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Resource Recovery 

In recent years we have begun to recognize that our resources 

of energy, land, water, and air have finite bounds. Each year, 

about 150 million tons of municipal solid waste (MSW) is 

generated in the United States. About 70% of it consists of 

combustible paper, wood, plastic, and other material-the fuel 

equivalent of more than 200 million barrels of oil per year. The 

remainder contains magnetic metals, aluminum, and glass, 

much of which can be recovered and recycled. Thus, as part 

of our developing conservation efforts, it makes sense to develop an integrated system 

involving municipalities and private industry to recover and recycle energy and raw 

materials from MSW. 

In this month's lead article, we explore the complex issues involved in 

implementing a resource recovery system and assess the potential role that electric 

utilities will play in energy recovery from MSW. 

Significant issues, primarily institutional in nature, must be resolved before a 

resource recovery operation can become a reality. These include economics, financing, 

ownership and operation of resource recovery facilities, commitment of MSW sources, 

and the search for customers to buy the recovered energy and materials. 

The emerging role of electric utilities in resource recovery projects appears 

to be that of a customer for the recovered fuel or energy. Depending on economics 

and on the needs of the utility, energy is recovered either in the form of steam or as a 

solid, liquid, or gaseous fuel called refuse-derived fuel (RDF). In most cases RDF will 

be used to augment conventional fossil fuels in existing power generation equipment. 

Electric utilities will generally be receptive to cooperating with their communities on 

solid waste projects as long as RDF utilization does not interfere with environmental 

and other regulations, reduce the reliability or availability of generating units, or 

increase the cost of electricity to their customers. 

In whatever direction resource recovery goes, electric utilities will serve a 

necessary and important function in our resource recovery systems. 

Kurt E. Yeager, Director 

Fossil Fuel Power Plants Department 

Fossil Fuel and Advanced Systems Division 
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Authors and Articles 

111 One hundred-fifty million tons is a 
heap of garbage. That's how much 
municipal solid waste (MSW) Ameri­
cans produce each year, four pounds 
by each of us every day. Getting rid 
of it has come to rank third in all costs 
incurred by local government. What 
is being done with this refuse of our 
throwaway society? In "Municipal 
Solid Waste-Problem or Opportu­
nity?" (page 6), we take a look at the 
realities of what appears to be "a very 
appealing idea" for using such waste­
convert it to fuel. 

Consider the prospect: By processing 
MSW we can reclaim some of the 
basic materials of industry for re-
use, such as ferrous metals, alumi­
num, glass; we reduce the volume and 
weight of the refuse, easing the dis­
posal problem for local government; 
we conserve land otherwise used for 
garbage dumps; we have a readily 
available source of fuel. And in the 
process, we virtually dispose of the 
waste. 

But, alas, there are drawbacks as 
well, especially economic and institu­
tional barriers. With present tech­
nology, the cost of converting MSW 
into solid, liquid, or gaseous fuels is 
usually greater than the price of com­
peting fuels. No one is going to pay 
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more for refuse-derived fuels (RDF) 
than for equivalent fuels already in use. 
Only by transferring existing disposal 
revenues to the new RDF operation can 
the latter be justified-a move requiring 
institutional cooperation and complex 
contracts. MSW is a problem not given 
to easy solution (or burial). 

Serving as EPRI technical sources 
for the MSW article were Charles 
McGowin, manager of technical anal­
ysis and of solid waste projects in the 
Fossil Fuel Power Plants Department, 
and Shelton Ehrlich, a program man­
ager in the same department, who is 
responsible for research in coal clean­
ing and coal combustion, including 
fluidized-bed technology. 

111 The system operator is what his 
title implies, the controlling hand on 
a utility's generation and transmission 
system. His moment-to-moment task is 
simpler to state than to do: match 
generation with load. He must hold 
frequency within tight limits, cutting 
a mix of generating units on- and off­
line as load fluctuates. Improving his 
bases for choice is the aim of EPRI 
research to correlate system security 
factors and their costs. The need and 
the beginning program are discussed 
in "System Operation at Optimal 

Cost" (page 14) by Charles Frank, 
project manager of EPRI's research in 
power system operations. 

Frank joined EPRI last year after 
some 20 years of experience in com­
puter sciences. While he was at West­
inghouse Electric Corp.'s Central Labor­
atories in Pittsburgh, Pennsylvania 
(1956-1966), his study of optimization 
methods employed in electric power 
economic dispatch resulted in an al­
gorithm still used by Westinghouse. 
For five years before joining EPRI's 
Electrical Systems Division, Frank 
served as a staff consultant with Landis 
& Gyr in Sunnyvale, California, and 
was responsible for electric power 
system software development. He de­
signed system software for automatic 
real-time, closed-loop control of power 
generation and distribution. 

Frank 



Frank holds a doctorate in electrical 
engineering from the University of 
Pittsburgh and has written a number 
of scientific papers. 

• In "The Published Product" (page 
19), a sampling of users of EPRI tech­
nical reports tell how they put the 
reports to use and how useful they 
are. Journal staff writer Stan Terra 
talked to a dozen people at utilities, 
in government, and with manufac­
turers, who offered their candid com­
ments. 

• Charles Coutant, an aquatic biologist 
with Oak Ridge National Laboratory 
and a member of EPRI' s Advisory 
Council, believes the time has come to 
distinguish between the ethical con­
cerns for the environment and the 
scientific considerations of ecology. 
In the natural environment of Aspen, 
Colorado, at the Advisory Council's 
summer meeting, Coutant shared views 
and insights with JOURNAL Editor 
Brent Barker, "Charles Coutant: Ecol­
ogy and the Scientific Method" (page 
22). Coutant hopes that environmental­
ists and ecologists alike will broaden 
their vision and achieve what he calls 
a "holistic perspective." 
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A
very appealing idea: Take all the 
municipal solid waste (MSW)-
150 million tons or so a year­

turn it into a fuel, and extract such 
usable materials as metals and glass. 
In one stroke, you've solved the waste 
disposal problem, saved valuable mate­
rials, and helped to alleviate the energy 
problem. 

Dr. Rocco Petrone, director of the 
National Center for Resource Recovery, 
summarized the appeal when he said, 
"Resource recovery might be considered 
an idea whose time has come. It is an 
appealing concept. It satisfies our aware­
ness of the need for conservation. It goes 
hand in hand with our desire for envi­
ronmental improvement. It is a domestic 
source of supply of ultimately depletable 
raw materials for industry. For the cities 
plagued with waste disposal problems, 
it greatly reduces the volume and weight 
of the discard that ultimately must be 
disposed of in some manner." 

Solid waste in perspective 

Unlike air and water pollution, the solid­
waste problem seems to have a good 
side-the potential for recovering energy 

and usable materials. But in many ways, 
that potential only obscures the issue, 
making it more difficult to see solid­
waste utilization in its proper perspec­
tive. 

There's no doubt that MSW is a prob­
lem. It is estimated that we produce 
between 1.3 and 1.8 kilograms (3-4 
pounds) of MSW per person per day­
between 110 million and 150 million 
tons per year. This includes household, 
commercial, and institutional waste but 
excludes industrial waste and sewage. 

There is no ideal way to dispose of 
MSW. Some of it is incinerated, which 

Municipal 
Solid Waste­
Problem or 
Opportunity ? 



Ideally, extracting energy trom 

refuse could alleviate two critical, 

contemporary problems simul­

taneously. But roadblocks remain 

that are less technological than 

economic and institutional 

in nature. 

D An EPRI state-of-the-art feature 

can cause air pollution. Some is simply 

piled in unsightly, insanitary open 

dumps. Most of it is buried in sanitary 

landfills, where at least it is out of sight 

but where it can still cause problems. 

Moisture in the ground can leach chemi­

cals out of the waste, and the chemicals 

can find their way into groundwater and 

then into the local water supply. 

Landfills also produce methane-rich 

gas through a process called anaerobic 

digestion, which amounts to decomposi­
tion of the material in the absence of 

oxygen. While methods have been de­

vised for tapping this source of usable 

/ 
..J 

gas, most of it simply escapes into the 

air, causing air pollution and odor. 

But the biggest problem with landfill 

disposal is that many cities are running 

out of places to bury their waste. The 

Environmental Protection Agency (EPA) 

estimates that large urban areas will run 

out of convenient or accessible landfill 

sites within the next IO years. 

Collecting and disposing of MSW is 

also expensive-the third largest expen­

diture of local government, according 

to an official of the National League of 

Cities. The total bill for all MSW-related 

expenses in the country came to $6.5 

billion in 1975, and because of inflation 

and more remote landfill sites, it is 

expected to reach $10 billion by 1980. 

There's also no question that MSW 

contains some potentially valuable in­

gredients. About 75% (wet weight) of 

MSW consists of such burnable ma­

terials as paper, plastic, garbage, yard 

waste, textiles, and wood. Roughly 8% is 

metal (ferrous and nonferrous) and 

about 10% is glass. The rest is miscel­

laneous debris. 

Unprocessed MSW contains potential 

heat energy, usually estimated at around 



I 

CONVERTING SOLID WASTE TO ENERGY 

There are four major ways to recover 
energy from MSW: 

• Burn the MSW in a water-wall in­
cinerator to produce steam 

• Process the MSW into solid RDF 
• Process the MSW by pyrolysis to 

produce gas or oil 
• Extract the methane-rich gas pro­

duced by the natural decomposition 
(anaerobic digestion) of MSW either in 
landfills or in digestors ( chemical process 
plants) 

Of these alternatives, water-wall incin­
eration is a well-established technique, 
with a half-dozen plants operating in 
the United States. Conversion to solid 
fuel is a newer process, but there are 
12 plants in the country in various stages 
of development from planning to opera­
tion. Pyrolytic gas and oil processes are 
still in the development stage, as are 
techniques to directly process MSW by 
anaerobic digestion-one such plant is 
under construction in Florida and another 
is planned in Delaware. 

Water-wall incineration-so called be­
cause the incinerator walls are lined with 
tubes carrying water that collects heat 
from MSW combustion-has been used 
in Europe for more than 20 years but only 

MSW ___ _ 
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recently in the United States. 
Waste is not normally processed be­

fore firing except for removal of such 
large items as mattresses. The MSW is 
loaded into the incinerator, where it is 
burned on traveling grates. The ash pro­
duced is usually water-quenched, and 
such materials as metals may be sepa­
rated from the ash. The ash remaining 
after incineration (about 20% by weight 
of the original MSW) is used for landfill. 
The processor sells the steam, usually 
for district heating or industrial process 
heat. The steam is at low pressure and 
temperature (4.14 MPa, 260 ° C; 600 psig, 
500° F) and is therefore unsuitable for use 
in large power plant turbines. 

The advantage of water-wall incinera­
tion is that it requires little or no prior 
processing of MSW. Disadvantages in­
clude difficulty in maintaining uniform 
steam production because of uneven 
burning rates, corrosion on boiler tubes 
and grates, and high capital and mainte­
nance costs. 

Solid RDF requires much more process­
ing than does incineration. Waste re­
ceived at the plant is sent first to a 
shredder, where it is reduced to 8-13-cm 
(3-5-in) particles. The shredded waste is 

then sent to an air separator. Lightweight 
materials, such as paper and plastic (60-
80% of the MSW), rise with the airstream 
and are removed from the top of the 
separator. Heavier materials, such as 
metals, glass, and sand, fall through the 
airstream and are removed from the 
bottom of the separator. 

The light fraction is sent to a second 
shredder, which reduces the material to 
the size required for the fuel-usually 
2.5-5 cm (1-2 in). This finely shredded 
fuel, containing from 4000 to 7000 Btu 
a pound, is sold for burning in grate-fired 
boilers or in suspension boilers designed 
for burning coal. The fuel may also be 
burned in a boiler at the processing plant 
to produce steam for sale. 

The heavy fraction of the MSW goes 
through another series of processing 
steps to recover usable materials. Mag­
nets separate ferrous metals; aluminum 
magnets (using eddy currents) separate 
aluminum; and screens separate glass 
and other materials. The remaining 
refuse, 10-20% of the original MSW, is 
disposed of in a sanitary landfill. 

RDF plants have lower capital and 
operating costs than water-wall incinera­
tion or pyrolytic techniques. 

Due to high-temperature chloride 

------=================- Water-wall incineration ---111: 

Recovery 11111 .. --------- RDF process 

L Usable materials 

I 

Recovery Pyrolysis process -a::::...======l;:= l==--1 
I Usable materials 

----------------------- Anaerobic digestion 



corrosion, it is not practical to use RDF 
as a primary fuel in electric utility boilers. 
However, when used as a supplemental 
fuel in combination with coal or oil, it 
can be burned in boilers designed for 
coal firing. Data on the long-term effects 
of supplemental firing of RDF are in­
complete, but no significant corrosion 
has been found to date. EPRI is cofunding 
a corrosion study with Wisconsin Electric 
Power Co. and Combustion Engineering, 
Inc., to assess the long-term corrosion 
effects of supplemental firing of RDF at 
Wisconsin Electric' s Oak Creek station. 

In the pyrolytic process, organic materials 
are heated in an oxygen-deficient atmo­
sphere to produce a gaseous and/ or 
liquid product, char, and slag. This 
process is still in the development stage, 
but a small development plant has been 
set up in San Diego, California, to process 
200 tons of MSW a day. Pyrolytic liquids 
produced will be burned in a utility 
boiler. 

Pyrolytic operations may or may not 
include recovery of usable materials, 
but most are similar to RDF processes in 
the "front end." MSW is shredded and 
air-classified, and the heavy fraction is 
removed for further separation of usable 

materials. The light fraction, instead of 
going through a secondary shredder, is 
fed into a pyrolytic reactor. 

As the shredded MSW enters the reac­
tor, it is dried by hot pyrolytic gases. It 
then moves to the middle of the reactor, 
where pyrolysis takes place. As the car­
bon char residue from the pyrolysis set­
tles in the reactor, it burns in the presence 
of air or oxygen injected into the reac­
tor to produce the heat needed for the 
process. 

Finally, the molten slag from non­
combustible material flows into a water 
quench tank and is removed for disposal. 
The material for landfill is equal to ap­
proximately 20% of the original MSW. 

Pyrolytic processes have high capital 
and operating costs. Their advantage is 
that there are many potential uses for 
the products. Pyrolysis gas (120-300 Btu 
per 28 cubic meters [1000 standard cubic 
feet]) can be sold as a fuel or used as a 
synthesis gas and converted to ammonia, 
methane, or methanol at additional cost. 
Pyrolysis oil has low sulfur content and 
70-80% of the heating value of No. 6 
fuel oil. It requires special handling be­
cause of higher viscosity, corrosive ac­
tivity on mild steel, and a tendency to 
degrade at moderate temperature. 

Boiler -===....,,=------------------ Steam 

- Boiler _________ ._ Turbine --------�-- Electricity 

c::,------------�-------------RDF 

- Boiler -------.... =--------------- Steam 

- Boiler ---------- Turbine =========- Electricity 

--------------------------==--Gas 

Boiler ==========-----.-------.... - Steam 

Boiler �===------.-Turbine _______ .,., _ _, Electricity 

Further proces s 
. Pipeline gas 

Methanol 
Ammonia 

===--=-================--====----------Gas 

- Boiler ---------- Turbine---------- Electricity 

9 to 9.4 million Btu a ton. By compari­
son, a ton of coal contains potential heat 
energy of about 23 million Btu; a barrel 
of fuel oil, 6.2 million Btu; and 28 cubic 
meters (1000 cubic feet) of natural gas, 
1 million Btu. If all the MSW produced 
annually in the United States could be 
collected and processed, it would gener­
ate the equivalent heat energy of about 
225 million barrels of oil-about one­
half the volume that the Alaska pipeline 
will carry in its first year of operation. 

Does that mean that MSW is a val­
uable energy resource? Unfortunately, 
no. At present, the cost of producing 
energy from MSW is greater than the 
value of the energy in the marketplace. 
Furthermore, although the amount of 
energy in MSW is significant, it could 
only contribute about 5-6% of the total 
energy requirements of U.S. electric 
utilities (contributions to local require­
ments could be greater). 

Congressman Fred Rooney put it this 
way in his opening remarks to the Sym­
posium on Resource Conservation and 
Recovery* in April 1976, "Energy and 
materials recovery, beneficial as they 
may be, are only the by-products of the 
real concern, which is to get the garbage 
off the streets and to dispose of it in a 
manner that does not harm the envi­
ronment or impair the enforcement of 
other environmental acts." 

Cost and credits 

There are many systems for processing 
MSW, but almost all are designed to 
convert the organic fraction into a solid, 
liquid, or gaseous fuel and extract such 
salable materials as ferrous and non­
ferrous metals. These fuels are then 
usually sold to a single customer at 
competitive prices. 

Unfortunately, competitive prices 
mean that MSW processing is seldom 
self-supporting. Presently, the conver­
sion of MSW to a solid refuse-derived 
fuel (RDF) costs between $10 and $20 
a ton. Further processing of this solid 
into liquid or gaseous form raises the 
total cost to around $20-$30 for each 
ton of MSW. For RDF, which is cofired 

*The two-day symposium was sponsored by 

the Subcommittee on Transportation and Com­

merce of the U.S. House of Representatives. 



with coal, these production costs trans­

late into $1.50-$3 a million Btu of 

energy output. However, the coal it is 

intended to displace costs only $1 a 

million Btu. 

Similarly, the production costs for 

liquid and gaseous fuels exceed the price 

of competing fuels. Whereas pyrolytic 

techniques for producing such liquids 

and gases ( of uncertain quality) from 

MSW run in the neighborhood of 

$2.50-$5 a million Btu-and perhaps 

higher-fuel oils (high-quality, low­

sulfur) presently command only $2-$3 

a million Btu in the marketplace. 

Fuel customers, in all but a few cases, 

are unwilling to pay more for RDF than 

they do for competitive fuels. Moreover, 

they usually insist that the costs they 

incur for plant modifications and in­

creased maintenance on boilers as a 

result of using RDF be deducted from 

the price of the fuel. 

As a result, the sale of RDF is usually 

uneconomic, and other revenues must 

be accrued if the processing business is 

to break even. Certainly the sale of RDF 

and recovered by-products contributes 

to the cash flow, but a tipping fee 

will almost always be necessary to make 

up the difference between processing 

cost and these resource credits. 

The tipping fee charged at the MSW 

processing facility is a function not only 

of the deficit described above, but also of 

o The cost of alternative means of dis-

Table 1 

posal, such as a local landfill operation 

o The difference in the transportation 

cost to the landfill and to the processing 

facility 

o Such institutional factors as who owns 

and operates the processing facility, 

whether MSW collection is privately or 

municipally operated, and the future 

availability of landfill 

For example, consider the case of a 

privately owned and operated process­

ing facility. If a tipping fee of $10 a ton 

is charged by the processing facility, 

then the facility could compete with a 

landfill operation having a disposal 

charge of $5 a ton and a transportation 

SELECTED MSW PROJECTS IN THE UNITED STATES 

MSW Process Location 

Water-wall incineration Hempstead, N.Y. 

Saugus, Mass. 

Solid fuel (RDF) Ames, Iowa 

Bridgeport, Conn. 

Chicago, I l l .  

Mi lwaukee, Wisc. 

Newark, N.J .  

Norfolk, Va. 

Rochester, N.Y. 

St. Petersburg-
Clearwater, Fla. 

Pyrolysis ( oil) El Cajon, Calif. 
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Key Participants 

Town of Hempstead; 
Hempstead Resources 
Recovery Corp. 

1 2  communities 
including Saugus, 
N. Boston; 
Wheelabrator-
Frye, Inc. 

City of Ames 

Connecticut Resources 
Recovery Authority; 
Occidental Research 
Corp.; 
Combustion Equip-
ment Assoc. 

City of Chicago 

City of M ilwaukee; 
American Can Co. 

City of Newark; 
Combustion Equip-
ment Assoc. 

Southeastern Virginia 
Public Service 
Authority 

Monroe County; 
Raytheon Service Co. 

Pinellas County 

San Diego County; 
Occidental Research 
Corp. 

MSW 
Capacity 

Utility Participant (ton/d) Status 

Long Island Lighting Co. 2000 Construction 
(operation 
1 978) 

General Electric Co. 1 200 Operationa l  

Ames Municipal 200 Operational 
Electric System 

The United Illuminating 1 800 Construction 
Co. (operation 

1 978) 

Commonwealth 1000 Startup i n  
Edison Co. progress 

Wisconsin Electric 1 600 Operational 
Power Co. 

Public Service Electric 700 Planning 
and Gas Co. (operation 

1 979) 

Norfolk Naval Ship Yard 2000 Planning 

Rochester Gas and 2000 Construction 
Electric Corp. (operation 

1 979) 

Florida Power Corp. 2000 Planning 

San Diego Gas & 200 Startup in 
Electric Co. progress 
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1 Res idential so l id waste arrives by 
compactor truck at the MSW 
processing p lant,  where it  is 
expel led by hydrau l ic  ram onto the 
f loor of the receiving area. 
2 To reduce the s i l icon content and 
produce a cleaner, h igher-Btu 
product, the refuse is tumbled 
through an i nc l ined ,  rotat ing tram­
mel .  Bottles and bags are broken by 
the l ift i ng  and fal l i ng  act ion,  and 
g lass, d i rt, and p lant c l ippi ngs fal l 
th rough  the screen to the floor 
below. 
3 Conveyed to a hammer mi l l ,  the 
waste is homogen ized by being 
s h redded into smal ler pieces. Ro­
tating hammers, weigh ing  hundreds 
of pounds and resembl ing extended 
f ingers ,  smash the waste against a 
large steel p late at h igh  speeds, 
breaking the material down and 
forc ing i t  through the bottom grate 
(4-8- in .-1 0-20-cm-open ings) . 
4 The ferrous metals (about 7% by 
weight of received M SW) are mag ­
netical ly removed and loaded i nto 
sh ipp ing containers for transport to 
deti nners and steelmakers. The 
remain ing waste can then be con­
veyed to a second hammer mil l  for 
further size reduction ( i .e. ,  2 in .-
5 cm-or less) , depend ing on  the 
end use of the product. 
5 Fed i nto the air classifier, the 
shredded waste is d rawn by air 
currents through  a hazardous path 
of impact p lates that stop the 
forward motion of heavy materials. 
A vertical jet of a ir  l ifts the l ig ht, 
combustible materials, which are 
then pneumatically conveyed to the 
storage bi n ,  whi le the heavy ma­
terials fall to the bottom. The heavy 
fraction tends to be very rich in 
a luminum and is itself a marketable 
product. 
6 The fuel fraction ,  consist ing of 
l ig ht paper, fiber, plastics, and other  
combustible materials, has an 
energy value  of 5000-8000 Btu/ lb. 
Resembl ing fluff, the fuel can be 
compacted in  a truck and sh ipped 
to a power plant or  cement p lant for 
cofir ing with coal ,  or  mixed with 
sewage s ludge and pyrolyzed to 
produce a gas. 
7 For ease of hand l i n g ,  transport, 
and storage, the fluff can be com­
pressed and extruded into pel lets at 
the M SW process ing plant. The 
pel lets can be used d i rectly in 
a stoker or  g rate-type furnace but 
may have to be reshredded before 
f ir ing in a suspension-type furnace. 
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cost at least $5 a ton greater than the 

cost of taking the MSW to the process­

ing facility. 

The disposal charge for landfill varies 

widely-from as little as $2 a ton to as 

much as $18 a ton for landfills around 

congested metropolitan areas. Overall, 

MSW processing is likely to be given se­

rious consideration only in areas where 

the disposal charge for landfill is large, 

where landfills are destined to be shut 

down by state or local mandate, or, con­

ceivably, where municipalities are moti­

vated to subsidize RDF operations. As 

one EPA official put it, "As long as there 

are cheap options, such as the inexpen­

sive dump, there is really no way that 

material can be diverted to a resource 

recovery plant. It is an economic kind 

of thing." 

Utilities' role 

Every MSW-processing project has 

several stages: collection and supply of 

MSW, processing, burning the fuel 

product, sale of recovered materials, and 

disposal of residues. The supplier may 

be the city itself or private contractors 

who collect refuse in the city. The 

processor may also be the city, but the 

emerging pattern is that a separate 

company builds and operates the 

processing plant. 

Potential customers for the fuel prod­

uct include an industrial plant, district 
heating system, electric utility generating 

plant, or any other facility that uses a 

large amount of energy. 

Since utilities need large, constant 

supplies of fuel, they appear to be ex­

cellent candidates for RDF use. But 

utilities are reluctant to get involved 

with RDF because, as they see it, the 

risks are high and the return, in terms 

of an inexpensive, reliable fuel supply 

in large quantities, is small or nonex­

istent. 

Utilities set for themselves extremely 

high standards of providing reliable 

service to their customers. Utility man­

agemerit believes that technical uncer­

tainties of RDF could jeopardize their 

ability to meet those requirements. 
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Burning RDF could also make the 

utilities' operation less efficient. A boiler 

that is firing RDF must be used con­

tinually, or the RDF will start to pile up 

in the receiving and storage areas. By 

continuing to use the boiler when it 

would otherwise be more efficient to 

shut it down, the utility suffers an eco­

nomic dispatch penalty. 

Thus far, the New York Public Service 

Commission is the only state regulatory 

agency to have taken a formal position 

on utilities' participation in MSW proj­

ects. While the New York commission 

encouraged utilities to help communities 

find ways to dispose of refuse, it also 

said that utility funds should not be 

used for MSW-processing facilities and 

that the utility's cost for burning RDF 

should not exceed the cost of other 

kinds of fuel. A survey of other regu­

latory agencies by the New York con­

sulting firm Gordian Associates Inc. 

found that they would also oppose any 

participation that resulted in higher 

costs. 

In general, utilities have been willing 

to use RDF as long as rather stringent 

conditions are met and they are able 

to minimize or eliminate risk to them­

selves and their customers. They typ­

ically require a guaranteed quantity of 

fuel, as well as a guarantee of quality 

in terms of heating value, ash content, 

and other factors. They may also stipu­

late contracts with other risk-limiting 

provisions, including one or more of 

the following. 

o Deducting costs that result from the 

use of RDF, including more frequent 

corrosion inspection, more frequent 

replacement of conveyor parts, and 

even increased bookkeeping charges 

o The right to refuse fuel at any time 

o Agreement from the processor to 

pay for boiler modifications and to buy 

back storage facilities and other equip­

ment if the utility decides to stop using 

the fuel 

o Test periods of up to a year before 

the utility signs a long-term contract 

for RDF, with the utility having the ex­

clusive right to decide whether the fuel 

passes the test 

Community service 

H. J. Young, senior vice president of 

Edison Electric Institute (EEI), the prin­

cipal national association of investor­

owned electric utilities, summed up the 

utilities' view of MSW processing by 

saying, "The electric utility industry 

realizes that there is a critical solid waste 

disposal problem and that the utility 

industry has a potential part to play in 

the solution of that problem. It also 

realizes that solid waste cannot be 

viewed as a major source of fuel for 

generating electricity but that wastes 

can be a partial help to the utility in­

dustry in future years." 

While utilities may be less than ag­

gressive in initiating MSW processing 

programs, they are staying abreast of 

developments in the field. Young re­

ported that an EEI survey of its members 

in 1976 showed that 49 out of 93 com­

panies were involved in studies of vari­

ous kinds of MSW projects. Most were 

studying the purchase of shredded RDF. 

Utilities will continue to fill the key 

role of customers for MSW energy. 

Occasionally, they will participate be­

cause of an opportunity to cut costs or 

because they need a supplementary 

source of energy. For the most part, 

though, the utilities' motive for partici­

pating in MSW projects will be to help 

communities in their service areas solve 

their refuse disposal problems. 

"Utilities," Young said, "tend to place 

a high value on efforts at civic improve­

ment and will go unusually far to help 

improve their service areas." He added 

that over half the companies involved 

in MSW studies said that their primary 

motive was public service. 

Utilities can also play an important 

role as sources of technical information 

in their communities. With the knowl­

edge they have gained through experi­

ence and research, utilities are in a 

unique position to assist local officials 
in evaluating processes and processors. 



Union Electric Co. of St. Louis was 

one of the first utilities to burn RDF. 
In 1969, it joined with the City of St. 
Louis in a demonstration project in 
which the city classified the waste, 
separated metals, and shredded the 
rest for fuel. Union Electric burned the 

fuel in coal-fired boilers. 
After its experience with the demon­

stration project, Union Electric took 
an unprecedented step for a utility: 
It announced plans to build and op­
erate its own MSW processing plant 
through a wholly owned and unregu­
lated subsidiary, Union Colliery. The 
solid waste utilization system (SWUS), 
as the project was called, would pro­
cess up to 8000 tons of MSW a day 
collected from St. Louis and sur-

In 1971, the City of Milwaukee and 

Wisconsin Electric Power Co., which 
serves Milwaukee and much of south­
eastern Wisconsin, studied the feasi­
bility of recycling solid waste to pro­
duce energy. While they concluded 
that conventional incineration with 
heat recovery was technically feasible, 
they also found thatit would costmore 

than the landfill disposal that was 
then being used. However, they took 
note of the experiments in St. Louis 
with the burning of solid RDF. 

In 1973, Milwaukee requested pro­
posals for disposing of solid waste by 
any method that would "not cause 

degradation of the environment." The 
proposal by the Americology Division 
of American Can Co. was chosen from 
the seven submitted. 

Americology proposed to receive 

A TALE OF TWO PROJECTS 

One that didn't make It . . . 

rounding communities. Waste would 
be brought by truck to four transfer 
stations, where it would be loaded 
into railroad cars for shipment to the 
processing plant at Union Electric's 

2400-MW Labadie power plant. 

In April 1977, four months before 
the originally planned start of opera­
tions, Union Electric announced that 
the project would be abandoned. The 
problems were political and economic. 
Last November, the voters of Missouri 
adopted a proposition that prevented 
electric companies from including the 
carrying costs for construction funds 
in their electric rates. That restriction, 
plus rising costs, made the economics 
of the project questionable. 

Another factor in Union Electrics 

and one that did. 

solid waste at a downtown-Milwaukee 
processing plant and at three transfer 
stations. The plant, with a rated ca­
pacity of 1600 tons of MSW a day, 
would separate bundled paper, metals, 
glass, and other products from the 

MSW and shred the rest for solid RDF. 

The key to the project was the deci­
sion by Americology to underwrite 
the project's risk, coupled with the 
participation of Wisconsin Electric. 
The City of Milwaukee required that 
Americology secure Wisconsin Elec­

tric' s agreement to burn the fuel before 
it would enter a contract with Ameri­
cology for processing. Agreements on 
both sides were reached in January 
1975. 

Under its agreement with Ameri­
cology, Wisconsin Electric will bum 
solid RDF as a supplementary fuel 

decision was the company's inability 

to obtain permission to build the 
fourth transfer station in a suburban 
St. Louis community. The community 
refused to issue a permit for the sta­
tion, saying that it involved dumping 

of waste, which was prohibited by or­
dinance. A similar situation in the city 

of St. Louis was resolved when the 
city attorney ruled that the transfer 
station there involved the movement 
of waste from one form of transpor­

tation to another, not dumping. The 
suburban community's attorney re­
fused to make a similar ruling. 

A bi-state commission of Illinois 
and Missouri officials is now consid­
ering taking over the project from 
Union Electric. 

at its Oak Creek station and will 
pay for the heat value of the fuel at 

the same rate as the equivalent heat 
value of coal, less amortization of capi­
tal investment and expenses that re­
sult from burning the RDF. Wisconsin 
Electric will evaluate the use of RDF 
in a one-year test program. It has the 
option of cancelling its agreement 
with Americology at the end of the 
test program. 

The Americology plant is not yet 

in full-scale operation due to plant 
modifications. Problems have been 
encountered in shredding the waste 

to a sufficiently small size and in re­
moving noncombustibles from the 
fuel. To date, 7000 tons of MSW have 
been processed. The fuel is now being 
fired on a routine basis but at a very 
limited burning rate. 
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System 
Operation at 
Optimal Cost 
by Charles J. Frank 

H 
arry Truman's famous desk 
motto, "The Buck Stops Here," 
applies most appropriately to 

one individual in an electric utility, the 
power system operator, or dispatcher. 
Regardless of how well the system plan­
ners and designers have done their job, 
the operator must take what they give 
him and make it work-match the gen­
eration to the ever-changing load. 

Planners accommodate many expecta­
tions, such as daily and seasonal cycling 
and projected service growth, when they 
design new facilities. They also consider 
many contingencies, such as loss of trans­
mission lines, loss of generators, and 
other equipment failures. But the opera­
tor is faced daily with using whatever is 
actually available to do his job. 

A system operator may be likened to 
a flight controller at a big airport. At any 
moment the availability of runways (per­
haps of different length and pavement 
thickness) depends on such variables as 
wind speed and direction, visibility, elec­
tronic aids. As flights seek to take off or 
land, the controller must accommodate 
them. If the field is socked in, he holds all 
departures and diverts fuel-starved arriv­
als to an open field elsewhere. 

The power system operator also faces 
a fluctuating traffic pattern -system load 
-and he also faces the eventuality of 

Charles Frank is a project manager in the Power 
System Planning and Operations Program of EPRl's 
Electrical Systems Division. 
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Rising fuel prices are putting new i mportance on the economic impact 

of a system operator's d ispatch decisions. EPRI research is exp loring new 

techniques for f ine tu n ing the generation m ix to gain a better balance 

between performance and cost criteria. 

being "socked" by equipment failure, 
forcing him to buy power from a neigh­
boring utility or, in an extreme case, to 
shed customer loads so as not to exceed 
his remaining generation capacity. 

Unique in the power system operator's 
work is the requirement to generate 
power only as it is needed. For the most 
part, electric energy cannot be stored. 
The operator must monitor all possi­
ble information about routinely chang­
ing load patterns, as well as the sudden 
changes that occur. He can then arrange 
to have sufficient generation and suffi­
cient reserve capacity-ready at all times 
for use at moment's notice-to meet the 
anticipated load variations. 

Priorities of responsibility 

Given the variety and magnitude of load 
fluctuations that confront him, what are 
the operator's criteria for deciding his 
course of action? These criteria-and 
their all-important priority order-sug­
gest the context in which refinements and 
improvements are sought. From most to 
least critical, an operator's responsibili­
ties are stability, reliability, security, and 
economy. 

The operator's first concern is the sta­
ble operation of his generation and trans­
mission system. Stability is directly af­
fected by the location and amount of 
generation for a given load pattern. The 
operator must not allow uncontrolled 
oscillations in power flow, cascading 



Constant, u rgent commun icatio n  is the task of power d ispatch It takes a system operator and 
t h ree d istr ict d ispatchers to monitor and contro l  the five o i l -f i red base stat ions and n u merous 
peak ing units that make u p  Long Is l and L ight ing Co. s 3400-MW system capacity Tough  
decis ions a re  made here - such as  to break the t ie w i th  Consol idated Edison Co.  when  New Yo rk 
Ci ty·s b lackout th reatened Long Is land last J u l y. Photo courtesy Long Island Lighting Co. 
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System security, rel iabi l ity, and stabi l ity must strike a 
bal ance with economy How del icate is that balance? 
Where does i nsecu rity beg i n ?  How m uch of an i mbalance 
- and for how l ong - wi l l  compromise rel iabi l ity? 
EPR l-sponsored research and analysis seek techn iques 
that uti l i t i es can apply to eva l uate and sharpen the ir  own 
system performance. 

outages, or uncontrolled separations 
from neighbors. Furthermore, he must 
ensure that these undesirable conditions 
are not even likely in the event of equip­
ment outages or sudden power excur­
sions. Unless the operator maintains 
stable operation, it is futile to consider 
reliability, security, or economics. On 
the other hand, he must not operate in 
so conservative a manner that he incurs 
enormous costs and maintains exces­
sively high equipment reliability. 

Reliability is the operator's next con­
cern. The reliability level he achieves is 
determined by the ability of generators 
and transmission lines to supply the sys­
tem load, while maintaining adequate 
reserve generation and transmission ca­
pability. Closely related to reliability is 
system security. The operator must use 
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the generation and transmission equip­
ment at his disposal within normal oper­
ating ranges. For example, if a transmis­
sion line approaches its loading limit, 
the operator must consider routing addi­
tional power over alternative lines or take 
the risk of losing that line because of 
overload. Operating a transmission line 
near its operating limit reduces both sys­
tem security and system reliability. 

Only when each of the above require­
ments is satisfied can the operator con­
sider operating his system in the least 
costly manner possible. Stability, reli­
ability, and security are interrelated. All 
follow the same pattern; that is, an in­
crease in stability causes higher reli­
ability and higher security. 

But economy acts in the opposite di­
rection. The operator's job is achieving 

NAPSIC GUIDELINES 

Number Area of Interest 

Automatic generation control 

2 Frequency bias setting 

3 Scheduled interchange 

4 Time error standard and correction 

5 Inadvertent interchange 
accumulations 

6 Calibration of frequency meters and 
time error devices 

7 Monthly summary of inadvertent 
interchange accumulations 

8 Regulating surveys 

9 Action in emergency 

1 0  Reserve capacity 

11  Load shedding, sectionalizing, and 
restoration 

12 Commun ications 

13 Generator security 

1 4  Relaying 

15 Transmission 

16 Maintenance coord ination 

17  Training of d ispatchers and operators 

18 Notification of system d isturbances 

19 Exchange of information 

20 Analysis of system d isturbances 

21 Monitoring for system security 

22 Action for an energy emergency 

the proper balance among these four 
requirements. 

Today's technical criteria for stability, 
reliability, and security have evolved 
from system interconnection practices. 
Most utilities in North America are linked 
with their neighbors. Interconnections 
were added over the past 50 years to 
bring a measure of additional security 
in operations, while offering economic 
advantages. Thus, with the help of its 
neighbors, a sudden disturbance on one 
power system can be met with the com­
bined resources of all the interconnected 
members. But to get this help in time of 
need means each utility must be prepared 
to help its neighbors when they have dis­
turbances. Through interconnected oper­
ation, a power system responds not only 
to its own disturbances but also to any 



that the interconnected group experi­
ences. This is a small burden to absorb 
in exchange for the advantage of pooled 
operation that affords lower-cost power 
when one or another system has excess 
capacity to sell. 

Voluntary guidelines 

With the growth of interconnected oper­
ations, the cooperating utilities realized 
that a common set of rules was needed. 
The North American Power System In­
terconnection Committee (NAPSIC) was 
therefore organized in 1962. Using all 
that had been learned in the previous 
35 years of interconnected operation, 
NAPSIC developed a set of guidelines 

NAPSIC MINIMUM OPERATING 
RELIABILITY CRITERIA 

Number 

2 
3 
4 
5 
6 
7 

8 
9 

1 0  
1 1  
1 2  
1 3  

2 

3 

4 
5 
6 
7 
8 
9 

Area of Interest 

Normal Conditions 

System contingency robustness 
Highest reliability goal 
Operating reserve 
Automatic generation control 
Interchange scheduling 
System monitoring 
Reactive supply and voltage control 
Frequency and time error control 
Communications 
Relaying 
Maintenance 
Training operating personnel 
Equipment ratings 

Emergency Conditions 

Emergency power transfer limits 
Disturbance rebalance limit 
(1 0 minutes) 
Defensive strategies for abnormal 
loading and voltage 
AGC frequency cutoff 
Emergency and backup power supply 
Load shedding and sectionalizing 
System restoration 
Major disturbances 
Long-term emergencies 

for its members. These guidelines are 
periodically modified to meet changing 
system conditions. 

For example, the first guideline (on 
automatic generation control) was incor­
porated into the operating manual in 
1967. Revised in 1973 and again in 1975, 
this four-page guideline identifies four 
basic principles of generation control 
with either analog or digital equipment. 
It also designates the minimum required 
facilities, such as monitoring equipment, 
recording devices, and backup power 
supply. Finally, it delineates the practices 
an operator must follow to achieve ac­
ceptable control performance. 

In addition to the guidelines in the 
NAPSIC operating manual, a set of mini­
mum performance criteria was issued in 
1973. These criteria deal mainly with the 
primary control error an operator uses to 
measure his own system's performance. 
They identify maximum excursions that 
are tolerable and the speed with which 
the control error must be returned to 
zero. Still another part of the NAPSIC 
manual deals with operating reliability 
criteria. 

Although NAPSIC has prepared ex­
tensive guidelines and criteria, it is a vol­
untary organization-decisions to follow 
these guidelines rest with the individual 
operators in each of the interconnected 
utilities. When problems requiring re­
search arise, NAPSIC can count only on 
voluntary help from its members. Be­
cause their research resources and cap­
abilities vary considerably, this is where 
EPRI can be of assistance. 

Research in operations 

Economic aspects of system generation, 
in particular, seem to be a subject area 
for research on a nationwide scale. Two 
examples illustrate the distinctly differ­
ent viewpoints that have evolved among 
power system operators over the years. 

The first has to do with generation 
cost, especially as it relates to regulation. 
One group contends that there is a cost 
variable associated with generators that 
are used to track the consistently fluctu­
ating system load. As a result, this group 

commits generation sparingly in contrib­
uting to the regulatory response. A sec­
ond group feels there is no difference 
in cost whether a unit is generating at 
constant level or is responding to small 
fluctuations in load, but with an average 
value equal to the constant level. 

Which opinion is right? Is there a cost 
associated with providing generator 
regulatory response? 

Another difference of opinion among 
operating groups concerns time, that is, 
the accuracy of electric clocks. Is it the 
responsibility of a utility to sell both 
energy and a time standard? One group 
of operators contends they do have this 
responsibility. They feel they must oper­
ate as close to 60 Hz as possible so that 
all their customers' electric clocks are 
accurate. Other utility operators have 
steadfastly maintained that providing 
accurate time is not one of their obliga­
tions. They have changed their operating 
principles in this regard only when they 
have become members of larger inter­
connected groups. 

So the question is, should utilities sell 
a time standard? If so, what is the added 
cost to provide this service? 

Such questions have one area of com­
monality-economics. And today, be­
cause of rapid escalation in fuel prices 
and uncertainties in fuel availabilities, 
operators must reevaluate the impact of 
these questions on their own control 
techniques. The delicate balance between 
economy and stability, reliability, and 
security has been altered. To help answer 
the questions and to assist in developing 
techniques to evaluate operating prac­
tices, research in the economic operation 
of power systems has been initiated at 
EPRI. 

Altogether, the research touches on 
the system operator's functions in auto­
matic generation control, economic dis­
patch, and generating unit commitment. 
Continual changes in electric utility oper­
ating conditions require a reevaluation 
of the methods the operator uses to en­
sure security and provide adequate con­
trol. A major motivation, for example, is 
that methods of operation that were eco-
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nomical at lower fuel costs no longer 
remain so. The result is much more em­
phasis on ways to improve daily proce­
dures in the utility dispatching office. 

Five projects have been selected for 
funding. The first concerns system con­
trol performance. EPRI's goal is to iden­
tify the factors needed to analyze the 
performance of each member of an in­
terconnected power system. The contrac­
tor, Autocon Industries, Inc. (a division 
of Control Data Corp.), together with 
Northern States Power Co., will develop 
criteria, guidelines, and working tools 
for analyzing the performance of any 
control area of an interconnected power 
system. Of principal interest are factors 
affecting operating economy and control. 

The second project, on an area control 
simulator, will provide a digital computer 
simulation program for studying multi­
area interconnected operation. The con­
tractor, Philadelphia Electric Co., will 
develop the simulator for Autocon and 
Northern States' use in their studies and 
for use later by other utilities. In addition, 
Philadelphia Electric will hold a work­
shop on the use of this simulator in the 
fall of 1978. 

A third project in this group concerns 
improved dispatch methods. The objec­
tives are to assess improved methods of 
representing turbine generator incre­
mental costs and to evaluate the effects of 
turbine generator operating constraints. 
The contractor, Philadelphia Electric Co., 
will evaluate the methods now used to 
determine and update turbine generator 
input-output representations. It will 
examine standard test procedures and 
conditions used to measure input-output 
curves and will determine the instrumen­
tation and analytic requirements needed 
to frequently update the input-output 
curves. In addition, Philadelphia Electric 
will identify the various turbine gener­
ator operating constraints that must be 
considered by the power system operator 
and will include the constraints imposed 
by boiler and fuel types used. 

Two final projects particularly address 
the effective utilization of fuel resources. 
For the project on pool daily fuel dis-
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patching, Power Technologies, Inc., and 
the New York Power Pool are develop­
ing a computer program to efficiently 
allocate the fuel for a group of intercon­
nected utilities on a daily basis. The daily 
fuel-dispatching procedure will satisfy 
most, if not all, operating requirements, 
while optimizing a cost equation. The 
requirements to be considered include 
constraints on thermal units, such as unit 
minimum down- and uptimes; operating 
limits; response rate limits; limitations 
of fuel supply; reserve requirements; 
operation of conventional hydro genera­
tion; operation of pumped-storaged 
hydro generation; and transfer limita­
tions for multiarea operations. 

A second contract on fuel dispatching 
has been awarded to Boeing Computer 
Services, Inc., which will study the prob­
lem of coordinated monthly, daily, and 
instantaneous fuel dispatching and de­
velop practical computer application pro­
grams for use by power system operators. 
The overlap of this work with the pool 
daily fuel dispatching is intentional. Be­
cause of the large amounts of money 
involved in the production cost of gener­
ation, two parallel efforts on the fuel 
dispatch problem seem justified. 

Follow-on efforts 

Most of the work on these projects will 
be completed in two years. However, 
because of the changing conditions and 
requirements of interconnected power 
systems, research in system control per­
formance and modeling control perfor­
mance will undoubtedly be continuing 
efforts. 

From the research on improved dis­
patch methods, techniques for more 
rapid updating of economic dispatch 
data will be developed. In addition, the 
impact of equipment limitations, con­
straints, or outages will be pursued. Fi­
nally, the fuel-dispatching effort will 
result in techniques for influencing on­
line economic dispatch programs to 
account for fuel utilization requirements. 
Thus, EPRI foresees potentially signifi­
cant effects. Not only is more up-to-date 
information the goal of current research 

but computer programming changes to 
account for equipment limitations and 
fuel usage constraints will also be consid­
ered. The result of this future work on 
economic dispatch will be coordinated 
with generation control research being 
pursued by the Department of Energy. 

But other research will be needed to 
balance the program. To this end, the 
following topics have been identified by 
EPRI' s advisory task force for power 
system planning and operations: 

o Real-time data equivalents Here the 
concern is the on-line power flow analy­
sis needed for a power pool environment. 
This work will be closely related to cur­
rent work in hierarchical control-that 
is, data management at different levels 
of computer networks. The goal will be 
to develop the network simplification 
and equivalencing techniques and to 
specify the equivalencing power system 
data requirements. 

o Security analysis The goal will be the 
development of steady-state and dyna­
mic security assessment methods for use 
in daily power system operations. The 
key phase will be utility demonstrations 
of the developed techniques. 

o Load management for operations Because 
of the amount of work being done in load 
management techniques, research and 
development must consider the needs 
of power system operators. The research 
effort will identify these needs and seek 
to reflect them in load management de­
velopment. 

o Plant availability Work is needed to 
determine optimal generation and plant 
availability needs. Study will likely in­
clude determination of the cost benefit of 
higher generator availability (allowing 
deferral of secondary generation sources) 
and other scenarios. 

EPRI research in power system opera­
tion today is thus directed at the highest­
priority problems that have been identi­
fied, and orderly progress is being made 
to define related investigations that will 
optimize the performance and cost con­
siderations of electric power dispatch. 



W
hat does an engineer at Yankee 
Atomic Electric Co. in West­
borough, Massachusetts, have 

in common with a program planner at 
ERDA in Washington and an environ­
mentalist at Otter Tail Power Co. in 
Fergus Falls, Minnesota? All receive, 
read, and put to beneficial use EPRI tech­
nical reports. 

Robert Smith, an engineer who deals 
with metallurgy problems in nuclear 
reactors at Yankee Atomic, has used 
data from an EPRI study of radiation 
dosage effects on structural components 
in nuclear reactors. Smith extrapolated 
the reactor geometry in the study report 
and applied it to the similar geometry of 
the Vermont Yankee Mark I reactor in 
his attempt to determine what materials 
would best inhibit radiation damage. He 
says that "the flux data in the report were 
directly applicable" to the problem he 
was working on. And he adds that infor­
mation from the EPRI study has also 
been used by Yankee Atomic in updating 
reactor operating data that the company 
is required to report to the Nuclear Reg­
ulatory Commission. Smith went on to 
say that EPRI research in fracture mech­
anics has not only been useful but also 
"will probably lead to a change in Section 
3 of the ASME Boiler Code." 

According to Erik Svenson, assistant 
director for federal program plans for 
ERDA, information from several EPRI 
environmental reports, among other 
sources, was used in drafting a recent 
White House-ERDA analysis of various 
environmental issues. The reports were 
supplied by Mike Tinkleman of EPRI' s 
Washington office to a Svenson staff 
member on special loan to the White 
House. 

Svenson says he has found EPRI tech­
nical reports "a very useful information 
source" in his task of preparing a com­
pendium of current R&D programs at 18 
federal agencies. This national plan for 
energy R&D and demonstration includes 
a volume on policy and is produced 
annually, sent to Congress, and made 
available to the public. Generally, he 
says, he reviews EPRI reports to keep 

The Published 
Product 

Since its inception, EPRI has 

undertaken more than 1 000 

research projects and publ ished 

over 400 techn ical reports on 

completed research .  A survey 

reveals how they are being used 

and how useful they are. 

abreast of research developments in the 
electric utility field. They also help him 
evaluate ERDA research budgets and 
set priorities. And they aid in his role as 
an information liaison between ERDA 
and the energy R&D community outside 
the agency. 

Svenson spoke of the "staggering" vol­
ume and diversity of EPRI reports and 
admitted to reading in depth only about 
half those that cross his desk. But he 
volunteered that he reads the JOURNAL 
"from cover to cover" and finds the in­
formation not only technically sound but 
also understandable and "not available 
in any other publication." 

Environmentalist Verlin Menze of the 
Otter Tail Power Co., which serves some 
120,000 customers in portions of Minne­
sota and North and South Dakota, is 
keeping a close watch on the controversy 
raging over the proposal of a group of 
neighboring power companies to con­
struct 400 miles of ± 500-kV de lines 
from central North Dakota to the Min­
neapolis-St. Paul area. Some Minnesota 
farmers have threatened violence if these 
high-voltage lines are permitted over 
their fields and livestock. Court and reg­
ulatory hearings have dragged on, Menze 
notes, delaying construction approval. 
All this has created a special interest, he 
says, in the reports of EPRI research into 
the ecological and biological effects of 
high-voltage electric fields. 

As the company's environmentalist, 
IS-year veteran Menze says he is gener­
ally interested in EPRI' s reports on the 
environmental effects of electric power 
generation and transmission, and he has 
reviewed reports on such matters as S0

2 

dry removal systems; SO" NO" and par­
ticulates; and ozone, noise, and corona 
discharges. 

David Jopling, research coordinator for 
Florida Power & Light Co., views the 
energy field as "a swirling morass of con­
fusion that makes it difficult to fit the 
pieces together." Jopling believes that 
some EPRI reports "are helping to settle 
the uncertainties" in a business that is 
"high risk with many unknowable cost 
considerations." For example, he points 
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out, "Nobody knows how much it will 
cost to deal with the sludge created by 
precipitators." 

Jopling notes that FP&L has been an 
EPRI member for only two years and "is 
just beginning to appreciate how new 
technical developments can affect deci­
sions." He adds, "Utilities are learning 
what R&D really is, how it can help, and 
how it can't." 

Typifying how manufacturers use the 
technical reports are Donald Lane and 
George Silvestri of Westinghouse Elec­
tric Corp. Lane, who is the liaison be­
tween EPRI and Westinghouse Advanced 
Power Systems and heads a field office 
near EPRI's Palo Alto headquarters, says 
that EPRI reports "get distribution and 
exposure to a large cross section of peo­
ple at Westinghouse." He listed the cor­
porate R&D center near Pittsburgh, heat 
transfer division in south Philadelphia, 
and the nuclear facility in Monroeville, 
Pennsylvania, among locations receiv­
ing them. Lane's office issues a monthly 
newsletter, which lists the most recent 
EPRI report titles (among other EPRI­
related information) and is circulated 
in several Westinghouse divisions. Lane 
points out that Roland Coit, a well-known 
condenser design expert and a Westing­
house consultant, had written a letter to 
William Lavallee, EPRI project manager 
for a study of steam plant surface con­
denser leakage. Coit complimented La­
vallee on a "valuable report," whose data 
were "carefully collected and analyzed." 

Silvestri, an engineer at Westing­
house's steam turbine division near Phil­
adelphia, says he looks to EPRI technical 
reports for the latest data on state of the 
art and for "independent, authoritative 
information" on technical points over 
which he and his colleagues may have a 
difference of opinion. He's been follow­
ing with special interest EPRI work on 
the relative costs of coal gasification and 
stack gas cleanup. 

An EPRI report on the evaluation of 
dry alkalis for removing sulfur dioxide 
from boiler flue gas has led to a parallel 
research effort at Pacific Power & Light 
Co. in Portland, Oregon, according to 
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Verl i n  Menze 

Peet Soot, PP&L research coordinator. 
"There's no doubt that EPRI technical re­
ports are of use here," says Soot. PP&L 
also serves portions of Wyoming, whose 
air quality standards are more restrictive 
than the federal criteria. The alkali pro­
cess detailed in the EPRI report, Soot ex­
plains, "is more efficient than wet scrub­
bers." And if PP&L's effort to develop a 
process whereby alkali can be used to 
remove 50

2 
from its flue gases proves 

effective, Soot says, "We foresee sub­
stantial cost savings." 

Some 400 copies of EPRI' s evaluation 
of EPA' s Community Health Evaluation 
Surveillance System (CHESS) report on 
asthma data (1970-1971) for New York 
City were distributed by Richard Laska 
of EPA' s R&D office in Washington to 
key decision makers in several federal 
agencies. EPRI's analysis of these partic­
ular CHESS data questioned the con­
tention that there is a link between the 
incidence of asthma attacks and the sul­
fate and particulate levels in the air. 

Anthony Colucci of Greenfield, Atta­
way & Tyler, Inc., a principal investigator 
in EPRI's analysis of the CHESS data and 

in an earlier report on the current state of 
knowledge regarding sulfur oxides, has 
been testifying almost nonstop over the 
past year before regulatory commissions 
on behalf of utilities in the U.S. and Can­
ada. Colucci reckons he's spent the equiv­
alent of 100 days in actual testimony, 
presenting facts from the two reports. 

"The data developed in these reports," 
says Colucci, "have been very useful to 
utilities in regulatory hearings related to 
emissions and air quality standards." He 
says that the studies "have advanced the 
state of knowledge regarding sulfur ox­
ides and have given government agencies 
more scientifically based data." Colucci, 
a public health specialist with a doctorate 
from Johns Hopkins University, believes 
that "the sulfur oxides study will prob­
ably have a significant influence on EPA 
when it comes to drafting new criteria for 
50

2 
emissions standards." He notes that 

similar studies on nitrogen oxides and 
particulates are being done for EPRI by 
his consulting firm. 

Not everyone sings praises for EPRI's 
technical reports. William Johnson, chief 
electrical engineer for Pacific Gas & Elec-

Robert Sm ith 



E ri k  Svenson 

and EPRI' s are the best." 
EPRI' s technical reports on research 

projects are prepared by the contractors. 
The EPRI project manager responsible 
for the research closely monitors the ef­
forts of the contractors during the course 
of the work up to the preparation and 
publication of the final report. 

Philipp comments, "EPRI does an ex­
ceptionally good job in preparing reports. 
The research is carefully monitored as it 
progresses and the results are presented 
in a report format that facilitates its use." 

As this article was being prepared, a 
new service was being readied by EPRI 
for those who prefer to receive a shorter 
version of the reports-technical sum­
maries. The summaries, which include 
the title page, abstract, and executive 
summary from the full reports, cover all 
EPRI technical reports published during 
the previous month. 

"This new service is designed to save 
the reader time-and shelf space," ex­
plains Carol Poole, EPRI's publications 

tric Co. in San Francisco, finds the reports distribution administrator. Each packet 
"too voluminous" and says, "It's too of summaries contains information for 
difficult to get the technical meat out of 
them, when it's there." Johnson, a mem­
ber of EPRI's Research Advisory Com­
mittee, thinks the main problem with the 
reports is that "they seldom have a 
good summary. Most summaries are self­
serving-they tell what was done but not 
what was found." He would like to see 
"the first couple of pages of a summary 
give a knowledgeable reader enough 
information to enable him to decide 
whether or not to go further into the 
report." 

Johnson noted that the reports he sees, 
mostly from EPRI's Electrical Systems 
Division, have been improving in this 
area. He added that the EPRI publication 
he has found most useful is the Technical 

Assessment Guide, produced by the tech­
nical assessment group on EPRI's Plan­
ning Staff. 

On the other hand, Howard Philipp, 
research planning director for Niagara 
Mohawk Power Corp. in Syracuse, New 
York, says that he's seen " a lot of research 
reports in 25 years in the utility business, 

G eorge Si lvestri 

ordering those reports the reader may 
want. Poole points out that the new pro­
cedure "eventually will enable us to cut 
the cost of printing reports, since our 
inventory will more closely reflect de­
mand." 

Thus far, EPRI has published some 
400 technical reports on completed re­
search projects that cover a broad range 
of concerns in the electric utility industry. 
These reports-in effect, EPRI's pub­
lished product-are distributed widely 
in the United States and abroad and are 
put to a variety of uses. 

Some 4500 reports are mailed gratis 
each month to EPRI member utilities, 
affiliates, contributing nonmembers, ad­
visory committee members, U.S. utility 
industry associations, federal, state, and 
local government agencies, and foreign 
organizations with which EPRI has in­
formation exchange agreements. Among 
the overseas groups receiving the reports 
are the Central Electricity Generating 
Board in England, Swedish State Power 
Board, Electricite de France, Australian 
Coal Industry Research Laboratories, and 
the Central Research Institute of Electric 
Power Industry in Japan. Members of 
EPRI's various advisory committees also 
receive them. 

As the reports and requests for them 
grew in number, EPRI was forced by cost 
considerations to begin charging non­
member and nongovernment organiza­
tions for reports. Beginning in March of 
this year, EPRI set up an arrangement 
whereby these groups could obtain re­
ports at a moderate cost from Research 
Reports Center in Palo Alto. Microfiche 
reproductions of the reports are available 
from the National Technical Information 
Service (NTIS) in Springfield, Virginia. 

Guy Farthing, EPRI's manager of mem­
ber services, says that among his con­
cerns in calling on member utilities is to 
find out how EPRI' s technical reports are 
being used and to encourage members 
to get the maximum benefit from them. 
"Adequately understood and properly 
used," says Farthing, "these reports be­
come a major asset to the electric utility 
industry." 
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Charles 
Coutant: 
Ecology and 
the Scientific 
Method 

Experimental science is an emerging 

force in the ecological movement, 

al lowing the separation of fact from 

intuit ion and promis ing more soundly 

based environmental standards and 

energy systems design .  

o An  EPRI interview 

E 
cology is difficult to separate from 
the other sciences," says Charles 
Coutant, "because it is by defini­

tion a combination of all of them." 
Definitions aside, Coutant, an aquatic 

ecologist and long-standing member of 
EPRI' s Advisory Council, points out that 
this "holistic perspective" is somewhat 
at odds with the latest developments in 
his field, namely the increasing tendency 
to use experimental techniques that are 
normally associated with scientific spe­
cialization. 

"The ecologist is always torn in two 
directions. We want to put the whole 
picture together, but if we want to do a 
detailed experiment to find out why or 
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what the causal relationship is between 
this and that, we have to narrow down, "We need to make a social 
drop the big picture, and look at the distinction between those who 
smaller pieces. As a result," says Cou­
tant, "depending on which group I'm 
talking to, I'll sound like a fishery biol­
ogist or I'll sound like a fish behaviorist, 
even though the real aim of what we are 
up to is to look at the system in its en­
tirety." 

The system to which Coutant refers 
and to which he has devoted much of his 
career is the power plant cooling cycle 
and the water bodies to which it is linked. 
At Oak Ridge National Laboratory, he is 
manager of an R&D program that is in­
vestigating the ecological changes associ­
ated with power plant cooling systems. 
The intention is to predict the nature and 
extent of aquatic disturbances in order to 
"allow for proper design and siting of 
power plants." 

The ecology movement, from Cou­
tant' s perspective as a scientist, is too 
often confused in industry's mind as a 
single homogeneous body given to moral 
polemics and confrontation politics. 
During an interview at a recent EPRI 
Advisory Council meeting in Aspen, 
Colorado, Coutant was emphatic in dif­
ferentiating the ethical or quasi-religious 
aspects of the movement from its scien­
tific counterpart-but in fact pointed to 
their common origins. He explained, 
"The science of ecology sprang from the 
environmental ethic that was preached 
by the old-time conservationists, and the 
two have gone parallel since. As a holistic 
science, it really has had to develop from 
natural-history observations, a phase 
we've gone through and are still going 
through, and it's only recently that we 
have been getting into the more experi­
mental and quantitative phases. How­
ever, today I think we have reached the 
point where we need to make a social 
distinction between those who speak 
from an ethical concern for ecology and 
scientific ecologists, who really try to do a 
rigorous analysis based on what we know 
or at least on what is a clearly logical 
extension of what we know." 

speak from an ethical concern for 

ecology and scientific ecologists. " 



Uninformed intuitivism is a phrase 
used by Coutant to describe precon­
ceived positions (whether taken by well­
intentioned extremists or legislators) that 
are devoid of a sound factual basis. When 
pressed for examples, he ignored the 
obvious one of the radical fringe of the 
environmental movement and addressed 
his concerns to the regulatory framework. 

"Do we really have a good, factual 
basis for stating that sulfur dioxide emis­
sions are damaging to human health?" 
he asked. "We really don't. A lot of peo­
ple feel intuitively that sulfur dioxide is 
bad. In itself, it is. It will kill plants and it 
will kill people. But we're making a lot of 
regulations when we really don't have 
good, scientific facts as a basis. On the 
water side, there are several problems. 
Many of our thermal standards around 
the country were set up more on intuitive 
feel for what things should be rather than 
on good data. We have been learning a 
lot from power plant studies and experi­
mental work, which shows in many cases 
that these standards are really not well 
founded-that organisms, for example, 
are more tolerant to temperature change 
than we thought they were and that the 
systems are more tolerant overall. As a 
result, the real problem now is to make 
sure that the legal standards and the 
decisions that are made through analysis 
truly reflect the increase in knowledge 
that we have." 

Coutant's penchant for good experi­
mental data, as well as for the mental 
flexibility to adapt to new scientific evi­
dence as it arises, stems in part from his 
own experience. He is fond of pointing 
out the evolution in the thinking of his 
own profession, notably the movement 
from an initially narrow focus on thermal 
discharge to a continually broadening 
perspective that now incorporates all me­
chanical, chemical, and thermal stresses 
of cooling systems upon the aquatic en­
vironment. 

Coutant' s career in power plant cooling 
stretches back nearly 20 years to his un­
dergraduate days at Lehigh University, 
and his interest in marine life goes back 

'The modelers have done 

something the ecologists have tried 

to do for years, and that is to 

put it all together. " 

to his childhood. Having "grown up on 
water and boats" in upstate New York, 
he had become at an early age "really 
fascinated with the whole aquatic busi­
ness." At Lehigh he became the protege 
of Francis Trembley, one of the first to do 
consulting work in aquatic systems, pol­
lution problems, and lake and stream 
surveys. Coutant describes him as "the 
old-time naturalist, the kind that could 
take a hike and tell you the name of every 
blessed flower and tree and the integra­
tion of all the natural things." His work 
with Trembley was instrumental in his 
gaining a National Science Foundation 
fellowship to study effects of power 
plant thermal effluents on microinverte­
brates-stream-dwelling insects, clams, 
snails, and so forth. 

Coutant stayed on at Lehigh for his 
graduate training and recei�ed "in­
creasingly greater exposure to systems 
analysis and the more formal ecological 
concepts." He continued his power plant 
studies through to his master's degree 
and then, to broaden his perspective, 
turned his research toward reservoir 
effects-"what happens to a stream eco­
system when you suddenly plop a reser­
voir with a deep discharge in the middle 
of it." 

He found that in summer the reservoir 
temperature stratified and then the reser­
voir itself chemically stratified, "so that 
all the active biological life was up on 
top; below there was a huge decay zone 
that was completely anoxic-it lost oxy­
gen and developed high concentrations 
of iron, manganese, and reduced iron 
that were then released downstream. As 
a result, bottom organisms were com­
pletely different downstream from up­
stream, fish populations were completely 
different, and similarly, attached algae. 
The reservoir completely changed the 
ecosystem. So with hindsight, although 
I thought I was changing my perspective 
greatly by moving from a thermal prob­
lem to a reservoir problem, many of the 
differences imposed by the reservoir, 
aside from chemical ones, were really 
temperature differences. For my master's, 
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I was working on a power plant study 

where we had an abnormal increase in 

temperature, and then I turned around 

and looked at the reservoir study where 

we were abnormally decreasing the tem­

perature." 

After receiving his PhD in 1965, Cou­

tant was asked to join AEC's Hanford 

plant to research the effects of the reactor 

cooling water on invertebrates in the 

Columbia River. A few years of frustrat­

ing work followed "because the inverte­

brates are down at the bottom of a very 

deep and fast-flowing river and because 

the real religion out there is fish." Grad­

ually, with migrating salmon as a focal 

point, he was given "an open door to 

study not only radionuclides (corrosion­

inhibiting chemicals activated by neu­

trons) but also various questions of tem­

perature on the Columbia River system." 

During his tenure at Hanford, Coutant 

was also asked to participate in the first 

U.S. regional power plant siting study. 

Bonneville Power Administration con­

tracted for the equivalent of today's 

impact assessment for each of a dozen 

potential sites in the Pacific Northwest. 

Research on the biology, fisheries, mete­

orology, hydrology, and hydraulics were 

integrated into mini-impact statements 

for each location. Notably, a number of 

these have been used directly or indi­

rectly over the past decade in plant siting 

(e.g., for the Trojan nuclear facility) . 

In 1970, AEC decided to expand its 

national program on thermal effects and 

invited Coutant to initiate a second pro­

gram at Oak Ridge National Laboratory. 

He accepted and over the next few years 

found his own perspective broadening: 

"We went in with one idea-that thermal 

was the thing-and soon realized that 

other things were happening. It's not just 

the fact that we heat water. We're moving 

the water around, we're pumping it, we're 

squeezing it through tubes and running it 

through screens, and all these impact 

organisms in some way. We realized that 

the mechanical and physical stresses of 

entrainment and impingement were just 

as important as thermal. . . .  With hind-
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"The real problem now is to 

make sure that the legal 

standards . . . truly reflect the 

increase in knowledge that we 

have. " 

sight, we didn't do a very complete job on 

the Columbia River because at that time 

we were thinking strictly thermal." 

At Oak Ridge, Coutant and his staff 

are now attempting to predict quantita­

tively how and when changes occur in an 

aquatic ecosystem as a result of the com­

bined stresses imposed on it by a power 

plant cooling system. Coutant explained, 

"Ecosystems have characteristics that are 

not reflected in the sum of the various 

organisms. Diversity, redundancy, and 

inertia are all characteristics of the system 

as a whole. Diversity, which can be de­

scribed mathematically as a distribution 

of the kinds and numbers of various spe­

cies, will change with stress. Pollution 

tends to reduce diversity and increase the 

number of the dominant species. We can 

see systems in parks, for example, that 

are dominated by carp, systems that are 

unbalanced from the standpoint of spe­

cies diversity. Redundancy is a character­

istic of an ecosystem in which the same 

species are to be found under a wide 

range of environmental conditions and 

are able to take over important ecosystem 

functions (i.e., photosynthesis) as envi­

ronmental conditions change. Inertia is 

used in the same sense as in physics. If 

you take an ecosystem with a whole web 

of interactions-with many species, 

things eating things, and a lot of inter­

play going on-and you perturb that 

system with some kind of stress, you will 

find it takes a lot to make that system 

change. The response of the system is not 

directly proportional to the amount of 

pressure put on it. The system will absorb 

the stress, be it a pollutant or whatever, 

and then suddenly it will start to move. 

The threshold is reached, and suddenly 

you'll be seeing changes in species diver­

sity and so forth." 

Ecosystems analysis, Coutant points 

out, is a field that has drawn heavily from 

the engineering and mathematical sci­

ences. As he said, "The modelers have 

done something the ecologists have tried 

to do for years, and that is to put it all 

together." One of their more ambitious 

tasks is to trace the cycling of materials 



"There is no such thing as a zero­

impact facility. There can 't be. So 

we balance, we trade off. If you 

look at all the sources, you can 

come up with the best solution. " 

and energy throughout the biosphere. 

Carbon dynamics, for example, are being 

"perturbed in a long-term way by the 

clearing of forests and the transfer of 

carbon from fossil fuels to the atmo­

sphere, with the hope that the ocean will 

serve as a sink. From a systems stand­

point, we need to recycle more carbon 

through agricultural and forest products 

or somehow provide more opportunity 

for the CO
2 

to come back out of the at­

mosphere." 

Similar- efforts have been made by 

ecosystem analysts to trace the flow 

of energy through the biosphere. It has 

been found that although the initial con­

version of sunlight by microorganisms 

is very inefficient (about 1%), it is there­

after efficiently transferred from organ­

ism to organism. This has led Coutant to 

comment, "I think there is an analogy­

which like any analogy breaks down if 

you take it too far- that ecosystems are 

really designed to get a bit of energy 

and hold it in productive fashion as long 

as possible. The well-functioning eco­

system will have a long food chain, so 

that the energy goes through a long series 

of uses before it is dissipated. In the 

poorly functioning system, energy is 

brought in, used, and dissipated by one 

organism. So I like to draw this analogy: 

Let's do the same thing with our own 

energy systems. 

"It doesn't make much sense to take a 

batch of energy, whatever the fuel, con­

vert a third of it to electricity, and then 

simply dissipate the rest. There are a lot 

of uses for that low-grade heat before it 

is released to the environment; many 

things that could be done by stepping 

that energy down in phases and putting 

it to productive use." 

Extending this thinking, Coutant fore­

sees the time when power plants could be 

designed to optimize energy production 

rather than electricity production. "In 

other words, think of your power system 

as a system designed to maximize the 

energy you put in, even if you have to 

reduce the efficiency in the electricity 

production. The utility that views itself 

"The utility that views itself 

as an energy supplier and not 

just an electricity supplier 

can provide process steam and 

hot water. " 
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as an energy supplier and not just an elec­
tricity supplier can provide process steam 
and hot water. Hot water can be trans­
ferred considerable distances without 
loss. There are a lot of opportunities 
we're not using." 

Coutant discussed a few of these op­
portunities for low-grade heat use that 
are now under development in his field, 
notably in fish culture and various as­
pects of agriculture. Fish growth rates, he 
pointed out, have an optimum tempera­
ture, as do those of most plants, and up 
to that point, even small increases in 
temperature can provide considerable 
growth stimulation. He referred to a 
multipurpose system operating in France 
that is based on a concept developed at 
Oak Ridge several years ago. The system 
takes water from the cooling tower, runs 
it over a greenhouse, collects it, runs it 
through pipes underground in open 
agricultural fields to stimulate crops, and 
eventually dumps it into fish-culture 
ponds. Coutant refers to such efforts as 
examples of productive energy conserva­
tion in contrast to reductive energy con­
servation. 

It is perhaps the nature of ecologists to 
seek an ever more comprehensive frame­
work of knowledge with which to make 
specific decisions. At least this is certainly 
true of Coutant, who emphatically states 
his preference for the breadth and flexi­
bility inherent in the National Environ­
mental Policy Act (NEPA) to the more 
recent and rigid philosophy of the 1972 
Water Pollution Control Act. 

Coutant describes NEPA as "probably 
the most important piece of legislation 
that this country has passed so far as 
environmental issues are concerned, 
because it said officially, for the first time, 
that agencies had to look at everything. 
It isn't sufficient to look at the impacts 
that you think you are going to have with 
your system. You have to look at alter­
native systems. The upshot is that you 
have the flexibility to conclude which 
is the best way to go for that system, for 
that site, under those circumstances­
acknowledging the fact that you are in 
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Newburg, New York, and not Palo Alto, 
California." 

In contrast, Coutant characterizes the 
philosophy of the Water Pollution Con­
trol Act, " 'Thou shalt not pollute,' re­
gardless of your circumstances, your 
site, your engineering system, or the 
ecological system to which these mate­
rials will be added. The law implies that 
we can have nationwide standards, re­
strictions, and permits. It is authoritative 
in that it purposely disallows analysis of 
site-specific conditions and the consider­
ation of social and economic factors." 

It is this philosophy, Coutant explains, 
that has led to the notion of closed-cycle 
cooling as a panacea. Such systems, he 
points out, require corrosion-inhibiting 
chemicals, which when flushed out dur­
ing a periodic blowdown can actually 
aggravate other pollution problems, 
notably eutrophication. As a holistic 
scientist, he views this as merely shifting 
the pollution to another part of the sys­
tem. 

Coutant displays a certain restlessness 
about pedantic solutions to pollution 
control and about the narrow focus in­
herent in the search for panaceas. "There 
is no such thing as a zero-impact facil­
ity. There can't be. So we balance, we 
trade off. . . . If you really look at all 
the sources of potential damage and 
all the sources of potential benefit from 
all the alternatives, you can come up 
with the best solution." 

Coutant feels the best solution to 
power plant siting, from an ecological 
and legal point of view, is to move away 
from the estuaries, which are the tradi­
tional areas of population density. He 
explained, "Estuaries are the nurseries 
and spawning grounds from which most 
of our fish products are derived. We have 
seen the decline in oysters, striped bass, 
blue crabs-all these have had disastrous 
experiences with man's influence. Now 
the tendency is to stay out of estuaries, 
to find open coastal sites, freshwater sites, 
sites on the Great Lakes, or to go to the 
rivers and use cooling towers. And it's 
a good trend. The whole question of 

power plant siting is in a maturing phase 
now, both in the power companies and in 
the regional planning groups. The State 
of Maryland, for example, has accepted 
responsibility for finding sites that will 
be the least damaging to the environ­
ment. And we're seeing it in other places 
too. Of course, it makes me rather proud 
because that's the kind of thing we were 
doing back in the Pacific Northwest in 
1966." 

Over the past two decades, Coutant's 
career has paralleled the emergence of 
the scientific method in the field of ecol­
ogy. He has proved to be an innovator 
and is proud of having joined the EPRI 
Advisory Council at its inception. As­
sessing the influence of the Council, he 
says, "I'm convinced it's had an impor­
tant impact, not only on EPRI' s programs 
in the sense of its ongoing work but also 
on how EPRI was formed to begin with. 
It was one of the first things set up." 
Overall, Coutant expressed satisfaction 
with EPRI's program balance, as well as 
the current status of its environmental 
research. "However", he added, "I would 
like to see more emphasis on waste heat 
utilization." 

Looking back over his years of profes­
sional experience, Coutant commented, 
with a note of amusement, "I'd say one of 
the best things that ever happened in my 
career was the fact that we got into some 
very good, long, knock-down-drag-out 
fights with some very good engineering 
people. NEPA was a catalyst that forced 
us to work together, and the differences 
were usually language and communica­
tion more than anything else. We were 
working on power plant siting problems, 
on discharge problems, and on systems 
that simply could not be considered in 
the strict realm of animals and plants in 
which ecologists are used to thinking, or 
in the realm of nuts and bolts or thermal 
hydraulics in which the engineers are 
used to thinking. Conflicts were inevita­
ble, but we learned to communicate. It's 
a perspective you develop. It's a broaden­
ing that I wish many more environmen­
talists had." 



At the Institute 

Former Council Members Assume Top Positions in Nation's Capital 

Three former EPRI Advisory Council 
members have assumed government and 
legal positions in Washington, D.C. All 
three were state utility commissioners 
and resigned from the Council when they 
left their state regulatory positions. 

Alfred Kahn, former chairman of New 
York's Public Service Commission and 
acknowledged dean of utility regulators, 
left the Advisory Council in May after 
he was appointed chairman of the fed­
eral Civil Aeronautics Board. Kahn had 
been an Advisory Council member since 
1974. 

Peter Bradford, who served as one of 
Maine's three regulatory utility commis­
sioners and had been a Council member 
since May 1975, resigned in August after 

Energy Modeling Group Meets 

The second EPRI-sponsored Energy 
Modeling Forum working group met 
recently at Stanford Institute for Energy 
Studies to examine the use of computer 
models for studying the possible rates 
and limits of U.S. coal utilization to the 
year 2000. Participants in the working 
group, "Coal in Transition: 1980-2000," 
designed questions and scenarios that 
will be addressed to a set of selected 
computer models. 

Consisting of both energy decision 
makers and modelers, the working group 

U.S. Senate confirmation of his nomina­
tion as a commissioner on the Nuclear 
Regulatory Commission. 

Marvin S. Lieberman, former chair­
man of the Illinois Commerce Commis­
sion, left in September when he joined 
the law firm of Zuckert, Scoutt, and Ras­
enberger in Washington, D.C. He had 
served on the Council since May 1976. 

"These three officials provided a great 
service to EPRI, the electric utility indus­
try, and the general public by represent­
ing the regulatory community on the Ad­
visory Council," stated Dr. Robert L. 
Loftness, Council secretary and director 
of EPRI's Washington, D.C., office. "By 
giving us insight into their area of exper­
tise, they have helped to foster electric 

intends to provide, through example, a 
clear explanation of the common features 
or important differences embedded in 
the models. The ultimate objective of 
the group is to build communication 
bridges between energy decision makers 
and energy modelers. 

The group's efforts will help decision 
makers and modelers better understand 
the complex interactions between in­
dustry and consumers, different regions, 
time frames, technologies, environmental 
constraints, and pricing regulations, 

utility research and development in the 
best interests of society." 

Kahn, Bradford, and Lieberman served 
on the Advisory Council by virtue of 
their state regulatory positions. There 
are seven state regulators on the Council 
who are nominated by the National As­
sociation of Regulatory Utility Commis­
sioners (NARUC) and approved by EPRI' s 
Board of Directors. Current NARUC 
nominations to replace Kahn, Bradford, 
and Lieberman are now awaiting Board 
action. 

The EPRI Advisory Council is com­
posed of leaders from all segments of 
society. It serves as a link between the 
public and EPRI's Board of Directors, 
officers, and staff. 

according to Bill Hogan, executive di­
rector of the project. 

The first Energy Modeling Forum 
working group recently completed a 
computer modeling study of the relation­
ship between energy and economic 
growth. The Forum project is sponsored 
by EPRI and administered through the 
Stanford Institute for Energy Studies. 
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Soviet Delegation Visits EPRI 

A delegation of Soviet energy experts 

recently visited EPRI as part of a two­

week U.S. tour to exchange information 

on dry and wet/ dry cooling and reject 

heat utilization. The tour was organized 

by the U.S.-USSR Joint Coordinating 

Committee on Scientific and Technical 

Cooperation in the Field of Thermal 

Power Plant Heat Rejection Systems. 

John Maulbetsch, manager of EPRI's 

Water Quality Control and Heat Re­

jection Program and member of the U.S. 

Steering Committee of the sponsoring 

organization, said the visit was reciprocal. 

In February, a group of U.S. scientists 

toured Soviet power plants and research 

organizations. 

According to Maulbetsch, the Soviet 

visitors expressed interest in cooperating 

in research ventures, in exchanging data, 

and in reciprocal attendance at work­

shops and symposiums. "They were 

particularly interested in cooperative 

research involving the EPRI ammonia 

phase-change, dry-cooling tower project 

John Maulbetsch ,  manager, EPRI  Water Qual ity Control and Heat Rejection Program, describes 
his program and EPRI organization and operation to a visiting delegation of Soviet experts on 
September 21 . Standing behind him is Ross Lavroff, an interpreter. 

now under way with Union Carbide 

Corporation," said Maulbetsch. 

During the daylong session on Sep­

tember 21, Ben Johnson of Battelle, Pa­

cific Northwest Laboratories presented 

a paper on current U.S. research on ad­

vanced concepts of dry cooling. Leigh 

Stamets of the California Energy Re­

sources Conservation and Development 

Commission described his agency's 

role in the energy research field in Cali­

fornia, particularly as it relates to the 

electric utility industry. 

In addition to Maulbetsch's descrip­

tion of his program and EPRI organiza­

tion and operation, Robert Kawaratani 

of EPRI' s Environmental Assessment 

Department gave a presentation. 

Pressure Vessel Study Group Meets 

Members and guests of the Pressure 

Vessel (PV) Study Group, an EPRI inter­

national technical advisory committee, 

recently held their semiannual meeting 

to review EPRI programs on PV reliabil­

ity, inspection, fabrication, and fracture 

mechanics. The EPRI meeting immedi­

ately followed the Fourth International 

Conference on Structural Mechanics in 

Reactor Technology (SMIRT) in San 

Francisco. 

Ed Zebroski, director of the EPRI Nu­

clear Systems and Materials Department, 

reported that participants reviewed 

EPRI programs on PV reliability and 

compared current results of related pro­

grams throughout the western world. 

Participants also reviewed plans and 

progress on related development pro­

grams in Europe and Japan and discussed 

current regulatory concerns about beltline 

irradiation of some older PVs with sig-
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Participants in the Pressure Vessel Study Group semiannual meeting are (from left) R. L. Noel ,  
Electricite de France; A. D. Rossin, Commonwealth Edison Co. ;  R .  O'Nei l ,  United Kingdom 
Atomic Energy Authority (UKAEA); B .  J .  L. Darlaston, Central Electricity Generating Board 
(CEGB), Britain; R .  Nichols, UKAEA; P .  Shewmon, U .S .  Advisory Committee on Reactor 
Safeguards (ACRS); Yoshio Ando, University of Tokyo; and Ed Zebroski, EPRI .  Also present at 
the meeting were Guido Possa, Centro lnformazioni Studi Esperienze (CISE), Italy; Marcel lo 
Galliani, Ente Nazionale per ! 'Energia Elettrica (ENEL), Italy; Hermann Kreppel, 
Gutehoffnungshuette Sterkrade AG, West Germany; D .  G. H. Latzka,  Delft University, Hol land; 
Michael Wenk, Technischer Uberwachungs Vereinigung (TUV), W. Germany; Alf Gerscha, 
Kernkraftwerk Union (KWU), W. Germany; Dr. -Ing. L. Issler, Materialprufungsanstalt (MPA), 
W. Germany; Dr. Walter Marshal l ,  UKAEA. 



nificant copper content in the welds. "The 
most fruitful areas for further effort were 
discussed and a consensus reached on 
nondestructive examination and con­
trol of fabrication processes," noted 
Zebroski. 

One highlight of the SMIRT confer-

gram Manager Karl Stahlkopf, on prob­
abilistic safety assessment. "Panelists 
agreed that a PV reliability better than 
one significant release event every million 
years of vessel operation is a measure 
of the current reliability level and that 
work is under way that could move this 

of vessel operation," Zebroski stated. 
Papers by EPRI authors were presented, 
including those by Terry Oldberg, Karl 
Stahlkopf, Ted Marston, Richard E. 
Smith, Adrian Roberts, and Norbert 
Hoppe, who is on assignment to EPRI 
from Belgium. 

ence was a panel, chaired by EPRI Pro- to one event for every 10 million years 

WEST Associates Updated on EPRI 

Members of the Western Energy Supply 
and Transmission (WEST) Associates 
Engineering and Planning Committee 
recently met with EPRI staff for an update 
on EPRI activities. WEST Associates is 
a planning and research organization 
composed of 21 privately and publicly 
owned electric utilities that operate or 
serve customers in all or part of 11 west­
ern states. 

Although the committee expressed 
a wide interest in EPRI's work in general, 
their particular interests on this visit 
related to power system stability, air 
and water quality equipment, and vari­
ous forms of energy resources. 

During the all-day session, EPRI staff 
gave presentations on technical division 
activities. Richard Zeren, assistant to the 
division director, Fossil Fuel and Ad­
vanced Systems Division, described 
his division's R&D program. He was 
assisted by Paul Zygielbaum, project 
manager, Advanced Fossil Power Sys­
tems Department, and Donald Teixeira, 
manager, Air Quality Control Program. 
Frank Arrotta, assistant to the division 
director, Nuclear Power Division, and 
Larry Minnick, director, Engineering 
and Operations Department, Nuclear 
Power Division, gave an overview of the 
nuclear power activities at EPRI. 

Charles Rudasill, manager, Technical 
Assessment, described his group's 
work, Charles Frank, project manager, 
Electrical Systems Division, and Julius 
Dalzell, assistant to division director, 
Electrical Systems Division, discussed 
power system stability. 

Members of the Energy Analysis and 

Richard Zeren, assistant to the division director, Fossil Fuel and Advanced Systems Division, 
EPRI, describes the division's R&D program to members of the WEST Associates Engineering 
and Planning Committee during an EPRI visit on September 22. 

Environment Division, including James 
McCarroll, Robert Goldstein, Martin 
Greenberger, Jerry Karaganis, and Ron 
Wyzga, discussed the Ecological Effects 
and Health Effects programs under way 
in the Environmental Assessment De­
partment. 

WEST representatives were Dave 
Bedford, Public Service Co. of New 
Mexico; Jack Taylor, Arizona Public 
Service Co.; Merwin Brown, Arizona 
Public Service Co.; Harry Bishop, San 
Diego Gas and Electric Co.; Wayne 
Schmus, Southern California Edison 
Co.; and Bob Hugo, Public Service Co. 
of Colorado. Other representatives in­
cluded H. Lydick, Tucson Gas and Elec­
tric Co.; H. I. Zimmer, El Paso Electric 
Co.; Steve Chalmers, Salt River Project 
Agricultural Improvement & Power Dis­
trict; Bill Kersting, New Mexico State 
University; and Max Jones, Sierra Pacific 
Power Co. 
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Project Highlights 

EPRI Negotiates 33 Contracts 

Contractor/ Contractor/ 
Funding EPRI Project Funding EPRI Project 

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

Fossil Fuel and Advanced Systems Division RP51 9-6 Documentation of 6 months 20. 1  Carnegie-

Operating Data From Mellon 

RP365-2 Magnetic Separation 6 months 95.0 Massachusetts Light Water Power University 

of Ash in Coal I nstitute of Reactors for Methods W. Eich 
Liquefaction Processes Technology Verification 

by MIT H. Lebowitz 
RP61 3-4 Benchmark Analysis 4 months 2 . 1  Laboratory 

RP549-3 Individual Load 36 months 1 409.0 Arthur D. for Transuranics at for 

Center-Solar Heating Little, Inc. 1 0 Nanocuries Per Electronics 

and Cooling (ILC- J. Cummings Gram M. Lapides 
SHAG) Residential 

RP620-21 Liquid Metal Fast 7 months 650.0 Bechtel Corp. 
Project 

Breeder Reactor Plant L. Minnick 
RP906-1 Cooling-Tower Plume 24 months 241 . 8  Argonne Design 

Model Studies National 
RP620-24 Proliferation Assess- 1 2  months 1 5.0 Stanford 

Laboratory 
J. Maulbetsch ment Methodology University 

Development R. Williams 
RP989-1 Gas Turbine 9 months 251 .6  Westinghouse 

RP892-3 Ultrasonic System 29 months 240.0 Battelle-
Combustor Electric Corp. 

Performance on Coal- A. Cohn Optimization Study, Columbus 

Derived Liquids With 
Project I l l ,  UT Systems Laboratories 
Evaluation E. Reinhart 

High Fuel-Bound 
Nitrogen RP895-3-1 Power Shape 22 months 230.4 Nuclear 

RP1 040-1 Low-Emission 8 months 1 99.6 United 
Monitoring System Associates 

Combustor for Technologies 
International 

300-Btu Gas From Corp. 
Corp. 

Coal R. Duncan F. Gelhaus 

RP1 045-2. Low-Activation 33 months 1 82 .8  Rockwell 
RP900-2 HTGR Steam-Cycle 3 months 1 8. 1  NUS Corp. 

Structural Materials International 
Technology M. Lapides 

for Fusion Reactors R. Richman RP961 -1 Validation of Real- 1 5  months 1 69.1 Babcock & 
N. Amherd Time Software Used in Wilcox Co. 

RP1 045-3 Low-Activation 24 months 80.0 Batte lie, Nuclear Plant Safety A. Long 

Structural Materials Pacific Systems 

for Fusion Reactors Northwest RP962-1 Measurement of 1 2  months 79.9 Science 
Laboratories Iodine Partition Applications, 
R. Richman Coefficients in Nuclear Inc. 
N. Amherd Power Plants H. Till 

RP1 085-2 Sulfur- Tolerant 13 months 1 42 .7  I nstitute of RP964-3 Vibration Tests at 24 months 1 20.0 Applied 
Components for Gas Indian Point 1 Nucleonics 
Molten-Carbonate Technology Co. ,  Inc. 
Fuel Cells A. Fickett C. Chan 

RP965-2 Analysis of LOCA- 1 2  months 30.0 Northwestern 
Induced Fluid University 
Structure I nteraction J. Carey 

Nuclear Power Division RP968-1 Qualification and 48 months 2385.6 General 
Implementation of Electric Co. 

RP443-2 Separated Flow Model 1 7  months 1 1 3.0 Dartmouth Alternative Piping R. Smith 
of Two-Phase Flow College Alloy for BWR 

K. Sun Applications 
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Number Title Duration 

RP971 -1 Fuel Rod Mechanical 36 months 
Performance Model-
ing, Task 1 

RP1 067-2 Analysis and Testing 18 months 
of Steam-Chugging 
Pressure Suppression 
Systems 

Electrical Systems Division 

RP764-4 Low-Order Dynamic 12 months 
Models for Pressurized 
Water Reactors 

RP997-4 Determination of 1 3  months 
Synchronous Machine 
Stability Study Models 

RP1 046-1 DC Field Strength 1 8  months 
I nstrumentation 

RP1 047-1 Power System Data 42 months 
Management 
Requirements 

RP1 048-5 Pool Daily Fuel 24 months 
Dispatching 

Funding 
($000) 

709.9 

298.4 

55.0 

1 25.2 

287.7 

534.1 

1 58.0 

Contractor I 
EPRI Project 
Manager 

Science 
Applications 
Inc. 
T. Oldberg 

SRI 
International 
J. P. Sursock 

Un iversity of 
Tennessee 
P. Anderson 

Westinghouse 
Electric Corp. 
D. Bewley 

Westinghouse 
Electric Corp. 
L. Svensson 

Computer 
Science Corp. 
C. Frank 

Power 
Technologies 
Inc. 
C. Frank 

Contractor/ 
Funding EPRI Project 

Number Title Duration ($000) Manager 

RP7859-1 Maximum Design 27 months 568.9 BICC Power 
Voltage of Oil/ Cables Ltd. 
Cellulose Paper F. Garcia 

RP7863-1 Investigation of 1 2  months 42.0 Westinghouse 
Particle Trapping and Electric 
Voltage Breakdown in Corp. 
Compressed-Gas- R. Samm 
Insulated Systems With 
Impulses Superimposed 
on 60-Hz Voltages 
(6M620) 

Energy Analysis and Environment Division 

RP950-1 Electricity Supply 1 5  months 499.9 Gordian 
Models Associates 

Inc. 
J. Chamberlin 

RP1 1 08-1 Application of 1 0  months 90.7 Decision 
Integrated Systems Focus, Inc. 
Planning to Studies S. Peck 

RP1 1 09-1 Effect of Acid 24 months 1 1 8.8 Cornell 
Precipitation on University 
Microorganisms and R. Kawaratani 
Biochemical Activities 
of the Soil 

Agreement Signed for Coal Liquefaction Project 

An agreement has been signed by EPRI 
and Exxon Research and Engineering Co. 
to continue research aimed at producing 
liquid fuels from coal by the Exxon 
Donor Solvent (EDS) process. Total cost 
of the research program will be $240 
million, one-half of which is to be paid 
by ERDA and $40 million has been bud­
geted by EPRI. 

"This level of funding should ensure 
that electric utility requirements for gas 
turbine and boiler fuels are a major ob­
jective of the program and that special 
assistance will be provided by Exxon to 
the electric utility industry in commer­
cialization of the procedure," said Dwain 
Spencer, director of the EPRI Advanced 
Fossil Power Systems Department. 

The research program, managed by 
Exxon, involves both small-scale re­
search and development work and the 
design, construction, and operation of a 
pilot plant capable of processing 250 tons 
of coal a day. The pilot plant, scheduled 
to be in operation by 1980, will be built 

adjacent to an Exxon refinery in Baytown, 
Texas. 

Successful completion of the program 
will help bring coal liquefaction to com­
mercial readiness by demonstrating the 
process with equipment that can be 
scaled up to commercial size, EPRI of­
ficials believe. Appreciable amounts of 
coal-derived liquid fuels, however, will 
not be on the market until the 1990s, with 
the first commercial-size plants in opera­
tion by the late 1980s. 

The EDS process produces low-sulfur 
fuel that can be used by utilities in both 
boilers and turbines. An advantage of 
coal-derived liquid fuels is that they 
can meet current and future environ­
mental requirements. Liquid fuels are 
compatible with present utility equip­
ment and refining and transport systems. 
They can be stored for use during peak 
and intermittent electricity-generating 
periods, which saves expensive installa­
tion of stack gas pollution control equip­
ment. 

The new EPRI-Exxon agreement ex­
tends through December 1982. EPRI 
officials believe that the EDS process has 
excellent potential for successful de­
velopment because many of its features 
are based on technology that has been 
proved in the petroleum refineries. 
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Fluidized-Bed Development Facil ity Dedicated 

Fifty research engineers and electric 
utility executives from the EPRI Fossil 
Fuel Power Plant Task Force convened 
at the Babcock & Wilcox research center 
on August 30 for the dedication of a coal­
fired, fluidized-bed combustion (FBC) 
development facility. The facility is de­
signed to burn coal in an environmentally 
acceptable manner. 

Development of FBC is one of EPRI' s 
major efforts toward reducing depen­
dence on natural gas and oil for electric 
power generation. The new unit that was 
dedicated, which is 1.8 m X 1.8 m (6 ft 
X 6 ft), will be used to develop the neces­
sary data for designing the much larger 
commercial demonstration units now 
being planned. 

The initial research efforts will be 
geared to answering questions on com­
bustion efficiency, heat transfer, and air 
pollution control. Control of NOx and 
SOx is inherent in the FBC process. 
Crushed coal is burned in a bed of fluid­
ized limestone that contains the boiler 
tubes. Limestone reacts directly with 
sulfur oxides to form a dry, granular 
residue or bottom ash. The boiler tubes 
in the fluidized bed prevent the combus­
tion temperature from exceeding 826° C 
(1550°F), thus greatly reducing the for­
mation of NOx. 

According to EPRI officials, the FBC 
development unit was needed to confirm 
data obtained in much smaller units 
being operated worldwide. Heat transfer 
data are obtained by using boiling water, 
pressurized water, and steam-cooled 
tubes in the fluidized bed. Babcock & 
Wilcox plans to heat its Alliance, Ohio, 
research center with steam generated 
from the developmental FBC unit. Ac-
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cording to Kurt Yeager, director of the 
EPRI Fossil Fuel Power Plants Depart­
ment, this will not only save the State 
of Ohio some natural gas but will also 
save EPRI the expense of adding a cooling 
tower. 

"By burning high-sulfur Appalachian 

Using an elevator for closer inspection, 
members of EPRl's Fossil Fuel Power Plants 
Task Force listen to a description of the 
coal and l imestone feed systems for EPRl's 
flu idized-bed development facil ity. The 
elevator will be used for gas and sol id 
sampling in the unit's 5.5-m (1 8-ft) freeboard 
when the five-story test faci l ity becomes 
operational later this year. 

George Musa!, di rector, Babcock & Wilcox 
research center, Alliance, Ohio, accepts the 
dedication plaque for the fluidized-bed 
development facility from Kurt Yeager, 
di rector, EPRI Fossil Fuel Power Plants 
Department. 

coals, a fluidized-bed boiler could provide 
an alternative to existing pollution con­
trol systems," said Yeager. "It may also 
eliminate the need to import low-sulfur 
coals into Ohio and other regions that 
have plentiful reserves of high-sulfur 
coal." 



R & D Status Report 
FOSSIL FUEL AND ADVANCED SYSTEMS DIVISION 
Richard E. Balzhiser, Director 

CLEAN GASEOUS FUELS 

GCC system control 

Gasification-combined-cycle (GCC) power 
systems have been identified as an attractive 
option for converting coal to electricity in an 
environmentally acceptable manner. Gener­
ical ly, GCC plants must incl ude three major 
subsystems: the gasification section, the 
gas-cleaning module ,  and the combined­
cycle power system. Each of these subsys­
tems (e .g . ,  Lurgi gasifiers for syngas produc­
tion, l iquid absorption systems for H

2
S and 

CO2 removal from natural gas, and combined 
cycles for uti l ity power generation) has been 
operated at commercial scale for many 
years. However, there is no experience to 
ind icate that these components can be inte­
grated into a system for producing electric 
power in  a re l iable, controllable, and eco­
nomical manner. Al l  the commercial ex­
perience on the fuel-processing elements 
of the GCC plant (gasification and gas­
clean ing subsystems) has been obtained 
under steady-state operating conditions. 

If GCC plants are to become a major 
sou rce of util ity generation in  the near fu­
ture ,  their abi l ity to meet the requi rements 
for power maneuvering on electric utility sys­
tems must be investigated (Figure 1 ). Unt i l  
recently, little attention was given to devel­
oping control strategies for GCC plants so 
that the response capabilities requ i red in a 
power system could be achieved within the 
equipment operating constraints for each 
subsystem of the GCC plant . As the com­
mercial viabi l ity of this form of generation 
depends to a large extent on system control 
capabi l ities, EPRI has launched a program 
to investigate the response and control char­
acteristics of GCC power plants. The ele­
ments of this program are shown in Figure 2 .  

A two-pronged approach is being taken .  
Experimental facilities wil l  be  constructed 
and operated to acquire data on the dynamic 
response characteristics of the various sub­
systems of an integrated GCC plant. These 

experimental efforts wi l l  be backed up by a 
number of study projects that wi l l  be used to 
di rect the experimental program and analyze 
the data obtained from the test facil ities. 

The largest of the experimental projects 
cu rrently planned is the gasificat ion­
combined-cycle test facil ity (GCCTF) pro­
posed for construction at Commonwealth 
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Edison Co. 's Powerton Station in I l l inois 
(RP1 38). This 25-MW test facility represents 
a f irst-of-a-kind effort to i ntegrate a fixed­
bed gasifier with a hot potassium carbonate 
H2S removal system and General Electric 
Co. 's Frame-5 gas turbine with waste heat 
boiler. One of the major objectives of the 
GCCTF is to determine the response and 
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Figure 1 D ifferent power system maneuvers pose different requirements for generator response 
on this representative large interconnected system. EPRI studies of GCC unit designs wil l  
determine in  which region of the overall desired response curve they wil l  be able to operate. 
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Figure 2 Evaluation of power-maneuvering capabilities of GCC plants entails many research studies and projects organized in three 
concurrent phases under EPRI sponsorship. Administrative coordination and information exchange link many of the activities. 
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control capabilities of integrated GCC plants. 
The three-year test program is planned to 
commence in 1 980. 

Early in 1 976,  EPRI funded a techn ical 
planning study with General Electric in an 
attempt to identify the most promising con­
trol strategies for GCC plants in general and 
the GCCTF in particular (TPS 76-627). The 
results of the study (which was based on a 
simpl ified model of the fuel processing fa­
c i l ities) ind icated that control strategies 
could be devised for GCC plants so that they 
could respond rapidly in a utility environ­
ment. This conclusion is extremely encour­
aging but must be treated with caution. The 
simpl ified model of the fuel processing plant 
did not include any equipment operating 
l imitations; that is, it was assumed that both 
the gasification and the gas-cleaning sub­
systems could tolerate any rate of flow or 
pressure change requ i red to satisfy the fuel 
demand of the gas turbine under dynamic 
load conditions. 

Therefore, General E lectric's fixed-bed 
GCC control study was extended to include 
the detailed response characteristics and 
operating l imitations of the fuel processing 
plant (RP91 4) .  This detai led control study 
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Entrained System 
Control Study 

RP91 3 

was in itiated in January 1 977 and wi l l  be 
concluded in December 1 978. Its scope 
inc ludes not only the dry-ash , fixed-bed, 
Lurgi gasifier but also the slagging-bottom, 
fixed-bed, BGC-type gasifier. The s imula­
tion model generated for this control study 
wi l l  be used in itially for suggesting control 
strategies and response characteristics that 
could be investigated at Powerton . The 
model also w i l l  be used to analyze and in­
terpret data from the test faci l ity. 

The weakest l i nk  in the abil ity to represent 
the transient operating characteristics of a 
GCC plant has been the lack of steady-state 
and dynamic gasifier simulation models. A 
project was therefore in itiated in October 
1 976 with the University of Delaware to de­
velop a steady-state model of a Lurgi gasifier 
that could be extended to include major dy­
namic effects (TPS 76-653). Such a model 
will provide a major input to General Elec­
tric 's fixed-bed system control study and 
could also provide a tool for eval uating gas­
ifier operating data from the GCCTF. 

Al l  the above studies and the GCCTF are 
based on the only commercial pressurized­
coal gasifier, the fixed-bed, Lurgi type. Re­
cent economic studies conducted for EPRI 

Pi lot Plant-
Selexol-Combustion 

RP985 

i 

by Fluor Engineers and Constructors, Inc . .  
and Stone & Webster Engineering Corp. 
have shown that the cost of e lectricity from a 
GCC based on advanced gasifiers may be 
substantia l ly below that projected for GCC 
systems with fixed-bed gasifiers. 

Entrained-bed GCC systems 

A thorough investigation of the state of de­
velopment of advanced gasification devices 
has indicated that the single-stage, en­
trained Texaco coal gasifier wi l l  probably 
be among the first advanced gasifiers to be 
operated at commercial scale. More than 
1 40 Texaco gasifiers are currently f ired with 
either natural gas or l iquid fuels. Coal-firing 
capability has been developed by Texaco, 
I nc . ,  at its Montebe l lo ,  Cal iforn ia, research 
facility on a scale of 1 5  t/d over the past 
three years. A Texaco unit capable of gasi­
fying 1 60 t/d of coal is under construction 
in West Germany and wi l l  be operating in 
1 978. This advanced state of development, 
coupled with mechanical s implicity and ex­
treme fuel f lexib i l ity, renders the Texaco 
gasifier a leading candidate for util ity power 
generation. Therefore, a program to inves­
tigate the response and control character-



istics of entrained-bed GCC power plants is 
also being developed (RP913). 

Starting in late 1 977, an experimental 
program utilizing the existing 1 5-t/d coal 
gasifier will be conducted at the Texaco 
Montebello pilot facility (RP985). Plans are 
under way to convert the gas-cleaning mod­
ules at Montebello to Allied Chemical Corp. 's 
Selexol system ,  identified by our engineering 
studies as a preferred gas-cleaning tech­
nology. 

One of the major objectives of the Monte­
bello test program will be to determine the 
dynamic response of both the Texaco gas­
ifier and the Selexol H

2
S absorption system. 

Other objectives include testing the combus­
tion characteristics of the fuel gas in a full­
scale gas turbine combustor modified for low 
NOx emissions and investigating the particu­
late removal capabilities of the gas-cleaning 
·equipment. 

The experimental program at Montebello 
will be paralleled by an entrained GCC plant 
control study conducted by a team com­
posed of Fluor Engineers and Constructors, 
Inc. ,  and Westinghouse Electric Corp. (RP-
913). On the surface, it might appear that 
the entrained GCC plant control study dupli­
cates the fixed-bed GCC plant control study, 
but they are both required because of the 
different characteristics of fixed-bed and 
entrained gasification devices. The Texaco 
gasification scheme generates large quan­
tities of high-pressure, saturated steam in the 
gas-cooling section ,  which must be exported 
to the steam section of the combined cycle. A 
Lurgi gasifier consumes steam, requiring 
a different integration and control strategy 
than would be employed in a Texaco GCC 
plant. Further, an entrained gasifier is more 
sensitive to changes in the oxidant feed rate 
than a fixed-bed gasifier due to the lower 
inventory of carbon in the vessel. Therefore, 
control strategies found satisfactory for 
fixed-bed gasification systems might be in­
adequate for entrained GCC power plants. 

The entrained system control study, to 
have been initiated in October 1977, will be 
supported by the development of a detailed 
dynamic simulation model of an entrained 
gasifier (RP1 037). A contractor for this 
model development project will be selected 
shortly. 

All previous consideration of the integra­
tion and control aspects of GCC power plants 
has concentrated primarily on the character­
istics of either the gasifier or the combined­
cycle equipment. Very little attention has 
been given to the operability of the ammonia 
or H

2
S absorption systems under dynamic 

operating conditions. This lack of concern 
probably is based on the fact that large-
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scale absorption systems have been oper­
ated for many years in oil refineries and 
chemical plants. However, these commercial 
absorption systems operate under steady­
state conditions; the operability of such sys­
tems under dynamic conditions is a subject 
that even the process developers are not 
able to discuss. 

An understanding of the mechanisms by 
which mass transfer is achieved in gas-liquid 
absorption systems indicates that there 
should be well-defined operational limita­
tions beyond which the equipment ceases to 
perform the required duty. Control schemes 
must be devised to prevent hydraulic prob­
lems, such as tower flooding, unirrigated 
packing ,  gas and liquid channeling ,  and liq­
uid carryover by entrainment. Any one of 
these undesirable conditions will result in a 
serious degradation of system performance 
that could ultimately lead to a total system 
shutdown. A second area of concern- par­
ticularly for a physical absorption system 
such as Selexol-is the effect of changing 
pressure on the absorber. A pressure reduc­
tion in the absorber would result in a rapid 
desorption of gases from the liquid in the 
tower. This would not only impair the ability 
of the system to continue absorbing H

2
S from 

the incoming fuel gas but would also allow 
H

2
S-rich gas to reach the turbine combustor, 

resulting in the formation of S02 . 

For these and other reasons, an under­
standing of the operating limitations of liquid 
absorption systems is critically important in 
order to develop intelligent control strate­
gies for GCC plants. To this end, a separate 
project is to be initiated in November 1 977 to 
develop detailed dynamic models of both the 
Selexol and the Benfield hot potassium car­
bonate absorption systems and of an am­
monia absorber (RP1038). Information from 
these detailed models will be used to verify 
the response characteristics predicted by 
the simpler models developed by General 
Electric and Fluor-Westinghouse for the 
control system studies. Also, data generated 
at Texaco's Montebello pilot plant on the 
response characteristics of the Selexol sys­
tem will be fed back to modify the detailed 
simulation models. 

The simultaneous development of analytic 
simulation models and pilot plant data rep­
resents an efficient and cost-effective ap­
proach to system development. Model de­
velopment is an inexpensive technique for 
learning how a given system will respond to 
a wide variety of conditions. Changes that 
can be made to a system computer model 
in a matter of days could take months to ef­
fect in a pilot plant. A poorly planned test 
facility trial could result not only in the failure 

of a particular experiment but also in dam­
age to an expensive piece of hardware. In 
many instances, such disasters can be 
averted by first checking an anticipated trial 
on the simulation model. Finally, a good sim­
ulation model is invaluable at the conclusion 
of a test facility or pilot plant project for 
scale-up to larger plants and for operator­
training purposes. 

It is important to realize, however, that both 
the modeling and the experimental parts of 
this program are strongly linked-each part 
being essential to successful development 
of the other. Test facility data are necessary 
to validate and improve the predictive capa­
abilities of simulation models that, in turn, are 
invaluable for planning, understanding ,  and 
extrapolating the data. Project Manager: 
Michael J. Gluckman 
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TRANSURANIC CONTENT 
OF LIQUID REACTOR WASTE 

About two years ago EPRI began a study 
with Scientific Applications, Inc . ,  to deter­
mine the transuranic element content of 
the l iquid and sol id wastes from operating 
power reactors (RP61 3). At that time vir­
tually no data were available on the subject, 
but it was anticipated that the levels of trans­
uranic elements would become the focus of 
regulatory attention as part of the contin­
uing deliberations on d isposal of radioactive 
waste. 

At the present time, a reasonably com­
prehensive data base has been acquired for 
both PWR and BWR units, i ncluding some 
with fuel defects in their operating h istories. 
These data, together with the results of 
round-robin verification testing ,  are to be 
published shortly as an interim project re­
port. 

Data accumulated to date suggest that 
operating reactors do not have a substan­
tial transuranic content. If the regulatory 
specification is set at a level of hundreds of 
nanocuries, it is possible that the results of 
this project may serve as adequate evidence 
of generic acceptabil ity. However, if the 
specification is set at a lower leve l ,  some 
form of certifying measurement may be re­
quired. 

Alpha monitoring of waste streams is ex­
tremely difficult and expensive. Therefore 
a present objective is to correlate the ob­
served transuranic behavior with that of 
other isotopes that can be detected more 
readily by normally available plant instru­
mentation .  It is believed that this i nd irect 
measurement wi l l  serve for all but the lowest 
levels of possible specifications. 

Work in  progress inc ludes further refine­
ment of ind irect measurement, extension 
of plant measurements, and further exami­
nation of the transport of transuranics with in  
operating units. The transport studies a im 
at  ref in ing our  understanding of  the relation­
ships between observed measurements, 
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measurement locations ( i .e . ,  type of waste), 
and operating history. Factors such as water 
chemistry, in-plant holdup, and radwaste 
processing system configuration have some 
bearing on experimental observations. 

Several organizations are currently under­
taking evaluations of appropriate levels of 
transuranic content acceptabi l ity. 

The only published report containing cur­
rent data on this subject is that by the Uti l i­
ties Waste Management Group (1). This re­
port, published earlier this year, concluded 
that values of 400 nCi/g for any transuranic 
element should be acceptable. This view is 
in  marked contrast to the historically held 
perception favoring a value of no more than 
1 0  nCi /g.  It is to be expected that a regu la­
tory assessment of the acceptable values 
wil l be established with i n  a year. 

A project review meeting was held in June 
this year by EPRI personnel and representa­
tives of six reactor-operating util ities. At the 
meeting , data acquired to date were re­
viewed, analyses of data discussed, and 
future direction of the project considered. 
Project Manager: Melvin Lapides 

Reference 

1 .  Suggested Quantity and Concentration Limits 
to be Applied to Key Isotopes in Shallow Land 
Burial. Rockville, Maryland: Utilities Waste Man­
agement Group, Working Group No. 2, 1 977. 

IODINE BEHAVIOR IN POWER 
PLANTS AND THE ENVIRONMENT 

lodine-1 31  is considered one of the impor­
tant radionuclides that contribute to radio­
logical exposure from gaseous effluents re­
leased in operating nuc1ear power plants. 
Its reduction to the guidel ine levels estab­
l ished in 1 OCFR50, Appendix I, is a s ign ifi­
cant design objective in the l icensing and 
operation of such plants. This appendix sets 
a requirement that radioactive material i n  
effluents released to unrestricted areas from 
nuclear power plants must be kept "as low 

as reasonably achievable . "  The foundation 
on which this guidel ine rests assumes that 
the most realistic models based on the best 
avai lable data wi l l  be appl ied . 

To provide the detai led information to 
support this approach, EPRI has undertaken 
studies to determine the most prominent 
locations in plants where radioactive iodine 
is l ikely to emanate; the behavior of the ra­
dioiodine in plant effluent streams; the long­
term effectiveness of large charcoal fi lters 
for adsorbing the radioiod ine; and the per­
sistence in the environment of the chemical 
forms of radioiodine following release. 

To address these concerns, the following 
studies are currently being conducted by 
EPRI: partitioning of the iodine from the 
aqueous to the gaseous phase from fuel 
storage pools under actual operating condi­
tions; evaluation of a radiological dose model 
based on measurements; cost-effective con­
trol of iod ine;  stabil ity of the inorganic chem­
ical forms of iodine; and atmospheric d iffu­
s ion as it applies to radiological doses under 
normal operating conditions and to the con­
trol room doses under accident conditions. 

Radioactive iodine in  gaseous effluents 
is d irectly related to its concentration in  the 
reactor coolant water. It enters the coolant 
as a result of microscopic defects in the 
fuel cladding and from trace quantities of 
"tramp" u ranium on the outer cladding sur­
faces. Most of the iodine is removed con­
tinuously by passing the coolant through 
cleanup systems. 

There are two types of releases: the un­
planned and those that (although undesir­
able) are to be expected in present plants. 
The latter sources of gaseous releases from 
BWRs are: 

o Off-gases from the condensing steam in 
the turbine condenser. This gaseous waste 
is treated principa l ly by a delay techn ique 
that permits radioactive decay. New plants 
wi l l  have augmented waste gas treatment 
systems that will virtually el iminate this 



source; operating plants wil l  be back-fitted 
to incorporate these systems. 

o In some older plants, steam extracted 
from the main steam l ine to the turbine is 
used for the turbine gland sealing system. 
Fission and activation gases that are not 
condensed are held up for a time to permit 
decay of the shorter-lived products, then 
discharged. In newer plants, auxiliary steam 
that does not contain radioactive materials 
is used. 

o To maintain the vacuum on the main con­
denser during plant shutdown (and in some 
cases during startup), a mechanical vacuum 
pump is used, the exhaust from which is 
usually not treated . This usually becomes 
the principal source of radioactive discharge 
during shutdown. 

In PWRs, radioactive gases removed from 
the primary coolant are normally collected 
in pressurized storage tanks to allow for 
decay of radioactivity prior to recycle or 
release to the environment. Alternative meth­
ods include charcoal filters and cryogenic 
distillation. 

The unplanned radioactive iodine that 
appears in the build ing ventilation usually 
comes from leakage of primary coolant from 
valves and pumps. In some cases these 
leaks can be reduced by special design 
featu res, use of auxiliary steam, or increased 
maintenance. As the leaked water evapo­
rates, the contained radioactive iodine be­
comes airborne. Its quantity usually depends 
on the location of the leak. 

In-plant studies 

The in-plant studies consisted of continuous 
measurements over about one year at loca­
tions representing major release pathways 
in each of six operating n uclear power plants 
and measurements on specific components 
contributing to these pathways for periods 
ranging from weeks to months. The mea­
surements were performed both during plant 
operation and during refuel ing outages. 

The in-plant studies for BWRs indicated 
that radioactive iodine is released principally 
from the turbine and reactor bui ldings. Re­
actor water cleanup  pumps, inadequately 
ventilated sample sinks, and valves on 
steam extraction lines in the condenser 
area were the major components where 
leaks occurred within these buildings. 
During refueling and maintenance outages, 
the mechanical vacuum pump maintaining 
the vacuum on the main condenser and 
the fuel transfer and storage pools became 
the major sources. 

Table 1 
NORMALIZED ANNUAL RELEASE FROM MAJOR RELEASE POINTS AND ASSOCIATED 

CHEMICAL FORM OF IODINE-131 IN BWRs 

Release Iodine Chemical Form (%) 
(Ci) 

12 Particulate Inorganic Organic 

Reactor building 

Power operation 0.04 25 20 1 5  40 

Shutdown 0.008 20 5 25 50 

Turbine building 

Power operation 0 . 15  50 20 1 5  1 5  

Shutdown 0.05 27 7 41 25 

Radwaste building 

Power operation 0.03 1 5  5 10 70 

Shutdown 0.004 1 5 g 85 

Gland seal exhaust 

Power operation 0.03 5 1 0  1 0  75 

Mechanical vacuum pump 

Shutdown 0.03 3 8 88 

Total 0.34 

Note: Releases were adjusted to a coolant concentration of 0.005 µCi/g reactor coolant. Corresponding data for 
PWRs will be available shortly. 

The components in PWRs that caused 
major releases were charging pumps and 
purification demineralizer cells. 

During transport of the iodine with the 
plant ventilation air, an aging of the iodine 
was observed in  terms of its chemical form 
and isotopic ratios; this was in proportion to 
the distance traveled from the reactor core. 
The chemical forms change from the more 
reactive elemental form prevalent in the 
vicinity of leaks to the less reactive organic 
form, which is more prevalent in releases 
from systems and in locations remote from 
physical leaks. 

Two models were developed: one to help 
generalize the data for predictive purposes, 
another for describing the behavior of the 
radioactive iodine within the plant bui ldings. 
In the first case, ratios of release rates at 
specific sources were developed for the 
iodine concentrations in the reactor coolant 

to establish a normalization factor. In  the 
second case, iodine concentrations at bui ld­
ing release points were related to leaks from 
internal components. Developing normal­
ized release rates removes the influence of 
the fuel on iodine concentration, thus gener­
alizing the results. 

Release rates for BWRs are shown in 
Table 1 .  These rates are based on the nor­
malized approach and adjusted to the cool­
ant concentration applied by NRG in the 
licensing process and to the chemical forms 
of iodine as a function of major release 
points. The second model is intended to 
predict the release rate from a building and 
is based on factors operating within the 
build ing,  such as leak rates, air change 
rates, and deposition and resuspension 
from local surfaces. 

Sampling durations were usually for peri­
ods of one or two weeks. In addition, short-
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term samples of one day or less were taken 
during special field trips in which a motor 
van equipped with analysis equipment was 
used. These samples were taken to collect 
such i nformation as iodine emission on 
shutdown in  PWRs, high-resolution analysis 
of ind ividual leaks, and l ine loss tests. Figure 
1 is an i l lustration of the time rate of iodine 
emission in the coolant concentration. 

The majority of measurements were made 
with the iodine species sampler that segre­
gates both chemical and physical forms of 
iod ine .  The form of the iodine is an important 
factor in a realistic radiological dose assess­
ment. For ingestion dose evaluation, which 
involves the critical pathway, elemental 
iodine (12 ) is the important form; the others 
are relatively insignificant. Organic forms of 

iodine contribute mostly to the inhalation 
dose. 

The form of the iodine is important for the 
degree of deposition on grass. The affinity 
of grass for the elemental form is much 
g reater than for organic forms and partic­
ulate forms. There is as yet insufficient in­
formation on the deposition of the inorganic. 

Efficiency of filters 

One method of reducing releases of radio­
active iodine to the atmosphere from oper­
ating nuclear power plants is to f i lter ventila­
tion exhaust through charcoal. The study 
conducted by EPRI measured the effective­
ness of large charcoal fi lter installations in 
continuous use over long periods of t ime. 
This study provides information useful for 
estimating the aging of charcoal fi lters, 
which is necessary for predicting the ap­
proximate frequency for filter changes and 
operating costs. Figure 2 shows the com­
bined performance of two charcoal filters 
for organic iodine collection. The results 
for 1 2 and hypoiodous acid indicated much 
larger collection effectiveness, with decon­
tamination factors ranging from 1 00 for new 
tilters to about 20 for filters three years old. 

Environmental study 

An environmental study was conducted to 
determine the persistence of the chemical 
form of radioactive iodine subsequent to 
release from nuclear power plants. The 
chemical form in discharge streams was 
monitored continuously at two plants and 
simultaneously monitored at up to eight sur­
rounding locations at distances of 1 -1 O km . 

The chemical form of the naturally stable 
iodine was measured simu ltaneously. Table 
2 shows·fractions of the chemical form com­
pared for the source and field sites. The 
environmental study indicated that the or-
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Figure 1 Curve shows the time rate of iodine emission in the reactor coolant concentration, 
reflecting releases of iodine-1 31 into the primary coolant. 
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Figure 2 The performance of two charcoal filters, one large and one small , in operation at the 
same plant. 



Table 2 
IODINE-131 CHEMICAL FORM 

(% measured) 

Discharge Field 
Chemical Form Point Locations 

Particu late 5 1 3  
Elemental ( 12) 24

} 35 
Inorganic (HOI) 26 
Organic (CH3 1) 45 52 

ganic form tends to have the greatest per­
sistence in the environment, and 1

2 tends 
to have the least. A comparison indicated 
that the predicted results grossly overesti­
mated the measured values. 

Future directions 

As a result of these EPRI studies, much more 
is known about the behavior of iodine in 
power plants and in the environment. Im­
proved methods of general izing and model­
ing the data for application to estimates of 
future releases were developed. The studies 
discussed above have provided the fol low­
ing conclusions on the behavior of radio­
active iodine in and around nuclear power 
plants: 

o The majority of the iodine emanating from 
the plants is from one or two major loca­
tions and appears locally treatable in a cost­
effective manner without requ i ring large 
banks of charcoal fi lters. 

o The interaction of iodine with su rfaces is 
an important phenomenon in determining 
the fate of iodine. It appears to contribute 
to the shift in chemical forms from the more 
reactive to the less reactive. 

o The organic forms tend to persist in the 
environment and the elemental forms do not. 

o The shutdown transient in PWRs produces 

nominal iodine emission in the reactor 
coolant. 

o Normalized release rates provide a more 
realistic method for predicting future re­
leases. 

Related projects under contract or under 
consideration at EPRI are to develop cost­
effective ways of controll ing iodine;  to study 
the partition coefficient for iodine from fuel 
storage pools as a function of pool water 

conditions; to verify radiological dose mod­
els for radioactive iodine;  to study the atmo­
spheric dispersion of effluents from power 
plants; and to develop information simi lar 
to that developed in the work described 
above for important radioactive nucl ides 
other than iodine. Project Manager: Henry 
Till 

FAULT GROWTH AND 
CRACK ARREST ANALYSIS 

Al l  man-made structures contain defects of 
one sort or another. The defects may be 
cracks, lack of fusion in welds, embrittled 
regions, missing fasteners, and so on. Every 
practical effort should be made to remove 
those defects that may affect the design 
performance of the structure, which may 
be based on rel iabi l ity, safety, efficiency, 
maintainabi l ity, and the l ike, depending on 
its use. In the case of nuclear pressure ves-
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sels, safety is of primary concern . 
During fabrication ,  every effort is made to 

remove all in jurious defects before the com­
ponent is placed in service. Occasional ly ,  a 
small defect may escape detection during 

the fabrication inspections. There is also a 
possibi l ity that a small crack may develop 
during service. For these reasons, periodic 
in-service inspections of the safety-related 
components are requi red for nuclear instal­
lations. If a f law is detected during one of 
these inspections, its effect on the safety 
of the component must be assessed. 

The f law evaluation procedure for nuclear 
pressure vessels is presented in Section 
XI of the ASME code, " Rules for lnse rvice 

Inspection of Nuclear Power P lant Compo­
nents. ' '  For the flaw to be deemed innocuous 
to the performance and integrity of the pres­
sure vessel ,  it must meet two sets of strin­
gent criteria, one for normal operating con­
ditions and one for faulted conditions. 

SA-533 Grade B Class 1 Steel :  
• 1 2"- thick plate 
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Figure 3 Crack arrest data based on extensive testing by Materials Research Laboratory in 
support of the prior code corroborates the reference curve in the code. 
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The criterion for normal operating condi- Figure 4 Schematic of a compact specimen used for crack arrest toughness determinations. 
tions requ i res that potential flaw growth due 
to design transients be accounted for, as 
well as any irradiation damage. To be ac-
ceptable, the maximum size of the discov-
ered flaw, including growth ,  must be less 
than one-tenth the size of the critical flaw. 
The critical flaw is the smallest flaw predicted 
to cause fai lure of the component duri ng the 
design transients. This ensures that the dis­
covered flaw cannot grow during normal 
operation. 

The criterion for faulted conditions is 
based on the requ i rement that the core must 
be in a coolable condition after the most 
severe postulated accident For this to be ac­
complished, the vessel cannot be breached 
by the flaw as a result of the accident load­
i ngs. To be acceptable ,  the discovered flaw 
(with growth) must be Jess than one-half 
the critical flaw size. In  the faulted case, the 
critical flaw is one that can in itiate but can 
propagate through only 75% of the reactor 
wall. A verified criterion for the arrest of a 
propagating crack is necessary for this to 
be demonstrated. 

The criterion for crack arrest is the central 
theme of the research being conducted by 
the Materials Research Laboratory (MRL) 
under contract with EPRI (RP303). In 1 97 4, 
the conservatism and even the meaningful­
ness of the arrest criterion incorporated in 
the ASME code was questioned by the tech­
nical community. The arrest concept in the 
code is based on the premise that crack ar­
rest is analogous to crack in itiation in that 
both are governed by material properties. 
In the case of arrest, it is crack arrest tough­
ness, Kia ·  Therefore crack arrest occurs 
whenever the stress intensity of a propagat­
ing crack falls below K

ia
· This crack arrest 

methodology is very attractive from an ap­
plications point of view because only a static 
l inear elastic fracture mechanics analysis is 
required. Other arrest theories are based 
on balance-of-energy criteria and require 
sophisticated dynamic analyses of the struc­
ture. Because of the great importance of 
crack arrest and its safety ramifications, 
NRC joined with EPRI in a program to re­
solve the crack arrest issue,  develop a sig­
nificant data base of crack arrest informa­
t ion, and produce test methods for future 
ASTM standardization. 

Sign ificant achievements to date as a 
result of the program include: 

o Resolution of the crack arrest issue has 
been achieved. Formal concurrence on the 
applicability of the material property crack 
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Figure 5 Photograph of a tested compact specimen shows the initial and the arrested crack 
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arrest toughness, K10 . , to the analysis of 
propagating cracks i�

n 

engineering struc­
tures was reached at the I nternational Sym­
posium on Fast Fracture and Crack Arrest 
(Chicago, June 1 976) and subsequently i n  
London (July 1 976) a t  a simi lar meeting. 

o Extensive crack arrest testing by MRL on 
several heats of  steel removed from actual 
reactor vessels corroborates the base data 
vessel for the reference crack arrest curve 
contained in the ASME code. These data 
are shown in Figure 3 with the scatter band 
for the code data. Simi lar K1a 

data have been 
generated with four different specimen 
geometries inferring the existence of a 
material property that controls the arrest 
of propagating cracks. 

o Tentative crack arrest test procedures 
have been submitted to ASTM for standardi­
zation. This is a n ecessary step for inclusion 
in the federal regulations on nuclear plant 
l icensing and operation . 

o MRL has recently developed a test pro­
cedure for measuring crack arrest tough­
ness with a considerable saving of material 
and manpower over previous methods. This 
specimen procedure is of particular interest 
for assessing arrest toughness of i rradiated 
materials that must be tested in hot cel ls .  
The specimen is shown schematically in Fig­
ure 4 and a tested specimen is shown i n  
Figure 5 .  The run-arrest sequence of the 
fracture surface has been oxidized and ap­
pears as the dark portion of the fracture 
surface. 

o A cooperative test program is being or­
ganized to evaluate the proposed test meth­
ods in terms of reproducibi l ity, variability, 
and facility. Fifteen laboratories in the United 
States, Germany, Japan,  England, France, 
and Sweden wi l l  provide the testing and 
analysis gratis; the specimens and test fix­
tures are to be furn ished by EPRI and NRC. 

Future efforts 

The present code procedures for evaluat­
ing flaws under accident conditions where 
crack arrest must be demonstrated appear 
to be adequate and conservative. The ef­
fects of i rradiation on crack arrest toughness 
need to be evaluated, as do basel ine and 
i rradiated data on some of the older (pre-
1 970) plant materials. The development 
work scheduled for the fourth quarter of 
1 977 should establish a test specimen size 
and procedure suitable for irradiation test­
ing.  Project Manager: Theodore Marston 
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URANIUM SOLUTION MINING 

Conventional u ranium production requ i res 
the min ing ,  haul ing ,  crush ing ,  and mi l l ing of 
500-1 000 t of ore for every ton of u ranium. 
Many subeconomic deposits are known but 
for economic reasons will probably never be 
tapped by conventional techniques. Some 
deposits may requ ire moving 3000-4000 t 
of ore for every ton of u ranium produced. 
Other deposits are too small to justify a large, 
fixed investment in mine shaft and surface 
processing (mi l l ing) facil it ies. Sti l l  other 
smal l ,  isolated deposits are uneconomic be­
cause their development would require haul­
ing many tons of ore long distances to mills. 

A new u ranium min ing tec hn ique, solution 
min ing ,  is gaining prominence because of 
its advantages in making available some of 
these otherwise subeconomic deposits. 
Disarmingly simple in concept, the technique 
i nvolves d ri l l ing into the deposit, injecting 
and c i rculating a solution that d issolves the 
uran ium in place, and extracting the uranium 
from th is solution in  a surface plant. It thus 
avoids d i rect physical movement of the ore 
body and the resulting costs and environ­
mental effects. Other advantages of this 
method are lower in itial capital requi rements, 
reduced lead t imes, lower labor requi re­
ments, safer operations, and improved 
possibi l ity of extracting deep, low-grade 
deposits and small and/or isolated ore de­
posits. 

In practice, many geologic ,  hydraul ic ,  
and chemical factors can combine to make 
solution min ing more difficult than it appears 
from this descript ion. Nevertheless, the 
technique is being used more frequently, 
mostly in  development operations but to an 
i ncreasing degree in actual production 
operations. 

EPRl 's  Supply Program is concerned with 
forecasti ng uranium availabil ity and price. 
With th is in mind,  it is currently funding two 
projects to develop cost models for uranium 
solution min ing,  The models wi l l  relate pro-

42 EPRI JOURNAL November 1977 

duction costs to various physical ,  f inancial ,  
and environmental factors. They wi l l  be ca­
pable of integrating whatever information is  
ava i lable about these factors now or that 
may be developed in the future. The contrac­
tors are S. M. Stol ler Corp. (RP803-3) and 
NUS Corp. (RP803-2). This review draws 
mainly on the latter project because i t  is 
at a more advanced stage of research .  

Solution m in ing of  u ranium ,  f irst proposed 
in 1 957, was studied only in research and 
pilot projects unti l  1 975, the date of the f irst 
commercial production. Since then, its use 
has been expanding rapidly. Currently there 
are 1 5  companies conducting operations, 
although many of these are developmental. 
Commercial production is now confined to 
Texas and Wyoming ;  however, Utah, Colo­
rado, and New Mexico also have deposits 
that are amenable to this method. Solution 
min ing has established a strong foothold 
in  southern Texas, where four  plants cur­
rently have a combined production of 400 t 
of U3

0
8 

annual ly. (Total U.S.  uranium pro­
duction is about 1 5 ,000 t /yr.) The largest 
plants bui lt so far have a capacity of 1 25 t/yr. 
Wyoming Mineral Corp. is operating one 
such plant in  Wyoming and U.S. Steel Corp. 
operates another in Texas. Both have an­
nounced plans for expansion during the next 
two years; the Texas plant is to be expanded 
fourfold to 500 t/yr. In addition to its 1 25-t/yr 
plant in  Brun i ,  Texas, the Wyoming Mineral 
Corp. i s  bringing a 250-t /yr plant on stream 
at Ray Point, Texas. Additional expansions 
are planned in  1 977 and 1 978 by Interconti­
nental Energy Corp. and Mobil Research 
and Development Corp. Some observers 
predict that u ranium solution min ing could 
contribute 1 0-1 5% to overall domestic 
production capabil ity in  1 0  years (5000-
8000 t/yr). 

As in  conventional uranium mi l l ing ,  no 
two u ranium solution operations are identi­
cal. Furthermore, there are almost no pub­
l icly avai lable data on operations because 
of the sensitive and proprietary nature of the 

work. Therefore, the researchers on the two 
projects have used a survey of contacts in  
both the pub l ic  and private sectors to aug­
ment information read i ly avai lable .  In ad­
dition to this publ ic and proprietary informa­
t ion ,  the project team has drawn data and 
judgments from personal experience on 
other applicable projects. The proprietary 
problems have been mitigated somewhat by 
the fact that the EPRI models do not attempt 
to present a cost analysis for a specific 
min ing situation. The models are designed 
to accommodate variations in a number of 
key parameters that influence cost results. 
This w i l l  allow the models to be applied in a 
general ,  overview way to a wide variety of 
min ing ,  f inancial , taxation , and other as­
sumptions. 

The cost model nearing completion by 
NUS Corp. is a process-oriented analysis 
technique that computes the capital invest­
ment, operating costs, and sel l ing prices re­
qu i red to provide a desired return on invest­
ment. The costing methodology involves 
four  submodels corresponding to fou r  major 
cost categories: exploration and develop­
ment dr i l l ing costs; i n itial well-field costs; 
plant and equipment costs; and operating 
costs. A fifth submode! deals with financial 
analysis and computes the requ ired sel l ing 
price , using discounted cash flow method­
ology and constant 1 977 dollars. 

Costs for the fi rst submode! (exploration 
and development) are related to average 
f igures from actual industry experience. In 
this submode! ,  acquisition costs can be in­
c luded or excluded. The i nitial well-field 
cost submode! computes solution flow rates 
requ ired and the corresponding number of 
requ i red wells. The well-field pattern as­
sumed is the commonly used five-spot pat­
tern (four  injection wells surrounding a 
single production ,  or recovery, well at the 
center of the pattern) . The plant and equip­
ment submode! basically computes the 
surface plant costs. These costs are based 
on a standard 0.09 m3 /s (1 500 gal / min) 



plant with appropriate scale-correction fac­
tors applicable to the size of plant requ i red. 
Costs of environmental monitoring wells and 
equ ipment are included in  the preceding 
two submodels. The operating submode! 
computes costs for chemicals, labor, pump­
ing energy, annual well-field development 
costs, and aquifer restoration costs. Infor­
mation for this submode! is based on data 
from service suppl iers and h istorical data 
from ongoing solution operations. The finan­
cial submode! computes total project costs 
as opposed to forward cost presentations, 
which do not include such items as explo­
ration cost and profit marg in .  

The model w i l l  compute requ ired sell ing 
price for any variety of solution mining sit­
uations d ictated by the user. Currently, 
the user must specify values for the following 
1 1  i nput variables: annual production leve l ,  
concentration of  production solution ,  solu­
tion i njection rate, uranium extraction effi­
ciency, depth of deposit, ore thickness, 
well-pattern spacing, ore grade, reserve 
tonnage, required return on investment, 
and type of solution (acid or alkaline). 

The relationships among these input 
parameters are complex. They are now 
under study in an attempt to reduce the 
number of input parameters requ i red for 
the use of this model. 

At this stage of the research ,  results are 
prel iminary and unverified and should be 
treated cautiously. To show the magnitudes 
involved, for instance, for a 1 83-m-deep 
(600-ft) deposit, an ore thickness of 6 m (20 
ft), a deposit grade of 0 .05 % ,  an extraction 
of 70% ,  a return on investment of 1 5% ,  and 
using typical industry values for the other 
is $68/ kg ($31 / lb) in 1 977 dollars. It should 
be noted that this figu re is  higher than esti­
mates recently reported in the l iterature. 
This difference stems, at least partially, from 
a more comprehensive treatment of cost 
categories, as previously noted. Project 
Manager: Richard Urbanek 

PLUME MONITORING 
BY LASER RADAR 

As a result of EPRI funding , the use of dif­
ferential absorption laser radar for field 
measurement of atmospheric pol lutants is 
nearing the demonstration phase. SRI Inter­
national, under contract to EPRI , is devel­
oping a truck-mounted laser un it capable of 
remote measurement of atmospheric con­
centrations of S0

2
, N02

, and 03 (RP1 060). 
Not only wi l l  the un it be able to measure the 
upper atmosphere from the ground but it 
wi l l  also be able to do so at any time of day or 
night and under all weather conditions. 

The rising concern about air qual ity has 
prompted the electric power industry to 
give careful consideration to plant siting ,  
to air quality monitoring ,  and to pollution 
control. The measurement (or monitoring) 
of stack emissions is  a key factor in 
j udging ai r quality, in  designing control 
devices,  and especial ly in understanding 
the chemical reactions that occur i n  the 
atmosphere, particularly in plumes. Present 
measuring techniques depend on ground 
stations (which can, at best, give only an 
indirect indication of atmospheric constitu­
ents at higher levels) and aircraft (which 
are l imited by cost, weather, and a variety 
of flight restrictions). What is needed is a 
way to measure atmospheric constituents 
from the ground, under all weather condi­
tions. A laser device has such capabil ity. 
The device being designed by SRI wil l  be 
mobile and able to analyze the atmosphere 
at any discrete interval (e.g . ,  any area 
between 305 m and 457 m [1 000-1 500 ft]) 
from ground level to about 2 1 34 m (7000 ft) . 
The basic laser un it has already been de­
veloped by SRI . The present EPRI contract 
calls for the unit and computer equipment to 
be truck-mounted for full mobil ity. 

Differential absorption laser radar oper­
ates on a simple principle. A pulse of light 
at a particular wavelength is  emitted into 
the atmosphere. A portion of this pulse is 
reflected by dust or  other particles toward 
the laser unit. Light reflected by particles 
c l..9ser to the source arrives sooner than 
light reflected by those farther away, hence 
the presence of particles from any given 
region of a plume can be identified. Current 
equipment allows distance resolution of 
about 1 00 m (330 ft), that is, the system 
can distinguish pollution at 300 m from that 
at 400 m. Lasers can be used for more than 
simply identifying the presence of particles. 
If ,  for example, the wavelength of emitted 
l ight is one that is absorbed by a gas i n  
the atmosphere (e.g . ,  S0

2
) ,  less l ight energy 

will be returned than was emitted. The 
amount of light absorbed by the gas is di­
rectly proportional to the concentration of 
the absorbing species; thus the instrument 
can be used for remote, quantitative analy­
sis. In  practice, factors other than absorption 
of energy by pollutants of interest could 
cause the return signal to be less than ex­
pected. To correct for these other factors, 
a second energy pulse can be emitted along 
the same path as the first pulse but at a 
slightly different wavelength. The different 
wavelength can be chosen so that it wi l l  
not be absorbed by the pollutant of interest, 
but will suffer all other losses as did the 
original pu lse. The difference in return in-

tensity of the two energy pulses would 
indicate how much energy absorption was 
due to the pollutant's being measured. 
Equipment is now available to analyze the 
atmosphere for S0

2
, N0

2
, and 0

3
. 

EPRl 's interest in remote sensing with 
lasers is not new. Through its Environmen­
tal Assessment Department, EPRI is sup­
porting a project at Stanford University to 
develop a new type of laser that operates 
in the i nf rared range (RP486). Such an in­
strument would yield greater sensitivity 
than the ultraviolet laser being used by 
SRI . Both Stanford University and SRI are 
working closely together so that if the new 
unit proves successful ,  it can be incorpor­
ated into the mobile system being built by 
SRI. 

Present plans call for the first field demon­
stration of the mobile unit in late 1 977. That 
demonstration will be fol lowed by about six 
weeks of field testing in the northeastern 
U.S. where the large-scale EPR I  su lfate 
regional experiment (SURE) is under way. 
When fully operational , the mobile un it will 
be available for a number of studies at utility 
sites and for use in the SURE program. 
Project Manager: Ralph Perhac 

RESIDENTIAL ENERGY DEMAND 

EPRI research in  the area of residential 
energy demand and conservation has been 
advancing in a number of d irections to im­
prove the qual ity and detail of energy demand 
models. The aggregate residential ki lowatt­
hour forecasting model used in Demand 
1 977 (national energy consumption fore­
casts by EPRl 's Demand and Conservation 
Program staff) produced aggregate demand 
forecasts at the national level (RP431 ) .  Re­
finements of this model ing structure are 
under way and are expected to be completed 
in early 1 978 (RP1 098). This work is aimed 
at improving the data and model ing treat­
ment of fuel oi l ,  electricity, natural gas, and 
household appliances. It wi l l  also involve 
tests of the ex-ante forecasting properties 
of the kilowatthour and appliance stock 
forecasting models. Many current energy 
problems, however ,  call for more residential 
sector detail than can reasonably be ex­
pected from this type of aggregate model ing 
structure. 

The increasingly detailed nature of energy 
policy questions facing the electric utility 
industry requires more detailed energy de­
mand forecasting models than have been 
needed. This is a natural consequence of 
the energy-related experience since the 
Arab oil embargo in 1 973. Before then, 
energy questions tended to focus upon 
such highly aggregate variables as world 

EPRI JOURNAL November 1977 43 



ENERGY ANALYSIS AND ENVIRONMENT DIVISIO N  R&D STATUS REPORT 

petroleum prices, the nation 's level of eco­
nomic activity, and state and national de­
mand for electricity. These questions are 
still with us, but today's energy consump­
tion policies are considerably more detailed 
and requ i re models that are correspondingly 
more elaborate. 

Residential consumption issues requ iring 
models with more microlevel behavioral 
detail include household heating fuel choice 
and fuel switching , increased household 
insulation, the implications of various energy 
conservation measures, the responsiveness 
of special load management devices, and 
the time-of-day and seasonal pricing of elec­
tricity. Such questions are best i nvestigated 
through models that focus directly on the 
energy-consuming unit, which in the resi­
dential sector is the household. 

The Demand and Conservation Program 
is moving toward increasing the household­
level detail of its aggregate models in fou r  
princ ipal d i rections: 

o Developing load forecasti ng models and 
i ntegrating them with aggregate kilowatt­
hour structures. (These projects were dis­
cussed by Anthony Lawrence in his model­
ing article i n  the August 1 977 issue of the 
JOURNAL, p. 1 2 .)  

o Forecasting the residential appliance 
stock and the demand for new goods. These 
projects cover the development of meth­
odology for p redicting the demand for new 
goods with an illustrative application to 
residential heat pumps (RP488), the implica­
tions of electric automobiles for utility sys­
tem loads (RP758), and the analysis of 
household appliance choice (RP1 005). 

o Generally improved detail concerning 
such energy-related household character­
istics as regional household formation, the 
nature and characteristics of new and ex-
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isting housing ,  population migration ,  re­
gional employment and labor force par­
ticipation ,  fuel consumption, and energy 
price detail. It is expected that a major effort 
will be started in this area early in 1 978. 

o Basic data-development projects to effect 
progress in each of the above areas. This 
work has generally been undertaken in 
cooperation with federal agencies because 
of the immense cost involved in collecting 
household-level energy consumption data. 
Projects in this area cover patterns of resi­
dential energy use by electrical appliance 
(RP576) , analysis of load management ex­
perimental data (RP1 006), and development 
of household energy consumption survey 
data (RP1 099) . The remainder of this report 
will elaborate on these three projects. 

The Federal Energy Administration (FEA) 
is cosponsoring the project to collect survey 
data on residential energy consumption 
(RP576). The ch ief objective is to collect 
monthly appliance usage data from a na­
tionally representative sample of 1 50 house­
holds. Metered electric appliances include 
heaters, stoves, refrigerators, air condi­
tioners, washers, dryers, freezers , and 
swimming pool pumps. Electric appliances 
in  each house were metered in  1 6  cities 
across the country. These households were 
sampled from a primary survey of 2000 
during late 1 976. In  addition to provid ing the 
necessary sampling for the selection of the 
1 50 homes to be metered , the primary survey 
provides a great deal of useful cross-section 
information on household characteristics 
and their relationship to energy consump­
tion. The survey contains background data 
on housing characteristics, insulation ,  the 
economic status of the household, and 
meteorological and demographic detail. 
These survey data are of considerably better 
detail, quality, and breadth than previous 

sources and have now been used by FEA as 
a principal input for establishing federal 
appliance efficiency standards. This project 
is scheduled for completion by early 1 978. 

The analysis of load management experi­
mental data was in itiated to examine 1 3  load 
management demonstration,  time-of-day, 
and seasonal pricing experiments being 
conducted throughout the U .S .  (RP1 006) . 
The main objective is to examine the experi­
mental design and sampling characteristics 
to determine the potential usefulness of 
the underlying data sets for the original 
objectives of each experiment and for EPRl's 
energy analys is objectives. In addition to 
assessing the potential usefulness of the 
panel data, this project will suggest the 
objectives the experiment may or may not 
be expected to achieve. It is hoped that 
some of the household data from the experi­
ments may ultimately be integrated i nto the 
EPRI  energy consumption and load fore­
casting models to provide additional dis­
aggregate detail. The Institute for Social 
Research,  University of Michigan, is the 
contractor for this project, which is sched­
uled to be completed in early 1 978. 

One of the principal l imitations of existing 
cross-section data bases in the energy field 
has been the absence of a continuously 
u pdated household survey. The residential 
survey data project will remedy this de­
ficiency by producing a national represen'­
tative sample of about 8000 households to 
be resurveyed every other year (RP1 099-1 ) .  
The project, scheduled for completion i n  
early 1 979, i s  being cofunded by FEA and 
ERDA. EPRI is participating in the design 
phase of this project, which will not only 
help EPRI meet its needs for detailed micro­
level household data but also will ultimately 
constitute the best available household 
energy consumption survey data base. 
Project Manager: James Boyd 
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TRANSFORMERS 

Improvement in the performance of major 
electrical equ ipment is a major research 
goal of the AC Substations Program. The 
projects described below specifically ad­
dress the development of new insulation/ 
cooling oils and gas detectors. 

Oil 
It is l ikely that the supply of naphthenic­
base insulating oil will become critical by 
1985. As a result, a contract between EPRI 
and Westinghouse Electric Corp. has been 
in itiated to study paraffinic-base oils that 
could replace naphthenic oil in distribution 
transformers, circuit breakers, tap changers, 
and large oil gaps (RP577). 

Fou r  experimental and one naphthenic­
base oils were selected as a result of 
work performed by General Electric Co. 
(RP562-1 ) .  The selection was based on 
the screening of many possible substitute 
oils furnished by oi l  refiners. This phase 
of the analysis was an examination of such 
general characteristics as lubricity, gasing 
tendencies, arc-formed gases, oxidation 
stabil ity, and the compatibility of the oils 
with transformer construction materials. 
These tests showed that paraffinic-base 
oils compared favorably with the naphthenic 
standard. 

The substitute oils so closely approxi­
mated the currently used transformer oils 
that it was possible to proceed to the second 
phase of the project, which is a life test in 
distribution transformers at an elevated 
temperature (Figure 1 ). Al l  oi ls success­
ful ly completed the fi rst temperature cycle, 
the in itial electrical end-point tests, and 
those tests following the first aging cycle. 
As many as 40 cycles will be necessary to 
determine whether the oils wi l l  satisfy long­
term stabil ity requ i rements. 

Westinghouse Research and Develop­
ment Center is studying the effects of corona 
and high-current arcing in  the experimental 
oils to determine their suitability for elec­
trical application. Likewise, Westinghouse's 

Figure 1 Group of transformers on life test with control equipment to keep the hot spot 
temperature of the coils at 180 °G and the top oil temperature at 140 °G (RP577). 

Medium Power Transformer Division at 
Sharon, Pennsylvania, has manufactured 
two types of production tap changers that 
will be used to study mechanical operations 
at low temperature. These studies will be 
followed by life tests at 100 ° C and 1000 A ,  
which is the cu rrent rating o f  the units. The 
oils will be tested for rate of carbon forma­
tion and rate of carbon settl ing, as well as 
mechanical wear on the contacts and tap 
changers themselves. 

To complete the program, production 
tests will be made on the oil i n  a power cir­
cuit breaker at the Westinghouse High Volt­
age Laboratory in Pittsburgh. Special 
parallel-plane electrode studies wi l l  be made 
at Westinghouse's Muncie, Indiana, plant. 
The latter will use practical electrode geom-

etries and large oil volumes to ensure that 
the experimental oils are suitable for high­
voltage insulation systems. 

From the work to date, it is reasonable to 
expect that paraffin ic-base insulating oi l  
can become a replacement for naphthenic 
oi l in major electrical apparatus. 

The second part of the project is being 
carried out by McGraw-Edison Co. The ob­
jective is to age selected oils in 600 min iature 
capacitor cans containing transformer ma­
terials, thereby simulating large transformer 
performance. 

One-half of the capacitors are n itrogen­
blanketed and use un inh ibited oi l .  The re­
main ing half are free breathers and use oi l  
inh ibited with 0.3% ditertiary butyl para­
cresol. One-half of the nitrogen-blanketed 
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units went on test at 1 40 ° C and 29.5 kV /cm 
stress on May 2 ,  1 977. Tests on the re­
maining half will beg in  on February 6, 1 978, 
at 1 50 ° C and 29.5 kV/cm.  

One-half of  the free-breathing un its went 
on test on May 2, 1 977, at 1 20 ° c and 29.5 
kV /cm stress .  Tests on the remaining half 
will begin on February 6, 1 978, at 1 35 ° C 
and 29.5 kV /cm stress. The last samples 
will be removed from testing on July 
24, 1 978. 

Thi rty special minicapacitor samples with 
h igh-voltage bushings have been made and 
are being tested at the same temperature 
and stress levels as those above. Corona 
inception voltage and corona extinction 
voltage are determined at periodic intervals 
by acoustic emission techn iques. The fre­
quency used is in the 1 00-300-kHz range. 

Up to now, 5 of the 30 minicapacitors 
have failed. Of these, 4 had been filled with 
the same oil. No oxidation inh ibitor remains 
in any of the 5 oils after 1 2  weeks of testing 
at 1 20 ° c and 29.5 kV /cm stress. The inter­
facial tension of all these oils has dropped 
below 20 x 1 0-7 N,m. D issolved copper 
and iron vary greatly with oil and tempera­
ture. At 1 20 ° c,  d issolved copper varies 
from 60 to 320 ng/ml, and dissolved iron 
varies from 4 to 1 70 ng /ml. At 1 40 ° C,  dis­
solved copper varies from 23 to 680 ng/ml 
and dissolved i ron varies from 48 to 400 
ng/ml. 

The treated paper has shown little sign 
of deterioration at this t ime. However ,  nitro­
gen depletion was found. After six weeks, 
the nitrogen content of the paper was ana­
lyzed in both the active area (in direct con­
tact with copper) and in the inactive area 
(not in direct contact with copper). The 
n itrogen content in the active area was 
found to be 1 .8-1 .9%, while in the inactive 
area the nitrogen content was zero. I n  con­
trast, the original n itrogen content of the 
treated paper was 2.0-2.3%.  

A related but more fundamental project 
concerning the search for new insulating 
oils is being conducted by General Electric 
Co. (RP562). Its objective is to survey the 
supply of electrical insulating fluids appli­
cable to electrical equipment for the next 
decade. After the survey, the requirements 
for insulating fluids can be formulated. 

General Electric reports that the results 
from its work on paraff in ic-base oils con­
tinue to be encouraging. It appears likely 
that paraffinic oils will compare favorably 
with naphthenic oils in chemical and elec­
trical stability and heat transfer properties 
at typical ambient and operating tempera­
tures. Nearly completed accelerated-life 
testing of transformers contain ing paraff in ic 
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oils supports this hypothesis. 
Unresolved questions remain ,  however. 

Paraffinic  oils can form wax at temperatures 
below 0 ° C. Dewaxing can be done but be­
comes progressively more expensive as the 
temperature of wax formation is decreased. 
Deep dewaxing by processes not yet com­
mercial in the U.S.  results in oils that appear 
comparable to naphthenic oils down to the 
pour-point standard of -40 ° C. Conven­
tional dewaxing together with flow modifiers 
(pour-point depressants) results in pou r  
points of - 3 0  t o  -38 ° C. Work is continu ing 
in order to determine if these pour points 
can be lowered by other flow modifiers and, 
if not, to determine the effect of these h igher 
pour points on electrical apparatus. 

Transformers and other electrical equip­
ment are normally in service for decades. 
For research ,  a means of highly accelerated 
aging is required to adequately demonstrate 
that a new and potentially useful oil will 
function over these long lifetimes. Improved 
testing and analytic methods are being 
developed and applied to paraff in ic oils. 
Project Manager: Ed Norton 

Bushings 

One Westinghouse project (RP565) is in­
tended to develop a 242-kV, 4000-A appa­
ratus bushing that is small in diameter, low 
in cost, simple in construction , and easy 
to maintain (Figu re 2). 

Two strategies are involved. Fi rst, a heat 
pipe cooling system is incorporated within 
the central tubular conductor to permit 
operation at h igh  current density. Second, 
cast-epoxy solid insulation is used to replace 
the oi l-impregnated paper and porcelain. 

Six prototypes will be produced as 
test specimens that will be used to verify 
performance at standard and overload con­
ditions. This process demonstrated the 
feasibility of manufacturing outsized and 
complex epoxy insulating parts with a 
vacuum casting technique. 

Casting of the capacitively graded core 
insulation involved pouring masses of epoxy 
formulation as large as 1 81 kg (400 lb) under 
vacuum into an 1 8-piece mold, while care­
fully controlling the temperature. Also, a 
nest of 1 3  concentric, tubular capacitive 
foil inserts was positioned i n  the mold prior 
to pouring. Nevertheless, excellent density 
was experienced with these complex sub­
assemblies. This was largely attributable to 
the low viscosity of the special, highly filled 
epoxy formulation .  

The upper half of  the bushing core insu­
lation ,  which protrudes above the flange, is 
encapsulated within a weathercase made 
of a second epoxy formulation .  This is a 

Figure 2 Prototype of a 230-kV, heat-pipe 
cooled-epoxy bushing with 4000-A rating. 
Since it is oilless, this new design will reduce 
the cost of processing, at the same time 
eliminating the need for oil expansion domes, 
oil level gages, springs, and gaskets. Ed 
Norton (left) is EPRl's project manager, and 
Don Covaleski is Pennsylvania Power & Light 
Co.'s project adviser. 

flexible cycloaliphatic material developed 
specifically for weathercase applications. 
It is mechanically resilient and resistant to 
damage by impact. Also, under electric 
stress it is highly resistant to wet tracking.  
Similar formulations have been under sur­
veillance on outdoor test racks in the field 
for up to seven years with creditable results. 
Completion of the verification test program 
is expected by late 1 977. EPRI is interested 
in arranging for a test of this bushing at a 
suitable location on a utility system. Proj­
ect Manager: Ed Norton 

Insulating gases 

For many years, a large percentage of 
transformers have been built with a space 
over the oil that contains nitrogen gas to 
provide an inert atmosphere. The inert gas 
levels improved insulating and cooling 
characteristics of the transformer. It is pos­
s ible, however, that other gases may be 
superior to nitrogen in this regard, but very 
little development has been done either to 
improve these properties or to reduce costs. 

A project at Westinghouse is designed to 
evaluate the poss ibi lity of substituting sulfur 



hexafluoride (SF 
6

) or hexafluorethylene 
(C

2
F

6
) for n itrogen (RP808). Although SF

6 

is currently used as the insulating material 
for gas-insulated substations, it has not 
been used in the U.S. as an insulating gas 
in o il-filled transformers. Indeed much effort 
has been expended in the design of bush­
ings that would serve to completely separate 
the SF 

6 
in the substation from the trans­

former. If SF
6 

were found, for example, 
to be inert with regard to its effect on the 
oil in  the system, considerable design 
savings could result. 

The work on this project, which is ap­
proximately half completed, has been limited 
to work on conventional naphthenic oils 
to date. Nevertheless, some evaluation of 
paraffinic oils will be included in future work. 
The parameters being investigated include: 
gas/ oi l  solubi l ity, d ielectric performance, 
gas evolution and/or absorption behavior 
under stress, compatibility, arcing, and 
stabil ity. Some of the interesting develop­
ments to date are noted below: 

o The solubility of both SF6 and C2F
6 de­

creases with temperature, while that of n i ­
trogen is essentially unchanged. I n  contrast, 
the solubility of all three gases increases 
with pressure. N itrogen and SF6 follow 
Henry's Law, which states that solubility 
and pressure increase in an essentially 
linear fashion . Interestingly enough,  both 
experimental gases are more soluble in 
o il than is nitrogen: C

2F
6 

by a factor of about 
n ine and SF 6 by a factor of about six. 

o Regardless of the observed differences 
in solubility, the data on breakdown strength 
as a function of temperature and pressure 
reveal essentially no change relative to the 
n itrogen system. 

o Under d ischarge conditions, the data 
show that oil absorbs C

2
F6 slowly, while 

N2 and SF6 are evolved (released) from the 
oil. The oil evolves SF 6 

at a considerably 
higher rate than nitrogen. The significance 
of these points is under investigat ion. 

Tests i n  progress also include compati­
bility and stability studies and arcing tests. 
Project Manager: Bruce Bernstein 

Gas detector 

A project with Westinghouse is concerned 
with the development of an on-l ine device to 
detect the presence of combustible gases 
dissolved in the oil of a transformer (RP748). 
Other devices have been available for de­
tecting combustible gases in the gas space, 
but the p roposed device provides continuous 
monitoring of gases that are dissolved in 
the oil. The results of the laboratory tests 
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show that the concept and the components 
perform satisfactorily. 

Two prototype u nits are presently being 
prepared and assembled for attachment to 
operating transformers. Arrangements .are 
being made with two utility companies to 
put these units on their transformers for 
field evaluation. Structural modifications are 
requ ired, however, to improve the economics 
of the units. Project Manager: Ed Norton 

SWITCHGEAR 

The successful interruption of an arc in a 
vacuum was demonstrated over 50 years 
ago. But only recently have the desirable 
features of vacuum interrupters been applied 
to power circuit breakers. Many problems 
had to be resolved before vacuum inter­
rupters were available that could meet the 
requirements of electric utilities for current 
interruption, voltage ratings, and reliability. 
It has only been 1 5  years since the technol­
ogy became available for manufacturing 
vacuum interrupting devices that would 
meet these requ irements and so extend 
their application to power c i rcuit breakers 
for distribution systems and to metal-clad 
switchgear. 

EPRI has a 39-month project with the 
General Electric Co. to develop a vacuum 
interrupter with an interrupting rating of 
63 kA at 72 kV on the low side, and 80 kA 
and 80 kV on the high side; it would have a 
30.90-A continuous current rating (RP754). 
Emphasis is now on increasing the voltage 
rating as high as possible while maintaining 
the interrupting rating at 63 kA or g reater. 
These goals, if achieved, would provide un its 
with ratings that are twice those in current 
use. 

Existing vacuum interrupters may develop 
an anode spot du ring the arcing half-cycle. 
The probabil ity of this happening increases 
with increasing cu rrent and contact sepa­
ration. The anode spot may produce massive 
electrode erosion and can l imit or prevent 
arc interruption.  One of the objectives of this 
project is to develop an interrupter with an 
electrode design that will keep the arc in 
a d iffuse mode during the arcing half­
cycle. This wi l l  provide improved current­
interrupting performance. Our evaluation 
shows that we should make a sign ificant 
advance in vacuum interrupter technology. 
Project Manager: Glenn Bates 

DISTRIBUTION 

A sizable item in the annual maintenance 
budget for distribution systems is the cost 
of trimming trees to keep them clear of over-

head distribution lines. The cycle for re­
trimming trees, usually annual or biennial, 
is governed by their rate of regrowth,  which 
varies among species of trees. The severity 
of trimming must also be consistent with 
good public relations. 

Utilities need valid answers to the fol­
lowing questions before they can make 
sound new policy decisions: 

o Can control chemicals reduce tree growth 
and thus extend the tree-trimming cycle? 

o Do control chemicals reduce the number 
of sucker sprouts and thus reduce the cost 
of retrimming? 

o Is the additional cost of chemically 
treating trees justified by the resu lts ob­
tained? 

o Can the control chemicals be readi ly 
applied and yet avoid objectionable ap­
pearance of the treated trees? 

o Would alternative methods of chemical 
application be more effective and economi­
cal? 

The unresolved questions led EPRI to 
sponsor two projects: one with the Agri­
cultural Research Service of the U.S. De­
partment of Agriculture (RP21 4), and one 
with the Department of Horticultural Sci­
ences of the University of California at Davis 
(RP380). Each seeks answers to the above 
questions through different preselected 
methods of chemical application. The first, 
which concerns new methods and chemicals 
to control tree regrowth, has resulted in 
l ightweight, portable equ ipment that injects 
chemicals d i rectly into the trunk of the tree. 
The second, which concerns bark banding 
of chemicals to inh ibit tree growth,  relies 
on direct application of a band of chemicals 
to the outer bark of the tree t runk. 

Chemical injection 

Aqueous solutions of seven chemicals that 
were formerly associated with foliar spray 
were mixed in varying concentrations and 
injected into seedl ings and into trees in the 
field . The purpose was to establish suitable 
dosages that will control regrowth for a 
variety of species without d istorting foliar 
appearance. Table 1 shows good growth­
retarding results, indicating that control is 
effective over three years. 

Evaluation of such data, using mean sprout 
length as a base, indicates that a three-year 
trimming cycle with this treatment is as good 
or better than an annual trimming cycle 
without treatment. Based on mean longest 
sprout, more than a one-year advantage 
is gained. Also, a reduction in the number 
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Table 1 
AMERICAN ELM SPROUT GROWTH DATA 

(trees topped and injected in June 1974 with Slo-Gro [maleic hydrazidel) 

1 9 74 1 9 75 1 9 76 

Untreated control group 

Mean sprout length ( cm) 76 127 132 

Mean longest sprout (cm) 1 29 216 287 

Mean number of sprouts 9.3 5.9 7.8 

Treated group 

Mean sprout length (cm) 30 41 56 

Mean longest sprout (cm) 48 61 1 68 

Mean number of sprouts 7.8 5.7 5.1 

Figure 3 Portable chemical injection equipment with air supply developed to control tree re­
growth after trimming. EPRI Project Manager Robert Tackaberry is shown at right. 
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of sprouts reduces the next trimming job. 
With field in jections cont inu ing yearly in a 
wide range of species, it is anticipated that 
one or two chemicals can be used for the 
widest possible variety of tree species and 
sizes. 

A portable injection system has been de­
veloped and is now being used in regional 
trials. It consists of injection equ ipment 
housing ,  battery-operated dr i l l ,  and portable 
air tank (Figure 3). 

The equipment has performed satisfac­
torily during 1 976 and 1 977 operations. 
Injection t ime varies with species, amount 
to be i njected , and time of year. It ranges 
from a few seconds to two minutes. 

Based on results obtained in the f irst two 
years, a selection of two of the original 
seven chemicals was made for the th ird­
year activity: Slo-Gro and Atrinol. Three 
concentrations were selected for each, 
based on earlier results, so that effective 
control without objectionable appearance 
could be demonstrated in trial applications 
over wide regions of the country. 

The tree species treated local ly in the 
past three years include American e lm,  
silver maple, ash ,  sycamore, red oak, water 
oak, and Siberian elm. Recent injections 
made on a regional basis include sycamore, 
shame! oak, eucalyptus, red oak, S iberian 
e lm ,  silver maple, and water oak. The re­
gional applications wi l l  a l low comparison 
with results obtained local ly .  

Bark banding 

At the University of California at Davis, 
growth-retardant chemicals, primarily chlor­
f luorenol methyl ester (CFME) ,  have been 
applied in  a band directly to the bark of 
trees in the field and to seedlings in the 
greenhouse. It has been necessary to deter­
mine how much CFME is requ i red to inh ib it 
tree g rowth in various sizes of each species. 
It was also necessary to learn the distri­
bution of the CFME in  the trees. Bark ab­
sorption of the applied chemicals in various 
carriers has been studied to learn the influ­
ence of the bark characteristics (thickness, 
texture ,  and composition) on the movement 
of the chemicals through the bark to the 
tree transport systems. 

Field tests have been useful to determine 
the long-term influences of annual appli­
cations of CFME on tree survival. Residual 
activity of CFME has also been evaluated. 
A number of other compounds that inh ibit 
growth of woody plants have been screened 
for effectiveness with bark-banding appli­
cations. Data obtained from field evaluations 
have been used for California registration 
of Maintain CF 1 25 ( one brand of CFME) .  



Application and observation on a wide 

variety of species wil l  be continued during 
the remaining term of this contract. Project 
Manager: Robert Tackaberry 

SYSTEM PLANNING 
AND OPERATION 

In  recent years a number of investigators 

have become concerned over the adequacy 
of traditional synchronous machine models 

and their associated parameters that are 

being applied to a variety of system stabi l ity 

evaluations. The parameters for these con­

ventional models are calculated by the 

manufacturer in accordance with standards 

that existed 40-50 years ago. They no 

longer reflect present and future simulation 

needs. 
The growth and development of power 

systems and the i r  equipment characteris­

tics have i ntroduced fundamental changes 

in the simulation requ i rements for analytic 

studies. Power systems of today have much 

shorter switching times, so that stability 

performance is affected more by the post­

disturbance system configuration than by 

the in itial disturbance conditions. Estimates 
of stability performance requ i red for a 
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number of U.S. and Canadian systems call 
for simulations of up to several seconds. 
Such simulations are very dependent upon 

the correctness of models, particularly 

where instabil ity may appear some time 
after the in itial disturbance. 

Accordingly, studies of stability have 

become increasingly complex. Analysis 

techniques are needed for both nonl in­
ear, large-disturbance situations and prob­

lems characterized by l inearized, small­

disturbance assumptions, where l inear 

system analysis techniques are used. 

It is clear that the choice of data used in 

any model is sometimes more important 

than the complexity of the model in attain ing 

accurate results. 
A major goal is to improve the accuracy 

of computer stabi l i ty studies for study 

periods up to approximately one minute 

(RP997). The determination of parameters 

for synchronous machine models is of 

primary interest. The work performed in 

the project should result i n  improved math­
ematical models of a synchronous ma­

chine's dynamic behavior. The successful 

completion of this work is required to im­

prove the overall accuracy of dynamic 

system simulation. 

The project consists of six interrelated 

parts, with performance to be coordinated 
among four separate contractors. Al l  four 

contractors wil l  have some involvement i n  

al l  six parts. As  a general guidel ine, EPRI 

wil l  consider the following as the principal 

roles of the four participants: 

o C. A. Parsons & Co. ,  Ltd. :  Determination 

of model parameters by shop and field tests, 

development of model structure, and vali­
dation of model performance 

o Ontario Hydro: Determination of model 

parameters by field tests of system behavior, 

validation of model performance, and eval­

uation of model adequacy 

o Power Technologies, Inc. :  Determination 

of model parameters by the deMello method, 

val idation of model performance, and eval­

uation of model adequacy 

o Westinghouse Electric Corp. :  DetGrmina­

tion of model parameters by shop and field 

tests, field tests of system behavior, and 

validation of model performance 

The project is scheduled for completion 

in the fall of 1 979. Project Manager: Don 
Bewley 
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New 
Technical 
Reports 

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

Inquiries on technical content may be directed 
to the EPRI project manager named at the end 
of each summary: P.O. Box 1 041 2 ,  Palo Alto, 
California 94303; ( 41 5) 493-4800. 

Requests for copies of specific reports should 
be directed to Research Reports Center, P.O. 
Box 1 0090, Palo Alto, California 94303; (41 5) 
366-5432. There is no charge for reports requested 
by EPRI member utilities, government agencies 
(federal, state, local), or foreign organizations 
with which EPRI has an agreement for exchange 
of information. Others pay a small charge. Re­
search Reports Center will send a catalog and 
price list on request. 

Standing orders for free copies of reports in 
EPRI program areas may be placed by EPRI 
member utilities, l ibraries of U.S. national, state, 
and local government agencies, and the official 
representative of each foreign organization with 
which EPRI has an information exchange agree­
ment. For details, write to EPRI Communications, 
P.O. Box 1 041 2 ,  Palo Alto, California 94303. 

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

ELECTRICAL SYSTEMS 

Bipolar HVDC transmission system 
study between ± 600 kV and ± 1 200 kV: 
insulation studies 
EL-395 Final Report (RP430-1 ) 
This report, prepared by Hydro-Quebec Institute 
of Research, describes insulation strengths for 
l ine and station insulators tested with various 
switching surges in the presence of de voltage 
bias. It is part of a larger research effort to pinpoint 
technical problem areas in overhead line design 
and operation at voltages of ± 600 kV-± 1 200 kV. 

Results in this report can be used to determine 
conductor-to-tower clearances, length of the 
insulator column supporting a station bus, and 
clearance between buses. EPRI Project Man­
ager: F. S. Young 

Bipolar HVDC transmission system 
study between ± 600 kV and ± 1 200 kV: 
power supply study for insulator 
pollution tests 
EL-397 Final Report (RP430-1 ) 
The objective of this project, conducted by Hydro­
Quebec Institute of Research, was to determine 
the required capacity of a de power supply to be 
used for flashover tests on contaminated insula­
tors. For this purpose the rectifier parameters 
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were adjusted over an appropriate range and the 
variation of the 50% flashover voltage as a func­
tion of the power supply parameters was mea­
sured. This measurement was then used to 
determine the effect of the rectifier parameters. 
In addition, the nature of the leakage current 
of the contaminated insulators was studied to 
determine the expected maximum loading of 
the rectifier. 

The present state of the art was based on a sur­
vey of the literature, which showed that neither 
the loading effect (maximum leakage current) of 
the contaminated insulators nor the necessary 
rectifier parameters have yet been clearly deter­
mined. The theoretical investigation revealed the 
critical factors influencing the flashover voltage. 
Extensive laboratory studies were performed in a 
small fog chamber, where the flashover voltage 
of heavily contaminated insulators was measured 
by the clean fog method, in which the contaminated 
and dried insulators were installed in the fog cham­
ber and energized. Clean fog was applied and the 
voltage maintained until the flashover occurred or 
until the leakage current was reduced to a few 
mA. The voltage and the leakage current were 
recorded by a magnetic-tape recorder. 

The test was repeated several times to determine 
the dependence of the 50% flashover voltage on 
the rectifier parameters. The majority of the con­
tamination tests were performed at the heavy pol­
lution level of about 0.5 mg/cm2 of equivalent salt 
(NaCl) deposit density. EPRI Project Manager: 
F. S. Young 

Development of polymer-bonded silica 
(Polysil*) for electrical applications 
EL-488 Final Report (RP480-1 ) 
This report, prepared by the Westinghouse Elec­
tric Corp. ,  Research and Development Center, 
deals with the development for high-voltage elec­
trical insulation applications of a new family of 
composite materials systems, which can effectively 
replace electrical porcelain, with significant tech­
nical and cost advantages and considerable 
savings in total energy consumption. 

These materials systems (Polysil'') are essen­
tially polymer concrete and polymer-impregnated 
concrete reinforced with randomly dispersed, 
chopped alkali-resistant glass or organic (aramid) 
fibers. Both cross-linked, low-viscosity acrylic 
and polyester resins were used as the organic 
phase of the composites. Such coatings as 
plasma-sprayed fluorocarbon and inorganic 
glass-resins were examined to enhance the sur­
face characteristics and performance of the 
composite insulation, especially in polluted en­
vironments. 

Data on the dielectric, mechanical, and physical 
properties of Polysil'' are presented and d iscussed 
in detail ,  together with examples of insulator pro­
totypes made with these promising and versatile 
materials systems. EPRI Project Manager: E. R. 
Perry 

EPRI polymer concrete workshop 
EL-492-SR Special Report 
The purpose of the Polymer Concrete Workshop 
was to exchange information on polymer con­
cretes and their applicatiolJ as an electrical 
insulating material, to identify requirements of 
the electric utilities, and to outline a program 
for future development of this material. 

Participants included those actively developing 
polymer concretes as an electrical insulating ma-

*Polysil Js an EPRI trademark. 

terial, as well as those working with the basic ma­
terials, which can be used for purposes other than 
electrical insulation. Formulations, manufacturing 
methods, testing procedures, and designs of insu­
lators were discussed. Electric util ity representa­
tives were present for orientation and to provide 
inputs into the requirements for the ultimate use of 
polymer concretes. 

The new material, which has the EPRI trade­
mark of Polysil* when formulated for electrical 
insulation purposes, was developed as a replace­
ment for electrical porcelains, which are presently 
used for indoor and outdoor applications. Polysil* 
is a low-energy-intensive material using less than 
one- fourth the processing energy of porcelain with 
less than half the finished-product cost, twice the 
dielectric strength, and one-half the d ielectric 
constant of electrical porcelain. It exceeds the 
mechanical strength of presently produced elec­
trical porcelain, can be cast in simple molds, and 
can be produced in large cross sections, as it has 
a very low exotherm during its curing stage. EPRI 
Coordinator: E. R. Perry 

ENERGY ANALYSIS 
AND ENVIRONMENT 

Biological effects of static and 
low-frequency electromagnetic fields: 
an overview of U.S. literature 
EA-490-SR Special Report 
This report was prepared for the U.S.-USSR sci­
entific exchange program on the biological effects 
of static and low-frequency electromagnetic fields. 
The purpose of the exchange is to evaluate cur­
rent knowledge and to develop cooperative re­
search programs with the Soviet Union to assess 
the possible health hazards of exposure to static 
and low-frequency electromagnetic fields. 

Following an exchange of national literature 
surveys, of which this document is a part, there 
will be an exchange of visits by experts of both 
countries. Six experts from each country will then 
meet in a joint workshop to review the state of 
knowledge and current research on this topic 
and propose a cooperative research program to 
solve unanswered problems. The cooperative 
research program proposed at the joint workshop 
will be in itiated in 1978. EPRI Project Manager: 
H. A. Kornberg 

Economic analysis of coal supply: 
an assessment of existing studies 
EA-496 Final Report, Vol. 2 (RP335-2) 
Coal appears destined to play a major role in 
energy supply in the future, although its precise 
role is still uncertain .  Coal's share in the future will 
depend primarily on coal supply, that is, availability 
and cost, including environmental costs, through 
time; the results of research and development on 
coal conversion and utilization technology spon­
sored by the electric utility industry (through EPRI), 
other private interests, and the government; and 
developments in competing energy sources and 
conversion technologies. 

The Supply Program of EPRl's Energy Analysis 
and Environment Division has undertaken an ex­
tensive effort aimed at better defining and esti­
mating the future role of coal and coal technolo­
gies, as well as other fuels and their associated 
technologies, in order to facil itate the planning of 
research and development. Such information 
should also be of major interest in utility planning. 



A prudent part of any attempt to project the 
future is to review recent and ongoing work by 
others in order to provide a basis for future re­
search and to avoid unknowing duplication. In  
order to do this in an efficient manner, EPRl's 
Supply Program has contracted with Penn­
sylvania State University to survey and eval­
uate recently completed coal supply studies and 
to meet with people currently conducting studies 
of coal supply. EPRI Project Manager: T. E 
Browne 

FOSSIL FUEL AND 
ADVANCED SYSTEMS 

An overview of stoppering of open 
magnetic containment systems for 
controlled fusion 
ER-394-SR Special Report 
Although the tokamak reactor concept is currently 
closest to a feasibility experiment, a number of 
limitations of the configuration make it desirable 
to pursue alternative plasma containment de­
vices. Among these l imitations inherent to the 
toroidal tokamak concept are: (1) low f3 (ratio 
of plasma pressure to magnetic field pressure) , 
leading to inherently large devices; (2) difficulty 
ol access ·1n a toroidal configuration; and (3) en­
hanced d iffusion arising from the toroidal geom­
etry, coupled with various instabilities that may 
further increase the system size. 

Among the alternative approaches are a wide 
variety of open magnetic containment geometries. 
An open magnetic geometry is understood as 
one in which magnetic field lines that intercept 
hot reacting plasma leave the plasma volume and 
intersect material walls. This is in contrast to closed 
systems l ike such toroidal configurations as the 
tokamak and stellarator geometries, in which the 
magnetic field lines close upon themselves with­
in the plasma volume. 

In  all magnetic confinement systems, the plasma 
is confined by the magnetic field lines. However, 
charged particles in the plasma moving parallel 
to the field lines in open geometries can escape 
from the reacting region, resulting in loss of par­
ticles and, more seriously in some circumstances, 
a loss of energy from the hot reacting plasma. 

All confinement systems with magnetic field 
lines leaving the confinement region apparently 
need end stoppering, either to raise the reactor 
Q or to reduce the reactor size to reasonable 
dimensions. For purposes of discussion in this 
report the types of stoppering were d ivided into 
five categories: electrostatic stoppering, radio 
frequency electromagnetic stoppering, magnetic 
stoppering, stoppering with material end bound­
aries, and closure of field lines. EPRI Project 
Manager: W. Gough 

Characterization of mineral matter in 
coals and coal liquefaction residues 
AF-417 Annual Report (RP366-1 )  
The aim of this investigation b y  Pennsylvania State 
University is to characterize the organic and min­
eral fractions of coals and coal l iquefaction resi­
dues. Relationships are sought between the com­
position and properties of these components and 
the behavior of specific coals during liquefaction .  
Characterization is achieved by a wide range of 
techniques. These methods include optical and 
scanning electron microscopy, X-ray diffraction ,  
infrared spectroscopy, chemical analyses, mag-

netic measurements, and particle-size analysis. 
From an investigation of the composition of 

coals and residues, it has been shown that most 
of the mineral components remain essentially 
unchanged during liquefaction. The major excep­
tions are the reduction of pyrite to pyrrhotite and 
the production of calcium salts from exchangeable 
calcium cations contained within low-rank coals. 

From an investigation into the composition 
of solids removed from liquefaction reaction 
vessels, it is shown that they are composed of 
two distinct components: one, a carbonaceous, 
cokelike material and the other, an inorganic ma­
terial. The cokelike solids are produced by dehy­
drogenation and condensation reactions of or­
ganic precursors. In the case of liquefaction of 
low-rank coals, inorganic solids are produced by 
the reaction of exchangeable calcium cations 
with carbon dioxide. For higher-rank coals, these 
solids are predominantly composed of pyrrhotite, 
quartz, and calcium salts-all intimately associated 
with carbonaceous phases. Knowledge of the 
formation of these reactor solids is important as 
their presence constitutes a definite processing 
problem for noncatalytic hydrogenative coal 
l iquefaction. EPRI Project Manager: W. C. 
Rovesti 

The influence of limestone calcination 
on the utilization of the 
sullur-sorbent in atmospheric­
pressure fluidized-bed combustors 
FP-426 Final Report (RP720-1) 
The purpose of this project by Westinghouse 
Electric Corp. was to determine the effects of 
calcination parameters on limestone utilization 
( sulfation) in an atmospheric fluidized-bed com­
bustion (AFBC) system.  A primary objective was 
to specify calcining procedures and conditions 
for improved limestone utilization in AFBC. 

It was demonstrated in the project that retarded 
precalcination of l imestone, in a carbon-dioxide­
rich atmosphere, creates a superior pore-volume 
distribution in the resulting calcine (lime) so that 
its sulfation capacity is effectively doubled. An 
outline for applying precalcination to AFBC was 
developed. 

Fluidized-bed combustion for electric power 
generation is a direct combustion process for coal, 
with the potential for improved thermal con­
version efficiency, reduced costs, and acceptable 
environmental impact By using limestone to 
capture the sulfur in the combustion bed, cur­
rent EPA new source performance standards for 
SOx emissions can be met, but the process as 
currently practiced requires a >3:1  mole ratio 
of calcium to sulfur, instead of the theoretical 
l imiting value of 0 .9:1 .  EPRI Project Managers: 
M. Maaghou/ and T. E Lund 

Hydrogen conductors based 
on the beta alumina structure 
EM-449 Final Report (RP730-1) 
Current fuel cell technologies operate either at 
temperatures below 200 °c where reaction rates 
are slow and limit performance or at temperatures 
above 500 °C where material problems are severe 
and limit life. No electrolyte exists that al lows fuel 
cells to operate at 300-500 °C, where both per­
formance and life might be satisfactory. 

This study by General Electric Co. addressed 
three issues critical to establishing the feasibility 
of using beta alumina as a fuel cell electrolyte. 
The issues concerned producibil ity of hydronium 

beta alumina, conductivity at 300-500 °C and at 
the steady-state water content, and stability at 
300-500 °C at water vapor pressures of 10-20 
kPa (75-150 torr). 

The study concluded that while small crystals 
could be produced that were stable over the re­
quired water vapor pressure and temperature 
ranges, the conductivity was much too low for 
use as a fuel cell electrolyte. EPRI Project Man­
ager: A Fickett 

Development of lithium-metal 
sulfide batteries for load leveling 
EM-460 Interim Report (RP116) 
This report describes the work carried out at 
Atomics International Division, Rockwel l  I nter­
national Corp. ,  for the development of high­
temperature lithium-sil icon-iron-sulfide batteries 
for electric utility off-peak energy storage. The 
program consisted of a number of tasks directed 
to specific aspects of battery development, which 
are separately funded by EPRI , Argonne National 
Laboratory (ANL), and Rockwell. 

Research efforts were directed to the develop­
ment of lithium-silicon negative electrodes, FeS 
positive electrodes, and ceramic separators that 
are stable in contact with lithium-metal and lithium­
sil icon alloys. Compact cells with capacities up 
to 1 kWh were built and operated. Engineering 
studies of cell and battery costs were performed, 
and estimates of the parasitic power requirements 
for heat dissipation of large battery systems were 
made. A supporting effort to examine the feasi­
bility of using corrosion-resistant coatings for 
low-cost positive FeS, electrode structures was 
initiated. EPRI Project Manager: J Birk 

Process synthesis and innovation 
in flue gas desulfurization 
FP-463-SR Special Report 
This report is a case study of process synthe­
sis of aqueous scrubbing/aqueous regeneration 
technologies for removal of SO, from waste gases. 
Three specific aqueous regeneration technologies 
have been considered: crystallization and dis­
posal of CaSO,/CaS04 (throwaway scrubbing), 
reaction with H,S to produce elemental sulfur 
(H,S regeneration), and steam stripping or evap­
oration of aqueous solution to produce concen­
trated S0

2 
(steam regeneration). The progress 

of process development and innovations in these 
technologies has been reviewed, evaluated, and 
structured to form a basis for the critical con­
siderations of process synthesis. Additional in­
novations have been generated by further sys­
tematic analysis and synthesis. 

Given a basic process concept or objective, 
process synthesis is the first step of process de­
sign. I t  may precede or be parallel to process 
development It must define the basic flowsheet, 
reactants, and important equipment types. To 
ensure a reasonable chance of success, process 
synthesis must also include preliminary evaluation 
of the defined process or processes. 

Previous efforts at systematic process syn­
thesis concentrated primarily on the evaluation 
of large numbers of alternatives defined by com­
bination/ permutation of simple subalternatives, 
as in heat-exchanger networks and heat recovery/ 
separation networks. Synthesis of more compli­
cated, real-process systems would require eval­
uation of a very large number of alternatives. 
Furthe,·more, the subalternatives of a real process 
with several different unit operations are not 
usually clearly identified and must themselves 
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be defined or invented. For these more complex 
processes, more qualitative methods, such as 
evolutionary synthesis and morphological analy­
sis, become useful. EPRI Project Manager: 
K. Yeager 

Evaluations of fusion­
fission (hybrid) concepts 
ER-469-SY Summary Report (RP268-1) 
This report summarizes the findings of the fusion­
fission studies conducted for EPRI by Battelle, 
Pacific Northwest Laboratories. 

The studies focused on two areas where fusion 
systems may complement fission systems: one 
to burn actinides present in high-level waste and 
the other to produce fissionable materials. 

A concept that is receiving increasing interest 
is to surround a fusion plasma with fissile and/ or 
fertile material in a blanket to beneficially use the 
14-MeV neutrons produced by the controlled 
thermonuclear reaction .  Concepts that involve 
the use of fusion-produced neutrons to ultimately 
produce fission and/or fissionable material are 
generally referred to as fusion - fission (hybrid) 
systems. EPRI Project Manager: W. C. Gough 

Silicon photovoltaic cells 
in thermophotovoltaic conversion 
ER-478 Progress Report (RP790-1 )  
This report provides a preliminary assessment of 
the feasibil ity of a solar-electric thermophoto­
voltaic (TPV) system. I n  concept the proposed 
system uses concentrating mirrors focused on 
a TPV converter that operates at high power 
density and potentially high efficiency. Within 
the TPV converter, the concentrated sunlight 
heats a refractory radiator. A photovoltaic cell 
faces the radiator, receives incandescent radia­
tion from it, and converts the radiation to elec­
tricity. Stanford University is the contractor. 

TPV conversion has several features that may 
make it economically attractive. First, on the basis 
of preliminary theoretical and experimental re­
sults, the achievable cell conversion efficiency 
is expected to be 30-50%. This high efficiency 
may be attractive in light of high support-structure 
cost estimates for proposed photovoltaic systems. 
Second, the system runs with a concentration 
ratio of 300:1 to 500:1 at the photocell. This permits 
the use of an expensive and sophisticated con­
verter that will be needed to obtain high efficiency. 

A numeric model of TPV conversion was de­
veloped to assess TPV conversion and to facilitate 
an initial design of TPV photocells. Also, a facility 
for experimentally evaluating TPV photocells was 
designed and built. 

Three runs of TPV cells were fabricated and 
tested. These runs achieved efficiencies of 7%, 
10% ,  and 1 2% ,  respectively. The cells have neg­
ligible resistance loss at currents up to 50 A/cm2

, 

or 1 000 suns. The low efficiency was caused 
primarily by anomalously high parasitic absorp­
tion, which probably can be eliminated by design 
modifications in progress. 

When proper electrical and geometrical param­
eters for the photovoltaic cell were assumed, 
the numeric model was found to describe cor­
rectly all aspects of the observed behavior of the 
TPV cells. The model predicts that reduction of 
parasitic absorption to levels considered achiev­
able will yield TPV cell efficiencies in excess of 
30%. EPRI Project Manager: E. A. DeMeo 
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The nature and origin of 
asphaltenes in processed coals 
AF-480 Annual Report (RP410-1) 
Mobil Research and Development Corp. aimed to 
obtain fundamental understanding of the chemical 
nature and structure of solubilized coals and the 
kinetics and mechanisms by which they are formed 
from coal by specific interactions under typical 
solvent-refining conditions. Four coals were 
investigated: three bituminous and one sub­
bituminous. 

Several techniques were used that were unique 
to this project. These included conversions of 
coal fractions and model compounds in auto­
claves capable of achieving contact times as 
short as 15 s under reaction conditions. The 
equipment also has facilities for sample withdrawal 
at selected times. Solvent- refined coals (SRCs) 
were isolated from withdrawn samples by micro­
vacuum distillation. Synthetic recycle solvents 
were used that were composed of pure com­
pound mixtures, which simu lated the chemistry 
of true recycle solvents but could be readily dis­
tinguished from coal products. This allowed the 
simultaneous study of the chemistry of the sol­
vent and of the coal. 

Detailed characterization of SRCs and true 
recycle solvents was conducted by two liquid 
chromatographic techniques specifically de­
signed for the fractionation of SRCs and solvents, 
respectively, into discrete chemical classes. These 
techniques are sequential elution by specific sol­
vents chromatography (SESC) for SRCs and 
recycle solvent multiple characterization (RSMC) 
for solvents. Further characterization was done 
by a variety of wet chemical, spectroscopic, and 
polarographic techniques, including solid-state 
CP-1 3C-NMR, which allowed characterization 
of parent coals and residues in addition to soluble 
products. Consumption of hydrogen from both 
gas phase and solvents was also determined. 
EPRI Project Manager: W. C. Rovesti 

Substructure and properties of 
sodium beta alumina solid electrolytes 
EM-494 Interim Report (RP252-2) 
This report covers investigations by Cornell Uni­
versity into the relation between substructure and 
properties of sodium beta alumina. 

The investigation aims at a clarification and 
quantification of the relation between micro­
structural imperfections, impurities, and prop­
erties of sodium beta alumina solid electrolytes. 
Microstructural imperfections have been studied 
by means of transmission and scanning electron 
microscopy, as well as by optical microscopy. 
Their relation to problems in ionic conductivity, 
such as inhomogeneous current d istributions, is 
discussed. Impurity effects were studied on a 
prereacted, commercially available beta alumina 
powder. These studies thus relate to problems that 
result from contamination during the electrolyte 
preparation. The investigations focused on the 
detailed examination of ionic conductivities by 
a dispersive method. 

The report concludes that significant, and pos­
sibly deleterious, ion current inhomogeneities 
can result from microstructural imperfections; 
that Ca is a more deleterious impurity than Si but 
the magnitude and the nature of the effect depend 
significantly on the sintering heat treatment; and 
that Zn in low concentrations can be an effective 
sintering aid. EPRI Project Manager: R. H. 

Richman 

Indirect measurement of particle 
association effects in coal-derived 
liquids by X-ray photography 
AF-502 Final Report (RP77 4-1) 
Association of mineral matter particles in  coal­
derived liquids can be employed to improve sepa­
ration processes for removing particles from coal 
liquefaction products. The primary objective of 
this research by West Virginia University was to 
investigate mechanisms by which particles can 
associate in coal-derived liquids. 

Particle association was observed experimen­
tally by measuring the in itial sedimentation rate in 
batch-settl ing experiments. An experimental 
technique for achieving this has been developed 
based on X-ray photography. Experiments have 
been conducted with both antisolvents and chem­
ical additives, which cause charge neutralization 
resulting in coagulation or flocculation. 

Theoretical investigations have been initiated 
to identify the mechanism by which antisolvents 
function and to identify the possibility of charge 
neutralization of mineral matter particles. EPRI 
Project Manager: N. Stewart 

Magnetic separation of mineral 
matter from coal liquids 
AF-508 Final Report (RP365-1 , RP779-3) 
This study was undertaken by the Massachusetts 
Institute of Technology to investigate the thermal 
and controlled atmosphere pretreatment of coal 
liquefaction residual solids to enhance their mag­
netic separabil ity. Such treatment is intended to 
convert the iron-sulfur minerals of these solids 
into a more magnetic state before removal by 
high-gradient magnetic separation at a practical 
temperature relative to the liquefaction and re­
fining process. 

Thermal treatments of dry filter cake from the 
solvent-refined coal (SRC) process were carried 
out in inert and sulfide atmospheres over a wide 
range of conditions. Extensive characterization 
of the processed filter cake was undertaken, using 
magnetization measurements as a function of 
field and temperature and Mi:issbauer spec­
trometry. These characterization techniques pro­
vide sensitive indicators of the magnetic state of 
the material. Magnetization enhancement at 
practical process temperatures of a factor of 
4-1 0 has been achieved. 

This study is one of ti.e first to focus on the mag­
netic characteristics of the SRC mineral residue, 
a knowledge of which is essential to magnetic 
separation studies. It is recommended that the 
present characterization methods be incorporated 
into any future magnetic desulfurization effort. 
EPRI Project Manager: H. E. Lebowitz 

Fusion power: status and options 
ER-510-SR Special Report 
The attainment of economic and safe fusion power 
has been described as one of the most sophisti­
cated scientific problems ever attacked. In recent 
years there have been a number of experimental 
achievements whose cumulative impact has 
given confidence that practical fusion power can 
probably be demonstrated by the mid- to late 
1990s. 

This report, prepared for a round- table dis­
cussion at the World Energy Conference, presents 
the status of fusion, its most demanding chal­
lenges, its potential applications, and its assess­
ment from a safety and environmental standpoint. 
It is unique in its broad, up-to-date coverage of 
the worldwide fusion program. In addition to elec-



tric power production, other potential applications 
of fusion are described. The utility requirements 
as currently perceived are presented, as well as 
safety and environmental issues. 

The report has been reviewed in the U.S. as 
well as by international reviewers. 11 has been 
written for an audience with diverse backgrounds 
and should prove useful to many people seeking 
a more complete understanding of the current 
world effort to develop the essentially unl imited 
energy available from fusion. EPRI Project 
Manager: W. C. Gough 
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Improved evaluation of 
nozzle corner cracking 
NP-339 Final Report (RP-700, RP498) 
Within the past few years, flaws have been dis­
covered at the inside corners of feedwater nozzles 
of several operating BWRs. The significance of 
these flaws has been evaluated for structural 
safety, using linear elastic fracture mechanics. 
The evaluations have been based on stress in­
tensity factors, K(a), which were obtained for a 
single flaw location and pressure loading only. 
Conservative assumptions were made to account 
for other flaw locations and the effect of thermal 
stresses. 

This report was prepared by Teledyne Engi­
neering Services and Failure Analysis Associates. 
11 provides stress intensity factors for 1 5  postulated 
corner flaw locations in a typical feedwater nozzle 
subjected to pressure and thermal stresses and 
considers the effect of a residual stress caused 
by the weld-deposited cladding. The use of these 
data permits more accurate fracture mechanics 
evaluations of nozzle corner flaws. EPRI Project 
Managers: T 0/dberg and F. Ge/haus 

Sensitivity a nalysis of TRX-2 
lattice parameters with emphasis 
on epithermal 238U capture 
NP-346 Final Report (RP61 2) 
To use our nuclear fuel resources most efficiently, 
it is necessary to have an accurate knowledge 
of the nuclear properties and cross sections of 
most materials used in the design of reactor cores. 
Having such information available on a national 
standard data file would also be useful for simpli­
fying the dialogue between the utility industry and 
the regulatory agencies and/or vendor organi­
zations. 

In  an attempt to achieve this dual objective, 
EPRI has been supporting and participating in the 
activities of the Cross Section Evaluation Working 
Group (CSEWG) responsible for the development 
of the national reference data library, ENDF /B.  
Sensitivity analysis is  an important tool in the de­
velopment of such a library because it can pro­
vide information on which cross-section features 
are most likely to affect the results of benchmark 
calculations. In the past, such information was 
obtained in a parametric fashion by doing a series 
of calculations, each with a modified cross section 
data base. Such an approach permitted a very 
l imited set of modifications to be tested. 

Recent advances in computing capability have 
enabled a few laboratories to implement more 
powerful methods based on perturbation theory. 
In particular, the method of sensitivity analysis 
implemented at Oak Ridge National Laboratory is 
capable of simultaneously determining the de-

pendence of a calculated parameter of interest 
to variations in all relevant cross sections over all 
energy ranges in g reat detail. 

This method of sensitivity analysis has been 
used extensively by ERDA and the Department 
of Defense for determining priorities in cross 
section development for fast breeder reactor and 
weapons applications. The present project is the 
first attempt to apply the method to the relatively 
more complex problem of thermal reactor bench­
marks. EPRI Project Manager: 0. Ozer 

RETRAN-a program for one-dimensional 
transient thermal-hydraulic analysis 
of complex fluid flow systems 
NP-408 Final Report, Vol. 1 (RP342-1 -2, 
RP889-2) 
RETRAN represents a new computer code ap­
proach for analyzing the thermal-hydraulic re­
sponse of nuclear steam supply systems (NSSS) 
to hypothetical LOCAs and operational transients 
and in contrast to the conservative approach ,  
provides best -estimate solutions. 

RETRAN is a computer code package developed 
from the RELAP series of codes, reference data, 
and extensive analytic and experimental work 
previously conducted on the thermal-hydraulic 
behavior of LWR systems that were subjected to 
postulated LOCAs and operational transients. 

The RETRAN computer code is constructed in a 
semimodular and dynamic-dimensioned form 
where additions to the code can be easily carried 
out as new and improved models are developed. 
This report, prepared by Energy Incorporated, 
presents the derivation of the general equations, 
the constitutive models, and numeric solution 
schemes that form the bases of the RETRAN 
computer code. EPRI Project Manager: L. J. 
Agee 

A study of in-service ultrasonic 
inspection practice for BWR piping welds 
NP-436-SR Special Report (TP575-609) 
Periodic maintenance inspection of the primary 
and secondary pressure boundary of the com­
mercial light water moderated nuclear reactor 
system is an NRC requirement. The detailed re­
quirements for these in-service inspections are 
set forth in the ASME Boiler and Pressure Vessel 
Code, Section X I ,  "Rules for In-Service Inspection 
of Nuclear Power Plant Components," and in 
various supplemental d irectives issued by NRC. 

One of the major nondestructive evaluation 
(NOE) inspection methods used to satisfy the 
requirements of the code is ultrasonic inspection. 
This technique has the ability to interrogate large 
volumes of the pressure-containing structure for 
service-inducted flaws without the need for access 
to the inside surface. This EPRI study represents 
the first nuclear in-service NOE performance 
evaluation program conducted in the U.S. EPRI 
Project Manager: E. R. Reinhart 

RETRAN sensitivity 
studies of LWR transients 
NP-454 Final Report (RP887-1 ) 
This report, prepared by Energy Incorporated, 
presents the resu lts of sensitivity studies that 
used the RETRAN/RELAP-4 transient analysis 
code to identify critical parameters and models 
influencing LWR transient predictions. Various 
plant transients for BWRs and PWRs are ex­
amined. 

These studies represent the first detailed eval-
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uation of the RETRAN/RELAP-4 transient code 
capability to predict a variety of plant transient 
responses. The wide range of transients analyzed 
in conjunction with the parameter and modeling 
studies identifies several sensitive areas, as well 
as areas requiring future study and model de­
velopment. 

This project greatly benefited from the Nuclear 
Safety Analysis Task Force's subcommittee on 
system analysis, which assisted the EPRI staff 
and the contractor in defining the particular inci­
dents to be analyzed. Assistance was also ob­
tained from two utilities, which supplied operating 
characteristics from their plants to make this study 
more meaningful. EPR/ Project Manager: L. J. 
Agee 

Additional methodology 
development for statistical 
evaluation of reactor safety analyses 
NP-483 Topical Report (RP768-1 ) 
This report, prepared by Westinghouse Electric 
Corp., quantifies uncertainties and identifies 
conservatisms in nuclear power plant safety 
analyses. 

Regulations require simultaneous application 
of a number of individual model and parameter 
conservatisms, or penalties, in the computer code 
models used for design evaluation .  These codes 
conservatively model the behavior of a core during 
the operation of the ECCS after a hypothetical 
LOCA and are forced to give highly pessimistic 
results. The level of conservatism resulting from 
this approach may be excessive. 

One way to address this concern is to analyze 
the problem in a more realistic manner. This 
would require the use of best-estimate codes, 
which would attempt to predict more realistically 
what happens when given specific details of the 
reactor, its ECCS, and the LOCA are evaluated. 
These codes could then be used to study the dis­
tribution of output that is induced by input un­
certainties. With this approach it might be found 
that a code-predicted output value (e.g. ,  peak 
cladding temperature) actually has an extremely 
small probability. 

The EPRI project uses simple codes (e.g . ,  
THERM) to develop methodology for studying the 
effects of uncertainties. A range of uncertainties 
associated with the various input parameters is 
first established. A study is then made of the distri­
bution of outputs that are induced, using the vari­
ous input uncertainties. Finally, having achieved 
a representation of the probability d istribution of 
the code output, the probability of an event (given 
a range of uncertainties) can be realistically esti­
mated. EPR/ Project Manager: B. Chu 
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