesign of the structures 
in the line. This deterministic approach does 
not permit an evaluation of the probabi l ity of 
l ine fai lure, of the actual strength of a l ine at 
any given point in the useful l ife of the line, or 
of the relative efficiency of one design over 
another. The development of rel iabi l ity/prob
abi l ity-based design theory and associated 
methods in recent years promises to make it 
possible to quantify the rel iabi l ity of a given l ine 
design or l ine component. 

Over the past six years the task of the EPRI 
project on the probabil ity-based design of 
transmission l ines (RP1 352) has been to con
vert the theoretical bases of probabi l ity design 
into a practical tool for transmission l ine de
sign. A number of efforts have been ongoing. 
0 Definition of methods and concepts in a form 
usable by uti l i ty engineers 

o Definition of loads and resistance data nec
essary to implement probabil istic methods 
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o Expansion of the transmission-size wood 
pole data base through ful l-scale pole testing 

o Development of nondestructive evaluation 
techniques to determine material character
istics of wood poles 

The Guide for Reliability-Based Design 
(RBD) of Transmission Line Structures, now in 
draft form, is comprehensive, inc lud ing design 
methods, load-producing phenomena, mate
rial and structural resistance data, and anal
ysis methods. The Guide will be a valuable 
document in industry efforts to incorporate 
probability /rel iabi l ity methods into design 
codes. It also provides util ity engineers with a 
single source on rel iabi l ity design methods, 
which should lead to broader use of RBD 
within the industry. 

As a part of RP1 352, studies have been 
completed that add ress the definition of wind 
and ice-loading phenomena required by RBD 
methods. The results of  these studies have 
been included in the sections on the influence 
of geographic and local topographic variation 
on wind speed,  determination of wind speeds 
from annual extremes, avai lable sources of 
wind data, development of a local wind-speed 
data base, and combined loading by wind and 
ice. A review process is now beginning,  and 
the Guide will be publ ished in mid 1 985. 

To implement the methodology in the Guide, 
data on loads and strengths are needed. For 
example, the avai lable data on the strength of 
new and in-service wood poles were very l im
ited at the beginning of the project. This led to 
the implementation of full-scale wood pole 
tests. With uti l ity cooperation, a pi lot test pro
gram was in itiated to determine if the reduction 
in fiber stress with time in service could be 
quantified. Approximately 225 poles were 
tested to destruction in the Research Institute 
of Colorado's wood-testing laboratory. This ful l
scale testing greatly expanded the existing 
data base of strength characteristics of wood 
poles, but development of a nondestructive 
evaluation (NDE) method to determine wood 
pole strength and stiffness characteristics re
quired additional correlation between charac
teristics determined through full-scale de
struction testing of poles and parameters 
determined through nondestructive pro
cedures. 

Through the support of the Southern Pres
sure Treaters Association, the Western Wood 
Preservers Institute, and the Western Red 
Cedar Association, a total of 390 new southern 
pine, Douglas fir, and western red cedar poles, 
plus transportation, were donated to the 
project by pole suppl iers .  These poles were 
subjected to extensive NDE testing and then 
tested to destruction. Th is testing is complete, 

and the data wi l l  soon be formally avai lable. 
Extensive evaluation of these test data led to 

the development of two NDE procedures. The 
first NDE method is based on measurements 
of the time of travel of sound through a wood 
pole. The hardware and technical support 
necessary to use this method are commer
cially avai lable to utilities today. This NDE pro
cedure accurately predicts the frequency dis
tribution of material strength for poles in a 
group of poles or in an entire l ine ;  however, the 
strength of ind ividual poles cannot be deter
mined by this method. 

TechWare of Fort Col l ins, Colorado, has de
veloped a state-of-the-art device called a sonic 
wave processor to accurately measure the time 
of travel of an induced sound wave through a 
wood pole or wood member (Figure 2). 

The sonic wave processor is a user-friend ly  
device, programmed to d isplay a step-by-step 
sonic test procedure. Time of sound wave 
travel ,  velocity, and dynamic modulus of elas
ticity can be evaluated with this device. The 
NDE data resulting from the sonic tests are 
stored (up to 1 00 tests) for later retrieval by 
computer or for printout. The microprocessor
based son ic wave processor is a sophisti
cated, yet simple-to-use, NDE device for as
sessing the strength of a g roup of wood poles 
in service. 

Figure 2 This sonic wave processor for testing the 
integrity of wood transmission poles is user-friendly 
and includes a step-by-step procedure; the time of 
sound wave travel, velocity, and dynamic modulus 
of elasticity can be measured and evaluated on 
site. 



The second NOE procedure developed, the 
sonic waveform method, uses the modification 
of son ic waves as they travel through the wood 
pole to determine the strength p roperties of an 
individual pole. This far more powerful NOE 
procedure has the potential to accurate ly 
grade wood poles according to strength and 
to rap id ly and accurately determine the 
strength of in-service poles. On the basis of 
prel imi nary evaluations, it is reasonable to ex
pect the sonic waveform NOE method wi l l  p re
dict the fiber strength of a pole with in 
500-1 000 psi (34-69 MPa) To bring this NOE 
procedure out of the laboratory requ i res more 
correlation effort between the sonic waveform 
NOE data and test-to-fai l u re data for new wood 
poles. Additional NOE data, ful l-scale pole 
tests to destruction, and correlation effort are 
required for in-service poles. 

Differences in  c l imatic conditions are an im
portant parameter in determining the variation 
in the strength of a transmission l ine or pole 
with time; therefore, cal ibration data are re
quired to account for local conditions and 
specific species when a uti l ity uses the t ime-of
travel NOE method as part of a wood pole 
management prog ram. 

F:LECTRIC/\L SYSTEMS DIV IS ION R&D STATUS REPORT 

The need of the EPRI project for additional 
in-service wood pole data in  the sonic wave
form NOE method and the need of uti l it ies for 
calibration data in  a wood pole management 
program can both be satisfied with a com
bined test effort that provides all the data 
needed by both parties at cost savings for 
each. 

Through Eng ineering Data Management, 
Inc , a util ity can arrange for in-service poles to 
be tested to destruction to provide the local 
cal ibration data needed by the t ime-of-travel 
NOE method. This effort would be part of a 
uti l ity wood pole management program. As 
part of the basic pole test, additional mea
surements and NOE parameters would be 
recorded for evaluation/correlation in  support 
of the development of the sonic waveform NOE 
method. The total cost of  testing to the uti l ity is 
$250 per po le ,  p lus the cost of sh ipp ing the 
poles to the Research Institute of Colorado ( es
timated to be $ 1 00 per pole). The utility fund
ing covers the d i rect cost of testing the wood 
pole to failure and the acquisition and reduc
tion of data that are necessary to use the time
of-travel NOE method. EPRI fund ing of approx
imately $450 per pole supports ind i rect test 

cost, acquisit ion of additional NOE data, and a 
correlation effort to develop the sonic wave
form NOE method. 

The immediate benefit to the uti l ity is acqui
s it ion of cal ibration data requ i red to track the 
strength (rel iabi l ity) of an in-service l ine with 
time. I n  addit ion, the uti l ity wil l have the local 
cal ibration data necessary to use the sonic 
waveform NOE method to determine the fiber 
strength of individual poles when th is method 
is fully developed. Both benefits to the uti l ity 
are at the cost of obtain ing the local cal ibration 
data for the t ime-of-travel NOE method. 

The EPRI goal is to have sufficient new and 
in-service wood pole correlation data avai lable 
so that development of commercial sonic 
waveform NOE hardware can beg in  near the 
end of 1 985. 

RP1 352 has made s ign ificant p rogress in 
developing the documentation, data base, 
and computer software to implement p robabil
ity-based design methods for transmission 
l ines. I n  addition, the p roject is developing 
NOE methods to accurately determine the 
strength of l ines and ind ividual poles, which 
hold the potential of s ign ificant cost savings to 
uti l it ies. Project Manager: Paul Lyons 

EPRI JOURNAL March 1985 51 



R&D Status Report 
ENERGY ANALYSIS AND ENVIRONMENT DIVISION 
Rene Males, Vice President 

UTILITY COSTS FROM AIR 
QUALITY MODELING UNCERTAINTY 

Air quality dispersion modeling has been in
creasingly used in support of regulatory deci
sions and policies regarding the level of emis
sion control for fossil fuel power plants. Much 
of this use has stemmed from the statutory re
quirements established by air quality control 
agencies for the national, state, and local lev
els under the Clean Air Act Amendments of 
1970 and 1977. Dispersion models as instru
ments of regulatory policy have provided a 
quantitative basis for expensive decisions af
fecting the electric utility industry and its cus
tomers, such as determining precise limits on 
pollutant emissions for a specific point source, 
the acceptability of a new source in a given 
area, and emission controls for a wide variety 
of sources in a region. Uncertainty and a lack 
of precision in these models have created con
siderable costs for the utility industry and its 
customers. To compensate for model uncer
tainty, utilities have been forced to adopt con
servative and costly assumptions and also to 
collect large quantities of ancillary information. 
EPRI is sponsoring research to document util
ity experiences and costs associated with 
model uncertainty and to suggest where 
model improvements would be of greatest 
benefit to the industry and its customers 
(RP2309). 

In most cases EPA-approved Gaussian mod
els are required for use in response to regu
latory issues. These models are subject to un
certainties because they do not represent the 
many complexities actually found in the field. 
Among the major weaknesses of Gaussian 
models are that they assume constant mete
orologic conditions in both t ime and space, 
and they assume un iformity in the wind and 
dispersion fields. 

Because regulatory agencies usual ly insist 
that apparent margins of compl iance between 
model predictions and the allowable air quality 
goal or regulatory l imit be positive, the use of a 
model that may be inappropriate for a particu-
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lar situation could result in economically ineffi
cient decisions. Further, the requi red use of 
approved or regu latory models places a bur
den on the user to evaluate the performance of 
nonapproved models, which in some cases 
may be more appropriate and may suggest a 
reduced margin of compliance. Th is often in
volves extensive and costly air qual ity and me
teorologic field studies. Thus, an issue of im
portant economic concern to util ities is the 
adequacy of existing regulatory models to de
scribe the dispersion of power plant plumes in 
areas of rough, complex terrain and during 
specialized meteorologic conditions 

Project approach 

The major focus of RP2309 is the study of util ity 
costs associated with air qual ity modeling 
uncertainty. A general objective is to develop 
data on the costs resulting from regulatory 
decisions involving model ing (e .g . ,  emission 
restrictions, control technology) and the costs 
incurred in evaluating or demonstrating the va
l id ity of alternative, more appropriate model ing 
assumptions or techniques. The project ap
proach is to identify and examine specific uses 
of dispersion models in  regulatory proceed
ings and to define the nature of model ing un
certainty in  each case. The results of this 
study-based on actual air qual ity or regu
latory proceedings-wil l be data on the costs 
to the utility industry and its customers from 
responding to l imited models. In add it ion, rec
ommendations regard ing needed model  im
provements wi l l  be made. 

The initial phase of the study has centered 
on questionnaires and personal communi
cations with uti l ity owners of large sources 
throughout the United States. The case studies 
analyzed were l imited to utility boi ler appl ica
tions and to point source l icensing and permit
ting proceedings. Questionnaires were d istrib
uted to a number of util ities around the country; 
under a guarantee of anonymity a total of 20 
responded with information regard ing some 
35 individual cases. 

The questionnaires and initial contacts were 

used to screen the cases and to select those in 
which controversies about model selection or 
model appl ications played a key role in the 
regulatory decision-making process. It was 
also desired to obtain data on a mix of regula
tory issues. Nine cases were selected that 
involved as wide a variety of regulatory and 
technical issues as was possible under the 
circumstances. 

On the basis of the information obtained , 
each situation was classified in terms of the 
specific regulatory issue in question (e.g . ,  pre
vention-of-significant-deterioration permit ap
plication, state-imp lementation-plan revision, 
control technology implementation); the tech
nical modeling issues involved and the topics 
of modeling controversy; and the costs in
curred during the regulatory process and as a 
result of decisions based on modeling appl i
cations. Among the costs considered in this 
study were expenses for required meteoro
logic and/or ai r qual ity monitoring field stud
ies, modeling and data analysis costs, legal 
fees, fuel d ifferential costs, the costs of install
ing pol l ution control technology or of changing 
the proposed characteristics or location of a 
plant, the costs of imposed emission restric
tions, and delay costs. 

Case study results 

Table 1 presents estimates of the costs in
curred by the util it ies in the nine case studies 
as a result of model ing uncertainty. To enable 
meaningful cost comparisons from case to 
case and between categories , al l costs were 
scaled to 1983 dollars. An analysis of the over
all results revealed three cost categories to be 
the most significant: costs entailed by delays 
and the use of alternative fuel suppl ies, costs 
for field studies and ambient air quality mon
itoring studies, and costs for air quality d is
persion model ing studies. 

Costs associated with delays and the use of 
alternative fuel suppl ies (e.g. ,  lower-sulfur 
coal) as a result of emission reductions were 
the dominant cost factor-running in the tens 
of mi l l ions of dol lars. Such costs are un-
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Table 1 
COSTS ASSOCIATED WITH MODELING UNCERTAINTY FOR NINE CASE STUDIES 

(thousands of 1983 dollars) 

Cost Category Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9 All Cases 

Field studies 2,575 0 0 0 0 1 ,862 583 0 0 5,020 

Ambient air 
quality monitoring 0 0 71 8 332 42 0 0 704 94 1 ,890 

Meteorologic 
monitoring 0 0 0 320 0 0 0 0 0 320 

Air quality 
dispersion modeling 0 365 42 6 0 1 20 72 34 20 659 

Model validation 
studies 0 75 42 0 0 0 0 1 19 0 236 

Other studies 0 0 9 0 0 0 65 0 0 74 

Subtotal 2,575 440 81 1 658 42 1 ,982 720 857 1 1 4 8 , 199 

Delays 0 75,000 0 0 0 0 1 5,040 0 0 90,040 

Fuel differential 0 0 0 0 0 70,000 0 2,000 0 72,000 

Total 2,575 75,440 81 1 658 42 7 1 ,982 1 5,760 2,857 1 1 4 1 70,239 

doubtedly the most serious economic con
sequence of modeling uncertainty. Including 
within the regu latory framework models more 
appropriate to such conditions as complex ter
rain and fumigation would help to el iminate 
some of the lengthy and costly delays that can 
result when a source owner must either vali
date a non-EPA-approved model or demon
strate the inappropriateness of a regulatory 
model through a field study or an extensive 
model ing program. 

Field study costs were at least an order of 
magnitude below delay and fuel differential 
costs. In general , the results on field studies 
are fairly consistent and suggest that the cost 
of a field study program can increase substan
tially in  situations with more complex terrain or 
in  situations requi r'1 ng a large number of sam
pl ing locations and a more detailed descrip
tion of meteorology in terms of space and time. 

The costs associated with ambient air qual
ity monitoring studies (Table 2) were generally 
simi lar to field study costs. Again ,  terrain was 
found to be an important factor: monitoring 
costs increased markedly in situations involv
ing extremely rough terrai n .  

In the  two cases in which i t  was necessary 
to relocate air quality monitors, the resulting 
costs were simi lar. I n  case 3 six monitors were 
relocated at a total cost of $718,000 ($120,000 
per monitor); in  case 8 five monitors were relo
cated at a total cost of $417,000 ($83,000 per 
monitor) . The higher cost per monitor in  case 3 
can be attributed to the fact that the monitors 
were relocated to higher terrain during the win-

ter months in order to meet a specific schedule 
under a consent decree. 

The costs associated with ai r quality mod
eling were also generally consistent on a case
to-case basis. Although the cost of modeling in 
a given situation depends on the model ap
pl ied, the number of receptors involved, the 
number of years of meteorology modeled, and 
the choice of various model options, the case 
study results indicate that modeling costs are 
typically in  the tens of thousands of dol lars and 
are relatively minimal in  comparison with other 
factors. Model validation study costs were sim
ilar to the air quality modeling costs. 

An effort was made to determine which is
sues associated with modeling uncertainty 
were of most importance economical ly. Al
though several technical issues surfaced in 
each of the cases examined, there was gener-

ally a dominant issue that governed the course 
of events in each case. 

The findings suggest that over al l the cases, 
plume impingement on e levated terrain was 
the most important technical model ing issue to 
the util ities from an economic point of view. 
There are basically two reasons for the higher 
costs associated with the plume impinge
ment-complex terrain issue. First, this was 
clearly the dominant issue in the cases ex
amined in this study. Second,  costs for field 
studies and air quality monitoring programs 
are sign ificantly increased in complex-terrain 
situations.  

The use of Pasqui l l-G ifford dispersion pa
rameters for describing the vertical depth and 
horizontal width of a p lume under unstable 
(Class A) meteorologic conditions repre
sented the next most costly issue. Following 

Table 2 
AMBIENT AIR QUALITY MONITORING COSTS 

(1983 dollars) 

Case Number of Monitoring 
Number Monitors Duration (yr) Total Cost Cost/Monitor /Yr 

4 8 2 $332,000 $21 ,000 

5 2.5 $ 42,000 $ 1 7,000 

8 3 3 $287,000' $32,000 

*Not including monitor relocation costs 

- - - -- -- -- - - -- "  ---- - --· - - - -- -- - - - - -- ---- --
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this was the issue of fumigation conditions. 
Costs associated with other issues were rela
tively insignificant. 

The importance of this project has been rec
ognized by the Uti l ity Air Regulatory Group. 
UARG has referred to findings from the work 
in its evaluation of the good-engineering
practices stack height regulations recently 
proposed by EPA 

The development and thorough evaluation 
of alternative, more appropriate model ing 
techniques to represent d ispersion in situ
ations involving such conditions as complex 
terrain and fumigation-and the subsequent 
acceptance of improved models into the regu
latory framework-would be instrumental i n  
reducing many of the costs associated with 
modeling uncertainty, in  particular the costs of 
extensive delays incurred whi le areas of con
troversy are debated at length. Although im
proved models would sti l l  be subject to uncer
tainties, they would nevertheless serve to 
reduce reliance on the more conservative as
sumptions and techniques often used to en
sure appropriate margins of safety in devel
oping control strategies. Project Manager: 
Abraham Silvers 

RAIL ROUTING AND COSTING 
SYSTEM FOR COAL TRANSPORTATION 
Current developments in the U.S. trans
portation system, including regulatory reform, 
large-scale railroad mergers, and prospective 
intermodal ownership, require comprehensive 
analysis of alternative coal transportation ser 
vices. This can be a formidable task, particu
larly for planning and exploratory studies in 
which the details of prospective coal move
ments are not sufficiently specified to allow the 
use of standard costing methods. Also, the 
data required to evaluate railroad alternatives 
are not readily available to most coal shippers. 
To help utilities deal with this situation, EPRI 
has developed an analytic tool called the Rail 
Routing and Costing System (RRCS), which is 
available for trial application on a prerelease 
basis. The contractors are CACI, lnc.-Federal 
and the University of Tennessee Transporta
tion Center (RP1219-3). 

RRCS is an easy-to-use, computer-based tool 
for fuel procurement planning. I t  has many 
appl ications-for example ,  determining likely 
rai l road routings and carrier costs; analyzing 
railroad mergers; studying the impacts of rail 
line abandonments; estimating the costs of 
transporting coal by rail from alternative 
sources of supply; and obtain ing up-to-date 
information on rail network structure and costs. 
Although developed primarily for coal trans
portation , the system can be used to conduct 
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similar analyses for any commodity moved by 
rail for an electric uti l ity. 

RRCS consists of five appl ication modules, 
a data base shared by these modules, and a 
system control ler that coordinates the activ
ities of each module .  The capabi l ities provided 
by the modules are shipment routing , rail net
work management, cost analysis, travel time 
analysis, and energy use analysis. RRCS is a 
menu-d riven system .  It displays a series of 
menus offering a list of numbered choices. 
Frequently, a selection wi l l  lead to another 
menu with a new series of choices. 

A typical user wou ld  begin by selecting the 
routing module to route and cost one or more 
coal shipments. After viewing this information, 
the user might turn to the rail network manage
ment module to inspect the individual rail l ines 
covered in the RRCS data base. This module 
can be used to modify the network to fit any 
revised data the user has regarding the net
work. Abandonments, for example ,  are indi
cated by simply deleting the appropriate piece 
of track. The network management module 
also allows the user to add stations and track 
to the network and to modify the character
istics of existing network components. After 
changing the network, the user might return to 

COMMODITY :  UNIT-COAL 

FROM: 
TO: 
KILOTONS : 

JACOBS JCT, W Y  
ST LOUIS , MO 
950 . 00 

T OTAL SUMMARY S TATIS TIC S  

$ /TON HO URS KBTU/TON 

1 8 .  84 3 9 . 0  3 0 1 .  7 8 

DO YOU WANT TO CONTINUE? YE S 

RO UTE TAKEN 

the shipment routi ng module and reroute 
the coal shipments over the modified network. 
In similar fashion, the user can employ the 
costing module to modify the economic as
sumptions that underl ie the route and cost 
determinations. 

Module capabilities 
The shipment routing module is used to route 
one or more shipments through the U .S .  rail
way system. The module determines a route 
for each shipment and calcu lates several im
portant statistics regard ing the route-namely, 
carrier cost, travel time, energy use, and dis
tance. The module can also produce these sta
tistics for a specific route preselected by the 
analyst. 

The results from the shipment routing mod
ule can be displayed at various levels of detail, 
depending on the reporting format selected. 
Three formats are available. The first presents 
the cost and other statistics for the entire route. 
The second presents these statistics and 
describes the route by showing stations and 
carriers. I n  addition to al l  this information, the 
third, most detailed format provides cost, time, 
energy use, and distance statistics for each 
segment of the route. Figure 1 shows an ex-

MILES 

1 1 1 6 .  

JACOBS JCT , WY -- ( BN , CNW) - - DONKEY C REEK,WY -- ( BN, NONE ) 
CRAFORD, NE -- ( BN , NONE ) -- ALLIANCE , NE -- ( BN , NONE ) -
GRAND ISLAND, NE -- ( BN , NONE ) -- AURORA, NE -- ( BN, NONE ) -
S EWARD, NE -- ( BN , NONE ) -- LINCOLN, NE -- ( BN , NONE ) --
TABLE ROCK , NE -- ( BN , NONE )  -- FALLS C ITY , NE -- ( BN , NONE ) -
NAPIER, MO -- ( BN , NONE ) -- ST JOSEPH, MO -- ( BN, NONE ) -
CHILLICOTHE , MO -- ( BN , NONE ) -- BUCKLIN , MO -- ( BN , NONE ) 
MARK,MO -- ( BN , NONE )  -- HANN IBAL,MO -- ( BN , NONE) -
LOUIS IANA , MO -- ( BN , NONE ) -- OLD MONROE , MO -- ( BN , NWS )  
W ALTON , IL -- ( BN , NONE ) -- ST  LOUI S , MO 

DO YOU WANT TO C ONTINUE? NO 

Figure 1 Sample output from the RRCS shipment routing module. In this reporting format, statistics for the 
entire route are presented and the path taken is displayed. Between each pair of stations the name of the 
rail carrier that owns the track is given, along with any carrier that has trackage rights. (The word none 
indicates that no other carrier has these rights.) RRCS can also break down the cost and other statistics by 
route segment if the user needs more detail. 



ample of the format with the intermediate level 
of detai l .  

A considerable amount of economic and en
gineering data is used by RRCS in calculat ing 
rai l transportation costs. Through the cost anal
ysis module the user can inspect these data, 
along with associated economic assumptions, 
and make any changes needed to represent 
more accurately the circumstances of a partic
ular coal movement. The module provides 
these capabil ities for the costs accrued by 
carriers on track segments, at stations, and at 
terminals. Changes made by the user are in
corporated into the cost factors of the RRCS 
rail road data base, which are then used by the 
shipment routing module in  developing route 
and cost information.  

I n  RRCS analyses, routes and costs are 
based on engineering estimates of the ful ly 
allocated costs incurred by rail roads rather 
than on the accounf1ng formulas used i n  Inter
state Commerce Commission proceedings 
(either Rai l Form A or the Uniform Rail Costing 
System). It is generally recognized that regu
latory costs, whi le  having accepted uses, do 
not necessarily measure economic resources 
consumed and may not be appropriate for 
long-term planning. Thus RRCS produces cost 
informaf1on i ndependent from that obtained by 
other methods. For regu latory or ratemaking 
applications, RRCS costs should always be 
used in conjunction with other information. 

The travel time module and the energy use 
module are very similar to the cost module in 
concept and appl ication. They are used to in
spect data, alter parameters, and produce re
vised estimates for the RRCS raHroad data 
base. 

As ind icated earlier, the rail network man
agement module enables the user to modify 
the node and link structure and associated 
data describing the rail road network. Nodes 
and l inks may be added and deleted, and their 
characteristics may be changed . Menus for 
inspecting the data base and tracing the net
work's structure are also provided in this 
module. 

System applications 

RRCS has been used to analyze actual and 
prospective coal movements for a number of 
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Table 3 
CASE STUDY RATE/COST COMPARISONS 

FOR COAL UNIT TRAINS 

Distance Rate Cost* 
Region (mi) ($/t) ($/t) 

East 377 1 4.21 8.55 
397 1 4.21 8.86 
402 13 01 7.86 
4 19  1 4.21 9.45 
424 1 4.21 9.55 
430 1 4.21 9 .68 
445 1 4.21 9.88 
446 1 4.21 9.58 
470 1 5.23 1 0.39 
512  1 5.23 1 1 .24 
564 1 4 55 1 2. 1 3  
565 1 4.55 1 2. 1 5  
602 1 5.76 1 2.95 
634 15 .76 1 3.63 

South 1 3 1 0  22.62 1 8.80 
1 41 9  22.62 20.26 
1459 24.33 22.55 
1 649 25.80 25.34 

Midwest 1 98 1 0.57 3.77 
239 6. 1 2  4.99 
705 1 0.95 8.90 
795 1 4.05 1 1 .79 
822 1 2.90 1 2.08 
876 1 3.64 1 2.87 

Note: Rates and costs are expressed in 1982 dollars. 

*ARCS estimate of fully allocated carrier cost. 

Rate/ 
Cost 

1 .66 
1 .60 
1 .65 
1 .50 
1 .49 
1 .47 
1 .44 
1 .48 
1 .47 
1 .35 
1 .20 
1 .20 
1 .22 
1 . 1 6  

1 .20 
1 . 1 2  
1 .08 
1 .02 

2.80 
1 .23 
1 .23 
1 . 1 9  
1 .07 
1 .06 

electric uti l it ies. Appalachian, midwestern, 
and western coal sources were involved in 
these appl ications. Nearly al l the shipments 
were by un it train service, and a few repre
sented the rail portion of prospective rail-water 
moves. 

In general, RRCS produced satisfactory 
routings. For many sh ipments the model dupl i
cated the current or anticipated route exactly. 
In several cases the model's selection was af
fected by recent rail mergers that permit 
sing le-carrier routings considerably longer 
than those formerly avai lable. It is l ikely that 
traditional routings wi l l  be modified to take ad
vantage of such opportunities. 

Without access to private rai l road data, it is 
not possible to val idate or verify the origin
destination cost estimates produced by RRCS. 
However, rate quotations were avai lable for 

some of the shipments, and these rates were 
compared with the modeled costs (Table 3). I n  
most cases the ratio of  rate to  cost l ies be
tween 1.0 and 1.66. In fact, for three-fourths of 
the data, the ratio is between 1.1 6  and 1.66. 
These results appear reasonable in view of 
current uti l ity experience; railroads propose 
coal rates that more than cover fu l ly allocated 
costs in order to make up for s l immer ( or nega 
tive) margins on more competitive traffic. The 
case study rate/cost ratios decl ine as the 
length of haul increases, which is also consis
tent with observed real-world pricing behavior. 

The util ities involved in these RRCS appl ica
tions used the results as one element of their 
rail cost analyses. One utility successful ly 
used the results in a state publ ic uti l ity com
mission hearing to demonstrate its d i l igence in 
seeking low-cost coal transportation services. 

R&D status 

RRCS is operational on a prerelease basis and 
can be accessed by any utility with a computer 
terminal and a modem. It can also be acces
sed through a microcomputer (and modem) 
equipped with terminal emulation software. 

The RRCS costing routines are being modi
fied to use variab le costs in addition to fu l ly 
al located costs. Detailed cost val idation stud
ies are also under way. In support of another 
EPRI research effort, RRCS is being used to 
estimate transportation costs for sodium com
pounds to help assess their feasibi l ity for use 
in flue gas desulfurization .  For the future, con
sideration is being given to expanding the sys
tem to include parallel capabil ities for ship
ments using the inland and intercoastal 
waterways. A microcomputer version of the 
system is also a future possibi l ity. 

In summary, RRCS provides uti l ity planners 
with a powerful interactive tool for analyzing 
rail transportation options. Its principal func
tions are data base management, shipment 
routing, and costing of rail routes. Because the 
system automatically cal ls  up the data editors 
and application processors needed to follow 
the user's instructions, the user does not have 
to construct elaborate job control and data file 
l inkages. This makes it easy for utility fuel 
supply managers to use RRCS. Project Man
ager: Edward A!touney 
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REMOTE SYSTEMS FOR TMl-2 
SURVEILLANCE AND CHARACTERIZATION 
In areas of major radioactive contamination, 
such as some areas in TMl-2, reconnaissance 
by remotely controlled devices is essential. 
The two most important objectives of such 
reconnaissance are to video-record the areas 
that are too contaminated for even time-limited 
entry by humans and to determine by gamma 
scans the general level of radioactivity and 
the hot spots of concentrated contaminants. 
Sometimes it is also desirable to use gamma 
spectroscopy to identify which isotopes are 
present and the intensity of radioactivity at 
points of particular interest. Investigators study 
the records of these remotely controlled re
connaissance missions to plan subsequent 
cleanup and refurbishment. 

The Robotics Institute of Carnegie-Mellon Uni
versity developed a remote reconnaissance 
vehic le (RRV-1 ) .  Two operators control the 
vehicle from outside the TMl-2 reactor contain
ment bui lding at a console with three television 
monitors that display what the robot sees in a 
radioactive area. RRV-1 has three television 
cameras, strong lights, and radioactivity mon
itors mounted on a six-wheeled vehicle that is 
powered and controlled by a special ribbon 
tether. The tether is t ied into cables that pene
trate the containment bui lding wall. CMU de
veloped a clever tether management system 
that plays out the ribbon as the machine 
moves forward and reels it in as the machine 
backs up.  This system prevents the tether from 
dragging on the floor and minimizes the proba
bi l ity of its getting tangled or hooked over 
some object. 

GPU Nuclear Corp. used the RRV-1 for the 
first two reconnaissance missions into the 
basement of TMl-2. The television pictures and 
video tapes showed very clearly the situation 
in the basement. The general background 
radioactivity was on the order of 30 R/h. A 
multiple-drawered mechanics tool chest was 
observed near one wall. This tool chest had 
been submerged in the highly contaminated 
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water that stood in the basement for many 
months before it was pumped out through de
ionizers. Activity at the tool chest was mea
sured at -200 R/h.  The hottest spot monitored 
was an area of concrete blocks that make up  
the wall around t he  elevator shaft. The reading 
was -1 1 00 R/h at the "bathtub r ing," where 
contaminants had soaked in the most. 

GPU fabricated a high-pressure water spray 
ring that is used to decontaminate the RRV-1 
and its tether as they are raised from the base
ment through the hatch. This device worked 
quite wel l .  When it was parked on the 305-ft 
(93-m) bui lding level above the basement, ac
tivity at the RRV-1 was the same as the general 
background level i n  the parking area, which 
was in the range of 40-80 mR/h. During these 
first two missions into the TMl-2 basement, the 
RRV-1 was active over two periods totaling 10 
hours. I n  addition, the machine was parked in 
the basement overnight. The robot and its 
equipment performed very wel l .  

Researchers have not yet used gamma 
spectroscopy with the RRV-1 . However, they 
are planning to use a col l imated detector, de
veloped by New York University, with a pulse 
height analyzer to identify the isotopes that are 
contributing to the radioactivity. DOE and 
EG&G , Inc . ,  are bui ld ing a second-generation 
version of the prototype developed by NYU. 
These two instruments are designed to oper
ate with two different kinds of detector crystals 
and two different shield arrangements to ob
tain best results in d ifferent radioactive fields .  
The detector weighs about 70 lb  (32 kg) in  the 
configuration used i n  f ie lds of 1 0-500 R/h and 
about 25 lb  (11 kg) for use in fields of <10  R/h. 
This small s ize and weight makes the detector 
more readi ly adaptable to remote uses. The 
large col l imated gamma scope, used here
tofore for spectroscopy at TMl-2 ,  weighs about 
700 lb (318 kg) and is transported on a dol ly 
that must be placed and aimed by hand. The 
new devices wi l l  al low spectroscopy in areas 
inaccessible to the large device. The devel
opment of the NYU prototype is reported in 
NP-3804. 

Researchers at the Science Appl ications, 
Inc . ,  laboratory in Rockvi l le ,  Maryland, devel
oped a second gamma detector. This device is 
a particu larly small portable gamma scope 
that is hermetically sealed; it can be used to 
take measurements inside pipes (4 in diam 
and larger) and tanks where fission products 
and fuel particles have settled after being ex
pelled from the reactor vessel. Personnel can 
place this small gamma scope in difficu lt-to
reach sites by pushing the detector along in
side the coolant pipes with a flexible cable 
simi lar to a p lumber's snake. The development 
and testing of the SAi device is reported in 
NP-3781 .  

Two other remotely controlled robots are be
ing developed for use in highly contaminated 
areas where personnel cannot work efficiently. 
One is a tether-control led scabbl ing machine 
that wi l l  remove the coatings and a V1 6-Vs-in 
( 1 .6-3-mm) surface layer of contaminated con
crete floors. This machine incorporates a vac
uum and filter system to col lect the loosened 
radioactive debris. 

The other device is a radio-controlled re
mote work vehicle (RWV) that wi l l  have a ma
nipulator arm and special tools for scrubbing 
contaminants from wal ls and other surfaces. 
The RWV will have more space and capacity 
for specialized tools than does the RRV-1 with 
its tether and tether management system . The 
new radio control system shou ld  overcome 
problems with radio s ignals the RRV-1 encoun
tered in the reactor containment bui ld ing. The 
RWV wi l l  operate in conjunction with RRV-1 , 
which wi l l  be the eyes and ears for operations 
to be accomplished by the RWV. Project 
Manager: R. K. Winkleblack 

PRECONDITIONING BWR PIPING 
Several utilities are replacing BWR recircu
lation piping systems damaged by inter
granular stress corrosion cracking (IGSCC). 
Experience has shown that new pipe surfaces 
become contaminated quickly during initial 
exposure to reactor water unless they are pre-



conditioned. EPRI has field-tested and quali
fied electropolishing and preoxidation pro
cesses that modify pipe interior surfaces and 
greatly reduce radioisotope deposition. 

IGSCC problems are causing several util ities 
to replace recirculation piping systems in their 
BWR plants (EPRI Journal , September 1984, 
p. 14) .  The new piping is typically type-316 
nuc lear-grade stainless steel. I n  1 983 Nine 
Mi le Point became the first plant to undergo a 
major piping replacement program. After only 
0.75 effective fu l l-power year of subsequent 
operation, radiation fields on much of the new 
piping were as h igh as they had been after 1 0  
years of previous operation. Th is piping had 
been sandblasted after manufacture. Interest
ing ly, radiation fields on piping from another 
manufacturer, which had not been sand
blasted, were much lower, ind icating the im
portance of surface finish and the potential 
benefits that could be obtained by surface 
modification .  

EPRI  has investigated three main methods 
of reducing recontamination: electropol ishing, 
preservice f i lming, and chemical passivation. 
Because of the urgent need to implement pre
conditioning technology, EPRI adopted a two
phase approach. In phase 1 ,  EPRI field-tested 
electropol ishing and prefi lming techniques, 
which showed no deleterious effects on the 
stainless steel .  Th is work began in June 1983 
and was completed in October 1984. Each 
process is estimated to reduce the recon
tamination rate by a factor of 2 ;  when used 
together, the processes may improve the 

recontamination rate by a factor of 3 The 
second phase of the project began in 1984 
and continues at this time. This phase focuses 
on developing and field-testing new chemical 
passivation techniques that promise to yield 
even greater benefits. However, substantial 
development will be necessary before these 
techniques will be available for appl ication. 

Electropolishing 

Plant loop tests carried out under RP819-1 
showed that the deposition of cobalt-60, the 
radioisotope mainly responsible for piping 
radiation f ields, was proportional to surface 
roughness. Electropol ishing removes surface 
ridges, protrusions, and other imperfections 
that trap cobalt-60 c i rcu lating in the coolant 
water. However, because electropol ishing is 
often used to etch grain boundaries for metal
lographic examination and the same type of 
intergranular attack ( IGA) is a precursor to 
stress corrosion cracking, some industry ex
perts have expressed concern that this pro
cess might make the stainless steel more sus
ceptible to IGSCC in subsequent service. 

To address these issues Quadrex Corp. 
e lectropolished a 12-in-diam type-316 nuclear
grade pipe, including welds and an e lbow, us
ing a range of conditions (temperature, current 
density, and duration) encompassing the pro
cess parameter variations anticipated in plant 
appl ications. This work is reported in EPRI 
NP-3832. The pipe was shipped to General 
Electric Co. for metallographic examination 
and IGSCC testing, using constant extension 
rate and crevice bent beam tests in simulated 

BWR water chemistry. Investigators found no 
IGA and no increase in susceptibil ity to 
IGSCC. In fact, the electropol ishing process 
had removed IGA caused during pipe manu
facture (Figure 1 ) ,  and the improved finish will 
probably increase long-term resistance to 
IGSCC (NP-3833). 

Profilometer measurements of the surface 
roughness showed that electropol ishing re
duced the surface roughness from about 
250 µ, in  (6.35 µ, m) in the as-fabricated pipe to 
about half that value. Mechanical honing 
methods to reduce the roughness of as
fabricated pipe appear feasib le for f ield appli
cations and are being considered as a pro
cessing step before electropol ish ing. Quadrex 
applied the electropol ishing process to new 
piping before installation at the Monticello 
plant in mid 1984, and several other uti l it ies are 
also specifying electropol ishing for replace
ment piping. 

Preoxidation 

The deposition of soluble cobalt-60 on stain
less steel occurs by absorption of the cobalt in 
the growing oxide film. In  fact, the deposition 
rate is approximately proportional to the oxi
dation rate. A fresh stainless steel surface 
oxidizes rapidly for the first few hundred hours 
in high-temperature water unti l a protective 
oxide film forms. When a fresh surface is 
placed in an old plant that already has cobalt-
60 in the coolant, the in itial contamination rate 
wi l l  be rapid .  

Applying a protective oxide f i lm before ex
posure to reactor water can greatly reduce the 

Figure 1 Scanning electron microscopy shows the topography of pipe interior surfaces before and after electropolishing: (left) the as-received surface, (right) after 
polishing for 24 minutes. Both micrographs have been magnified 500 times. 
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rate of cobalt deposition. The fi lm can be ap
plied by using the reactor coolant pumps to 
circulate high-temperature oxygenated water 
before the plant returns to power. However, the 
process takes several weeks of i n- l ine time, 
which results i n  a heavy cost penalty, As re
ported by J, Blok to the 1984 ANS Executive 
Conference on Decontamination ,  tests in a 
loop at its Cooper plant by Radiological and 
Chemical Technology, Inc. (RCT), demon
strated that an air preoxidation process was 
very effective. This  process resulted in similar 
cobalt deposition rates for oxygenated water 
when tested in loops at Vallecitos Nuclear 
Center by General Electric (RP2295-3) . 

The air oxidation process is applied at at
mospheric pressure, which means that it can 
be conveniently applied to lengths of pipe be
fore installation and save several critical days' 
time. To qualify processes of th is type, EPRI 
sponsored a ful l-scale field test by Quadrex, 
which demonstrated that a uniform, coherent 
oxide fi lm could be applied to complex pipe 
geometries, as shown in Figure 2 (NP-3832). 
Subsequent tests by General Electric showed 
no increase in IGSCC susceptibi l ity (NP-3833). 
The RCT preoxidation technique has been ap
plied to electropolished replacement piping 
for the Cooper plant, and a number of other 
utilities are considering a simi lar approach. 

Chemical passivation 

The EPRI program now focuses on developing 
chemical preservice treatments to passivate or 
inhibit corrosion of stainless steel, because re
ducing corrosion wi l l  l i kely minimize cobalt 
pickup. One approach is to dope the growing 
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Figure 2 Interior surface of electropolished and preoxidized BWR piping, showing a uniform oxide film. 

oxide film with smal l  quantities of soluble zinc; 
work by General Electric under RP819-2 has 
shown that zinc is a powerful corrosion in
hibitor. Initial loop test results suggest that the 
process also reduces cobalt deposition, and 
work to optimize the process is proceeding .  

Other methods under study inc lude use of 
chelating agents, such as ethylenediamine
tetraacetic acid (EDTA), which have proved 

effective in other reactor systems, and chro
mizing processes used to reduce corrosion in 
fossil fuel plants. These and other promising 
techniques wi l l  be  tested in the Vallecitos loops 
during 1985. EPRI also plans tests under PWR 
conditions; some of these processes may 
be effective preconditioning techniques for 
steam generators before plants enter ser
vice. Project Manager: C. J Wood 
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able without charge to members and by subscrip
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concise one-page description of the published 
report. For information on how to order report 
summaries, please contact the EPRI Technical I n
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fornia 94303, (41 5) 855-241 1 .  

ADVANCED POWER SYSTEMS 

Conceptual Design for a High-
Concentration (500 x) Photovoltaic Array 
AP-3263 Interim Report (RP1415-7); $20.50 
Contractor: Black & Veatch, Engineers-Architects 
EPRI Project Manager: R. Taylor 

Evaluation of Coal Liquids as 
Utility Combustion Turbine Fuels 
AP-3670 Final Report (RP2112-5); $28.00 
Contractor: Westinghouse Electric Corp. 
EPRI Project Manager: H. Schreiber 

Technical and Economic Assessment of 
the Occidental Coal Flash Pyrolysis Process 
AP-3786 Final Report (TPS79-781); $14.50 
Contractor: Occidental Research Corp. 
EPRI Project Manager: W. Reveal 

Photovoltaic Field Test 
Performance Assessment: 
Technology Status Report Number 3 
AP-3792 Interim Report (RP1607-1) ;  $13.00 
Contractor: Boeing Computer Services Co. 
EPRI Project Manager: R. Taylor 

Ash Deposition in 
Syngas Coolers of Slagging Gasifiers 
AP-3806 Final Report (RP1654-11) ;  $11.50 
Contractor: Pennsylvania State University 
EPRI Project Managers: W. Bakker, T. O'Shea 

Wear and Environmental Effects 
on the Kahuku MOD-OA Wind Turbine 
AP-3813 Topical Report (RP1996-1 1) ;  $13.00 
Contractor: Burns & McDonnell Engineering Co. 
EPRI Project Manager: F. Goodman 

State-of-the-Art Study 
of Nonconvective Solar Ponds 
for Power Generation 
AP-3842 Final Report (RP1348-18); $11 .50 
Contractor: Massachusetts Institute of Technology 
EPRI Project Manager: S. Feher 

Solano County MOD-2 
Wind Turbine Field Experience 
AP-3896 Interim Report (RP1996-3); $11.50 
Contractor: Pacific Gas and Electric Co. 
EPRI Project Manager: F. Goodman 

COAL COMBUSTION SYSTEMS 

Pressurized Fluidized-Bed 
Turbocharged Boiler Repowering Study 
CS-3524 Final Report (RP1645-6); $14.50 
Contractor: General Electric Co. 
EPRI Project Manager: S. Drenker 

Evaluation of Computer-Aided 
Foundation Design Techniques 
for Fossil Fuel Power Plants 
CS-3725 Final Report (RP2578-2); $10.00 
Contractor: Fred H .  Kulhawy 
EPRI Project Manager: D. Golden 

Dechlorination Technology Manual 
CS-3748 Final Report (RP2300-3) ;  $38.50 
Contractor: Sargent & Lundy 
EPRI Project Managers: W. Chow, M. Miller 

Field Investigation of FGD System Chemistry 
C$-3796 Final Report (RP1031-4); $16.00 
Contractor: Rad ian Corp. 
EPRI Project Manager: D. Stewart 

Cyclic-Duty Turbine and Boiler 
Operating Practice and Guidelines 
CS-3800 Final Report (RP91 1-1); $35.50 
Contractor: Westinghouse Electric Corp. 
EPRI Project Managers: J. Parkes, T. McCloskey 

Fluid Dynamic Design Guidelines 
for Utility Fabric Filter Systems 
CS-3811 Final Report (RP1129-5); $13.00 
Contractor: Dynatech R/D Co. 
EPRI Project Manager: D.  Eskinazi 

ELECTRICAL SYSTEMS 

Field Demonstrations of 
Communication Systems for 
Distribution Automation: Phase 2 
EL-3727 Final Report (RP850-32); $14.50 
Contractor: Westinghouse Electric Corp. 
EPRI Project Manager: W. Blair 

Guidelines for Evaluating 
Distribution Automation 
EL-3728 Final Report (RP2021-1) ;  $44.50 
Contractor: General Electric Co. 
EPRI Project Manager: W. Blair 

Development of a Field Method 
for Measuring PCBs in Oil 
EL-3754 Final Report (RP2131-2); $1 1 .50 
Contractor: Westinghouse Electric Corp. 
EPRI Project Manager: V. Tahiliani 

Critical Evaluation of Design Methods 
for Foundations Under Axial Uplift 
and Compression Loading 
EL-3771 Final Report (RP1493-1) ;  $17.50 
Contractor: Cornell University 
EPRI Project Manager: V. Longo 

ENERGY ANALYSIS AND 
ENVIRONMENT 

Demand-Side Management 
EA/EM-3597 Final Report (RP2381-4); Vol. 1 ,  
$10.00; Vol. 2 ,  $11 .50; Vol. 3 ,  $16.00 
Contractors: Battelle. Columbus Laboratories; 
Synergic Resources Corp. 
EPRI Project Managers: A Faruqui , C. Gellings, 
0. Zimmerman 

Coal Unit Trains: Operations, 
Maintenance, and Technology 
EA-3769 Final Report (RP1983-1); Vol. 1, $10.00; 
Vol. 2, $14.50; Vol. 3 ,  $13.00; Vol. 4, $11 .50; Vol. 5, 
$11 .50 
Contractor: Arthur D.  Little, Inc. 
EPRI Project Manager: E. Altouney 

Proceedings: Forecasting the 
Impact of Industrial Structural 
Change on U.S. Electricity Demand 
EA-3816 Proceedings (RP1955-4); $22 00 
Contractor: Battelle, Columbus Laboratories 
EPRI Project Manager: A. Faruqui 

Upper-Air Data Collection During CAPTEX 
EA-3839 Final Report (RP2370-2); $13.00 
Contractor: Battelle, Pacific Northwest Laboratories 
EPRI Project Manager: R. Patterson 

ENERGY MANAGEMENT 
AND UTILIZATION 

Proceedings: DOE-EPRI Beta 
(Sodium-Sulfur) Battery Workshop V 
EM-3631-SR Special Report; $56.50 
EPRI Project Manager: R. Weaver 

Proceedings: Seminar on 
Heat Pump Research and Applications 
EM-3797 Proceedings (RP2033-17); $17.50 
Contractor: Strategies Unlimited 
EPRI Project Manager: J. Calm 

Commercial Solar Heating and 
Cooling Systems: Field Test Program 
EM-3809 Final Report (RP844-1) ;  $19.00 
Contractor: Arthur D. Little, I nc. 
EPRI Project Manager: G. Purcell 

Recuperative Heat Exchangers 
in Compressed-Air Energy Storage Plants 
EM-3843 Final Report (RP1791-5); $22.00 
Contractor: Encotech, Inc. 
EPRI Project Manager: R. Schainker 
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NEW TECHf\l lCAi_ REPORTS/NEW COMPUTEF1 

NUCLEAR POWER 

Testing and Analysis of 
Feedwater Piping at Indian Point 
Unit 1: Piping Response and Support Load 
NP-3108 Final Report (RP964-3, -4), Vol. 2; $19.00 
Contractors: Anco Engineers, Inc. ;  I mpel! Corp. 
EPRI Project Manager: Y Tang 

Dynamic Response of Pressurized 
Z-Bend Piping Systems Tested Beyond 
Elastic Limits and With Support Failures 
NP-3746 Final Report (RP964-3); $14.50 
Contractor: Anco Engineers, Inc. 
EPRI Project Manager: Y Tang 

Calvert Cliffs-1 Reactor Vessel: 
Pressurized Thermal Shock Analysis 
for a Small Steam Line Break 
NP-3752-SR Special Report; $11.50 
EPRI Project Manager: B.  Chexal 

Long-Term Low-Level-Radwaste 
Volume-Reduction Strategies 
NP-3763 Final Report (RP1557-11, -12, -13); Vol. 1 ,  
$8.50; Vol. 2 ,  $16.00; Vol. 3, $16.00; Vol 4, $10.00 
Contractors: The Analytic Sciences Corp.; Burns 
and Roe, Inc. ;  Rogers and Associates 
Engineering Corp. 
EPRI Project Manager: M. Naughton 

Thermal-Hydraulic Analysis of 
Consolidated Spent PWR Fuel Rods 
NP-3764 Final Report (RP2406-2); $11.50 
Contractor: Battelle, Pacific Northwest Laboratories 
EPRI Project Manager: R. Lambert 

Surveillance of LWR Spent Fuel in Wet Storage 
NP-3765 Final Report (RP2062-11); $1300 
Contractor: Battel le, Pacific Northwest Laboratories 
EPRI Project Manager: R. Lambert 

Concrete Containment Structural Element Tests 
NP-3774 Final Report (RP2172-2); Vol. 1 ,  $13.00; 
Vol. 2, $26.50; Vol. 3, $14.50 
Contractor: Construction Technology Laboratories 
EPRI Project Manager: G. Sliter 

Calculation of Neutron Energy Spectra 
in the Core and Cavity of a PWR (AN0-1) 
NP-3776 Topical Report (RP827-4); $14.50 
Contractor: University of Missouri at Rolla 
EPRI Project Manager: T. Passel! 

Automated Maintenance in Nuclear Power Plants 
NP-3779 Final Report (RP2232-1); $14 50 
Contractor: Battel le, Columbus Laboratories 
EPRI Project Manager: T. Law 

Analysis of Oconee Unit 1 
Downcomer and Lower Plenum 
Thermal-Mixing Tests Using COMMIX-1A 
NP-3780 Final Report (RP1749-2); $10.00 
Contractor: Argonne National Laboratory 
EPRI Project Manager: J. Kim 

Development of Remote 
High-Range Isotopic Gamma Scope 
NP-3781 Final Report (RP1544-14); $10.00 
Contractor: Science Applications, Inc. 
EPRI Project Manager: K. Winkleblack 
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Neutron Radiography of Fuel Rods Irradiated 
for Four Cycles at the Quad Cities-1 BWR 
NP-3782 Interim Report (RP497-1): $10.00 
Contractor: General Electric Co. 
EPRI Project Manager: J. Santucci 

Survey of the Literature on Low-Alloy Steel 
Fastener Corrosion in PWR Power Plants 
NP-3784 Topical Report (RP2058-7); $10.00 
Contractor: Combustion Engineering, Inc. 
EPRI Project Manager: W Childs 

Summary of ENDF /B-V Data 
for Fission Products and Actinides 
NP-3787 Final Report (RP975-2); $14.50 
Contractor: Los Alamos National Laboratory 
EPRI Project Manager: 0. Ozer 

LWR Fuel-Cycle Costs 
as a Function of Burnup 
NP-3788 Final Report (RP1577-1); $10.00 
Contractor: The S. M. Stoller Corp. 
EPRI Project Manager: D. Frankl in 

Gamma-Ray Spectrometer 
System for High-Radiation Fields 
NP-3804 Final Report (RP1544-16); $8.50 
Contractor: New York University Medical Center 
EPRI Project Manager: K. Winkleblack 

Rhodium In-Core Detector 
Sensitivity Depletion, Cycles 2-6 
NP-3814 Final Report (RP1397-1); $11.50 
Contractor: Babcock & Wilcox Co. 
EPRI Project Manager: G .  Shugars 

Ultrasonic Scattering From 
lntergranular Stress Corrosion Cracks: 
Derivation and Application of Theory 
NP-3822 Final Report (RP2405-5) ;  $10.00 
Contractor: Iowa State University 
EPRI Project Manager: G. Dau 

Influence of Vapor 
Condensation on Subcooled Sprays 
NP-3827 Final Report (RP443-3); $1300 
Contractor: Dartmouth College 
EPRI Project Manager: J. Sursock 

Environmental Radiation Doses 
From Difficult-to-Measure Nuclides 
NP-3840 Final Report (RP1560-3); $14.50 
Contractor: Science Applications 
International Corp. 
EPRI Project Manager: M. Naughton 

Revision and Expansion of the Data Base 
in the LEPRICON Dosimetry Methodology 
NP-3841 Interim Report (RP1399-1 ,  -2); $14.50 
Contractor: Oak Ridge National Laboratory 
EPRI Project Manager: 0. Ozer 

TECHNICAL INFORMATION 

Digest of Research in 
the Electric Utility Industry 
Tl-3911-SR Special Report, Vols.  2-4; 
$45.00 for three-volume set 
EPRI Project Manager P. Bates 

New 
Computer 
Software 
The Electric Power Software Center (EPSC) provides 
a single distribution center for computer programs 
developed by EPRI . The programs are distributed 
under license to users. No royalties are charged to 
nonutility public service organizations in the United 
States, including government agencies, u niversities, 
and other tax-exempt organizations. Industrial orga
nizations, including nonmember electric utilities, are 
required to pay royalties. EPRI member utilities, in 
paying their membership fees, prepay all royalties. 
Basic support in instal l ing the codes is available at 
no charge from EPSC; however, a consulting fee may 
be charged for extensive support 

For more information about EPSC and licensing 
arrangements, EPRI member utilities, government 
agencies, universities, and other tax-exempt organi
zations should contact the Electric Power Software 
Center, UCCEL Corp., 1930 Hi Line Drive, Dallas, 
Texas 75207; (214) 655-8883. Industrial organiza
tions, including nonmember utilities, should contact 
EPRl's Patents and Licensing directly-P.O. Box 
10412, Palo Alto, California  94303; (415) 855-2866. 

ADEPT-Acid Deposition Decision Tree 
Version 1 . 1  (generic use, IBM-PC); EA-2540 
Contractor: Decision Focus, Inc. 
EPRI Project Manager: Dennis Fromholzer 

COMMEND-Commercial Sector End-Use 
Energy Demand Forecasting Model 
Version 2.0 (generic use) 
Contractor: Criterion, Inc. 
EPRI Project Manager: Joseph Wharton 

EMPS-EPRI Methodology 
for Preferred Systems 
Version 2 1R1 (IBM) 
Contractor: Arthur D .  Little, Inc .  
EPRI Project Manager: Gary Purcell 

GENREL-Generating Capacity 
Reliability Evaluation 
Version 1.0 (IBM); EL-2519 
Contractor: Associated Power Analysts, Inc. 
EPRI Project Manager: Neal Balu 

SACTI-Cooling Tower Plume 
Dispersion Model 
Version 2.0 (IBM); CS-1683 
Contractor: Argonne National Laboratory 
EPRI Project Manager: John Bartz 

TLOP-Transmission Line 
Optimization Program 
Version 1 .3 (IBM) ;  EL-3592 
Contractor: Power Technologies, Inc. 
EPRI Project Manager: Richard Kennon 

UNIRAM-Power Generation 
System Availability Assessment Model 
Version 1 .1  ( IBM); AP-3305 
Contractor: Arinc Research Corp. 
EPRI Project Manager: Jerome Weiss 
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